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PREFACE 

The deadline for the sub■ission of the Congress papers was the 

15th of February, 1989. The papers started to turn up by the end 

of February. The Editor had a quantl ty of papers worth to start 

editing with al■ost a aonth after the deadline. In the ■lddle of 

April papers still kept arriving. The final deadline of the prin
ter being_ the 15th of May , 1789, the Editor and his staff were 

able during those two ■onths of voluntary work to prepare to vo

lu■es You hold in your hands as they are. 

We are delighted with the appearance of ■any papers and tried to 
rescue the substandard ones. Many authors see■ingly had not co■p

rehend that the papers were to be published without any al terati

on except for for■al page setting. Hone of the papers were turned 
down for any reason other than illegibility. So■e papers ■ay be 

subtandard in ■ore then their looks but the short period of ti■e 

available did not per■i t us to read the■ w1 th any proper cri ti
cis■ . Since the average of the papers was so■ewhat under the per

■ltted extension the Editor did not abridge any of those that 

were too lengthy. We regret if so■e of the authors were not co■p

letely satisfied with the final appearance of their works. Like 

those who will not find their photographs printed. Photos were 

■ostly weeded out because the applied printing ■ethod did not 

per■it to publish the• - sending thm at all was against the set 

rules. 

In spite of our best intentions there ■ay be errors in the edi

ting. Before bla■!ng the editors please consider that they are 

also entitled to the basic hu■an right to ■ake ■!stakes. 

The papers were edited continuously as they arrived so please do 
not look for a syste■ in the sequence, there is no any except 

that we tried to keep the papers of the sa■e author(s) and those 

wrl tten in Cyrillic characters grouped. 

As a consequence of the continuous editing and the different prin

ter's deadlines for the two volu■es the Contents of the Procee

dings was set at the end of the second volu■e. It is easier than 

usual to locate infor■ation in the twO volu■es as we supply se

parate alphabetical lists of authors, papers (listed by sections) 

and countries , 

AVANT-PROPOS 

Le ddlal de prdsentation des textes des rapports de congres a dtd 

prdvu le 15 fdvrier 1989. Les pre■iers textes sont observl!s vers 

la fin du aois de fdvrier. Presque un ■ois apr~s ce dtHai, les 

redacteurs ont deja dispose un voluae suffisant des rapports de 

congres pour enta■er les travaux de rtc:!action. Cependant vers le 

•i-avril I les rddacteurs recevaient les env'lis de texte. Le ddlai 
ddflnltlt pour l'l■pr!■erle dtalt flxd le 15 .. 1 1989. Aprh deux 

■ois de travail volontaire du rddacteur et de son dquipe ont pu 

produire une rdcol te que vous avez dans vos ■a ins. 

Une partie des rapports a ete ■ise en for■e d'une fa9on excellen

te qui nous a fai t un grand plaisir 1 ■ais en fai t I l I autre partie 

exigai t des trai te■ents pour la sauver. Plusieurs auteurs visib

le■ent n 1 ont pas co■pris les prtiavis de rl1daction selon lesquels 

les textes seront h11pri.les sans chenge■ent, sauf le ■ise en page. 

L't!quipe de rddaction n•a pas refuse! aucun rapport, sauf la va

riante illisible. 11 est possible qu'il y a quelques textes qui 

sont au dessous du niveau souhaitd, ■ais le te■ps disponible I 

la rddaction dtai t trop court pour les dvaluer et lire a esprit 

crl tlque. 

Nous regrettons, si eventuel:t:1Rent quelques auteurs ne seront 

pas contents co■pldte■ent de la presentation finale de leur tra-
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veil. Les auteurs par exemple, qui ne retrouvent pas lee photog

raphies sous for•e i■primde, c•est parce que la ■dthode d 1 i■pri
•erie n•a pas rendu possible leur 6<1it!m, ainsi ces i•ages ont 

dU 1o!s ii cotd confor■d■ent aux prlnclpas de rddactlon dtablls 

et publUs prdalablement. £tent ~cnnd que la longueur ■oyenne 

des text es des conferences reste intdrieure i celle ad11issible, 

le rddacteur n,a pas raccourci les textes trap longues. 

Malgrd not re bonne volonU, 11 est possible que la rddaction 
n • est pas sans faute. Avant 1 • accusation des rddacteurs I nous 

vous prions de bien vouloir tenir en co11pte que les rddacteurs 

i:a€■e ont le droi t humaine 4 co■11etre les erreurs. 

Les textes de confdrences ont etd rddigd en fonction de la chro

nologie de rdcdption, ainsi nous vous prions de ne pas recher

cher un systd■e dans 1•arrange■ent des rapports, en outrc que 

nous avons essayd i regrouper les travaux d • un ■8■e auteur, et 

les textes en lettres cyri 11 iques. 

La table des ■atidres a dte mis 11 la fin du deuxie•e volu■e 8 

cause des diffdrents ddlais de rddaction et d' i■pri■erie des deux 

voluaes. L • usage des volumes est faci l i td par les indices par 

auteurs, par sections et par gdographie (pays) classds dens 

l'ordre alphabdtique. 



VORWORT 

Oer Einsendetermin fiir die Texte der Kongrepbei trioe war der 15. 

2. 1989. Ende Februer begannen sich die Texte langsafl zu sa11aieln. 

Fast einen Honat nach de .. Ter,lin standen dem Redakteur so viel 

Vortrige zur Verfi.igung, dap es sich schon mi t der Arbei t zu be

ginnen lohnte. Mitte April kaaen im111er noch neue Texte hinzu. De 

der Schlupter111in der Oruckerei der 15. 5. 1989 war
1 

konnten der 

Redakteur und seine Hi tarbei ter in 2 Mona ten Arbei t des produzie

ren, was Ste in der Hand hal ten. 

Die iupere For11 vieler Vortriige hat uns Freude beret tet 
I 
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viele die unter dem Niveau waren 1 versuchten wir zu retten. Vie

le Autoren haben es offensichtlich nicht verstanden, dap die 
Texte ohne Ver&nderung erscheinen warden , auper des Uohruches. 

Wir haben keinen Text zurUck9ewiesen 1 sofern er nicht unlesbar 

war. Es ist 110glich, dap 1o1anche 8eitr8ge auch inhaltlich unter 

de• Niveau liegen, aber in der uns zur VerfUpung stehenden kur

zen Zei t konnten sie nicht mi t priizisen, kri tischen Augen durch
gelesen werden. 

Es tut uns leid 1 wenn machen Verfasser 111it dem aupersten Erschei

nen ihrer Arbei t nicht ganz zufrieden sein soll ten, diejenigen 

z.8., die ihre Photos nicht in der Ausgabe finden. Die angewandte 

Orucktechnik gestattete uns die Reproduktion eines Gropteiles 

von ihnen nicht, so haben wir diese nicht weitergereicht - die 
Zusendung dieser widersprach schon den Vorschriften. Oa der U111-

fang der Bel trage durchschni ttlich unter der vorgeschriebenen 

Lange 1st, hat der Redakteur diejenigen, die zu lang sind, nicht 
gekUrz t. 

Trotz unseres besten Willens sind der Redaktion sicher Fehler 
unterlaufen. Bevor Sie jedoch die Redakteure beschuldigen soll

ten I berUcksichtigen Sie bi tte I dap auch ihnen die grundlegenden 

Henschenrechte betreffen der 8egehung von fehlern zustehen. 

Die Bei tri:ige haben wir fortlaufend, in der Falge des Eintreffens 

redigiert. Wir bitten Sie deshalb, in der Reihenfolge kein Sys

tem zu suchen, das es nicht gibt, 3u6er, dap wir uns beaiUhten 

die Bel tr3ge van de111selben Au tor (van denselben Autoren) sowie 
die zyrillischen Texte zusammen zu lassen. 

Wegen der fortlaufenden Redaktion und der verschiedenen Oruckerei

ter111ine der beiden 68nde finden Sie des lnhal tverzeichnis a• Ende 

des zwei ten Bandes. Oen Gebrauch der 88nde erleichtert das alpha

betische Verzeichnis der Autoren, das Verzeichnis nach den Sek

tionen und das geographische Verzeichnis. 

PREFACIO 

El plaza de entrega de los discursos del Congreso fut! el 15 de 

febrero de 1989. Los textos e■pezaron a llegar a fines de febre

ro. El redactor tuvo a su disposicidn la cantidad de material 

requerida para e■pezar el trabajo con un mes de atraso. AUn 

llegaban textos a mediados de abril. Puesto que el plaza Ultimo 

de la i11prenta era el 15 de ■ayo de 1989., desput!s de 2 meses de 

trabajo voluntario el redactor y su equipo lograron lo que Usted 

ti ene en sus •a nos. 

La presentacidn de muchos discursos nos ha causado gran encanto 

y he•os tratado de salver varios de bajo nivel. Muchos autores 
notableaente no han co■prendido, que los textos seriln i11presos 

sin ninguna al teracidn excepto la compaginacidn. No hemes recha
zado ningUn tcxto 1 sole•cnte lo:! que eren ilegibles. C:s po:sible 

que alg1.;nos discursos no alcanzaron el nivel requerido en cuanto 

al contenido pero debido al corto tie11po a nuestra disposicidn 
no hemos podido leerlos con un esptritu crttico. 

Sent111os, si algunos autores no estarien satisfechos con la pre

sentacidn final de sus trabajos. Los que par eje .. plo ne encuent

ren sus fotografias i■presos. El 11t!todo de i■prenta utilizado 

no pera1itid 'a publicaciOn de la mayoria de estas, asi que han 
sido seleccionadas - ya que su envio era contrario a las pres

cripciones. 

Puesto que la duracidn de los discursos estil por debajo de lo 

per111itido, el redactor no ha cortado de11asiado los textos. A 

pesar de nuestra 11ejor voluntad es posib)e que hayan errores en 

la redaccidn. Antes de que acusen a las redactores pediaos con

siderar que ello~ ta11bi6n tengan en cuenta el factor hu■ano de 
co11eter errores. 

Los discursos han sido redactados continuamente segUn el orden 

de llegada 1 por ello pedi■os nu buscar cualquier sistema en el 

or den de apariencia, ya que no lo tiene, excepto que he■os tr a
t ado de mantener junta las traba.}os de un autor(es) 1 y los tex
tos en letras cirili cas. 

Por la redacci6n continua y por los diferentes tt!rminos de 1ap

resi6n de los dos to■os el contenido lo hemos colocado el final 

del segundo to1110. El indice alfab6tico, de lo~ autores, de las 

secciones y geogr.1fico facili ta el uso de las t omos. 

PREFAZIONE 

Il terMine del la consegna dei testi del Congresso era i 1 15 

febbraio 1989. I testi coaincievano ad arrivare verso la fine di 
febbraio. 11 redattore aveva a sua disposizione sol tan to quasi 

un ■ese dopa 11 suo ter■ine un nu■ero sutficiente di relazioni 

con le quell gi8 valeva la pena di 11ettersi a lavorare. Verso la 

■eta di aprile i testi encore continuavano a giungere. Siccotne 

ii ter11ine finale dells tipografia era ii 15 maQgio 1989, dopo 

un lavoro volontario di due 11esi il redattore e il suo stato 

•aggiore non potevano produrre piu di quanta Lei tiene nelle 1na
ni. 

La for11a esteriore di ■olte relazioni ci rallegrava, 11a anche 

dovevaao tentare di salvarna parecchie dia has so l i vel lo. Mo) ti 

au tori ovvianaente niln hanno capi to che i testi saranno pubbl ica

ti senz 'alcuna aodi ficazione tranne l 'impaginazione. Non abbiarno 

rifiutato nessun testu tranne quelli illegibili. PuO darsi che 

ct sono ancora alcune relazioni sotto il livello ri chiesto dal 

punto di vista del contenuto, nia durante i 1 tempo breve che 

abbianao avuto a nostr a dlspozione non ci era possihile di lepger
l e tutte con il necessario Spirito di critica. 

Ci di sruaccrehbe se ci fossero degl1 autori non del tutto conten
ti dell •apparenza finalP. dei Joro lavori. Ouelli per ese■pio, 

che non lrovano le loro fotoorafie nella vcrsionr. sta111pata. In 
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11olti casi era il metodo di sta11pa i11piegato a non rendere possiti

le la pubblicazione delle foto, cioe sia110 stati costretti a can

cellarle tanto piU che gia la loro annessione era contra le re

gale prefissate. Sicco111e la lunghezza media delle relazioni non 

supera Quella perA1essa 1 nem11eno le relazioni che la eccedono 

furono accorciate. 

[ certo che malgrado la nostra preinura ct sono rimasti errori 

anche nella versione finale. Pri11a di incolparne i redattori cor

teseniente si prega di tener conto ·che anche a loro spetta il fon

da■entale diritto u11ano di sbagliare. 

Le relazioni sono state redatte continua•ente, secondo l'ordine 
di arrivo. PerciO s i prega di non buscare nessun sistema nell 'or

dlne di successione che non ci puO essere tranne che si trattava 

di tenere raggruppati assie11e i lavori de91i stessi autori e 

quelli in caratteri cirillici . 

Oovuto alla redazione torzatainente contirua e ai diversi termini 
di stamps dei volu,.i, l 'indicc si trova alla fine del secondo vo

lu■e . L'uso dei volumi e facilitate dagli indici alfabetico secon

do au tori, secondo te11i (sez ioni) e secondo luoghi geografici 

(paesi). 



TIPE,Z:U1CJIOBI1E 

C,>OK nµe;tCT.JiB11CIIHn TeKCTOB .:10K11a;lOB 1<011rpccca OWl ts ¢enpa~R 

1 S\J~ r. TCKCTU 9TH H3"1anH nocTynaTb B KOHl.lC ¢ieapanR. nottTH 11,l 

Mccnu 003.C:e nµc~yCMOTl,)CHO cpoKa B P.lCr?OPR•CHHH pe.QaKTOpa coo

panocb CTOJlbKO ;tOKJla;:J.OB, KOr.aa yn:c CTOH110 Ha'faTb p300TY. 0 cc

t't:MHhe ani)CJlff uaTepHanu ace Cl.lC nocTynanH. nocKOllbKY OKOIN,lTCJlb

Hba-1 C,>OKOM n.nR THnorpatS,KH OWIO 1 S MaR 1 !)3!) r . , nocne JlDYX Mec

nuee .noOpoeOnbHOR paOOTU pcnaKTOP H ero bJTaO MOrnH noaroTOBHTb 

MaT1.:-111an, KOTopun BU nepaHTC B PYKAX • 

tllfet;JHHR B11.:J. MHOrHX JlOKllan.oe .QOCTilDHll Hau YJlOBOllbCTBUC, HilPRJlY 

C ::i';HM MU nocTapanHCb coxpaHHTb unoroe H3 70ro, 'lTO Ou.no HIIJKC 

COOTBeTCTBYI.L.lero ypoDHR. UHornc aOTOPU lie nOHff.nll Toro, 'ITO TCl!C

TU Oy,ayT H3AaHl::il Oe3 KaKHX-llHOO H3r'ICIICIIUO, 3a HCKnl)\ICIIHCM DCPCT

KH no CTl)ilHIIUaM. Mu HC OTKnOHH,lH HII o.anoro TCKCTa, TO.:lbKO ecnH 

..:ru ht!H031◄0Jitll0 CbLIO nt>QI.IHTaTb. ll03M02110, \ITO IICKOTOPUC A0K11a;lU 

no CBOCMY co.11eµaaHH1l He llOCTHraJOT COOTBCTCTBYlx:J.ero ypooun, HO 

D TC'leHHe HMel,ll.J.crocR B p.t.cnopR:aCHlllt KOPQTl(uro Bl,)CUQHH IICBOSMOJX-

110 ou.,o HX npo\lCCTb C TO\llfbtM upHTH\ICCKHtt no.11xo.a.0M. 

J.ilif O\ICHb coxianeeM, ecnH HeKOTOpu:e aBTOPU OCTAHYTCR nenouo~,bllU 

OKOHl.laTenhHlJU o¢opr,UJeHHeM HX paOOTU . llanpHMQP TC, KTO IIC 11aOJJ.CT 

0 H3J.taHHOk MaTepHane CBOH 00TOrpa¢HH. npHMeHeHHYR THnorpa¢CKHR 

MeTOJ'.l He npHro.neH .a.nn nc\laTaHHR CO/lblJ.HHCTBa H3 IIHX, TaKHU oopo-

3014 TilKHU ¢oTorpA¢HH 1'U H30R.nH - y;,xe CAM c)AKT IIX npncunKH np0TH

HO.,O\IHT 'JCT.-:lliOBJiellllUM n.,:>aBHnAM. 

OOCKOllbKY CPCJlHRR ;J.)lHHa JlOK/la.:10B MCltbCle .11onyCTHMOR, PCJ'.laKTOP He 

ype3an CJIHrKOM n.,,HHHUe. lie CMOTPR HA Ha.t;JH Ca.Mble HaHll}",ll:IHe CTpeM-

11CHHR 
I 

no BCCR eeponTHOCTH I B roTOBOM Mil'TepHane BCTpa\la).)TCR o 

CIHCKH. Ocµc.a Ter<1, l<ilK OOBHIIHTb D 3TOM pc,aaKTOpoB, np0CJIM npHHRTb 

liO BHIIMilllHC TOT QaKT, \lTO H OHH HMeJOT sneMeHTapHOC 1.1e11oao1.1ccKOe 

n.,aao OUHCaTbCR. 

.!iOK11a.::tU oCpa0aTYBA11H nocne,no&ilTe~,bllO B nopst:iKe IIX npHOUTHR, 003-

'lOr,q n.,OCIIM :,ac, HC HLtHTe KaKyt.)-11H00 CHCTeMy D HX O\lepoJlHOCTII, 

BC;J.b TaKOBOR HeT, KpoMe 3Toro TPYJ'.lU TCX •e a&TOPoB H TCl<CTU C Kn

µH:JIOBCKHUll OYKBaMH nocTapanHCb crpynnHpo&aTb BMCCTC • 

1t3-3a nocnc;.;oaaTCJlbHOro pe.11aKTHPo&aHHR H pasnH1.1Horo THnorpa¢c1<oro 

Cp0Ka ;ioy,< T0f40B •conep•aHHe• nOMCCTH11H B KOHUe BTOpoao TOMa. 

lionb30Uill lhl.! TOMilMM oo .. 1ur\fttCT an¢aDHTHUR yKaS.:!.TC/lb no a&TOPBM, 

no ceKuHnu .1 no reor.,a¢lH\fCCKOMY nono:aeHH5:I /no cTpaHau/. 

ELOSZO 

A kongresszusi elOadasok szovegeinek bead'51 haUrideje 1989. 
tebruar 15-e volt. A szovegek csak tebruar vdge teld kezdtek jti

vogetni. A szerkesztOnek csaknem egy hdnappal a haUridO uUn 
4llt a rendelkezdsdre annyi elOadds, amennyivel 111dr 4rdeaes volt 

a 11unkat 11egkezdeni. Aprilis ktizepdn mdg mindig drkeztek szove
gak. Minthogy a nyorada vdgleges hatllrideje 1989. mdjus lS-e volt, 

kdt hdnap onkdntes 11unkaja utan a szerkesztO ds sUbja azt tudta 

produklllni • a•i t tin a kezdben tart. 

Sok el0ad'5 kUlalakja okozott iirii■et 6s sok szlnvonal alatti t 

pr6bdl tunk ■eg11enteni. Sok szerz6 l1Uhatdan nem drtette 11eg. hogy 

a sztivegek bdrmi v1U toztatds ndlkiH tognak meg,lelennl, kl vll!ve az 

oldalba tOrdeldst. Egyetlen szOveget se• utasf tottunk vissza, ha
csak az olvashatatlan ne11 volt. Lehet, hogy ndhdny el6adds tartal

•llag se11 Utl nieg a szfnvonalat 1 de a rendelkez•bre iUld riivld 

idO alatt pontos kri tikai sze■■el ne■ lehetett Oket atolvasni. 

Sajn4ljuk, ha ndhany szerzO ne., lenne teljesen eldgedett ■unkaja 
vdgsO ■egjelendsdvel. Azok pdldaul, akik nem lelik tdnykdpeiket a 
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nyo■tatihban. Az alkal■azott nyo■tatdsi 11ddszer ne■ engedte ■eg 
legttibbjUk megjelenteUsdt, lgy ezeket kigyo■Ultuk - ■4r elkUldd

sUk is ellendre volt a t eUllltott szabOyoknak. MiuUn az elOada

sok 1Ulagos hossza alatta van a aegengedettnek, a szerkeszt6 ne■ 

vagta meg a t~l hossz~akat. 

Legjobb akarotunk ellanllra is bizonydra keri.il tek hibdik a szerkesz

tdsbe. Mi el Ott vadolnak a szerkesztOket, kdrjUk vegydk figyele■-

be, hogy Oket is ■egilleti a hibak elkovetdsdnek alapvetO e■beri 

jog a. 

Az el0ad4sokat bedrkezdsUk sorrendjdben tolya11atosan szerkesztet

tUk, kdrJUk ezdrt, ne keressenek blir■ely rendszert a sorrendisdg
ben, ugyanls nines benne, azon kfvUl, hogy azonos szerzO(k) 11un

kU t ds a cirillbetOs sztivegeket igyekeztUnk egyUtt tartan! . 

A tolya■atos szerkeszUs ds a kdt ktitet kUltinbozO nyo■dai haUri
deje ■iatt a Tartalo■jegyzdket a 11bodik kotet vdgdre helyeztUk. 

A ktitetek hasznOaUt ■egkonnylti az altabetikus szerzO szerinti, 

a ,zekcid szerinti ds a ttildrajzi (orsz4gonkdnti ) ■utatd. 



RECENT AND P ALEOKARST SYSTEMS AND THEIR RELATIONS TO ORE MINERALIZATION 
IN THE IBERG-REEF-COMPLEX, HARZ MOUNTAINS 

REINER, Andreas - l:.EMPE, Stephan 

· The Iberg-Winterberg reef complex, a aaaaive Devonian 11.aeatone 
foraation, is exposed in a sull outcrop (2.Skm•) in the south
western Karz Mountains, PRG . It la surrounded. by Carboniferous 
greywackes and by strike-slip branch faults of the 'IINII-BSB 
trending Upper Karz aineralisad vein ayatem. 

Geological inveatigationa were carried out in a 5 >ca lon9 cave 
and mine c011plex (Biaeneteinatollen) situated in the SB corner of 
the Iberg. Faulting and fracturing in this aone was followed by 
deposition of iron-manganese ores and baryte. Large part■ of the 
1.1.aeatone are replaced metaaoaatically by dolomite, ankerite and 

1. IKTROQUCTIQN 

In the SW Han MOWIWDI (P.R.G.) I.be domo-wpcd DeYoalaa lbc,g-Wmtcri,e,J reel limcaoa< 
- lroca thc IOfflMIIIC!ma Catboaifcrous gnywa<ha. Tho ....S 6-oac ootcn,p (2.5 tm•) c,om;,u ortwo 
IIOll-lite - I.be lbe,g iD the SB ud the Wmtabcrg m the NW. Tho oripal reel ah.ape is &UppRUCd bJ 
bowldaiy faulu, l<pltalUII the limcaooc lroca the dastic ,ocb. Its IOl&I ..rawoa may ba,. -.cl to 12.5 
tm•, with a ,_ or 600 m (FRANKi!, 1973). Mon: tbaa Ill ca,uo an> -., whiD the -.,b. 
daoclldioa a few to 50 mecen below the IRDface. Moot or them..., dood,- ISIOciatcd with iron-..._.,. 
bodia, wliicll...,. rise to iotemnoe mmlac-, durins the IMt ceaturica. Tho natunI a,,ca ICM>d as abafb fcw 

bo(I, daoclldioa ioto the - ud lwllmg the iron ....... I.be - periods or miDma- In I.be middle or the 19th 
CIClltmy a pllcry (Eiwmtcindnlk:n) WU dffiieo ioto tbe, Ibug. bat already in 1887 the lut mine WU abudoDcd.. 1D 
J.ll86theplluyudthc-oraatwa1a,,caud.,.__made_apiDexcecdiDgatotallel,gll,orS 
... (P',p.1, 2). 

2. GEOl.OOy OF IHE !BERG AREA 

Duriog the Middle to Uppc, DeYoalaa the lbe,g-Wmtabc,g reel.,.., up°" a local rise willwl a ,haly 
buiD facieL In the Lowu Carl>oaifuous the &me.toac a,mplcz wu o,awbclmcd witb fly,d,-typc gnywactes ud 
aftawank iDcludcd iD tho Varilcu ......,,_ wi.a.. the dastic ,cd;mcats _.. mteo,i,dy folded the'""""° 

limcatcme WM only deCormcd to a dome-lite ltnlCturc.. 

Tho Varilcu ..-.lidatioa al the Han MOWIWDI was acoomplisbcd bJ iDtlusioos or pbb,oie ud 

gnaitic: - durins the Uppc, Cubooiletoll&. In the EMly Pcnoiu ,-c ,hyolitic wlcaoism oca,md ud a 
faolt '}Item do..Jopcd, tr&IIIICdil,g ud displaciog the folded Poloowic: rods. It is clwac:terizcd by znaes or 
p<dommantly WNW-ESB ltrima diagooal atip faults cw llritc-atip faults cootaiDiog importaot base -ai on: 
dcpow, gooc,aDy pJcoa, ,phalerite ud aome dwcopyritc. M.1ln pogue minenJs iD the on: Yeim ..., qUUU. 
calci!e, liderite, barite ud lluoritc. 

Tbc IOW'CCI cl the ore Connilig Ouida IS wdl IS tbc time of the miDenli:r.atioa arc llill wocrtaia. M it is 
widely ll00ep(cd that the hyd,othcrmal - ....... dill"ct•atiau· .. or the gr..,;tic iatruslam two madels 
an, ra-rcd. P"'"' R88 (nn: earth elcmealS) -distributiaa m pogue minenJs MOLLBR et aL (1984) ud 
LODERS (1988) coodudc that l,;gbly a1iac ao1utiOGs rroa, g,ut depths, mobilized iD the bascmeat bJ the 
Pumiaa beatllow --, an> ~ fcw the base -.I depoutioa. Tho Ouonto miDenli:r.atioa is prcaumcd to 
be ..iatcd to the Pumiaa rh,.,&ic wlcaoism ud thctdon: 10 ba,o a dill"c,e,,t arigm. In ooatnst, Owd iachmoa 
mcuw=cots support tho Grip or.,. IJuich rroa, lcdimcowy buiD brinca (Bl!HR & Gl!RU!R, lll81). H;gJ,Jy 
aliDc, N..C.0-typc WOlcn may ba,o dc¥elopcd willlin Uppc, Pcnniu ud Triallic mollasoc troagha rich m 
dutic ud evaporibc l<rieL ..,_, ro..a formatioo _,, thca augra1oc1 mto mupa1 bucmcm...,.. a1oag the f,u11 

'}Item catahlishod during Pumiaa uplift ud MeaOlOic w=c:h toctooka. STOPPBL cc aL (lll83) suppooc • ,till 

Jll<IIIIF 'II" fcw the depoutioo orborite iD ttlatioo to the em_,.. uplift or the Han Mounwm ud -cd 
tectonic:. fllO¥CmCOU oa. the Hercyn.i.u faull sydem. 

0.. or the ,.;,, faolt ....... the Rmcohol Lode, ,._ the ~ bow>da,y faolt '}Item or the 
lbe,g (SPl!IUlNG & STOPPEL, 1919). A atroocJy mioenlizod moo bnncha off the on, lode mto the SB-Dank 

or the 11>e,g -- whe,c the Eisensteiostolleo ..,.. '}Item ud "'°" or the sma11u cmtiea ..., atuatod ~ 
1). 

3. EXTENSION Of IHE CAVE S'(STEM 

The area wlucb the l!isea&teimtollca l)'Slcm ooc:upica is small, joat 40,000 m 2 • Tbc natural rooms arc 

....-oc1 bJ - priaapal mmlag plJerica, the decpc, or wliicll is Doodod today. The total - len#h is 
more thcnSbn. 'Tbc YCrtical e:J:lenSioc from the higbca point at +435 m u.1. to the mean water table at +m m 
u.l ......,. IO 90 m, but tho dcepc<t point has been .-.ached bJ dmng about 50 m below lhe watu le¥el. MiDiDg 
documealSabo,eponor......iaa ... -11......,dcpths. 

Tho atwica an, nmubbiJ dill"cr<at iD obapc. They an, either elooptcd iD a WNW-ESB dlrcctioo, 
aam,w ud S-15 m high, cw ba,o Oat fonm, 3-:ZO m ,ride, 1-10 m hltlb ud mamJy dippi,,a to the SB. Combawiom 
or thcac type& ooau as well a a,polaL Doe or thcm .,.,.,do a hltlb or LS m. Tho &)'Item as a whole -1ouously 
deKeDd& IO I.be SI! under the """)UII gn)MW< ud p,cdomiautly &lays 30-50 m below the limc&toac aunace 
(P',g. 2, FRJCKB et al., 1988). 

4. TECTONICS AND MINERAl..lZATION IN IHE CAVE SVSTEM 

Conc&poodilla to tbe trend of mo.t ca¥C rooms two eascolia1 tectoaie feature& appear. Tbc first is a 
&y&tem or &tceply dipping WNW-ESB 10 NW-SB &trimg ,.;,, faults ud 6-adUre<, that cu be compand to the 
aca,bJ bow>da,y fauil&. The oecoad toctoaic dcmenl is uncommoa iD the Uppc, Han ,cgioo. This Sl!-dippi,,a 
(30'-4S') tluu&t faolt moo may ba,o dcYClopcd lroa, ~ bowldaiy layen duriJta the Varilcu folclioa .... 

Tho UDOODl ud ducc:tio<l or di&placemeot aJoaa the faulu;, bani to determine. WolhiD the,....;,,, 
limatOGO DO mamr llorimm ezi&t ud priawy- ba,o beat obtitentcd bJ dolomitizatloa ud iroo on, 

depomoo.Tho,atia,lol&ccaJoaathell«pfaulbad&accun.""""""'1)....,.,obo....nbutm.-c:aaea 
may &moUDt up to 30 m. Mon:owu, ltril:e-&tip mow:mcms arc iDdic::atcd JQ,t-d.ating tho dolomitizalioa bat 
p,=diog the depo&itioo oriroo h~ 

1 

■1.der1te. Lenee■ ot well bed.dQCl, yellow aedi.aenta, formerly 
deacribed. aa •doloaite•, were recognised aa altered quarts and 
clay mineral deposit■ in paleokarat cavities of possible Peraian 
or younger age. In Late Tertiary or Barly Quaternary times the 
ayatBJ11 of isolated caves existing today developed under phreatic 
conditions without any indication for turbulent flow. These r00Jl8 
follow the steeply dipping, NII-SB striking ore veins or limestone
dolomite contacts and a gently (30°) SB-dipping fault zone. In 
aitu generation of CO2 from slowly oxidizing aiderite may have 
fueled the cave genesis in this unique ayatea. 

The miDenli:r.atioa seqoeoce awu will, I.be panial replacemeot or the limcaoac bJ dolomite follo,,od bJ 
werite and ~ricb side.rite. Oobnitellimelloae 00DlldJ arc either very &harp (within • few cm) or 
dwac(erizcd bJ diahtJ7 ma<asiDg quutibe, or 1C111ucd dolomitic ,bombohcdroo& 6oally gndiDg UIIO de-, 
xcaotopic mouica (OYU a di:saaooc of some meters). 

Siderite, accca,pwcd bJ euhcd,aJ 2'M>od dolomito ud ulerito aystals, occun iD fonn or inegulu 
bodiea in complCI dok,cmtic rocb. Tbc accurate shape o( IDOll sidcrite dcpociu is impouiblc to dcftGC because 
.........,.,_, cootad& wilh the dolomltic wall rocl .,. dilJuso ud widely obtiteratod bJ bladi .,......ruous 

coatiDp. Tho - ..... pttdomiDaDll)' (bot DO( exdusi,dy) occur iD dcepe, puU or the cave .,.. .... Where 
I.be SE-djpping thrust tooe is tlpOltd tbe depo&ib u well u dolomite and 1c:DticuJ&,- to YCUl•likc limolUtic ore 

bodies..., inten:ata1oc1 betwceo thict tayen or ydloMSh - days. 

Jroa-- hywoxides an, the commoo .,._ 10 be found II I.be lbug. They occur m volns, &ill&, 
- hodies .. imgular bwicbea whkl, .,. dearly distributed aJoaa I.be main toaoolc - de&cribcd 
above. DomiDaat iroo-bearmg phase& ..., goethito ud lepdoaocite, baW>C ID -....... ratio comparable 
10 1be udcritic ores. Black fibrous varidics or I.be goec.b.itic oru may bave bectll mistatea for cliYcne ma.np.oese 
miDenls whkl, baYO fonoerly booo ,eponcd. la OOGUISI. ooly ·-· ud po:&iblo .-. could ho dete<lcd 
bJXRO. 

........ 0 500m i 
N 

I 
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Tho b)'drolrlde$ have g,:o<nlly been lhoug),110 be aupo,g<ne ....ihoriDg products or &idcrite 0< fcm,u 
dolomite. E,;,Joacc ;, g;-,.. bJ ,ol;c cuhooate patche& witbiD gocchltic o,u ud bJ poodomo,pluc: ,.placomeat or 
udcrite. Todorocitc ud rucicitc arc also tDOWD to be WCALbering mincn1s in orc-bcuing limcslooes. In contrary, 
aome disti.oc:t fea1una ol rypical YCia. orcs may indicate a primary dcposilioa of U'Oa Olidea or hyd,midc&. Tbcac 
YCios cut through dolomite or 1eparatc it from limcslooc. They arc filled with vuy de.me. reddish-brown ores 
CODtaim.ag rcmatbble amouts ol hematite. The contact to limcs.tooc wall rocb is slwp compared to 1bc diffuse 
boundaries o( the aideritie ore bodiea suppot1.lQ& th.at mctuomatic rcplaocmcnt was oot lbc ore dcposi1i111 process 
(R8IM8R. 1989). 

Barile_ at the Iberg CCXIUDOClly oc:c:urring i.a indepeDdcnt veins 01' in dole intcrgrowths with U'on ores. bu 
ooly beat fouod 1o tnce .-, willwl the ca,o &y&tem. Lato miDcrali,aooa - an> _....,cd bJ the 
depow0D ot q~ lf'OWD up in fissures or repbc:uig carbonates ud iroa ores. traccl o( sulfides and dispersed 
IOtid pyroo;i......, DID>dy unp,omto (JAKOB et al., 1981). 

S. P/11,EOKARST INAWNGS 

LamiDatod ocdimoot& occur a, &evo,al locatioos willwl the lbc,g-\'fu>lcri,e,J ...r. Somo dcpoait& lroa, 

I.be W"Ullcri,e,J limestoao qUIRJ...,. fonoerly deocn"bcd a& dolomitic: fiuu.. filliap or uat.ow,, ag,, (FRANKi!, 

1973). Similar scdimenlS an> e:q,oaod whiD the Elsoo&temstolloo COYO &)Siem ud &Omclimos II tbe -
s.urfac:e. They arc 001Dpo1Cd ol daysloac ud &illstooe la)"C,11, ezteeding aomcu,-,,,ca a tliicbeu. of a few met en. The 
fiou layen mamly coa&ist or illite, the &illy OOOI or qUUU. illito ud miDor quaotiuo& or dlloritc. ID coaner gniDcd 
layen tithic ~ or metamorpluc ud --tic Grip .... domiDaat Fold,par has ...., beat found. 
IDUaformatiooal lx=ias <Xlll1aiDmg roaodcd ...S day pohblos may occur as well u &Jump ,uuctures ud 

-· lamiDatioa. Tho &edimoots .,. DOnllally leu coasotidatcd hut oft ... oemeotcd bJ ,iliciflcat ... ud 
dolomitic rcplac:cmcnt near ore bodica. Wbitc to ,cllow, g:rccmsh-grq or roddid-..-brown cokn arc prescrll. 
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EIS ENS TEINS TOLLEN
CAVE-SYS TE M 

Jberg/Harz Mountains 

TIie ...._...,,...., - ud ,_ _., - - ...... ol lllo - oomplcz 
-1 • (lhmal) depoaldoa la .. udeat --W',d,la lllo mlacnJ!ood ,,_ol lllo SB-lber) lllo or..,a) 
lbaj)Oollllo-.-,clepoak,bao-.,lecdyboea~batlllol°"""'.-plioo ilprv,odbyoa1crop1 

ia die W'llllelberJ - -- - - - ... mq,ooed, l0laDy 6IJed with Jamiaaled .-.. 
.,....,.._.. ud l!IJiac ol cawlea precod<, ore depoaldoa bat mllll p01t-dalo Joas =aioGaJ l'h- lhal lollowod 

die Varilcao -· 1berefore lllo c:r,e - lllould be ol l!art)' P<nm111 ... bat caa be a,ud, - ii I 
C.U-lllaenJiwJoo ... l<......i(IU!IMl!R,1989). 

a. QEYELOPM£NT OF THE El8EH81ElNSTOlWf CAVEi 

fleld "1ldioa ud cJ,o rq,ortl OD cJ,o mloed ore qaalllidoo s_.i that n,up)y haJI of cJ,o n,oo,
- - ~ - -_. by-- ud balf - ~ At1l!lcia) J,olca oocar 
-i,-,llloc:r,elloor--llloociJiasudllppOrportaollllo...U.dioplayaatanJforma.1)plcal-.. 
.,.-..poc:tda,-.udflllor-celliop~3a)~thatlllo,._de,oloped_ 
,__Olllllidooawilk olow...-Oow (Kl!Ml'Bel al., 1975), No-or odler iadblioao olndooe ----TIie -obvloaoly lolJow ..... tec<ooio ud ~-Alcq dle-.ct olmep 
ore,daa ud dolomilic waD rocb -- lllolono olwldeoed 1'0idl ~ Jb)-- ponDd 10 lllo SB

~---tllo)' .-......ieci or llaitONd, 1_..t - - P--- Jarao balla or -.i.capo1oa~4).llolaled.,..,,..,.uealao_made_..,,by __ 

Tw B..,..,,deetoUen lyltaD ii a muo effl:.. Oocwreaco ol mae ca,a ii Cawured Ul ~ 
--bytnppioaelloc:a(--bylllooqwitanlboaaduylaulla .......... lllolber) 
-) or i. .... -.c:o • .-nunueAPPliedbybJ,dr<,tberalalacti,ky(FORD, J.987), lacuool 
dlelber) ao iodicodoa I<....., !or 1K -ol llydn,tbermal w.en. laoteed, die olowly releaae olC:02 byiHitu 
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Pig. 4, 

<mdalloooladcriloi&lll>IIDOd10,._boeadledmiaa-.....,lorca,e~iaorder10 czplaialllo 
~ re.i.- ud die......,. dcGlily ol ca,it;,. (XEMPE. 1975; SVl!NSSON, lll88; SVl!NSSON & 
KEMPB, w, ,olua,e), 

1. ACKHOWWIQEIIEHT§ 

TIie llllban pateluDy acbowlcdp .. eolllualutlc: bclp ~ .. 6cld - po,idcd by 11,c ArGe 
Sl.uw.rt, Clauathal/7.el)dd (P.R.0.), ud ClpOCiaDy by IJWB PIUCKB wbo spea,lloodcd die IDIPP"'I oldie 
PieenaeiasroOeo 
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HYDROCHEMISTRY OF KARST WATERS IN THE IBERG-REEF-COMPLEX, HARZ MOUNTAINS 

SVENSSON, Uwe - KEMPE, Stephan 

The chemistry of cave and surface waters from the Devonian 
Iberg reef lime atone in the southwestern Harz Mountains (P.R. G. ) 
was monitored during 6 aontha. Cave pools and drip waters from the 
5km long cave system. •&iaenateinatollen• and from surface springs 
were analyzed and evaluated for their PC02 and saturation with 
regard to calcite and dolomite. Water types were discrimJ..nated 
statistically. 

Kost of the cave waters have high magnesium concentrations. 

1. INJHOOUCTION 

The morpbolop:ally proaw,eot lbug/W"Ulletbc,g (560 m uJ., SW-Han Moantaim, P .R.G.) is Conned 
by a Middle lo Uppet DcwJGiu mmiYe ud croaon rcmtaDt limcltooc. It rcprc5CGb a former atoll red 
(FRANKl!, 1973). The ttd is IUffllODdcd by i.,.., Ca,boailcrom ~ wluch """' iDteasiYcly folded 
during the Variscu orogeoy. The limeot_, has oaly a...-, amll uu ol Ncrop, ~ 2.5 mi', but ;, is iDleasiYcly 
bnlificd. The SB put ol the lbetg has the largal amcealnDoal ol ....._ Herc the ttd lime&t_, has bcca 
allcred rnetasomtticaUy todoaomilc and&iderito (REIMER.1989). Wdhmu uea ol250:tl50macavel)'Slcm. lhc 
'1!itcmtcimlollen" bas de,oJopod, twm,g 5 km io ~ aod 13S m io vcrocal extcmioo (fla. I. PRICICB d ol.. 
lll88). II was made aa:caiblo by miocn, wmd,, until the last ccatury, r«>OYCWi godhile aod ..serile from the 

system, thcttby opeoiog up"""° mioc.,.._ 10 ....- the utunl .-.. N.,.,tbdca the system is the dccpCll 
oatunl ,y,tem io Gennaoy ocrth ol the Alp, aod _, ol the .._.. io tho country. The bydrocbemistry ol this 

,y,tcm, iDcludiog sure- - aod pool ......... - studied lo piD ao UDdenw>diag ol procwe, wtuch 

- tho COGl()OUbOA o{ the tanl ""'" aod - ""' ,<SpOaDblo (o, tho ge,,..;s o{ the """' -
(SVBNSSON, 1511!8). Today, the _, put ol the system ,a..,. u a rcacffllir Co, dtiokiog wate, ol the ,_ Bod 
Gruod oollcdiog the..._ Crom the...,... aod the bonlcc Caolls ol the Iberg. 

2..M!rn!Q!li 

During ...ual field campaigm a total ol75 pool waletl, 43 --aod 25 - - (aect 
aod spring watcn) """"sampled wilbio a period ol 1"" -"a (Aug.•Dcc. 1986). T- pH, coadudMy 

aod al1:alimty ~ dctenniocd io the field. Maje< ioas aod other - spccica ..... aoaJyzod by -
methods Ill Hambarg. In addition. the YCrtica1 ~ io h)'dtocbemistry WU lhKlicd in detail in oae o/. the ~ 
pook. Pu1ial pRIIU'C ol CO. (PCO,), aod uturatioa iDcicca (SI • log.o(IAPJK,.,,....,)) wb ,aped to cakoe 
aod dolomite w= c:ak:alalcd applyiog a a,mputcrlzrd dcdn>l)lc model (l<l!MPE, 1975"; 1902). Mulllvar1ate 
ltalistia.. i.e. ~ cluster ud factor analysis. were applied to aO data in order lo group wnplcs and to 
cmad commoa fadon _,... tho bydrocbemistry (SVl!NSSON, lll88). 

3..!!§l!l.!1 

3.1 °"""'1 Deocrlp&aofKantWat..-~ 

The multi"""""""" ICallu plot ol ,datn,c amcealnDoal ol majo, ioas (fla. 2) illustnt°' lhal ea••, 
Mg'-- and HCOs· dominalc the dicmica1 charactc:r, while Na•, K+, 0- ud so.,. seem to be leas importuat. 
Aooordmg to theg,ow,d wate, dassificatioo sd,cmc o{PURTAK & f..ANGGlTll{ (1967), all umpb Call iDlo the 

catqory ol 'nonnal olblinc earth watcn• (< :20 mcq 'll\ Na• +K• aod > 80 mcq 'll\ ea•• +Mr•). They 
bcJoo&dtbe, to the oub-ca1..,.;.. 'mainlybic:ut,oo,t;c" (> W mcq 'll\ HCC.·) o, - (40al 

mcq "HCC.· aod 60-<0 mcq" so.~+a-J. 0o1y a r ... ""'1acc wnp1ca group w1, the 'mainly ,ullatic" ...r,. 
type(> (,0 mcq ')I\ so.~+0-). Co Plgun, 2 the umplo point& an, p-oupcd acc,o,w,,g lO thou origiD; 1)pc 1 • 
cave pools; 1)pc 2 • ..._ _.,. aod 1)pc 3 • ""'1acc Wilen. Table l shows ..._ aod ...,_ Co, 

pcrtiocat cbcaucal __... io thcoc th= typc, °'"""· 

1">1<1 

~ aod a-ol lOIDC chemlcal panmct ... (o, the tanl ........ oltbis ,mdy. 

Paramda" -. A-
L)ea,.poo1...-
µS (,pccific ca,ducw,cc) 2Al-804 Yi/. 

ea•• tMr· (molatl 0.6-4.6 UI 

pH 7.2.!U 19 

PCO. (atm) io-1,:n..104--2-" 10---~ 

S1- -0.34to +0.62 +O.IB 

S1-. -0.62l0 +G.39 -0.03 

1.)~--
µS (,pccific c:ood11ctancc) ~ 331 

er• /Mr• (molatl 1.2,7.6 2.6 
pH 7.7-8.2 8.1) 

PCO.(atm) -1~ 
,._ 

S1- -0.43to +0.43 +om 
sr-. ..0.51 (0 +o.32 -0.11 

3.)--
µS (,pccific c:ood11ctancc) 95-0) 319 
Ca'. /Mr. (molat) llll-6.1 2.7 

pH 7.0-8.l 1.5 
PCO.(atm) U)-LIO.w-- 10-1-"' 

S1- -L74 to +D.S7 -0.64 
sr-. . -L84to +0.27 -OJD 

Type 1, ea,. pools bdoag adusiYdy to the -_, 'mainly bicuboutic', they caatain up to 6S mcq 'll\ 
Mg'• (dolommc-.n). CooceotnlioasolNa• aodK• do DOI =-od5 mcq 'll\aod0- aodSO.~ 
.......,.._ an, < 10 aod <:20 mcq 9', ,_;,.Jr. 

3 

This le in accordance with the fact that iarge parts of the reef 
have metaeomatically been altered to dolomite. Pool and drip 
waters differ significantly suggesting ongoing dissolution of 
limestone/dolomite in the cave pools. One of the pools is 
stratified and has a pH of 6.6, a PCO, of 100,000 ppmv, increased 
ca, Kg and HC03 concentrations and decreased oxygen concentrations 
at the bottom. Thia is indicative of ongoing aiderlte oxidation 
causing the liberation of additional CO,. 

'l')pe :2: S«page ntcn can be cbarac1erizcd as bicarbonate to sulfate waten cmJ..aiDi.Dg up to 40 mcq " chloride 
adwtioaally. They baYC gcocrally _, absolute amcealnDoal ol ea•• aod Mr• than cave pool 
watcn. Partic:u1ariy, Mg>• docs D0l czteed lhc«) mcq "1cYd, wtailc Ca2

• can vary by as much as30 
mcq" aod can rcacb as much as 1K) meq 9'. Alblinc earths. mainly Na - , cu cootribute up to 20 mcq 

9'. The dcc:rcasc in the rdatiYc CODtributioo ol bicarl:loDate is assoc:ia.tcd with a simultaneous inaeasc in 
a· aod so.~. wtuch cao amlribote up to 30 aod 40 mcq 9', ,apectndy (F,g. 2, i.-, rip! tri&nglc). 

Type 3, Sarfatt watcn occupy the largal uu io tho multi-a,mpoocn! diagrams, le. they rcp<CSC01 the aat 

divcnc type of water. E.spccially in accb rc1&tive Na- +K· and a-+so.- COGlcCU arc larger than 

io 1)pc l aod 2 watus. Tbcsc =ob prcbably origioale from the - ol meteoric nmolf aod soil 
watcn.. Spring waters_ bowc:Ycr, arc more wnilar to IOCplF watcn il Lbcy dcriYC from cilbcr limcstooc 
OC' dolomite souroc rocb. SWUC:C waacn arc gcncraJJy lower in specific CODdactmty, pH, SI-. aad 
S1-. lban both pool aod ..._....,.,(Table 1). 

Difr=-ocs - the th= ....,., lYP" .... -· otigl,t aod - - the lYP" 
remains ra1bu ~ because of comidcnblc OYCrlapping in the rdatiYc CODCCDtratioas ol major iom. 
Bcca,... o{ Ibis ladt io coofidcocc io such dcla;ptiYC groupio& cliscrimiJwioa aoalysis WU applied (c.a, DA VIS, 

197.1). Two aoaly,ca ..... pcnonncd ..-..fwly aod )icldcd statisticaDy mpmcaot iofonmtioo. The lint aoalysis 
-(wb a rdiabiluyol75 'll\) lbat Na•, K• aod HCC.-""' the mwmaliYC variablcs Cor wscriminatiog 
swr-......, caYC ....,..._ n.. .......r aoa1ym iomcat .. t1w ea•·, Mg>• aod HCC.· ""'rapomiblc (with a 

,dial,ilityol85 'll\) Co, clismmiutiog-""""' caYC pool watus. Tbcsc 6odiop coofirm tho rcswu obtaiocd 
by the pwdy dc&ttipoYC grouping methods. 
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3.lSlalbtloal-,tCtt .. -u,._, 

Ctt,e pook ud--...('N,le 1)...,oo-llipllympcnablnlCtl,ritlt ,_ 10ealci<e 
(Si-poaicne).Bodlare ___ ,ritlt,_10doloau(S1-.~).bal.,;......,_IObe 

_. doaor lO __,.. diu - la pool -en i,;pc, FC0. (!owe,~-) ud lowu molar 
Ctt"•fMr• ,_ .. oboen<d m _... ,ritlt Ibo -- ....,._ la orde< IO duaclale Ibo spcci6e 

---• .... poolud--.n,clmlaanalyoea .... pof..-d10--
-oflbodilrucnt ca>eWale<lfpea. 

ltenka tll die a .. • dnllt:r ...,.,,.. ror tN Oft peel -•- are plotted m fonao ol a dc.adcoa,-aa1 in Plpr'e lA.. 

eon.i.aof23-yiddalhreetlilreRm<claten, mwlud,lbo--...-... 
an, linked oo - le,ds of lhcir alaulari!y. lfigl,<ot amilariooo lo e«I, Olher a,a ahoM, I>)' IOlal 
...,._ (OH). total clisaoMd ms (TOI) ud amdtM:tmly. Tcgalta ,ritJi Mg'•, HCO.· (All.i 
SI-ud SI..- \boy bw, Oolla I. 0a a lower limilarily Ind, pH ud pl'CO. (·las FCO.) 
are cmabiDed lO form Custer 2. Na• ud 0- uo linked ~ ia a.tcr 3 mt an cvt11 Iowa- k,el ol 

~ -

,,,. ..... dmtcn may be m<aprded u rq,reaeetalNO of Ibo lino - ~ ~ 
laclon .a..pios lbo IIJd, I • yd pool Wen: lliuolu,o of tlolrmu (a..tu I). FC0. (Omler 1) ud ,alt 

(Ooater 3). AD other -do"°' lhow llaliotically ,..-dmilari<ic4 ult eaclJ Olher. 
_,, .. ._ _ _.,.,.. .. __ ... plouediolbo __ .,.,...3b.lathis ... 

,..o1,ta1ah-.,.wWct,an-,dilJaatlrr-lbodmlenioflpre3A.~liaoilaridalO 
_.....,..,,_..,_,udl<llal_..,._..._.Na•,K• udO-(Ottaler 
1).Sa<anlioolodioeabcaldlouddoloailouoliobd,ritltlQlal-udCtt"• ioa..t..2.0a 
...... -.wylnapHudpPOO. .. ooal>ioodlaa...3ud-irooud-
liotodioClooler•--"air(11)ud_(IW)_IDClooluS. 

~.--....- ...... sw-ac11aclon---.lboobaenood-w,a;,ym 
--tn-tlloo10:Cloolorl-doo--of'aall'oodoo-cf101al--. nilioio
lO d,o pool - ..... Mr• ud HCO.· .. liotod 10 d,o TD-, poir. o.rea 2 - d,o 
-ofcaldlo.a.c.3iodooFCO.-,Cloot..-, ___ ofo,e-udOttalerSio 

__._.,._.....(._.....ofdripplos-...ioioaeoordaee_alr_). 

3.3.....,._.,,_ 
,,,._.._ lo doo-dltot« analyoea_... li..t lho cloeaical .-ioo of pool-cnis disdocdy 

dill'uut lr<a Ibo.-.,. of Ibo - ftla. Pool -en an OOl aady p,,ddb of --ftla, nlbo, 
----~•lbopookio-doo-,.-.a,,. 

1-c pook ---pot<da of-, tip IO a_,. doop, ...... io poc:lcu prodaoed by Ibo ..... 
lo,~lo doo--aricelJ'lonaod dokiaite. Plpre,.-doo,ertku""""1troof ooeoflhooe 
pook (65 ca deep) lo dolail. Tbo-..- io llnlilled ud eoodadhtly ac1-.- cf aojor iooa..,.... 
eoaoldonl,ly- pH - ~-- .. -.11>)' - - ...... !'CO,, 
(-...... ·-l'lltle of lbo pl'CO.). Aloo .... - - of ealato ud - ,._ _ 

-••- al IN_,_ IO ---.. a dq,cll cf 10-. htdoor--, a ...... doawe io Ibo 
--ud a liplllcaaldropio1N redoopoleabal from plaD>10belc,w200aV io oodood la IN 
-:IOcacf1Npool.nil-•lalloltl-•1N-d ___ lbo 

- ud 1N podplata cfl,lad;--al Ibo_ .,.._of Ibo pOOl Oo Ibo Olher llud IN 
- of cliaaohod iroD deer... I>)'. facto, of lhree dawawwd, ..... proapitalioo of mid nd iroD 
.,._ "IN - put cf IN pool.,_. k a pocalar buded ........ Qloride _,_,...;. ..-, --•_...Ii.at ao oall lo added IO IN-., lo IN pook ud WI IN aall - !MR -
...iod.,..1Npool1>)'1N __ ....._IL 

4.MIC!!IIDt 

Ttoo.......,~---INllallillcolM&!JaioudCnalbopool~ I) 
Na• oodX• cWoritlea--.looteodcfCtt"•,Ma"• udHC0..·,1NftrildoooflboTDl ...... of-

-udZ) ~-··---•Ibo poolL 

'111< lact WI ms dem<d &cm rock sail ploy- aa importul NIie fo, Ibo TDI budget is mdicolm ":' 
polh,tioD. 'Ill<_...,,. put of Ibo aM: l)llem is .......i 1>)' a fedon1 lupway ~ ull is ~pplicd fo, d<iciag'" 
wiaw.Sp,ayudwiod-of d"" pobol,lydilpcr,alboull....,apllillud ..........,.-..._....., 
duoapooc-oflbolJllcm.Ulbooboenodhip,_llllfaU_..,.io...r--cnisduclOacid-
dcpoomoo,0<;f;.c1cme&&omlocal....o.uu,gof11111ido .... ..,....lobe-

n. · dmomile clislolwoo la pools is ... ooly muled 1>)' lacRasulg .......,.,_ of HCO.· 
c1awawani.. .... ~ I>!' 11,o spcci6e Ca/Ma mo1ar ,.... -, ,. dq,th, is ,liplly ...,.. 1, iypca1 1 .. 11,o 

iacoap,xo1 cbduooo of doloaule (LANGMUIR, W71; WIGU!:Y, lffl). At lhc ..,face of Ibo~ Ibo Oo/Mg 
ntio fa1k beJc,w I iadi<au,o of.,............ of c:ald<e from Ibo ,y,lcm, at io fact oboenod al Ibo""" of_lbo pOOl 

,,,... ·-· poobuo. nlllu-fiadiag because Ibo--.. louad m lbo .... baa ~beee 
wuuted witb calcite ud -almoll· wich dolomicc at the PCOa ol tbe c:rt'C air (measured to range (rom l50 ppmv 
lo 600 -) befo,e 11,o walU eaa rud, Ibo pOOl T'INs CO.. masl be _,aied wiahin lbo pool Tbis is eoo£,n,d 
by the CDOnDOUS mQ"CUC ia PCO:a iD the pool wil.b depth. At the boctom the PCOa amounts lo 130,~ ppmv, LC. 

roupl)' 300 time& the ~ of tK air ia t.be aw: q,tca. Tbe iDcrcMe ia Oh ~ to t>t: tiaked to • 
c:mlWDptioo of CJIJFL Siace DO orpmc matter is available iD LIie pool to fuel a ~ rcactJOG. t.be meal. 

pla-allenatffll lOaplaia Ibo-is 1>)' ............... midaliaa of ,-lerile: 

•~ + 0,, + 6H.O • 4Pc(OII>--- + .CO. 

E,........,. _ of Ibo-• ....-.,Y waa Olidmd lo g<>dlate la Ibo o,e body, REIMER (19119; 

ICC abo REIMER. KEMPE, this_, baa louod - -· la maaoacopc: quaaillea .... I>)' X-nr 
_ _,,.,11,o..,..,...._llolb.,...Uudadcrite..,.beeamiocdfrom\bo .... lJlleaail ~~ 

Disco,eryof ...-.cliuolutioD of doloomlc ud ....,.........,. of CO.. plm 11,o .,...._oftiderile 
~ Ibo ,mu~~~ I>)' Kl!MPI! (19751>) m orde, IO aplaia Ibo~,_,. 

dulllymthis...audlllepec:olia,-J>ldolroflbo.-.-.-.Ctt ... ~1• .... ~~
...i.. "'" l)'Sl.-ily mler.-..1. 'Ill< ccilittp .,. ~ as iypca1 lo, -.,. ,. ,lo.ty 

---. nlU bocica. No - - beea ,_ m this put of Ibo~~ WI~~ 1..-d 
phrealically uow,d isolaled ...., ... of CO... Tbis isolaled sowa: waa lbo ,...,.. ~ of~ luclcd I>!' 
...... - of - from Ibo -ra... Laltt Ibo ..... dnined, ... .,..... .. - ..,...,. mieed ud Ibo 
uola1ed...S. ....,...-oc1 l>)'mioe--. Todaylbo.,........ wltklt l..-d Ibis-system cube,tuctied 

ooly io few ..rated pools. 
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HOHLENGRABUNGEN IN DER STEIERMARK 
ERGEBNISSE NEUER FORSCHUNGEN UND PROBLEME 

FUCHS, Gerald 

Z-..u,nmu/aus1tg: 

Fir 4a, lli4lu 1cA•urrt1Jrut11nu, dtr 5tritrmir!i,clua Laadurrgic.rng runln uit U60 
ncA So•dit"•l•Jroh•,n '•N:ligc/i&rl. mil dtm Zit/ die Sd.•l:ri.rdighil ougt■·iJiHu 
06jd-tt hi11UiclitlicA iArc, .ci11uucJio/llicltr■ Po1utiol1 guaur ra 6trrrlu ud guiyulr 
Seht:mojjuAmtn ,-or:.,t:Al11gu.. Dit Grdugca i11 dtr Trop/lltidOAlt (ri64/JJ ud 
•• rll'r 1'■011A6Alt (ti[j{/2j •i•d aU i■ 1rr,liuipli.Jrr L'•trr,ultugt■ t'CA/isitrl rordr■. 
lolilrtidtt Sl'f':iali,tu lndmdu ,id Jn 8r.r6rilH!I Ju Fudmolt'rial, ud aol■,.._.,:,. 

1ra1,•lu~Jtlid&u . lulytca: d!lftl ■ rsrn Wtc.iligt: S. e,rnnid. F. Pladua, G. GIOcl
ur, C. Hadu..al. I. 1'."airu, n·. A"• i11:, H. }iucA, B. M1uu, G. Par-Alu, G. Rdrdr.r, 
M.Schcidu, J. SttiA6ach nd R. Wcduig. Oit• t Arkitc11 w:ctdu ltiu mit ,,rvcbicA
tigt u!l .1iad fir dru Gt'umlt"r,d,.i.1 Na grJJlt'r B,-dnlug. H'nnt/il"A~ HH £rg1.biut 
koult11 :u StrotigropAit, dcr D11litrug dcr A61csgc-rugn. ,Jc,a Fauc,agc,dl,cA11/tu rlci• 
.1tori•,.,. S.·hidilt• •,ad dtr laltrpdalio• csrdiologiuhtr Bcfl,,adc. g,-.-o,u1t• .,,.,du. 

Allgemeines 

D~ ~t111ug d"' Ho•le-uedinitnle fir "i"I" Spa.ti~ d"r wia«udlaltlidi.tn T~rsdHg. 
iasbewaderr a.ber fir die Palioatologito ud Ard:iologito rlt w it laagem bt'but. Im 
regiona.lu M&8sla.b baitJ.t der Rum P"ggaa - lnuta.chrWhih eiae Sdliuelpoaitjoa. 
die far di. Sttoie,mark - ud duibt'r •i ■a.u - eiuiga.rtig isl. 

Die ~Ngrap.isd1e Lage- (.\bb. I) ■a.lie- dem Sidost ru.d df'r Alpu u.d nglf'i<• u ei• 
um wiclitign aa.tihlidiea Ve1b~n11't"g, abet uc• loble Pak.torn lriabea du■ •et.ndic• 
be.igf'ltagen. Die Talwei\■ag Ul M'it JalnlHM■deJI ~di Hd da.hr als ei■e tJpidf' 
Siedlnng.bnuner &nU:!tpred1u. Die Fudpb.tzdidi.te liegt ,,ier- bis fiiialuuJ ibet deru 
Darch,,c.hitl weiler sidlich geltgurr siedhu1gsghs1iger Gf'biete (he•• &. KUu 1988: 
1) ). la die.wm Gebiet i,;1d siebn 1hi.1eiuei11id;e Faadpli11e bebaugewordea. n·ei d•· 
,·o• bbn eiH i■tirraa,iouale Dcdu,ug - es hudeh sicli a m dhl RepolHtllOli.lir (28.)i/l) 
nd die OroBe Oad.U..Olrilt l2836/l7). 

Die 1".uatab der Sihation. im Umlnd ist rih die Bnrleilug t"i11es einzelnu. FaadplalH& 
voa gnndlegeader Bedeota■g. Der forschagutaad iru Rum Peggu - Deat.Kh!,ristriu 
tit 1tJa.Liv g■t, dod vgebu t.ich Sdwtl"rigke:itu be:i de:r laterp1eta.Lioa iheru Fol'Xlring .. 
f!rgebatu.. da .i. die 1ri-tigea Aafurdenagea - •·•· l.i■cicl.tlid1. der Crabo.ag.-t.cll■ik • ad 
l>ohmutal ioa - aicht .a■-i.herad ufiillu. \\'ir \:Oaau ia dine-m ~biel ad eiu iinnm• 
b.i ■ 150-ji.lrige Forsch■gsgnckiclte auickblicke■ (C'a.ge-r 1838; Wvrmbraad 1871; ltoul 
1951 a.. 1953 a.), doclt rnugthe- M ,uiu u eiur koati■1ierlichu Weittrlilitug de-r For• 
Khngea. 

Dagegui Mnd dW HOii.lea aitit laug-un u d Ui 1:ue-.lune■ dena :\la.le vo■ Ra11.bgribe-r1 lrie.im• 
gendiil wo,du - «~• H. Bock (1913: 20 Wo"'mt u( diews Ptoblem hi•-, mit dem 
Ergeball.. d&I .-i r heate e.iaige- Obje-kLe iru R.a.■m Peggaa - Dnhd(eislriti. Hr die winea• 
M:h&hliclte- Fo,ad.ug ·abi,c.lirHbu· mi..e■, in uderea •ind dit ober.1e.u Sd.icMea .Uwer 
beeiutricbtigt .-ordn. 

l.m \'e.,gleidri 10 ude-rui euopiii.drin Li1de,.11 siad wi,ksame- Sc.li■tzrua.1.aaliruu w., 
spit eiagdeitet .-ordea; TOil bao1de-1er Ekdn1aa.g 'Uad di~ (Ta\erschtutd.lH.gen im I» 
t eich Pegga.u (Ta.uebu. Pegga.ur Wa.ad, Repoha.st.Ohle) datch du Baade.dulnnala.mt 
ill dea fri)rien i~r Jaluea (Ttimmt-1 1972 a): im Z•ge dit\.er Akti'tititea ist nch die 
RepolHlhO.le abge.perrt wrordu , . 

:-la.ch der Aaden.■g der Kompeteun ~ \ aeil J9i'S die Steiermi1ki,.che Lu dtst~gierng fir 
HOhlnaagdt-gu•eitH aasti.ndig: 1985 koaate milder tr:■MUUg eia~ l"(>a ditr 'A rbtit► 
gitmei.udriaft Nalu•o•Je•· auge,nbeitetn H6Mc■1chL?roJrrJmmu begonn werdea. 
Eia duia e.al.ha.h ener Scliwerpukt ,iad Sichuug,grabaagea mil d em Ziel itiaer fac.hlich 
fndiertea Bearleilng der Scbaluri,digb.il a.ugewil.ller HOliln. 

Die en\e derariige Gra.h■■g isl 1936 ■ad 193i ia det Ttop&le-iahOlrilit (2i3-t/3) riralisiert 
wordiP:1 lAbb. 2). Die EtkentaiMe verduku wir TOI aUem der A••·uduag tiHr n 1'6-

uertu G1ahu,g1teebik. 

Ttoh redt amfugretdiu FohOuge.ai in ,iebe.ai dcr 2..t IIOhlea un K•gdslei.a ia du 
Jllrea 1946 bia 1963 ( Moul 1953 a.; 1964) si■d die Ku■lais,e 1-tlb!.1 gra.udlegnder fa.1:
tn. wie die Stu.tigraplue nd die zeilliclie Ei•otdHag de-r Sckiditu.111Senl besckridt■ 
gebliebu; du gih au.ch. fit di" TtophteiahOhle (2784/3). 

Ergebnisse, lnterpretationen und Probleme 

Die Sdiiditufolgt. we.le.lie iin obe.u-n Bueich ergrabea ud dohmntie.rt we.rdea lto .. lt. 
i.st Teil ei.nirr melu al$ 4,3 1n mick1igea A151Ullug. FA wra,den 25 ahaligrapbl!Cbe Ei11liei• 
lea mil nad 7S aatugtordneka Kompoaealen anLHK.liiNlea. di. a■ Jolge.aidH Gnppe11 
iuamme-11gd'Jt ntdeJti kil-u ( Abb. 3 . ..t): 

• Rue.ala Planiitn.clriidtea .. d n1filhit Ahg,abange■: s\ra.tigraplmche Ei■h~ilea I 
b~ 3. 

• Ardiologhdt hadsdaichtu. Gr■bt'■ fillDDge.a, Grabe.a(illHg. Pfoi,lenlodiitr: 
,1ratigrapltiKbe F.ialt~ilea t bi, n. 

• l"M-erfuligte pl..-U.tosi.u.e S1ndsd1ic.litea: slratig1a.pb~e Ei ■heiten 16 bi.• 19. 

• \"~rfnligte pleistoziu· Sand•clriiditu n1il 81adii,c.li1111t: st1a1jg1•p•i~c.lie Einll..-itu 
:10 bi, 25. 

::-Dt. Mal11ahm1::u t1W11""' 1■ 2unmrut.nuLu t mn d~ Luadn•rrt::1n fii:r Holil••kuad.- 111 du :,lufoT. 

n1utl, Gru 
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.·Usln.id: 
Eicanliou ia StJriu cu"': Jlft1ILs of 1ecul 1esnrd. ud proble.mL 

.t ,,.,.,,ro.m /or llu coaunolioa of n1ru, ,·oad•rtul 6,y IA,- rr,poui61,- Sfyrio,a oatlaoritiu, 
1torltd ia 1966. II i•claila trioJ t.u.natioa, lo n-11IHI,; IAc: , cicatific 1ig•ifuoac,; o/ 
udimut, ia ,tltcltd cat:u. Tiu nnlt, of ucantiou i• tAt r,ophtci.AOA/c (J18-4/3) fo(t 
p~1utt4 lun; 011, rot!- t(:o, ••tl'<'rlttl ,, moaJ 1pteitili1t1 - 1te tAtir ■amei i• the Jtrma.a 
oJdrod do..-, - rlJ ~tt tagog,J ill procu,i•r lAr m•f,-riol oad i• ,riuti}ic 1111aly,,. .. 
!t',.- ttnJt.s ~,pcciolfy eoattt■ UIE ,J,..Jig,erltie Hfatact, tAt doJe of Nl't 1tdimrat.1. tAe 
pl,i,toaa, Joa.al UHt116111fc. ud lht i■ lttprdotio• of orc.li•c.ologiral niduu. 

Die HOUn &Ill Kagel.lei■ ge-ltOlu eiHna Horj,oal u , dtr i.m Altple.la.U ealstudita 
~t 1 . Du Vorknmmea mlc.tiger plru"1otiHr Saadsclriid.tea i• H~lrilea a.m K•gdstei..a, 
abet uel 1.8. iD. der Repohu, .,lltle (2837/1) ud ia. dH Grolea Ba.dJbOhle (2836/Ji) 
s telrit in ei.ntm bi,•u aiclri.1 dker aaternclitea Koatexl H du micltt igea Abla,getu.D.gea 
IObrtiger Sude ia de-r aibern ■ad weile-rea llmgebng. 

Di-.e siad ad du Vueba■agdidea ud Hi.age■ im Nordea a.ai K•gebteia (Moul 1946), 
am Hieaiag ( HOlle-r L:. Kolrur )9&: KolmH 1968}, aber nck ir:a B&1tm aidlid TOD. Gru 
ud a.■ de-1 H6•n•lgea p.uallt'I H du Rbdeta des Leiba.itu r Fe-ldes M<>bac•tet •or• 
du; z.T. hadeh ft a.klt. •m LollUmt. Sie siad i• HOhealagu ,·o■ 10 1m 200 m V.bt'r du 
Wirm- Ttrra.ue untrelf'ea ■ad werdea YO■ Kohn,rr (1968: 11) ab wirm1eitlide iolisde 
Bildugu ange,prode-a, die aa, dirm Sd1otter&-Jd de-. Fl■OIIS n,gl'blun wotdea iiad. 
Oltae ~att BHrleilugdudi Fadlule vo,greifu n wollu, wi.rd u( eiau raogliclrie-a Wi
derrpndi 1W'U1Clrriea ditset Aus.age ud n.serer Dalienag det verfntigtea Sud.sdiiclritn 
(Sckic•tea '20 biJ 25j ia de, T,opf.ltei■•o•le. ■imlich i11 d.., Pri-Wiuu, ltiagewine1. 

Ao.. de.m \\'e.tproil n,11 Scuitt 1 ia du 1rop£sleiah011.le s.i•d Sedimulprobe■ fir A■alfM"' 

1wede nhommea wordu •. den•• Bearbeitug im Ra.lune.a ft.Der Oiplomubeit Mg.one.a 
word.ea ist '. Ergebai»e kOHe■ «'fit ndi i•Hm AbK:h.ht vo1gelq,t werdn; ge-gawirlig 
Al d~ Ge-•Not' die-i.e.J aa.clri ill,em Mi.HJalbestud ae-hr ei■htitliehu Sddte-a • aod wHt• 
g•li.uad ••kl~. Z■ di."-. Frage lu'haita ab., S.Jim-1u.J,-..- -~•tli~G Boitrlge lo.i.tn 
('.-gl. Luillt et aJ. 1980: '6 - 102). 

Dilf Sclidrile.a 20 b~ 25. die nm Komplu: der 'nrfesliglta plWloab.ea Sudsd.kltu, 
(mi1 Bracbehtt)' Ill 1ilriln si11d, gehO re■ - ao~it d ie Schichlufolge ergrabea werdea 
koaue - 11 dn iltn-lea Sc•iditn im Sc.Jutilt J. Fir ilre O&lieraag gibt es mek.rere 
AnlriaJlspukt~. Vo■ bdo.adutr Bedea1Hg si■d: 

• Du palioatologisclrie Yale.rial mit dwa Kad.•ei. Toa H,,t,iz •P• Hd J.lictohu 
malti . wor&H n( tin Pri-\Vlrm-.,lter gechlossea werdea Wn (BeubeitHg duch 

F. F11de1ei ). 

• Die Ergtbaiue der Hobkoh.leuten•ebagea (M. Scheide-r) mil dirm KadW'ffl, Toa 
Qaur u ,p. H.J. Sdidll 20 c b1w. Qun.·u ap. ■ad Cot7in.~ sp. aH Sclid.t 22 d. 

• Bo:le Arlen dealeo aaf ei.n. h ockues ud 'WaJNe6 Klima in eine-1 Pri.-Wirm-Pha.a.e 
.Iii■. Du Fthlea , ·011 Fog■, isl mogJ.iclrierfflw ei.■ Hi.■ weis aa( du wi.rtnve Klima 
im RiJ-Wlna-l■te1glui•I. 

Die illu~ Sciiclritu 20 bti. 25si.ad ia Ue:,tu aaliedeJti Jlolluwia.de■ ~,lta.h ea -Sdriklit 24 
isl eiae pali.olilltisclie Fndackiclit; ia eiur troguligeD. lh.lde liegea jiagere unrluti,te 
Saad,clt.iclitea (Scltichln. 16 bi.s 19), duau misaea. wi.r a) H f ei.a.e Plt&M tc.lrilieSea. i■ der 
eia Tiril du ih uen Sc.idltu aa1geriamt wordn itt aad b) die nac.hlolgende Aadillng 
der entstaaduea Hohlform ducli dM Abla.gerug roa Saade■. Du ktilh. n gibt Peri· 
odea. d.te a.id1 dudi HOb.leuedi.mn~ bdegl ~,de■ ('d.it.coa\i..Hoat reccud' ■ac• ~amble 
1937: i~). Die- Oner diesr,u 7,1.nre■ is1, •en r.ie iber.a■pt ubaal 1NJdn. mast Hr 

uaiJrie1ad n be-sliuu■e•. 

Weil.e.re n rglitidiba.re- AaHi■mugsphM"a kOaaea a.afgrud du di6.kordute.a Lag~rug 
der Sd:idttea 18 iber 19 a - aad 1.ocl1. dutliclrier 17 ibe1 18 a■d 19 - ugeaom.m.ira 
werdu. Die Dantdlug des koinpw.ierle.D ahatigraphi.ad:eJti Aafbau worde mil l.di. drlH• 
dimusioaaler Comp11ter-Gtaphiba (I. Ka.in&. W. Ka.in) re&miert, 1r0duch der A•fbn 
aoc.li wae.atlkll usdiulidrier prbealiut wtrdea baa, ab mil h,rrkOmmlicien Pla■a 111.d 

Pro0...1. 

Die •pill.id..- Fuaa au den ■nu(esLig1ta SuddidLuri •Hit elrie.r -■I tiae klilllali.sc.li 
Ultere- Pb.3it - die Hob kokleprobn be>legea aebn C11rpiau lt1•lu. Fagu srli:•Ji~ a.her 
H.Ch Q•trcH ,p. Im Fudrua.terial HI du lock.e1ea Saad.sckiehtea (.-.a. Scb.icht 16) 
siad uf&rnd der Kouisteu gewis&e Anteile jiiageten Ma.tuiab: aiclri\ auzudlide.a, 
die- du~ StOrngea (Wauel11, Wilrihiere, Troploclaer ud aich1 erb11ba.re Sl6rugen 
ia du oben-te■ L-iea der Sclri.ickt 16) lai■ ei■.gelugu kOaae■• Be-i du laltrpretatioa iat 
da•et eiae geWM&e Voniclrit ugebracU: es •-prieli.t jedoc• aicku gtgea ftae Stellng der 
11■nrfutigtn Saad.sdiic•tu ia da<!i Wl tm. F:iae gune1e Ei.aorda■ag iit gegeawlrtig 

nid1l dudi.z■fihrn. 

'M1t dff 1tom0rl)bolo1M>nll £nhnd.lun1 dN M urdurdtobn,,du, 1m Riwm P~wu ■nd da 2wan> 
RW9hlilr•- dw -"Ch d,nua ntr dJt- £nt1ttha111 wad \."ff'lDdunc dtt H6hlto iuttd 1hl'ff ~uornt• ffl1'bt_■, 
bitf11t iuda dtr»tl l"DII" Prd. ()r \' Munn, Gru 

1Probmu11uhme INi dwrli. l"rm·.Prof Or A f'Nua1n1u 11.d l"oi.-.A1-1. Dr K. St•ll'l,lff, huti1ut 
ftlr ~ uad PaH011tologw dtt l'n1-nnitlt Grat,•• dta S.."tuffllf'fl H ■, II b. 11 t', Ii. hid, tt b, 
nd •nd». 
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WM die &(-■de du AJtgrJi■■r• mit. du pleis101i.au Sdiiclltnfu'it i,a t.i.■gupbt-
rftC.lk n kon.ditrn. tiad. ad o .. ta blei~■• da du att&\qtaplisc:lke Zuammnb■& a.dt 
b.b■■t lit a■d dM Oobmutatfoa dtr liihru U■ten■diHgH a■ mu aidiuu BHntl-
1■■1 ■iclkt aurekltl. Die morphlositch A■alft,f der HOUe■birHrUat dud G. R&bedtr 
kgt eiu 0"-Mrng diait,r Sdiidi&u ia du Spit-Wirta, i• di. ~I de. HOhpHk&. dH 
Winnel'ft1■11g, ulrit. 

Zridu dtm Eade d• P&e.\osi.■, Hd dtt R011Mnftt g.ibl n i111 alratigraphldiu &. 
fnd ria.e Lieb. dit d■ttli die Abrhm.ug llttru Sdid1u Ht fl6111tnf'it ia Z1gt der 
Omge.la.Jtng dN EiagugabucidiH uklirl wird. OW Fuklio■ du ulibiell •us•tdl
tea Grabe■ bu d■rdi du fliadmatuial i■ dea ffolri1£ouuu (Gnbe■. Gribdea) aidt 
f'tklitl .-erdu. 

Die Poa.itioa dell Grabo.& (str"igu~isda• Wliftt I) mil dea Br■WteiamlHtc:lin (I cJ 
aad dn Pb1tal6atra (13) u du n,stea Stelle des HOlrile■ria&&a&tt weU:t dage1ta uf 
tiN rOruruitlidt Holilual»pun■g. d.if' g■l n ck, Tum■Le&ea Taaktio■ dn HO~ &A 

K•llatitte ia dtt R.on1uuit pdt. Die h1t.erpHtaHo■ witd d■tc.lri du T-■d ti■es Sdlu
ge■gtflJ&agmutes (Abb. 5) gttllhl, •otau - mil Votbelialt - tiae Vt1n1dHg dtr 
u~ us Mitlu&HIII abgtkitel wudu ko •• ,. (R. Weduig). 

Du a.,cUolosiadi• F■-d■:u.terial (Beubt:il■■g dud S. Elirureidi ■ad G. G16cb.er) 
butst !olgud. P•uodH, 

PaJiolit.bikuru: f'ia Qunit- Artefakl au Sdtic:li.t 2-L 
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Tropfsteinhohle 2784/3: Schnitt 1 
Lage und Ouadranteniibersicht 

Abb.2 

M"°'-iWl:am: tuup Mikrolilllu au Honuflia i■ tidudl1u '-•dlt,c- ia jbgun 
Sclriid.tni . Du Roluaatuial dirl,e a.u (Wlenr Eat"n•q nuuua, da ill dtt 
NW b.iu BorutHarorkoaunu b.b.aat aiad1 die dua Material du Jliuolit•u 
utsprec:lriea (mi■eu.logiade (Tattn■dugea due• B. lf01tr). 

PrU.torie .u,-.mf'.i■: ew,. aiclit gua■u datW1ba.re 1-:etuuliragmnLe. 

R0111enftt: Ot.r Grolleil dN flladma.lerla.l. ■.■d die meiatu utiiait:llu Vulad-,ugu 
ge~ru dieMt Ptriodt u . 

F1ilkiai1ttlal1e,: ft.I Strea.f■■d (Kua.mill:). 

Hodmittdahu ud Neuftt: Strnh■de. UI grole.n.r Zill 

OW Ulteuin r6111ernitlidie N■ll■■g du Ttoplltei.a.Ullf' •h•t I.II-■-- topogtap~ea 
Z■1ammealiaq mil du HOlieuied.ll■g am K11elueia, wUn1d die Tergkidsweitt 1eriqe 
Zali.l vo.■ F...d .. a■a aac-l.tomiad.u Zeil dM \'e.dager .. g du $ed.lup■d1rUpuklN TOGI 
KaplstU ia d.M tt ... all'ft f<ilomdu fflter ,id..licl gdtgue Talll'fttug "°' Peun -
Dt■tdleialrit, wiedu,piqt.lt. 
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• N&d.ftU aiur 111aah-.., komplil.iut u(aebutu SdidtH~gt-1 di• Ht ia du 

ohustH Berric:•u rueat geatOtl i.tl. 

• X&Owais mdiruu uc:U,oloplcN, had- nd K•hutdidtH, :aowie ••f.ugnicbr 
&1tiSt.ielltt Vel..bckn.-.p• au nndiedewa Petiodn. 

• Die 1.ltfttu t-rg,a.buea Sd.id:Lu k6 .. u u(grnd du p)mt.otlau Fnaa nd du 
E,~ballH der Robl:o.lnatcn•diHgH ia da.1 Pr,-Wirm. wdr.ditialid i• du 
Jlil-Wl,m-latugluial daOOt .-uda. 

• Du Nad ..... eiatt pi,M&od.aff Bud...rNut, Jlatus ,p., - d•r fud des W■N 

st ... t &11-1 ftMr r:u•t ftdi..ll.iea Alt_guh-■1 - ist ila 0.u.lpea.ru• lln._u eiu:ia• 
utig, wua mu TOa dtm •--•lid. ihun lh.Lerial &H O.■t.d-Ahubu1 abudt 
(Fudtm 1987). 

• Die Fua.&.&.e kunlc ... adica ....-eitert ,rerd.H CF. flldt,er). 

• la du RoaM.n.it ist dit Ttop&teiu.Ult ..-.usckeialid US Kahstiut (MitJUMUI !) 
ff..,.,.adet wwdu. 

• Die utihielli!a r6attlfttlic:Ma Vubden.agH ia w,...,.,~,ftC• (Gr■Ha. 
Grnd.•, PlatUora, Pbtealodet nc.) ko••te• ia 0.1-t.neia entmak ia dieltr 
J"om1 UI eiaa BO ... doh....,\iut wvdu. 

• Aile. di... Etgtl>u.e tt:i,&H, daJ die 'Ikop&WalllO..ie ia wwe..udialtlidu ud k■l
tanller Bia.aid11t Yoa 116lter Bedee.tug il1. Fir H.khftige lbr1<bagea besi\Jt lie 
U uluonlutlidl g,rolft Polu1ial W .-lrdi" '" V•ruit. 

• Die HOU. iilt. d.U.tr ia b.oadu._. M.&t td•U•itdig. 

Auablick 

S. .al aicli a-a&1. dal dud. A■'W'e.adH& fflW..,lu Grab-■g,.met.OCHJI, tllMJ adiq•► 
lea Doh.mtal4lioa ud e:iMr Auwertua ail ia~rdiN.iplialrer Anrdtaag ft.■t ,...,. 

RUt ,._hollu Eiac.h._..., tnidl ...du kbH■ . 

. -hr dtr GRadt .. , t:lNI kkuJiaian - prias.ipi.1 a.a, probln.oriuliel&u Grabtaa 
aiad kaa. ..... &lie &a!b•dwad• Problil:IIIN: 1■ le.ta; dlln bedad • .._er weitetH. 
UaLenadua ,p,Hi.U.., Fl&&H, dit ibu die ZiitlN.Un&t• dtr Atbntn flt daa B~llt.a
.d•llproera.am. m ... , .... Hd aoa.il .. ct. ia ft.Hat uderu Rd:mu ia Aapil .. 
■d.aai aatd - ,,. Koopuatioau .OU All Ii.ad wi, IN.nil. 

For,...de Proble.aM drbgu lidl fir ftittt• Ualt-rndriugH ur: 

• Die Da.lie.n1g du si"itkaliaf'tl Sa.aid ait •M•rwiueudaJ\lidrin MetJ.odn 
(LB. Uu•/Tlloml.a-0..liitna.s) ... 1re: eri:mlcdida . ..., ct. bnuD.ln Erpb■ilM 
ait uch•rta M.inth n tberprU,1: UJaillelh..te AHWU'kuao trgebu aid. flt 
allt Wtitue:a n.,.w.n.., ... 

• Caten1dingu dtr B&M.awdimute, bMaadU11 lliuiclitlidi iuu Httk■a£t. .. d G.-
-- u1tt e..-.,., .... dtt U..iiodln Bediap .. n ud dn Faklo<n. die 
aa du £at.at.ell■.a& ■ad Vvbcltn .. de.r -~bla,u••au btt.aJiat. ..-aru. 

• E~iLUu1, .4.~111ag ..d A••ba• du wiatudr,.n.licka G,udlacn dud 
Gra.hn,&fl i■ udtn:a H6llu Hd ualundt t'1ttnad.ugea im Gt:llade:. 

• EiN •J".l~a.tiadit R.nmo.e dtr Rrrbaiae n,a Al'&,fab■■au «IKMi■l aot .. ad.i.g. 

Lu.1Cn.lig tolhu ct. t■ttt.edulU H W.tt guutffa l\"-■U du ~aorpllaaog;.. 
ldtn. •ad lli1u1ndiin Ealwid:tngu aa Slbtn.ad dtt Alp,ea. bei\ugn ead d.ie Ei■• 
ubeil•a.g HHI ErgtblUIM ia die - iuwild.ea ibt,~ohe trMl.itioul..lt - C.._,oaol.>g.e da 
EiueiuJ\.tra im. alpiae:e Rani enaOglicha. 
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THE ENDOGENETIC DRAINAGE AT THE KARST AREA OF GLOMDALEN, 
MELFJORD-UTBYGGINGEN, 
THE PREDICTION METHOD AND ITS RESULTS 

LUND, Ceclle - ERASO, Adolfo 

~ 

The lnve■tigatloa on the endogenlc draioage of Glo.dalea karat 
area. a part of the Kelfjord project,. vaa carded out. in 1917. 
Being • selected area for a bydropover project,. the ude rgrou.ad 
dralcage,. the tarat,. the corroaion and the denudation were focused. 
espected to give conat.ru.ctlon probleu to the eoglneerlng wort. 

A highly taratlfied aarble band of 7 b froa Gload.a.len through 
Veaterdalen. vas lnve1tl9ated, Kapped caves were ezeained and proved 
tbe bypot.beah of the appearance of only aballov ta.nt. Moat caves 
shoved a aaxlaua depth of 50 ■U. Surely no vertical cave vill 
lnterfer with t.be traaH of the planned water tWUlel. 

IHTRODUCTIONt 

Glo.dalen la located south of the •svartlsen" glacier in. North 
Norway,. right where t.be polar circle is crossing the aaps. The 
aowit.aloous area was foraed during the Caledonean orogeny. Shale 
a.ad 11-eatone vere aetaaorpboaed into ■icaschist and ■arble 
alternating in vaVJ' bands, foraiog the geological •Ketty group". 
Tbe last glacial period ended about 7000 yeara ago. Duriog the 
retreat of the glacier, subglacial vater took part in the corrosion 
process of the liaestone bands and large cave s ystem vere fonaed. 
Glaciers still ezht, coveriD9 about 369 k:a2 in the 
Saltfjelle t - Svartiaen area. 'r'he retreat of the glaciers today 
produce• huge amounts of ..eltJD9 vater, a v e ry iaportant factor of 
the active ta.ra tification process. 

Gloadalen karat uea !■poses engineer geological probleas to the 
Kelfjord Project, The Kolfjord Project uses the glacial water and 
the heavy a.a.nual precipitation in a hydro power project of 486 GW'b, 
A. tUA.D.el la planned to cross Gloadalen cave area fro■ ea.st to vest, 
ac,re or less perpendicular to the aarble ba.nda . A.lso other con
structions planned have turned. out probleaatic to realise due to 
the appearance of karat, The fiut regulation in this area, 
bowevoi-, •o• coi-i-ie..t out h1 1957. It effected ou.ly the hydi-ologicol 
conditions as no construction vaa aade here. 

2. NETBOOOLOGY 

The field vork and the research are developed in three d.i"r"ectioasi 

ht. 1 B.q,loriog caves and endogenic flovs that exist in the 
area. 

2nd. 1 Applying the Pndictlon Method of the principal drainage 
4.irectiou in karat. 

3rd. r Se.■pllng veter in ponon aod apriog1. 

2 . 1 Exploratiou are aad.e br aeveral tripe, vhitJoq the aa.in 
aa~ cavas, Storbellen 9rott.en, roaabu.lht aod Pikhaug,grot
tene (BJOnBD, G. 1961) (WJID, c . U86) 

2. 2 Prediction of aubterraioea.n 11:aratlc draina,ge is aada uda,g the 
Predictioa Method (BU.SO, A.. 1917). 

Thia Method ia baaed oa tvo hypotheda1 one qulit.ative, t.be other 
qu.a.otitaUve. 

1, '"The three-d.J.alttu1iolllll net of drainage in karat regiotu1 h 
pre4eteralud, preprinted or iapoaed ))y tectoD.ic con4iUou au.f
fered by the rock aasaU:. It 4etera.lne■ the under9round drainage 
net, according to it■ geological biatory'". 

2, •n. moat probable drainage directioas are or-gauised hadde 
plans which have tbe aaia stress, d'l, and tbe interaed.iate stress 
0-2. Bacho.De of t.be principal atreHes of the ellipsoid h given 
by every tectoo.J.cal phHe, Conaequeacely, d2 are perpendicular to 
the aiaor stres1 dl, of each respective ellipsoid'" . 

The field vork io.veatigatioas vere 111 fact lialted to the applica
tion of structural geological t e chniques, searching for tectoglypbs 
ia the field a.i,4 readioq its paraaetera at each station foUDd. 

Tectoglypbs ares Stylolite pla.a.s, plllD.I of aiural veins and fault 
plans. Paraaeters of lecture are pri11cipally1 Strilte, dip and HD■• 
of dip , By applyiog, the stereographic projection, tbe ellipsoids of 
the principal ■tr••••• in MULFf"s or SCJDaDT'• net are rasolved for 
each case. 

TM ■et.bod h av&.ihble vith three coapu.ter progr ... , GEOtm, 
GIODRB aod G'ZOPOL. 

The Prediction Mthod gives the quantitative eatiaatlon of the 
directional aspect of &ai1otropby in rock aa.aaivea, and coaae
qu.eacely, its \l.04erground drainage iu Jr:arat regions. 

2.3 Bydrocheaical worJcar 

Hydroch .. ical inveatiqatioa baa been carried out la Gloadalen for 
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The drainage direction given by the the Prediction Method shov tvo 
aaia directioaa. 1. H 30• - ¥ ,s• . 2, V o• - ll 15•. Leakage into or 
froa the projected. veter tUD.Del# or other probleas due to Jr:aratic 
undergrou.ad draio.age is coui&.red. 

The 11:arat vat.er la ■till vary aqgreHlve at the end of the cave 
ayat■-a ia Gloa4aleo, due to a steep topographic 9radient and thus, 
high vater velocity and a.bort ti■e for che■ical reactions. Mater 
la■plH abov a Ma.a content of about 40 ppa Caco3 • 

The denwiation h estiaated to 27 aa/1000 year. 

th.ree years, 1913-86, by analyaiog the pB, the alJr:alinlty, the 
conductivity, the teaperature conditions, the iona of Calciu■, 
Magnedma, Sodlwa, PotaHiua, Clorid, Sulphate and the hyat.eruls 
effect. · 

The al■ of the byd.rocheaical work bu beea to eatlaate the denuda
tion rate aod the rate of corrosion in the "natural" colldition. of 
today and thus state the aitu.aUon. before thia nev regulation. Such 
vork ■ight be of iaportance to the hydropover project, although 
aore lodirectly t.ba.D. the other parts of the project vorlt. Though, 
froa bydrocbeaical realllta conclusions concerning su.bterralD.ia.n 
waterway• cu be drava. 

The 4eaudat1on rate 1a eatiaated froa the toraula1 

(Bogli 1910) 

JC • denud.aUon rate, aa/1000 years 
KG • the vaterflott • C.Co3 concen.tratioai'year 
P • the .S.uity of 11-eatooe 
A • fie ld acreage 

The tnperatu.re of the local waters i s a very iaportant denudation 
or corroaloa. factor because of its relation to the veter· s 
potential of CO2, and thus to the corrosioa. of limestone. 

3, RESULTS 

The result.a are 9lven by the field vork between Bj•n1efoaava~t 
and Gloadalvata.et in a aa.rble band of 7 KA~ la vblch Jr:aratificatlon 
take• place. 

3, 1 Caves and 11:a.ratlc drah1aqe 

1929 •ta of galleries are •••uredt 

PIDAUGGIOTnn 
FOSSIIQLLl<T 
STOUllllltGROffEll 

to1 ■u 
516 ■ts 
436 au 

ID the region 14 statloo■ of tectoglyphs (th.i. aiaeral v.iu), ace 
found with the follow relatioa1 

110 STRIP PIP fiPSI NIHEH.L 

316 10 45 Calcite 
325 ao as 
221 as 135 

• us 53 20 
5 40 10 120 
6 42 11 120 
7 25 60 35 
a 26 SI 35 
9 2 59 270 
10 351 59 271 
u 220 52 135 
12 222 50 135 
13 5 62 270 
14 1 60 270 

ill rHu.lU are coapil•d lo T.ULB 1. Tbe htter val f of directioa or 
■trite, CODt.-DU ••ch OM a lot of 9allerie• (la. -■ten) a.ad. a D\a
ber of et.atiou of tectog'lJ'Pha, reapectively. 

The intervala are defined every lSg (12• b UO•) • Tba orieDtatiOD 
h alvay• referrloq to t.be ~tic DOrth. 

rro■ t.be values of TAB.LIi: 1, the poUao4ala , _,... coo■tnacted. 
TMIH ue vhu.alhed ia1 

• rtGVI.I 1, Tbe reau.lta of esploraUoa, aDd 
- FJGUKB 2, The prediction 91ven by the Prediction Method 



FJGUI.I 1 ahovs the ex.iateace of two directiou of Wld.er9r0Wld flows 
1.n the area of Gload.aleD - Veaterdale111 

- The aah. dinctlon1 • 10• to K 45• with 49'\ probability 
- The associate dlnctlon1 N o• tU N 15• vith n, probability 

rJGUlll 2 sbov a aiallar position aad aaou.at of the both aodea of 
aubterrainean flov1 

- The aa.111 direct.ion: If l0• to • 45• vith 41, probability. 
- The aaaociate dJnctlon1 H o• to K 15• with 21, probability. 

Bot.b pol1->da.la abov blgb ai■.llarity, aa la the FIGURES. 
To ••tlaate the decjTee of accuracy between t.bell, it 1■ aecea1ary to 
apply the ~utOGOIOV'& tHt. The re■u.lt■ an given la the PIGUR.E 3 
wblcb abov■ the d.c}ree of accu.racy1 

DEGI.U OP J.CC'UV.CT • 97,u, 

"CONP.UISOK BITWBD 8011I DIHCTIOH.\L PIODBILITY POLINODI.L" 

hPlRratlRPI YWUYI ere4lst{gp: 

Pred.lction1 given bJ the .. t.bod la sbovn by 9r-apb M. 1, the 
reau.lta of the e.rplorationa la sbOVD bJ graph ao. 2 of the figure J. 

3. 2 Rydrocheaical Aaalys•• 

>.s ao•t co2 la diuolved at about 4 •c, the lcecold glacial vater 
of Gloadalen ao4 other place• of the Melfjord project nacbes 
alvays a co2 content close to aazi■ua. Surface vater in t.be 
Melfjord project 1a highly aggru■ive or corro■lve t.brougb t.be 
vbole rear. The karat water -uu.red baa never reached aor• than 
• •c. 

Plotti119 the Nuured pH-value■ against the total ha.rd.Dea■ la a 
Troabe Plot give under■at1,1ratloa of all vat.er auaplea ezcept for 
two. Pi9. 4 ■hova the reau.lta of saturation la aa.. of the aurplH 
froa the HHOD of 1914. 

pH-values ra.oga between 7 ,O - I., 5 vlth •- ••treNa, 5,05 a.ad 
9.,03., &Dd the NHa.red Jaterva.l of caco3 la about 15-45 ppa 
vlth eatreae values at 10 ppa. The result■ of th• conductivity 
.. aaureNntl ar• 65,0 - 95,0 }J$/ca2 with e.-tr ... ■ 31,3 and 
133 JJE,lca2 • 

Tb• coot.eat of 41uolved CaC03 decreases with u iacreul119 
vatnflov. ta f19. 5 the total bardaliu la plotted agaiast the 
vaterflow. The ebova decr•u• Ja a r•ault of eeveral factor-■ vber•
u the dilution &Dd abort r ealdv.e tiae h of -,at iaportance. Short 
ruidM ti.lie dl.alalab tM cb,eaJcal reactJoo rate wlt.b u.ader■atura
tloa a■ result. 

Tbe .. rble ban4a con.slat of calcite and doloaite with ... 11 aaou.nta 
of av.■covlte .-0119 other types of rocks aq-v.ee:a•d lato the band.a 
du.riog the .. tu.orpboda. The cootesat of u.alyaed loll.I froa 
vater■aapllng can be read froa TllLE 2. 

MELFJORD - UTBYGGINGEN KARST AREA 
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MB.FJORD - UTBYGGINGEN AREA: KARST FIELD WORKS 

TABLE - 1 I ,11p no& nnuc I 

CAVES HAPPED IN THE AREA 

PICHAUG-
FOSSIU.LET 

STOR800CDI-

• IIIT£RVAL -r.ROTTOIE ..(;ROJT[H 

1 116-H~ 0, 90 " 
2 NIS'-N JO" 50 12 141 

3 H30'-H45" 541 310 -
4 NU"-N60" ss - -
s N60" - N 7S" 16 62 7 

6 N ,s•-N ,o• ,, 42 -

7 N ,o• - N,OS• - - -
I H 10s• -Nao• - - 59 

9 Nao• -Nos· - - -

10 N 05" -N ISO" 31 - IS 

II N ISO" -N 165" - - -
12 N 165" - 11110" 22 - 31 

I 907 SIi 06 

" 47,02 30,31 22,60 

I MELFJORD - UTBYGGINGEN KARST AREA I 
KOlNOGOROV'S TEST B(J\i(EH BOTH KAATIC P0lt100Ats, 

I% 
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10 
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30 

20 

10 

l- PAflllCTlON lilVEH BY £RA.SO'S HETHOOf 

2.- Rf.Sll TS Of THE FfiO EXPLORA TIOKS I CA YES Alll EHll060IC ROWS I 

IITERVALS 9 I 2 3 4 s 6 l 

P1l£DCTED VALUES" 21,0 14,2' 42,16 
1,~ 

-
l; .. C1"U. VALUES I 1 21,0 3S,72 1,sa 1,sa 11,51 

EXPLORUJ VALUES " 17,00 10,a, 49,14 2,s 4,41 3,16 
C'-"U.VALUES 1, 1700 21,19 n.n 19, 11 14,f 17,45 17,45 

11,-I.I U3 113 15S 130 S71 Ill II 

MAX. ERROR I " l21 2ll 04S 0,31 16S 25' u, 
0£GRU OF ACCURACY~ IO0 -1 % ; 9 • 12 ;'I " ~ I ~ . 

100-2'56a9TU 

0£GRU OF Aru!ACYi!o 91'44 " 

• ' 10 n 12 

1,14 ii~ - 1,14 
1572 1572 9216 100 

3,06 - 6,31 - 3,11 
90,SI 9'51 "·" "·" 100 

4" 419 4 03 4 03 0 
131 131 I 16 11' -

l 'C1Ht.UT1VE vALUt:s OF BOTH PCU100Ats 10 ESJJ<AIE THE Accwcr sr KQLHOGOflPY< nsII 
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1 
TOTAL HARDNESS PLOTTED AGAINST THE 
WATER FLOW OF THE INVESTIGATED 
KARSTIFIED MARBLE BAND. Wt-EN llE 
WATERFLOW INCREASES, TI-E CONTENT 
OF CaCO3 DECREASES. 
Fig.5 
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n. pheDO-.eDOD of by•tan•h occurs lo ell t.he ch.-Icel la.veati
gatiou carried o~t. Variahl• veterpu.lses, c•v• aarpbol097 a.ad the 
varla!>l• aubcvta.au cood.itiocs are factors reapoa.alble for the 
rea14u ti... 

The b7aten■h effect h thua a result. of variablllty lo residue 
tlae &Dd rate of ct.e..ical react.ion a.ad gin a 9004 indication of 
t.he bydrological grouadvater cooditioa.s. In the Mdfjord project 
the b~tcal resulU have belped us atate the fact that ve are 
oa.l:r 4eallag v lth ■hallov 11:ar■t la the Glo.4ailea - VesterdaleD area. 

t.. COltCLIJSIOIIS 

1.■t . Kant.Jc d.ralaage in the area of Kelfjord h developed in two 
directlou. 

- '1'be -..Jo 1a • 30• to II' 45• vlt.b so, prol>&bllity. 
- The auoclate h • o• - It 1s• wltb J°' probability. 

2-4. De k•rat la Clo.4aihn la ■ha.llov. Tb• depths are aostl:r 
40 - 50 ata .. aAd aoat probably developed. after the last 
retreat of the glacier■, 1000-8000 yeara ego. 

3rd. The degree of accv.racy of t.be Prediction Method teated la the 
Clca4alea area la very bi9h .. aore thu, 11,. Tb.v..a .. t.be Ket.bod 
cu aho be v.a~ oa 11-atooe karat im. arctic/aubarctlc 
r99lou. 

4t.b. Tbe glacial. water bolda: a\lch t~ratvH t.bat diuolved 
CO2 J■ alwaya at it• amr1-a. Thu.,. there la always the 
beat COi coad.ltioaa for aazi-- cor.roalon. 

Stb. Acid precipitation, wb.ich activate tbe corrosion proceu, h 
neutralhed by d.Juolved calcite. Tbua, aurface water b. the 
11-atoae area holda a pH allghl,- a.111:allo• vlt.b val.a.a of 
1,0 - 1,5. '1h11 lad.lea.tea a b.Jgh corroaioo rate due to the 
acld.Jty of precipitatioa. 

6tb. 0.. to abort realdu t.lae , the karat water Ja alwaya u.nder
■aturated. ill ovar the field area, water aa.pla■ tatea lllld 
aaalyaed are fo\&Dd ■till "ry aggreub·e, t.b.1. the vat.en 
bold a high pot■At.loll&l. rate of corroaloa. 

7tb. Dae b.lP, pot.at.la.l of 8'1J9T•Hlve water ca1t. affect t.ha eogl
-•rlaig work• of the area where C011.crau coutn.ctlou a.re to 
lie-. 

ltb. flle d.eD..S.Uoo rate J■ e■t.laa.ted to 21 -.,1000 reara u a •u 
•aloe ander the •o.atua.1• coD41Uou of tod.ay. TM de.oadaUoo 
•al• ■tate-4 1a of h.lgb acleatlfic iatereat. 

.. 
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TABLE 2 HYOROCHEMICAL RESUl.l'S OF TliE MELFJORO 

PROJECT 1983 

o.t, r .. Vatet T"C .,. pH Toth ca'• ... .. All< "91(• 
l1ut 1,1sca·1 pt)II pt)II pt)II atkvl ·' .. 

21/1 123D us 619 7.94 32.4 3l7 0.7 0.66 0.022 

2l/l 200 u.o 61.7 7.91 44.0 0.72 

24/1 IUD no - 65.9 7.11 35.0 32.6 2.4 0.70 0.073 

31/1 19.00 0 .5 55 635 1.02 34.1 l45 OJ 0.65 

1/9 11.00 44.3 50 65.9 1.01 331 l45 0.6 069 

20.00 430 5.2 668 7 99 35 2 36.3 l1 0.70 -

2/9 10.00 l20 SI 681 7.90 l6.0 3l3 4.7 0.11 0.15 

22.15 JOI s.s 7l2 7.92 42.2 0.76 

3/9 15.15 27 2 6.1 69.6 1.01 315 36.3 2.2 061 0.062 

20.40 26.9 6.0 lt9 1.14 37.6 37.2 0.4 0.70 0.011 

4/9 ID.DD 275 66 7l5 7.91 37.4 345 2.9 062 D.086 

22.00 27.3 65 70.9 I.OD 36.7 062 -

5/9 11.DD 27.0 6.9 72.8 7.91 35 3 062 -
6/9 12.0D 295 6.8 68.1 754 35.3 l45 D.14 0.59 D.D24 

7/9 DB.DD 27.1 6.9 75.6 1.20 34.6 0.61 

2l0D lH 7.D 69.1 7.91 33.9 0.59 -
1/9 15.DD 21.S 7.D 690 I.ID 36.2 DSS -

11JD 210 6.7 lD.D I .DI 366 059 -
9/9 D9.DD 26.3 7.D 69.D 7.ID 36.0 30.8 4.1 D.61 0.16 

10/9 1l0D 24.2 6.1 67.7 7.19 36.4 JS.4 to D.69 0.DlD 

11/9 14JD 22.1 6.4 695 7.17 l7.2 l6J 0.9 0.70 0.02D 

200 22.D 6.1 69.7 7.97 l7.1 345 2.7 D.73 0.077 

12/9 1D.1S 212 6.l n.s 7.99 37.l ll.7 5.6 0.74 D.17 

20.15 2D.S 6.2 69.2 7.11 l7.1 llS 5.6 0.74 0.11 

14/9 09.DD 19.D 6.2 7tS 7.63 37.1 31.0 0.9 0.77 

12/11 16.0D 245 1.D 15.2 7.67 431 4U DI 0.61 -

ll/11 12.DD 

Blbl iograpb:, 

1. EU.SO A. 

ti 15.2 

(1913) 

7.77 433 44 6 13 D61 

•Apllcacloa. del .. todo de predlc
cion de lea dlreccloaa de drena,e 
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RELATION BETWEEN NATURAL CONVECTION AND CAVE FORMATION 
IN HYDROTHERMAL KARST 

RUDNICKI, Jan 

!yploal hydrothermal oaYe dH!er 1n ahape from cold water cave 

ayate11&. They cone ti tute of separate chamber a or groups ot chambers. 

aoaetlmeo without any Tielble entrance. Such cave• are usually ait .... 

ated near the aur!aoe, and can be entered mainly 88 a reaul t ot root

collapaing or by another caeual outcrop•• lerge chambers or such ca.. 

Terna are irregularly ahaped, orten resembling the shape or a pear, 

and are YerUcally elongated. Smaller ohambers usually have quite re

gular spherical shape. Walla and roofs ot such chambers are sculpt..., 

red by corrosional hemlaphedcal nichas and apherical copulas often 

OYerlapplng each other and d1f!er1ng 1n aize. 

Sn eral explanation were propoaed, but formation of byclrothermel 

ce-.ea is still diaputable. 

It ls presented opinion that chamber a in hydro thermal ltara t are 

toraed due to circular movement of water caused by nat\ll"al comection. 

Such convection in phreatlc bydrothermel karat syetem may be caused 

by the dH!erence of temperatures bet""en hot water and cool rock. 

Thermal cond.1 tiona in vhich convection forms are created are discu► 

sed. 

1, IN'rRODUCTl(lN 

The term "hydrothermal karut11 is uued here for the Gystem of 
caverns produced by hot waters of any origin with their tempera
ture higher than that of ground ·•aters in the near-surface zone. 

Many observations made in hydrothermal caves lead to the conclu
alon t hat some solution forms are typical of this kind o r caveli and 
seldom 1 if ever1 occur in cold water cave systems. Tnis is especial
ly true for spherical forms wnich are com:non and sometimes dominant 
in hydrothermal karst systems. 

Papers on the origin of 8pherical forms are scarce. 'i'hese pe
culiar forms in hydrothermal caves r.ere described by Hungarian 
scientist s long time ago , but their origin was explained in terms 
or non-karstic processes, r. l'hvai Vajna ( 1931) thought that the 
spherical chambers were formed by de sin tegration or limestones due 
to the action or ho t water steam, According to L, Jakucs ( 1948) 
licestones were altered by hot '#aters1 and then mechanically washed 
out by waters impact. 

Recently, the karst origin of such t'orms has been generally ac
cepted (Jakucs 1977, Huller, ~arvary 1977) , but the mechanism or 
their formation is still disputable. P . HUller ( 1974 ) is of the 
opin~on ~ha~ spherical forms in thermal caves originate above wa-

ll 

tg 

2P 

~ 

4.P 

06PA30bAHiji: r.E,:ij,;P B P83Y ilbTATE ECTl-.:CTl!isHHO.il KOHht:KUIIII I'KJlPOrEP

:.UJ!bH!.X BO]l. 

THOH'llible rHJ!,poTepwanbHble ne~ep1,1 3lihl8THO OTnMqamcR no CBOeR 

~pile OT CHCT8hl nem.ep,o6paaOBaHHWC xonOJ!,Hblllll KapCTOBWlll BOJ!,811H, 

fHJ1.potep1111n1,u11e nell!epw 001,1qHo cocTORT Ha OTJ1,en1,ttwc nonoctel 

HIDI rpynn1,1 nonocreR, qacTo 6ea aawetttoro BXOJ!.8, OHH pacnonara

DTCR HepeJ!,KO BOnHSM DOBepXHOCTH aelVll! M KX OTKJ)hlBam C/IYqBAHO 

B KahleHonowax M 11.pyrKX HCl<;)'CCTBeHHblX oOHBJleHIIIIJ(, J;on1,mMe nonoCTH 

Mhlel11' HenpBBilJII,Hyll,rpy■eno;.o6Hylil <ilOPIIY ,YllnMH8HHYll no BepTHK8.JIH, 

!.lan11e OOilOCTH OOblqHo RBJIRllTCfl npaBHnbHO c<!JepHqecKMhlll, a B MX ere

Rax M CBOJ!,ax HalCOJ!,flTCfl 11HoroqHcneHHhle 11onyKpyr1me KOppoaKAHhl8 HH

mM M Heooru.■Me c98pM'lecKKe icynona. 

£WI BhlJIBHHYn uen1,1A PRA Teop11R, 061.RCHRDJ.KX oOpaaoBaHMe aTMJC 

$Qpw,011.HaKO reHeaa MX IIBJIRercR no-npezHeyY cnopttoA. 

npe)lCT8Bll8HO IIH8HHe, qTo rMJ1,poTephl8ru.Hl18 ne■ep1,1 B03HKKallT B 

peaynua,e o6BOJ!,HOro T8'1BHHR BOA, Bhl8B8HHOro 8CT8CTBeHHOH KOHBeK

UMeR. KOHB8KUMR B rll)lpo,ep!.18./11,HOR KapCTOBOA CIICTewe IIOllleT 011Tb 

Bbl8B8Ha paanH'IMChl Tehlllepuyp hl8llJ!.Y ropRqeA BOIi.OR II OKPYlllBIJlileR 

nopo11.o"· fipoaHan~aMpoBaHhl Tep1,1HqecKMe YCilOBMR B ne~epax, B KOTO

pwc oopaaOBIIBallTCfl KaPCTOBhle KOHB8K!IIIOHHblB <l>OPIIH, 

ter 1eve1 , due to convec1on in the air containing water vapour. 
Thus1 the spherical for1t1s situated at different levels correspond 
to succesc.i ve stages o f lowering of ho t water table. rhis hypo the
sis was also discussed and some theoretical models were presented 
by :.; , Szunyo~h ( 1984) , According to J, ,ludnicki ( 1978) the Gpheri
cal forms are created in phreatic hydrothermal caves by natural 
convection in ?tater. 

2 , G,:\E~AL DE:;(;R!PTIOII OF HYDRO'fHi:Rl·'.AL CAVE~ 

According to hitherto collected datal nydrothermal caves belong 
to two different categories (fig. l A, B • 

1/ vertical caves - made up of a;pherical chambers, of diameter 
from one to several meters1 connected by narrow tube-like conduits. 
'fhe cave system is arranged vertically, but individual. branches may 
develop in various directions. Growth of spherical chambers can of
ten lead to the conjunction or two or several nei ghoOur forms. 
This way larger chambers or vertical chimneys are formed. rhe whole 
cave resembles somewhat vertically arranged bunch of grapes (cf. 
Jakucs 1948 p.55) . According to tiungarian authors this1 very spe
cial 1 category of caves were formed by ascending thermal waters. 

L..,~...;;;..--...---.;;__--c· 

---- / 

B 

Pig.l. - achene of two ceteGories of hydrotherr.1al ceves 
A - vertical cave, B horizontal ccve, s - Scallo?S 
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2/ horizontal caves - represent typical shallow- phreatic systems 
with the horizontal network of joint-controlled conduits, Scallops 

so■eti■es occur indicating the role of currents in t.he cave deve
lopment. ,1alls are often covered With aragonlt and other ■inerals 
precipitated fro■ hot solutions. Nuaeroua hemispherical or nearly 
spherical cupalas which developed above the conduits, are confined 
only to the uppermost, near-surface levels or the caves. 

On t.he grounds or above description two d1 r reren t kinds or sphe
rical roras ( fig, 2 A, Bl are distinguished: 

1/ spherical chambers typical o t vertical caves, which represent 
enlarged part of conduits and form integral part of drainage syst.ea. 

2/ he■lspherical, or nearly spherical cupolas, situated above 
hot water conduit.a in horiz.ontal caves. 

It is assumed that these tt,o kinds of con vec ti ve spherical ror■s 
develop by different mechanisms of heat transfer through the rock. 

A B 

Fig. 2 - scheme of t.-o kinds of spherical forms , 
A - spherical chamber from vertical cave, 
l3 - spherical cupola from horizontal cave. 

}, BASIC Pll!IICIPL<.S OF HEAT Ti<ANSFi:R II: ROCKS AND CONV!X:rION MOVD111jT 

The process of heat transfer from hydrothermal conduit to rock 
s urface ls characterized by constant heat flo• through rock per
pendiculary to the surface of heat exchange. Temperature gradient, 
established inside the rock body, depends ■ainly on: dia■eter or 
conduit, thickness of overlaying rocks, tnermal conduc ti vi ty of 
rock and difference in temperature oetween water in conduit and 
rock surface. Temperature gradient is alwa,ya the highest near a 
hot conduit. and di■inishes asymptotically towards the surface 
( rig,J A). 

Natural convection results from the action of gravitation al 
field on nuid in which the density is not constant, as is the ca
se when nuid is subjected to temperature gradient . 

Intensity of convective heat transfer is characterized by non
dimensional Grasho f number (Gr). 

where: 
g - acceleration or gravity 
d - &phere uiameter 
)1 - kinematic viscosity 
fl - coefficient of cubic expansion "°t- difference in temperature of 

boundary layer 

In the established convect.ion system, for any given temperature 
gradient, convective heat transfer has to be exactly balanced by 
conductive heat loss through the rock . 

ID'C 

A 

Velocity of convection current. (w) aay be caculated fro■ the 
equation: 

• = 
Tentative calculations indicate, that within the bydrotheraal 

karat the velocity of convection currents seldoa exceeds ten cen
timeters per second ( high d and ~t ) , generally re■aining much lo
wer. 

4, ;:voLUTION OF SPHERICAL !J)RKS 

As usual several problems arise when si■plified theoretical 
cases are applied. However, one can assume that presented con
clusions describe the analysed process qualitatively. 

To outline the evolution of spherical ror■s it is necessary to 
evaluate the intensity of convection and the aa,enitude of heat 
transfer 1n each of the two categories of caves- . 

tt . 1. Evolution or spherical cha,mbers in vertical caveg 

&volution of spherical cha.abers was described by J , llUdnicki in 
1979 and is breeny repeated here. Ae such fora develops by en
largement of the very conduit, the convection current should be es
tablished within the nowing water. This means that the velocity of 
convection current ■ust be higher than fio• velocity in conduit. 
The best conditions for this kind of convection, exist already at 
the lni t.ial stage of karat syste■ aevelopmen t, when laminar now 
dominates. At water temperature or 6C)Oc and the diameter or anas
tomoslc conduit or 30 cm the biggest value of laainar now ve
locity is 0.3 ca/sec . Under such conditions convection current 
with tho velocity or about 2 cm/sec , ■a:/ be established when the 6t 
is only o. 1°c. In the example described above the water discharge 
ls merely 0 . 25 1/sec. such amount of water assures its permanent 
exchange and maintenance or constant temperature only for forms 
or small dia.aeter, ·•1th the growth of a form , the heat input does 
not compensate the loss of heat , then At decreases causing de
crease in the convection and corrosion intensity. 

4.2. E;volutiqn or spherical cupolas above the conduit. in 
horizontal caves 

Contrary to the above, the development of Gpherical cupolas is 
indepenOent of no~ velocity in conduit. In any vertical fissure 
situated above anci connected with tho main conduit , 'l'ater is cooled 
in response to a tc2,TJc.rr; tu1 e gradie'lt in adjacent rock -:,nich causes 
flo'I' in fissure. Intensity of cooling is proportional to the tem
perature gradient and to the leneth of fissure . 

Ahove the large conduit with voluminous now of hot aater a 
strong temperature gradient 11ay be maintained which promotes con
tinuous convection in the fissure. In such circumstances low Gr 
number in incipient fissure, increases gradually as the for■ is 
enlarged. This :--eciprocally increases the velocity of convection 
current and ■ore rapid development or the whole for11 . 

,:hether or not these forms could develop, depends on the balance 
between convective and conductive heat transfer. Total conductive 
heat transfer rate (Q1 ) increases asymptotically when thickness of 
overlaing rocks di■1ntshes ( fig,3 B) , while total convective heat 
transfer rate (Q ) depends on the supply or hot water to the devel
oping for■ • . Yhen the hot water supply is secured the best condi
tions for the development or spherical cupolas exist near the lime
stone surface, where conductive heat transfer rate is the highest. 

• The problem of ho• the hydrothermal solutions disaol ve and bo• 
they maintain aggressivenes with respect. to carbonate rock is 
beyond the scope or this paper. 

-

B 

Fig, ·3 - A -

B -

scheme of temperature. distribution above the thermal 
conduit. Continuous lines - iaothermes. 
total conductive heat transfer rate (x-axis) versus 
~~~~- or spherical cupolas (y-axis), non-di■ ensional 
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5. CONCLUSIO!IS 

These considerations enable to conclude, that spherical toraa 
probably were ror■od in two different hydrodyouic and theraal 
ayate■a. 

Develop■ent of spherical chaabera 1.n vertical caves is connected 
with the ascending, disperse and very slow aoveaent or hot waters. 

on the other hand, the most favorables conditions for devel
op■ent or spherical cupolas exist in aballow-pbreatic, near-surf
ace now. Voluminous now ot hot water with moderate velocity 
assures strong temperature tradient necessary to axc1te and riain
tain the convection 110ve■ent. 
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THE PROBLEM OF CACO3 DEPOSITION IN WATERS SATURATED WITH CARBONATES 
IN THE LIGHT OF FIELD EXPERIMENTS 

JANIEC, Bronulaw 

The bydrochemical studies of the rivers and sprine;n yieldine up 
to JOO 11m3,s-1 were carried out on the Lublin Upland and Roztocze 

areas, 'l'bese water are of the calciWD-bicarbpnate type /"rlCOj up to 
6,5 meq.dm-J /, AB a result of many years of investieations it was 

stated that waters draining cretaceous and neogene aquifers are sa
turated with calcium carbonates almost dur1"6 the whole year, 'the 

state of saturation was ascertained with: a/ the pH oneasurements, 
b/ the pH equilibrium staten,enta /Hem, 1965/, c/ change of the ther

modynamics potentia.l /J/J, and with d/ calcite saturation index SIC 
/La.ngn,ui.r,1971/, The values of SI

0 
are rang1ng from +00032 to +0,115, 

!lo traces of depositions of the caco3 were found in over HY.> of 
sprtnv,, 

In rivers fed by these springs the measured valueo of pH /7,9-
8, 1/ are higher by o, 7-0,9 of the unit in relation to pH of the 
equilibrium, The values of 40 are also positive, These waters are 
clearly oversaturated with calci\1111 bicarbonates, but no precipita

tion was observed, Such precipitations were r.reated in laboratory 
by means of mixing na tera with common ion /ca 2+ -co~-, 211a +-CO~-/ , 

The frequent appearance in nature of waters over saturated with 

carbonateR i ndicates the nec esnity of verifications of the Caco3 
deposi t1on c lassical model when changes the ayste,o : H2o-co2-caco

3
, 

The investigations proved that Caco3 depositions can ea sily happen 
with mixing waters containing coruoon ion CO~- . 

1 • DTII.ODUCTIOli 

In tba literature oonoel'lliDg carbonatu a>re complicated con
ditions of eaco3 diaaooiation and deposition in the natural 1nTi

ro1:1111ent are often bypotheaized from the reeulta of laboratory ex
periaenta, which rater to pure oaloito /idoal "7Ste■1 8:!0-C02-caco

3
; . 

In thi■ papor attention has i,.en dran, to the state of 41Da■1o 

equilibriua in ,rpring water■ b;r characterising tho ooaoentration 
of the ma1J1 ions, their aotiTit;r oooftioienta, the ion ■trength of 

■olutions, ■peoyfio oonduotance, meaaured reaction /pH/ end pH 
equilibriua, as well. as calcite ■aturation index and thera>d;rna
mio potential, 

'fha paraaet1r11 •ntioned abon nre al.so studied in rinr■ sup
plied b;r the ■pring water■ 1n periods of underground ,ruppl.;r • 'fha 
atabilit;r and ftriabil1 t:r of the par&Dthrs of waters changl.ng 

their condition of the "7Stem1 from 010■14 to open were exaained, 

Dt■pite a considerable onrsatu-at1on of rinr waters with oar
bonates, ntithlr ohan&ts 1n their ion ooaposition nor traces of 
eaco3 deposition nre observed, 

Studies nre carried out b;r titriaetrio anal;;ai11, potentiomet
rioall;r and oonduoto■etric,all;r. 

2. CIIAJU.CDRISTICS a, 'l'IIB RBGIOli 

The area of studies was the Intern Rostoor.e of about 500 a 2 , 

situated 1n SB Poland /Pig,1/. About 100 11prinp ooour 1n this 
region, whioh drain tba oretaoeoua and l'ertiary-lliooene water-be
aring staae. Qeologioall.;r it ia a fragment of tha D&niah-Lublln 

basin, In the alpine orogeneeia /1.araaian and later phasu/, the 
SI extention of thi• basin underwent an antiellnal. flexion, el.t
Tation and dislocation, 'lheee di■turbanoea, denudation prooauea 
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llFOBJIEW. O!lPE;nFJ!Ell~ CaC0:3 B OO)lAX HACWjE}lllllX KAPW!ATAL:ll 

B YCJJO!l:t!X II01IEOOIU <l<CJ!Fl'l1::El!TA 

~• BpoHUCJUlB 

<nom,ma) 

B ltpeAeJ!aX Jbo6JIIIIICK<>II B03ll!illleHHOCTH II Po3TOtla (JD-B nom,ma) rtpOBe

,lleHO 1'"!91POXllllllQecK08 o<!CJle,IIOBaHKe peK H KCT0<lHl1KOB C ,lle6HTCII ,110 

30() ,,,/J ,C-l, Bo,111i I'll,IIJ)OKap60HllTHO-KMb1"f8Bb18 (H~ ,110 6,5 113K,,ll),l-3), 

B pe3yJlbTaT8 IIHOI'OJl8TIIHX nonel!blX 11cCJ1e,110BaKHP., ycTaHOBJlet-10, ttTO uo,1111 

HCTO'lll!HKOB, ~ wenoa.e K He0I'eHOllbl8 Kap60Ha'l'Hble OTJIQIU!HIUI, 

C!OJ!b!lly]O qacn l'O,lla HaCblq!!HI,( J<ap60HBT81<H KMb4KJI, 3ro 00,IITBeJS,llam' 

,118HHll8 011Jl8AM8HIIII: a) pl no 381<8pe.ll, CS) pl J)WlHOBeclUI (Ha■ , 1935), 
a) CUeHl,I T8JMO,AKHIWINecKOl'O OOT~ AG , a TaJQl8 I') OOK8.38T81111 

IIBCYll!eHll!l B0,11 K8.Jlb1"fllol SIC ( IAngmuir, 19?1), SIC COCTBBJIReT 

..0,032 - ..0,115, B l<ecTax BIDC0,1111 CSonee 'llllol 100 HCTOtlHIIKOB ltllp60HBT

Hli8 008,llKl{ He o<!Hapy.&eHbl, 

B peKaX .D,IUI nep10,11a npeHMylllecTBeHHOl'O 00,113€111!01'0 llHT8HHR pl 
(7,9-8,1) llblllle Ha 0,7-0,9 no CpallH8HIII) c Ji! J)WlHOBeclDI. SIO COCTIIB

MeT ..o_,BO + +, 90, aHaJtol'lf'llllo H3M8HlleTCJl Ao. 3rH noKa38TeJIH yxa:lH-
8111)'1' Ha nepeCJ;lllettH8 B0,111i Kllp60HBTOW KaJlb~, O,IIHaKO ero oca&,AeHHll 

He HaC!Jlll,lllleTCJI, 0rJICHeHHe Kap60HBTa O'l'MettElHO 11pi CU81118HHII IICCJle,110-

BallHllX B0,11 Ca<:0:3 H ~ COCTBBII B Jta60paTOJlll,!X yCJJOBIIHX, 

flpoBe,118HHli8 HCCJle,JIOBIIHllll 00Ka3b11!81)T, 'ITO oca.,qeHHe J<ap60HaTa 

KaJlb4KJI l<CllleT IJJ)OHCXO,IIHTb 8.JITHBHO l1pi CMelD~ B0,11, C0,118pmlllllX COB-

1<ec'l'H!dl HOH ~-. Bautoll !IIIJ'JleTC/1 npoCSJ!eMa Onp8,118Jlet-lHII l<O,lleJIH IUIXO

:s,IIE!Hllll Ca~ B CIICTElol8 CaC0:rlf2~ B CBll3H C 'IBC'l'IIII HSXO!!,lleHllel< 

B npql0,118 B0,11, nepec!,llteHHWt Kap60HaTCII KaJlb4ffll, 

and the contemporary elevating movements resul.ted in the for■etioi, 

ot tba Roatoose ridge and the dislocated bench of lliooene deposits 
aclhtring from the aouth, lleogene depoai ta fora here a atructural.
geologioal edge whioh ia water-bearing over length /Janiec,1984/, 
The lliooena eprings draining the water-bearing stage are not dia
ouaaed 1n this paper because of a lower mineral.isation level of 

their water• 1n relation to the cretaceous horison, 

Among sneral dozen of springs 4ra1niJl3 oarbonaoeoua •opolraa• 
and oretaoeoua mrla, 21' ware ■elected for atationar;r atudiea, 
Tbair distribution 111 illustrated in 11g,1, The ■pringa are aitu
atad 1n the bottoms ot deepl.;r out 1n nl.le;rs, or at the toot of 

■lopes, In the former oaea the;r are aaoending springs /lios 2, 16, 
17/, wherees 1n the l.atter - descending onea. !be height ditferenc.a 
b■hee• aarrow bottou of river valle;ra and interfluve areas reaoh 
100m, The underground water level baa little 1n oo-.n with the 
for■etion of the topograpbio eurtaoe. Asa resul.t the average depth 
of tba water level 1n t bt oatohment areaa ia or exoHda J5■, and 

the 118.Xiaal - 60m, 

!he Western Rostooso is one of tba rioheat 1n water Poland'• 

regions, 'lhe output of some of the springs exceeds 100, 200 or 
enn 300 ~ •• - 1 /spring Bo 16/, 'l'heee are springs ot the vanol.u

•• type. 

'lha aeration 1100• of the catobMnt areas andied 111 oharaote
riHd b;r 11 thologioal diohot01117 • '1'he l.owar part of the profile 
largel.;r oonaiata of oarbonaoeoua •opolraa" an1 arla ot tba Culpa-· 
ntan end llae■triobian, whores■ it■ root 1• fo,,_d b;r Pleietooene 
rooks - often loHHS lllld loea■-1111::e 4,poait." fhe problem of car
bonate depoaition 1n water i,.1ng 1n oontaot with theH depoaite 
1n tba period of infiltration was diaouaHd on the basis ot labo• 

ratory atudiea and field eir:periaenta /Janieo, 1983, 1984, 1987/. 



Ths leatern Bostooze ia an area whioh ia relatively 111tenaiffl::J 
deD114ahd ohellioal.l::J /45-50 tona.tm-2.7ear-1/. How&Yer, typical 
for,u of underground and su.rfaoe karat are al.moat absent. !Id.• 
reau1t• fro■ the structure and chemical compo■i tion of the rooks 
whioh ton, the reg1on studied /ailica slceletona in carbonaoeoua 
•opokaa"/. 

Ths etfeot of reg1onal impurities on ohangea of the chemical 
oompoaition of tba leatern Ro&tocze waters is small /agr:l.oulture, 
preoipitationa/. 

.looording to the Polish and european stan4ar4a the quality of 
tha waters of these sprin&B ia of Urst-olass purity. 11th respeot 
to the ohemioal oompo■ition the7 are simple waters - bioarb..,..te
-oaloareoua. 1'118 basic pb,Jsioo-ohemioal parameters of the waters 
of 8 Hleoted sprin&B /of 21/ are presented 111 Table I, The resul
ta of atudiea of the waters of two ri vars 111 thia reg1on are also 
g1ven 111 thia table, Ill the period of underground runoff• the ri
vers of the Western Bostoc&e are supplied only by the •Prin&B• 
filerefore it ia posaible to obaene the changes of the ph;Jsioo-ohe
mioal propartiu of the •Prill& waters whioh take part 111 the sur
face runoff, i.e. in rivers. Kean Values of several do&en of the 
e:raaination aerie■ are -ud in this Table. ID addition to 
these data it ahould be noted that both the sprin& and river wa
ters are oharaoteri&ed by a amall temporal variability of the main 

qualitative features in the parioda of underground supply. A good 
index of thia state are standard deviationa. Ill the case of HCOj 
ion the7 range from 0,035 - o , 193, '?be standard deviation of ca2~ 
cation is 0,066 to 0,175, and the speo7fio conductance /10°c/ ran
ges fro■ 2,65 - 6,15. 

3 • RISIIL!S OP PIELD BJPBRIIIBn'S 

The waters flowing out of the spriagll in Western Roztoo&e are 
saturated with carbonatu in oonditiona ot the predominating clo
sed ayate■ /Deinea et al.,1974/. The differentiation of the level 
of total mineralisation, largely of Ca-Hco3 ion pair, is oon41Uo
ned by spatial differentiation of the solubility of oretaoaous 
rook• and the axtenaion of the ooftr of carbonate loesses /Janieo, 
1983, 1984, 1987/. 

3.1, later Reaction /pH/ - Measurement Results of Springa 

The reaction of the waters was measured with an electric pH-me
ter . OP-205/1 /lladelkia-Hw,pry/, g1.ving a guarantee of the reqUired 
aoourao7 of readinga. Prom the results allllllllBrized in Table I it ~ 
be concluded that there is a relationahip between the concentra
tion of oaloium and bioarbonatea and pH, Higher valuaa of the pro-

3.2. pH equilibria - Calculation Results 

The pH values computed /Table I/ for the waters of the particu
lar sprillgi, were determined by Hem's formula /1961/, using empiri
cally obtained ca and HC03 values, 

pH /calculated/ • -log 
Jteq 

Por natural temperature of the watera /10°C/ 
• 1,22 ::z: 102 was assumed • 

According to Hem /1961 / the calculated pH should be verified 
/in plua/ by the value ApH resulting from the ooetticiente ct ca2+ 
and HCOj activity IT/• The activity ooefUoient r111creaees the 
computed pH by the amount, 

,1pH • -log r ca2+ •r HCOj [2] • 

Prom Table I it appears that in all sprillgi, studied the pH va
lues obtained from measurementa and calculations are identical, 
or very similar. The differences are bidirectional and amount only 
from --0,07 to +0,02 pH unit, The compatibility of the results 
is for ua a convincing evidence that sprin& waters are saturated 
with calcite, 

ct, • • 
. .. f. .. -, -· 

:Hg. 1. Cretaoeoua aprinp and the rinr net in the ·:•■tern I 
Bostoose 1 1 - 5 - location of oretaoeoua springa and their 
output in the period of studies, 1 - below 10 dm3 ,■-1 t 2 -
10-50 c1a3 •• - 1 • 3 - 50-100 c1a3 •• - 1 • 4 - 100-200 c1.11.3 •• - • 
5 - Oftr 200 dm3 .s-1, 6 - river net, 7 - more important 
watersheds, 8 - main roada, 9 - towna. 

The more important pb,Jsical and chemical features of the waters of the selected spriJl88 
and riTers in the leetern Rostocze 

Object 

Spring-lie 
1 

5 
6 

7 
8 

9 
12 
16 

Riffr 
Sanna 

Por 

Concentraoion 
111&q,c1a-3 

HCO) 

5,15 
4,72 
5,39 
5,48 
5,35 
5,80 
4,90 
6,49 

5,08 
6,oo 

ea2+ 

♦.36 

4,36 
4,50 
4,72 
4,55 
4,97 
4,35 
5,42 

4,44 
5,34 

Bard
nees 
•onoar 

o, 11 
o. 19 
o,o:, 
0,10 
0,05 
o,oe 
0,10 
0,01 

0,12 
0,28 

Actirtty Ionic 
Coefficient d Strengtll 11 

HCO) ca2+ 

0,913 o. 705 
0,915 o. 712 
0,912 o. 700 
0,911 o,698 
0,911 
0,909 
0,914 
0,905 

0,700 
o,693 
0,707 
0,681 

0,913 o, 703 
0,904 o,680 
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8,103 X -10-3 

7,596 X 10-3 

8,450 X 10-3 

8,650 x 10-3 

8,492 X 10-3 

91 087 X 10-3 

7,965 X 10-3 

1,015 X 10-2 

e,210 x 10-3 

1,010 X 10-2 

Specy 
fio pH 

Table I 

Satura- Tbermody 

Co,ndu+---,-----i ration nallic 
ctan- lleasu- Compu- Index Potential 
1g8CL, red tad Calcite AG 

l'-3,om SI
0 

kcal~moi 

347 
329 
)72 

380 
363 
396 
363 
449 

7,20 
7,24 
7, 19 
7, 14 
7,17 
7, 12 
7,25 
7,03 

351 7,97 
444 8,04 

7,22 
7,17 
7, 19 
7,16 
7, 19 
7,13 
7,25 
7,05 

7,22 
7,30 

+0,086 
+0,090 
+O, 109 
+O, 106 
+0,089 
+O, 121 
+O, 115 
+O, 103 

--0, 107 
--Oy104 
--0,076 
--0, 105 
--0,100 
--0,070 
--0,070 
--0,070 

+0,859 +0,893 
+1,072 +1, 181 



ducts of eaco3 diSBociation oorraspond to lower pH values, Prom 
the ourvea of oal.oite solubility of Roques and lluxart /Jlu.mrt, 
Birot, 1977/, on whioh the data were plotted, it appears that the 
pH values indicate the state of dynamic carbonate equilibrium in 
the closed system, At the same time pH is here an index of rela
tive H2co3 , Hco3 and co~· proportions in the waters studied 
/Muxart, Birot,1977, Deines et al,,1974, Hem,1985/, Prom the stu
dies it alao appears that in stable pressure /including pC02/ and 
temperature oonditions the carbonate systems studied are characte
rized by a oonsiderable atabili ty, In the annual cycle and in a 
period of many years the reoorded pH oscillations were from 0,04 
to about 0,40 pH units in the particular springs, but in late sum
mer and autumn this index often signalizes a 11 ttle higher satura
tion with carbonates, 
3,3, Index of 'later Saturation with Calcite 

To determine the index of water saturation with calcite - Sic• 
Langmuir /1971/ proposed the formula, 

[ca2•J [co~-] 

Ka 

in which the adoption of the constant value Ks of calcite solubi
lity ratio as the mean of the results of Roques, Picknett /tide 1 
lluxart and Birot, 1977/ and Jaoobaon-IAngmuir /1974/ seems to be 
reasonable, Por 10°c temperature K

8
• 3,9355 x 10-9 /mol,dJa-3/, 

The proposition of taking into oonaideration such a determina
tion of the index of water saturation with calcite results from 
the need to admit the aotivity of those ions which determine this 
saturation, According to lAngmu1r /1971/ natural waters, Sic indi• 
cea of which range from o,o,.. to, 1 are apparent).y saturated with 
oalcite. 

Sic indioea of the waters of all springs studied are in the 
interval from +O,OJ2 · to +0,115, and even +0 0 121 in one case; 

3,4, Thermod.)'n8lll1o Potential 

In the process of Caco3 dissociation the aspiration of the sys
tem to pass from the initial. to final. state is determined by the 
difference of the thermod,ynamic potential AG, A spontaneous cour• 
se of the chemical reaction is on).y possible when AG is negative, 
i,e,, when the thermodynallic potential deoreasea during the reac
tion, A positive AG value 1ndicatea a reverse course of the reac
tion, whereas in equilibrium AG • o,o, 

In the cases studied the values of the thermodynamic potential 
refer to unitary concentration /mol,c!mjj!0/, 

The data presented in the table have negative signs in regard 
to springs, but AG values are small.They are from --0,67 to --O, 107 
ltcal.,mol •l ,dia-3 /Tab1e I/. 

J.5. R1.1er waters 

tile results of studies of the ion compoaition of waters in the 
rivers draining the Western Roztoou allow ua to find that the con• 
tent of the ohief ions in flowing waters is the weighted mean of 
ca2+ and Hco3 concentration in the apr1nga supplying rivers, Thia 
oonoerna the rivers presented in the table, as well aa other atre
ama of this regl.on, !he oaloulated pH val.uea oorreaponding to the 
Sanna an4 Por rivers are 7,22 and 7,.30, reapectively, However, 
the mean val.uoa recorded by the pH-meter are 7,97 and e,04, 
'11th reepeot to the annual course it should be stressed that a 
alight decrease of pH val.uea is observed in river waters in the 
winter half"'7ear, 

Changes of pH are a natural oonsequenoe of changed partial pres
sure of pC02 in underground epr:lng waters on the way of their gra
vitation flow in the river beds, However, a oonsidarable i?iertia 
of the carbonate system was oboerved here, the oonaequanoo of 
whioh is the ab■enoe of caco3 deposition. 

.An eqll&ll.y instructive ezaaple are the results of studies car
ried out in the regl.on neighbouring with the R.oztoose area from 
If and n. 'fatera of 'fieprz, the largest river in the Lublin Up
land, flow over 160 klll in this region /the l.fosna break/, whioh 
1■ alao buil.t of carbonate rooks, 1'hia river alao drains a oonsi
dvable part of the 'faahrn R.ostooze. Over the whole year the wa• 
tars of the river lieprz contain in underground flow about 5 meq 
of ca2+,dia-3 an4 onr 5 aeq of Hco3.dm-3 at the average val.ue of 
pH ,; e,o. !hi■ 1ndioatea over-saturation of water with oarbona• 
tea, bowever, Caco3 deposition ia not observed, 

Another evidence of disturbed carbonate equilibrium in the ri
ver waters of the Western R.oztocze are the values of the oaloite 
■aturation index. In the two rivers presented in 'l'able I the SI0 

val.uea are +0,859 and +1,072, Other river• of the regl.on studied 
aa well as the river 'fieprz have similar indices. 

The values of the thermody.nalli.o potential increase over ten
fold in river watera in relation to AG in springll, Thia inoreaa• 
to distinctly poaithe valuH /Table I/ ia ■till another argument 
acoounting for overaaturation of waters with carbonates. 

4, DISCUSSION 

Among over 100 springs draining the Roztooze water-bearing ho
rizon, caco

3 
depoai tions are visible only in two apr:lng niolles. 

In spring Ho 13 /Pig, 1/ situated in the Byatrzyoa river valle:,, 
diatinot precipitations of amorphous form of calcium carbonate up 
to 20mm in thiokneaa was observed. The waters of this spring are 

characterized b:, a low level of calcium /J,95 meq ca2+,dJa-3/ and 
bioarbonatea /4,14 Hco3,dm-3/, and their pH is 7,28, The index 
SI

0 
• 0 10)2 1• the loweat in all waters studied, The depoai tions 

in auch wa tera must evoke controversies about the rational causes 
of these preoiltations, The oausea are undoubtedly complex, and 

P'"b the presented taelf is of graat theoretical and praotioal impor• 

tance. 

Depoaitione of another type were observed in the roof of the 
spring niche Ho 6 situated in the Sanna river valley. They are cal• 
cite aintera of stalactites, stalag,aitea and stalagnataa of several 
centimetres in length, In the light of the hydrcchemical studies 
carried out in loeaaea /Janieo, 1987/ it should be aa8UID8d that 
theae depositions have nothing in common with spring waters, The:, 
come from waters infiltrating through the cover of carbonate loea
sea which underwent then exudation in relative).y coneiderable quan

tities, 

In the author's opinion some amounts of calcium carbonate may 
be precipitated in oonditions of natural water circulation, among 
other thing&, aa a result of the oocurranoe of eleotrol.ytea with 
a common ion in water solutions, In a laboratory experiment the 
contact of waters of the type ca2•- CO~- and Ba♦- CO~- was aimu• 
lated, Ona of many possible cauaea of the oocurrenoe of auoh a ca
ae in nature 1a &odium ailicate,whioh, in the presence of CO2 
turns into sodium carbonate, A relative eaaineaa of lla2co3 to en
ter the hydrcaphere implies the preaenoe in water of diaaociation 
products of this substrata even in oonsiderable amounts, At higher 
pH nluea, however, -11 amounts /additional/ of co~- are auffi• 
cient to exoeed the ratio of oaloite solubility and to start the 
proceaa of deposition. 
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In the e,cperiJDenta carried out, in aome natural water■ /e,g. of 
carbonate hard.neH 2,95 maq,dm·3 / oaloium carbonate preoipitations 
oould be observed maoroacopically in the presence of diaaooiation 
products of o,0005 mole of Ba2co3, 

5, COBCUISIOHS 

'l'be po■aibility of the enatanoe of waters aatureted with oarbo
natea /ilekin, 1970/ and the frequent ooourrenoe of auoh water■ in 

nature oreatea the need for verification of a olaaaioal model of 
caco

3 
deposition with changed oonditions of the a:,atea, •820-co2-

-caco3. Suoh a model ia often the baaia of inhrpr■tation of var
ious pi.Doman& obaerved in areas of oarbonate karat. It 1a adTiaa
ble to approach the interpretation of karat phen011ena indyviduall.y, 
beoauae it often happens that the ■aaa effeot, ••8• deposition, can 
have different oauaea whioh are alao oondi Uoned by geochemiatry 

of the envirc111118Dt, 
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SURFACE FEATURES AND THEIR RELATIONS TO THE CAVES 
IN THE AKIYOSHI PLATEAU IN JAPAN 

MIURA, HaJt•e 

In Japan. the Akiyoshi plat'eau is known as the widest 

1 hies tone terrain extended over 130ka1 including .ore than 

200 caves. This limestone plateau 1s subdivided into three 

erosion s urfaces wt th low reliefs. The nwnber of dol Ines 

on each ersion surface 1:i the greatest on the alddle surface 

occupying about 68\ of the total area. As for the doline 

density, itd.-s the highest o n the high surface. 

Vertical distribution of caves l n this plateau are 

respectively concentrated at thr ee levels . Aklyoshldo. the 

largest cave, ls one of low l evel caves and Takaga-ana, 

the second largest cave. ls one of ■iddle level caves. 

Takaga-ana cave has a vertical shaft like a collapse 

doline on the ■iddle erosion surface. Lb.ls recognized that 

three cave levels at 180... 160n and 140. above sea level 

ex i st in this cave and these levels a r e closely related 

with depositional surfaces in Vowara Uvala. An analysis 

of orien tation of karren on the 9round surface reveals hioh 

frequencies in NS0-7o•s,, N2S-◄o•B.. NJS-ss•w a nd e:-w. And 

this tendency nearly corresPonds to fequencies in direction 

of cracks i n this cave and the Jogitudinal cave fona. 

I. INTRODUCTION 

In Japan .. the /\kiyoshi plateau is known as the widest liaestone 
terrai n e xtendin9 over 130km2 for its abundant karst features 
i ncluding do lines, karrenfeld. pol je.. karst-sprlngs.. caves. This 
11..estone terrain is about J OO. to 400. in height above sea
level with gently undurated surface ond 110stly serrounded steep 
Nrginal slope. 

About 2,200 dol ines are l ociltcd and mean dol{ne density for 
tota l area Is about 20/k•2 on the plat.eau:-Uut the highest density 
display 140-160LFC!n tfm central part of the east Jlkfyoshl 
plateau. 

Over t he Aklyoshi limestone terrain .. it is possible to divided 
into three l evels of erosion surfaces with low reliefs. The writer 
threw light on the geoaorphological feature and the dating of 
this three erosion surfaces. On the other hand, this plateau 
ls the most cave-crowded terrain incl uding abou t 300 caves and 
the spatial distribution at altitude of each caves is becoming 
to reveal by devoted cavers. Accordingly, the writer ls going 
to raake c lear the relationship of surface features and caves 
in this liaestone plateau. 

2. GEOIIORPIIOLOGICAL t'EATURSS Of BROSION SURl'ACSS IN THB AKIYOSHI 

~ 
2. 1. Identification Method of Erosion Surfaces 

The writer aade a slope classification a.ap of the l\kiyoshi 
1 iaestone terrain using the topographical aaps of 1: 25. 000. A 
distribution aap that was drawn out only areas with gentle slope 
less than 1S de9rees in gradient and coordinated to three levels 
of erosion surfaces, sudivided into six levels.. in the same al
titude zone is Fi9.2: It is recognized to be well preserved in 
a state of the initial surface with low reliefs. 

Koreover .. it is Fig.3 that is generalized on the three surfaces. 
subdivided into six levels.. on the basis of the distribution 
IMP by the above-aentioned method over the Aklyoshi limestone 
terrain. 

2. 2. GeonK>rphologlcal features and Dating of Brosion surfaces 

The high l evel s are J i9okudai surface of 410-370m at elevation 
and Nanagadake surface of 350-320... The ,.iddle l evels are ChOjaga
aori surface of 310-280... Wakatakebara surface of 260-240. and 
Klnokubo surface of 220-180... The low level is Obanyama surface 
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Die 8eziel"u"'lg der Cl>eflichengeal■lt t.m der Ht>hl e 

des Akiyoshiplaleaus in Japan. 

In Japan h t das Ak1yoshiplateau ■it aeinen no tc■2und uber 

200 Hohl en der bek9l"W'llea te Karel. 

Dis Kalkelunplateaiu beatehl eus J Abtragungsoberfllchen ■it 

medrige■ Relief. 

Die Zahl der OoUnen 1st a■ grtsOten auf der ■ittleren Ablr~

oberfliche, die 68S der gea•ten Ka.ra trtiche eiMi•t. 

Die Oolinendlchte iat die hochate aur der hochst en Abtragwiga

oberfliche. Verlikel ■ind die Hohlen euf elle d rel St uren verteilt: 

Akiyoshldo lat die gr60te Hohle -..r der l#lleren Sture IM'ld die Takaga

ena Hohle die groOte eur der ■ittleren Stufe. Die Takaga-ana HcihJe 

hat einen verti.kalen Sc:hacht eur die ■ittlere Ablregungsoberrtkhe 

hin. Han hat J Hohlen-Hohenunterschiede geaessen. [ine auf 

18o■, eine euf 16o • • eine auf 14o • Cber ,._,11. Dieae drei 

Hcfhlen enhprechen der Aufschuttoogsfliche in Yoware Uvala. 

Die Analyse der Or .icnllerung dee Karren euf der mterfliiche zeigen 

9.roOe Hiu'1gke1t 1n den Richt...-.gen N So-7o• O, N 2S-4o• O, 

N lS-SS• W l6ld 0-W. Oieae Richhngshiiufigkeit korreapondiert ■it 

der Richlung der Spalten in der HOl"lle und der Richt..-.g der Hahle 

selbst. 

of 160-130... 
The writer aade a distribution tnaP of doltnes over the Akiyoshi 

plateau on the basis of i nterpretation of s tereoscopy on aerial 
photogrG9hs of 1 : 10 .. 000. It is Tab.l that draw out a tabular 
fora calculating the mnber of dol ines on each erosion surfaces. 
The results reveal distinctly their difference of each s urfaces~ 
to say 110re precisely the nWlber of dolines is the 9reatest on 
the ■iddle surfaces and extrenl y few o n the newer low surface. 
As for the dollne density, It Is t he hl9hest on the o ld high 
surfaces. 

= _,.IJMUTONl 

.·.·.:·AU.YIW'I 

I 2 ♦ JIM .___, 

fig. 1. Locotlon of the Aldyoshl Plateou. 
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t lg.?. froslon su-laces In lhc west Aklvoshl Plateau. 

The h I qh surfnr.r.s. Ji qokuda i ;md Manaqadnkc, stand like monad
nock wi Lh flat summi l Above the surround middle surfaces. Con
sidering to identify Jigokudai surface with the KibikOgen erosion 
surface in the Chllqoku region, its formation stage may be during 
the late Pleiocene. Among the middle surfaces occuplng 43\. of 
the total area. ChOJagamori surface is presumed to had been formed 
at Lhe Llmt: of the early Plei!'.Lcene with reference to age of 
Ki Laynm.=ak i tano-yokoana cave qr.1ve I (after Dr. Kawano) and \.lakatake
barA, Kino'<ubo surfaces formed during Lhe middle Plelslcene on 
the bAs Is of age of Fusenana cavr. gravel . 

J. SURE_/_!~_ fllJ\TURE /IND THEIR RBL/\TIONS TO T/\K/\G/1_~~~-C/\VE IN 
TIIR llllS'r /\KI VOS![ I PL/\TE/\U 

3.1. A General Feature of l>islribution at /\ltllude o(. Caves--.!..!!. 
the_ J\k!._yoshi Plateau 

In recent years. l t has been becoming to clear up about 300 
caves ancl their lenglh,slze,altitude on this plateau as the result 
of investigation by devoted cavers. 

After Dr.Kawano(1983) and other, caves in the /\klyoshi plateau 
are possible to be divided into three groupes; the high altitude 
caves at 300-250111 in height. the middle caves at 200-160m and 

the low caves at 130-SOm near by allvial plain. 
The hJgh altitude c aves are mostly l o cated on ChOjagamori 

surface. The middle altitude caves are crowded at level of 180-
160m and their entrances exsist mostly on Wakatakebara surface. 
Most of the low altitude caves are lateral caves that their 
entrances are situated at the foot of this 1 imestone plateau. 

/\kiyoshidO, the largest cave in the Ak iyoshi plateau. is one 
of the low altitude ca_ves and Takaga-ana. the second largest 
cave, is one of the middle altitude caves. 

Then it would be discussed fully the surface features and 
t heir r e lationship to cave as example of Takaga- ana cave. 

3. 2. Morphological Features on Plane and Section of Takaga-ana 
Cave 

Takaga-ana cave Is located on the northern part o f the west 
Akiyoshi plateau and its entrance is situated at 240m in height. 
This cave is a large complex cave wi th vertical entrance of 41m 
in depth like a col lapse dol ine and lateral caves connected with 
several passages. It extends more than 1. 500m along main cav e 
route and its total length along measuring lines of the cave 
system including more than 40 branch caves attain about 4, 500m. 

This cave plane is as following Fig.4. Outline of cave system 
is seemed to be composed of the network of halls and passages 
developed along many fissures of NE-SW. NW-SE. N-S and E-W for 
direction. Actually, the fissures . joints and faults of these 
direction are found in this cave. 

The longitudinal section along main cave route is shown on 
Fig.5. It is recognized that the levels of cave floor and flat 
celling exist at 200-lBOm. 170-160m and 140-130m in height. Among 
these levels. the dominant level of cave passages is about 170-
160m. 

3 .3. Olrection of Lapies on the Ground Surface and their Relations 
to the Cave 

It is convnonly known that caves are formed along lines of 
weakness ill the pervious rock such as fissures. joints. bedding 
planes and faults . As previously stated. it is presumed that 
outline of Takaga-ana cave system "'8Y be defined along about 
four lines of weakness in limestone mass. 

on the other hand. the writer investigated thoroughly the 
direction of laptes in the vicinity of Takaga-ana cave. It is 

rarely the case that find an outcrop of limestone on the ground 

surface because this plateau is deep-soiled with about Sm in 
the mean depth. But the direction of lapies were surveyed in 
117 points of the scattered outcrops in the field. Its result 
is shown on Fig. 6 as the distribution map. on Fig. 7 as the fre
quency diagram. 

J\n analysis of the direction of lapies reveals high frequencies 
in NB-SIi (N25-40 " E. N50-70" EJ. NII-SE (J5-55•11. N65-75"11) and 
K-W. And this tendenc y nearly corresponds to frequencies in the 
direction of cracks or fissures in Takaga-ana cave. Comparing 
with two results of survey in the cave and investigation on the 
ground surtace. it is suggested that a network of directions 
of lapies. expressly the set of NW-SR and NE-SW. represents the 
conjugate system of Joints in limestone mass. 

Jl-lsu-tace 
II ~esu-tace 
Ill ChoJ_..,,.I su-tace 
IV Wakatllkebara su-face 
V Klnolo.bo suface 
VI ot>onvama smoce 
11 Upper 1 err ace 

flg.3. Erosion Sufeces divided Into six levels aver Aklvoshl plateau. 
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Flg.4. Plane of Takaga-ene Cave end lopcx,--ephy of the gr<Uld s,.rt&ee. flg.8. Geomoo>hlc S\l"l&ees In lhe vlclnlly ol YCYW'fYa Uvale. 

Jlgokudal Sllf ece 

Manegadeke suface 

ChoJ,,_I Slllace 

Wek81ak<bara Sllface 

KlnoklJ>o Mace 

vowera sa.rtace I 
Y<:JtN018 su1ace II 

Alluvial plain 

Flg.5. Longitud inal secllon of the Taka98-ana Cave. 

Flg.6. Distribution of direction of leples 
In the vicinity of Tekaoa-808 Cave. 

Flg.7. fr~ dl8'nffl of direction of laples 
In the vicinity of Takaga•ena Ceve. 
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Jlgokudal swtace 
Managadake sufece 

ChoJagemorl Sllface 

, .. _ 
100-, .. -

m 
◄00 

100 

flg.9. Relations between the Takaga•ana Cave end geomorphlc Sllfeces. 

Tob.1. lbTt>« of Oollnes and Oollne Density on Each 
Geomorphlc SUfaces In the Aklyoshl Plateau. 

Geomorphlc SU"faces Arr,: ~nes ~'ffv ~g,11ne 

High SU"face 
Jlgokudal S. 2S5.5 143 0.56 

0.57 
~s. 636.3 364 0.57 

Oi>Jagemorl s. 1222.3 763 0.62 

Mlddle5u-face Wek8tekel>er8S. 11n.9 681 0.58 0.51 

Klnok\bo S. 755.7 174 0.23 

low Suiace Obanyama s. 302.4 28 0.09 0.09 

Total 4350.1 2153 0.49 



llow.•vn1. Un~ rissurns of N-S dirncllon influencf?d in fonaotlon 
of parts of •aiu r.,,vtt rm1Ln Is sc:nrrely found tn the surface 
fontur o of Joi nL syslt!ffi. On LhP. born IR of cnrfu I survey l n Lhe 
r.nvft, 11 c•nr.n ouL Lhnl. woro n ,mwcr I nrqo fnu IL brcakcd Lhe 
wnsl l\klyoshi I irnnslonc •nss. 

l. 4. ~omorphic: !5ur,[nrns nnd lhnlr Rnlnt.ic,1~tho Ocvolopacnt 
Q_f"Lh1!...!_~ 

Gr.omorphlc surfncr.s lu Lho vicinity of Tnkoga-ann cave nre 
dovoloJ>Qd lnl.o Lho orosion surfnce:s of six levels nnd the deposi
Llonnl sur fnr.cs of Lhrce hwnls. I\ dlslrlbutlon of qno.orphtc 
surf11cos Is shown on t'iq.6. The depositional surfaces ore two 
levels of di luvlnl Lr.rrncns nnd al tuvlnl plain in Lhe Vowara 
Uvnlo. 1·hn hlqh Lorrnce Is c:nl led Vownro surface 1 of 100-170,n 
In lmlghl nnd Um low terrace Is cnl led Vowarn surface 11 or 
16011. /\1 luvlnl plnln of the lowest surface tn Vowara Uvale ls 
140. In lrnlqhl. 1·110 qP.OaOrphlc surfaces and their relation in 
holqhl nr Tnknqn-nna c:avo is shown on fig.9. 

ln lllnl rona.,Lion or TakA9a-ana cnvo had been originated as 
an undorqround conduit In tho phreatic 7.one at sl.89e of Wakolc1ke
bnra nro~lon surf11co. Thal Is provably gussed al the early aqe 
or alddlr. Phdsloceno. Successively • It had been extended as 
lntcrnl pnssilqA or 180. lovnl al stable age or the ground water 
t.nble durluq tho roranLion of Klnokubo nroslon surface. lts level 
corrcsl"Huls Lo Vmmrn surfnc:o I . This slaqe Is provobly during 
Lho •lddlo rlclstoccno. Tho stream In cave of 180. lovel had 
been flowc~ toward Lhc we~L. soae Ll...o later were captured toward 
Lhe ens\. by the Kol.0 River. 

l\s smm on f'lq.9., Lho rnnJor J)ftrl of Lhls JaLoral cave had 
bmm onlnrqOO ns pnssAqes of tho undor qround river type al about 
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170-160. in height. Its cave level corresponds to Yowara surface 
I J of 160111. That stage 11\aY be the late age of middle Pleistocene. 

The westernpart in Takaga ana cave ls tho lateral passage 
with flat celling at 140-135fl level, developed as the oround 
water Lable type cave during the late Pleistocene. There are 
the two kinds of volcanic ash ori9led fr011 Aso volcano and Aire 
volcano .. rodep0slted in this passa9e. Its cave level corresponds 
to the lowest surface covered with gravelly altviu11 of 140.. in 
altitude in Vowara Uva le. This geomorphic surface in Uva le is 
higher about 40.. than the surrounded karst raarginal plain along 
the Koto river. 

consequently tho .aln part of the •lddlo altitude cave, for 
exa111ple of Takaga-ana, had been developed during tho formation 
of larc;1e Uva lo in the Aklyoshi l hnestone terrain. 
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PRELIMINARY ZOOGEOGRAPHIC ANALYSIS OF FIVE GROUPS OF CRUSTACEAS 
FROM ANCHIALINE CA YES IN THE WEST INDIAN REGION 

HOLSJNGER, John R. 

ABSTRACT 

'The near congrucn1 ranges or five recently discovered gene" or cruslaceans from 
aoch.ialine caves (i.e .. caves with bodies of water that have subterranean connections to 
thc sea) in thc WC51 Indian region form a generalized distribution track lhal extends 
wcs1-sou1hwes1 from the Bahamian island chain, across Cuba, lo the Yucalan Peninsula 
or Mexico. Th..., cruslacean genera, which consist or Speleonectes {Rcmipedia), 
lhlwlzil (Amphipoda), Rllb&laoa (bopoda), J.wwne11a ('Thermosbacnacea), and 
~ (Dccapoda), arc represented by 19 stygobionl species, 17 orwhidl occur in 
lWO disjunct areas or cndcmism: (a) thc Bahamian archipelago (Bahamas and Turks 
and Caicos Islands) and (b) the northcastcrn c:oaslal region or the Yucatan Peninsula 
and the nearby island or Cozumel. 

On the assumption 1ha1 this generalized track is an cstima1ion or thc dis1ribu1ion or 
1he anccs1ors or thc presen1 siygobion1 species, ii is hypo1hcsizcd thal thc laucr cvolvcd 
from a pulative marine anccslral rauna previously ranging from the Bahamian 
archipelago to the Yucatan Peninsula. It is also hypothesized that caves in bolh areas 
or cndcmism were colonized by preadapted marine ancestors in response 10 changes or 
sea level during the Quaternary, and perhaps even earlier for some caves. It is likely 
thal addi1ional species in some or all or these cruslacean gene" will eventually be found 
in suitable subterranean habilalS on Cuba. 

I. JNIROpucnoN 

Rccen1 biological exploration or anchialinc caves (Le., caves with bodies or waler tha1 
have sublcrranean connections to the sea) in 1he Wesl Indian region have rcvcalcd a 
swprisingly rich divcrsily of siygobionl cruslacean lax&. ThC5C newly discovered wa arc 
providing valuable dala for biogeographic analyses and further insighl inlo thc 
evolutionary history of Wcsl Indian cave faunas. In thc present study, which is s1ill very 
preliminary, the remarkably similar geographic distribulions offtve exdusivcly stygobionl 
crus1acean genera arc analyzed. 

2 OBSERVATIONS 

During an ongoing inves1iga1ion of the sys1ematics and biogcography or sub1em,ncan 
arnphipods from the Wcsl Indian region, ii was observed th11 the genus llllwmll 
(Hadziidae) (Holsinger & Yager, 19&5; Slock, 19&5, 1986a; Ho lsinger, in preparation) 
shared similar pane ms or geographic distribution wi1b four other genera or sub1em,ncan 
crusiaceans. ThC5C genera indudc lhe remipcdc Sgeh;onectes (Spcleoncctidac) (Yager, 
19&7a), 1bc thcrrnosbacnaccan Ilillllnella (Halosbacnidae) (Yager, 1987b; Bowman & 
Iliffe, 19&8), the isopod Rllb&laoa (Cirolanidac) (Bowman, 1987), and the dccapod 
shrimp~ (Agostocarididac) (Kcnslcy, 19&8). As presently known, all or these 
cruslacean genera, induding ~ arc monophyletic and contain only a small 
number or stygobiont species. With thc exception of a single species or Speleonectes 
from the Canary Islands, their ranges arc nearly congrucnl and collectively form a 
generalized distribution track thal extends wcs1-southwes1 from the Bahamian island 
chain, across CUba, 10 1he Yucaian Peninsula or southern Mexico (Fip. 1-6). ThC5C 
gcncri occur almosl exdusivcly in anchialinc caves, wberc they arc often found bencalh 
a halocline in wa1cr wilh very low oxygen con1cnL All or them have been discovered 
in recent yea.rs.. 

To dale, 17 or lhe 19 species recorded in these gene" occur in lWO widely 
separated areas or cndemism in the Wcs1 Indian region: (a) lhc Bahamian archipelago, 
induding the Bahamas and Turks and Caicos Islands (II species) and (b) the 
northeastern c:oaslal region or the Yucalan Peninsula amd nearby Isla de Cozumel (6 
species). These areas, situated &00 lo 1000 Jan apart, arc physically separated by Cuba 
and open marine walcrs or the Caribbean Sea in several places. J.n addition, ll&lwmJ 
is represented by one species, which is recorded from shallow groundwalers in 
southeastern Haiti (Stock 19&5) on 1he island or Hispaniola (sec fig. 3). lnlcrestingly, 
this species inbabilS shallow wells wi1h predominantly freshwater, ,.the, than anchialinc 
caves with brackish/marine waler like all other species observed in this study. 

3. DISCUSSION 

'The generalized distnbution track formed from the broadly overlapping ranges (sec 
Fig. 6) of the five crusLtccan groups considered in this study suggCSIS lbal they have 

~~ a similar dis~butional history, and lbal this paltcrn is bcsl explained by a 
vicanance model. This model bolds tha1 the prcscnl distnbutions or these cruslaceans 
resulted from fragmcnlation of earlier, continuous ranges or pulativc anccslOrs, and that 
their common areas of cndemism were affected by thc same isolating evenlS. 

An ahcrnative bypotbcsis to the vicariance explanation is a dispersal mode~ e.g., 
migration from a •center or origin,• such as thc Bahamas, to the Yucalan area. This 
argument is statistically weak, however, because ii is improbable that members of five 
diffcrc~l ~ps or c:nJSlacea_m ~d have dispencd lO the same area(s) and have 
~ly idenncal ~tt•ms of dis1nbuuon. Moreover, with the possil>lc exception or the 
sbrimo Agostocaru, oone of these t.aD bas a dispersing larval slage, and adullS or all 
or them arc apparcn~~ restricted to caves or related subtem,ncan habilalS. r,naJJy, 
even though th~ ~cs arc generally marine, there is no evidence to suggest that any 
of ~m.. or the~ pulatrve a.nces:to!"' for that matter, were or arc good dispersers; and 
consul~nng ~ apparent rcslnctJ~ to sub1em,ncan wa1crs, it is unlikely they would 
move mlo cp,gcan ocean water ouwde caves excepl by accidcnL 
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&.es!.!M.E 
Les rtpani1ions congruent• de cinq genre des groucs anchialines (c'esl l dire Jes 

groues ayanl des liasons soulerraincs t la mer) dans la region des lndes occidenLtlcs, 
fonncnl unc trace de diSlribution gtntral qui elend des lies Bahama. au 1 ... vcrs de 
CUba, jusqu' t la Ptninsulc de Yucatan de MCJiquc. Ces genre crusiactcns, qui 
consistcn1 de SpeleooeCJC' (Rcmipedia), l!&lwlzia (Amphipoda), IIAhalana (lsopoda), 
Tulwnell& ('Thermosbacnacca), and ~ (Decapoda), sont rcpresenltes par 
dis-ncur cspucs siygobiontcs. Dis-sepl de ccs ~ccs sonl cndtmiqucs l deux rtgions 
distinctc: (a) l'Archipel Bahama (les lies Bahama e1 Turks cl Jes lies Caicos) cl (b) la 
rtgion coti~re au nord-oucsl de la Ptninsulc Yuca1an el 111c de Cozumel. 

Si on wume que ccttc lrace est unc estimation de la distribution des andtrcs des 
~ccs stygobionlc prtscnte, on emelS la hypothtsc que Jes demieres ont fait cvolucr 
d'unc raune marine anccs1ralc qui s'cst trouvtc de J'Archipel Bahama jusqu' t la 
Ptninsulc YucaLtn. On suppose aussi quc !cs groucs dans diaquc rtgjon sonl tit 
colonistcs par des ance1rb marines qui sont ttts prtadaples l cause des changes de 
nivcau de la mer pendant la Ouatenairc ct pcut-etre auparavant dans le case de 
ccrtaincs groues. C:est possible qu'on trouveront even1uellement des e.s~ccs 
additionellc de cos genre crusLtotcns clans Jes habi1a1S soutcrraincs appropri& t CUba. 

The complex geological his1ory or the Gulf or Mexico-Caribbean region for the last 
approxima1cly SO million years, although s1ill rar from being complc1cly resolved, tends 
lO suppon 1hc vicariancc model described above. For example, recent syntheses of the 
geological hislory and biogcography of this region by Rosen (1975, 19&5) suggcsl conlaet, 
or near conlaet, between parlS or CUba, Hispaniola and Jamaica, berwecn western CUba 
and southern Mexico (Yucatan), and berwecn eastern Cuba, parlS or Hispaniiola and the 
Bahama Bank at various times in the Tertiary berween 48 and 7 million years ago. 
Minimal cont.act in the pa.st between islands that occur in the intervening area bctweer, 
thc Bahamas and lhe Yucatan Peninsula could have provided pu1a1ivc shallow waler. 
ancestral faunas wilh 1hc means for continuous dis1ributions across lhe entire span o! 
the generalized track. Continuous "ngcs would have been rragmcnled and ancestral 
faunas isolated as islands drifted farther apart and bccarnc separated by deep marine 
waters. An imponant prediction of this model is that additional species in these 
wonomic groups will be round in anchialinc caves on Cuba, Hispaniola, and possibly 
Jamaica. Ir 1his prediction is correct, careful invcsligation or anchialinc caves on these 
islands by biologically 1rained cave divers, similar 10 the work already done in the 
Bahamas and c:oaslal karsl or lhc Yucatan Peninsula. should result in significant 
discoveries of new species. 

The question as 10 when putalivc siygobionl ancestors invaded and colonized 
sub1errancan babiLtlS - i.c, before, or after fragrncn1a1ion - cannol be resolved by the 
present dala. II is, '-ever, entirely possible thal thc presenl gcnc,..tion of ancbialine 
caves was colonized in rcponsc 10 changes in sea level during the Ouatcnwy. It is also 
possible 1ha1 the presen1 inhabitanlS or these caves, or 1hcir predecessors, were already 
siygobionlS before the hypolhcsizcd Ouatcnwy colonizations. 'There is some [ndication 
from other studies 1hat many siygobionl wa living in ancblaline caves mighl have 
inhabiled crevicular and in1crstitial habilalS (or even older gcnc,..tions of ancbialinc 
caves) for millions or years before the Ouatcnwy (sec Holsinger et aL 1986; Stock, 
1986b; Holsinger, 19&8). Elevations or sea level during glacial minima in lhc 
Pleisloccnc would have provided access to newly developing anchlaline cave habllats, 
cspccially in karsl areas al lower elevations, for prcadap1ed ancestors or prc-aistcnt 
troglobites living in nearby subtcm,ncan habiLtlS. 

Providina that cnouah new dala become available, future studica on the distnbutional 
history or 1hese tan should employ one or more or 1hc newer, comprehensive me1h0ds 
or vicariancc biogcography, such as reduced area cladograms. componenl analysis or 
parsimony analysis (sec Wiley, 19&8 for a review). I used track analysis (sec Humphries 
& Parenti 1986) in the present study, primarily because of thc limilcd dala se~ which 
involved only a few spccics. liltlc phylogenetic information except ror Blblmia 
(Holsinger, In preparation), and no more than lWO principal arcaa or cndemism. A 
more comprehensive analysis will require additional specica, dclailed phylogcnlca 
(dadograms) for each genus, and rcoogni1ion of three or more arcaa or cndcmism. 
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Figure !.-Distribution traclc of the remipede genus Spelepnectes. Single locality 

rerords denoted by dosed circles and species by numbers as follows: 1, S. ~; 
2, S. ~ 3, S. ~; 4, S. lllllliDaG (Lanzarote, Cana,y Islands - not shown 
on above map). 
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Figure 3.-Distribution traclc of the badziid amphipod genus llallaima. Single locality 

rerords denoted by closed circles and species by numbers as follows: 1, B. ll!illiamsi; 
2, B. mim; 3, B. Kliml.o&; 4, B. !lblillla; 5, B. ~; 6, B. n. sp. A; 7, B. n. sp. B. 

Figure 5.-Distnbution tracJc of the decapod shrimp genus~- Single locality 
rerords denoted by dosed circles and species by numbers as follows: 1, A. willialmi; 
2,A.l=IDil;i. 

5. HOLSINGER, J. R., D. W. WIUJAMS, J. YAGER, and T. M. IUFFE: 
Zoogeographic implications of Bllwlm. a badziid from anchialine 
caves in the Bahamas and Turks and Cairos Islands. Stygologia 1986. 
2, p. 77-83. 

6. HUMPHRIES, C. J, and L R PARENil: Oadistic biogeogiapby. Oxford 
Monographs on Biogeograpby No. 2, 1987. p. 1-98. 

7. KENSLBY, B.: New species and rerords of ca"" shrimps from the Yucatan 
Peninsula (Decapoda.: Agostocarididae and Hippolytidae). Journal of 
Crustacean Biology 1988. 8, p. 688-699. 

8. ROSEN, D. E..: A ¥icarianee model of Canobean biogeography. Systematic Zoology 
1975. 24, p. 431--464. 

9. ROSEN, D. E..: Geological hierarchies and biogeographic a,ogruenee in the 
Canl>bean. Annals of the Missouri Botanical Garden 1985. 72, p. 
636-659. 

10. STOCK, J. H.: Stygobiont amphipod crustaceans of the badzioid group from Haiti. 
_ Bijdragen tot de Dierkunde 1985. 55, p. 331-426. 

11. STOCX J. H.: 1wo new amp hi pod crustaceans of the genus BaJwll.ia from 'blue 

26 

HISPANIOLA 

/) 0. .. 
Figure 2.-Distribution track of the thermosbaenacean genus ~ Single 

locality rerords denoted by dosed circles and species by numbers as follows: 1, I, 
~ 2, I,~; 3, I, IIWd=-
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Figure 4.-Distribution track of the cirolanid isopod genus llillwina. Single locality 

rea,rds denoted by closed circles and species by numbers as follows: 1, B. ~ 2, 
B. ~ ; 3, B. IWU'&lli-

Figure 6.-Generalizcd traclc and summary of the distributions of five genera of 
subterranean crustaceans discussed in this paper. 
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BIOLOGY AND WATER QUALITY OF CAVES RECEIVING URBAN RUNOFF 
IN COOKVILLE, TENNESSEE, USA 

PRIDE, T h omas E. - OGDEN, Albert E. - HARVEY, Mlcha~, J . 

ABSTRACT 

Hydrologlc phyaloche.alcal data vere collect ed and benthlc aacrolnvertebrate 
c~ltles vere saapled froa three cavu ln Cookeville, TeMessee, USA. Capshaw 
and Aaent caves are hydrologically COI\Mcted and axhlblted the greatest 
phyaioche■ical varlablllty. City Spring Cava v u leu cont. .. ln.aced and had the 
highest Shannon diversity index (0.49) for benthlc aacrolnvertebratu followed 
by Cap■hav Cave (0.32) and Aaent Cave (0.25). A dlffannc.e (p<O.OS) aaong all 
three coaaunltles vas found to u:lst. A t"alatlon■hlp between declining water 
qudlty and reduced biotic dlvaralty ls ■uuuted. Conduit. ■ysteas receiving 
urban runoff and savage hava a lover dlvu·slty than cave vat.era recharged 
dlf!usely ln agricultural settings. 

INTitODUCTION 

During recent year• there has been increasing concern for protecting the 
quality o f karet ground vater •Y•teu. Attitudes concerning disposal of solid 
and llquld vastes ln karst envlroraenta have changed vlt.h the realhatlon of the 
dyna.atc relationship betveen aurface vater and subsurface cave and spring 
syste11s. In th• southeastern United St.ate•, .. jor le.ant regions are associated 
vith Hississipplan ll■estonu of the Interior Lov Plateaus and faulted and folded 
llMstones ln the Appalachian Valley and Ridge Province. As auniclpalltlu 
located ln th••• regions grov, nav and Innovati ve action. vlll be necessary to 
avoid contaalnatlon of ground vater sysuu. 

Hany areH have alr .. dy experienced the result• of i nadequate disposal 
facilities. especially vi th uvage. In Cookeville, Tennessee, auch of the 

surface vater runoff enters ainkholea and flovs through a series of fractures 
and cave passages before eMrgina as springs. Physioc.he■lcal degradation of 
this subterranean syatea by laproperly traat.ed aunicipal vast.a and urban 
develop■ent vu previously docuaented by S■ithson (l97S), Faulkerson et al. 
(1981). and Villon (1985). Prior to thh atudy, no quanti c.ative aHu .. nt of 
the cave fauna in Cookeville had been perfor.ed. h Cookeville continues to grow 
with both urban and industrial develo~nt, the quality of water e ntering theu 
11::av•a. vlll cont:lnue t:o have • profound lap•ct: on t:.h•lr blologlc•l c~nlt:y 
structure and usoclat:ed spring water quality. 

The s peciflc objectives of this study were to : 

l. 

2 . 

) . 

Deteraln• the effects of urban vat.er runoff in Cookavllla on cave 
and spring water quality. 
Conduct a banthlc .. c roinvertabrat• aurvay of selected cav•s in and 
around Cookeville. 
Deter■ine the relatloruhlp batveen waur che■istry and cave streu 
benthlc ca.aunl ty structure. 

LOCATION ANO CEOI.DCY 

Cookeville, Tennessee, USA, ls locat•d on the eut•rn Highland Rl■ of the 
Cuab.rland Plateau (Figure l). St.re ... originating on the plateau to the eHt 
of t:ovn flow over shales and undstonu until u.nderl ylng HiulHipplan·aged 
liMstone beds are intersected. So■e atreaas sink vhen they r each the B.angor 
LiMatone vhlle others s ink lnto the lover Monteagle, St. Louis, or Waruw 
ll■estones. Subterranean vat•r ■oves through caves, pits, and solution enl arged 
fractures until eaerging H spring flow. Deep, plt-typa vertical caves for■ ln 
the Bangor and Hont•agle ll■astone■, whereas long, horh:ontal caves usually occur 
in the St. Louis and Varuv ll■estonu . Th• undarlylng Fort Payna For■atlon, 
a densa s lllca-rtch li■estone, acts as an aquaclude and h not conducive to cave 
develop■ent . StTea■ sinkpolnta are either open cave entrances which can be 
explored or sedi .. nt-fllled ■inkholes and fracture■ along streaa bottou . 
Descriptions o f tha caves were ude by Barr (1961), Matthews (1971), Faulkerson 
et al. (1981), and the Tennessee Cave Survey . To date, approxiutely 11 
kiloMters of cave passage have been surveyed wi thin the clty ll■its of 
Cookavllle. Host of theu caves occur in the Varsav Ll .. s tone and all ere 
hydrologically active. 

Benthlc ucrolnvertebrate ■a■ple■ vere collected fro■ Ci ty Spring, Capshaw, 
and Aaent cevas and v eter auple• were collected fro■ their reapectlva 
ruurgances. City Spring Cave h located approxlutely 300 M.tere north of the 
for■er Cook.a.ville filtration plant on Clty Lake. Tba a uociat a d aprlng vaa uud 
u a veter supply for the Clty of Cookeville during the 1920'•· Surveyed length 
of tha cave ls 629 ■aters, the flret half consisting of stoop-slza passage. The 
reaalning passage is walking she and ter■inetes i n a large breakdovn fill. A 
sull atreaa flows the entire length of tha cave. 

Capshaw Cave vas described by Faulk.anon et al. (1981). Tha cave ls over 
6 klloeeurs l ong, au.ch of which h valklng •h• pauage. Th• cave is 
hydrologically related to uveral s inking are ... and ainltholu on the aurface. 

As shovn ln Figure 2, tha vater froa Capshaw Cave resurfaces at the Canal, 
a kars t window. flows approxiutaly 300 .. car■, and ■lnk,i into Aaent Cave at a 
auap. Tbe cave l s developed into cvo aections; a large, l over streu pusaga. 
and a dry, upper laval ■a.z:e. The surveyed length of the stTea■ paHege ls 792 
■atan fro■ the up•t.reu •\a:P to tha ra•urgence a t: the head of Pigeon Roost: 
Creak. This pHsag• average• I .. cers vlda and contains long pools saparatad 
by rlfnas. Flotati on dev ices or .-vlaalng are necessary to expl ore t hl• section 
of tha cave. The upper laval h eully travenabla and heavily visited. 

In .July 1910 , Kaman and Brlnkhurat 0914) gathered quallc.atlve collections 
of benthic invertebrate• froa Aaent Cave and seven other ■outheastern U.S. eavea. 
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RESUNEN 

Data flslcoqul■ica hidrol6glca fue acuaulado y co.unidadu de 
ucrolnvartabrados b4ntlcos fueron auastreados an tres cueva• en Cookavllla, TN 
EE.W. Las cu.eves Capshaw y Aaent son hldr6logic ... nte conectedos y sln eabargo 
de■ostraron la varlaci6n flslcoqut■lc• Ms grande. La cueva Clty Sprlng uuba 
■enos contulnado y ten(a el Us elevado (0.49) lndlce da dlvanldad Shannon de 
Mcrolnvertebrados b,ntlcos. Los Indices de Capshaw y Aaent son 0.12 y 0.25 
respect:lvaaente. Se dlstinqul6 una diferencla (p<O.0S) entre lu tres 
co11Unldades. Se sugl en que exlste una relacidn entre la declln.ante calldad de 
aqua y la reduccl6n en dlversldad bl6tica. Slate■-• de cavarnas que reclben 
desaqUe urbano y aquas negr•s tlenen una divers ldad ■enor que eguas de cuevas 
recargadas en foraa dlfusa en areas agrlcolas. 

Figure 1. Ceographlc location or Cookevllle, 
Tenneoaee, USA 

·---Sc.•1111,,., 

figure 2, Locations and h,yd.rolORic relatlonahip 
or the Capahav a.nd Aaent Caye syateaa, 
1n Cookeville, Tennessee, USA. Dotted 
llnee indicate atralgbt-llne subterranean 
nov patha. 

In A■ent Cava they reported findi n& one apeclas of ollgochaata (LfllD9dtllUI 
boff■dattrl), one apeclaa of chlrono■ld (CrlcotOPYI ~), and ona genus 
of a■phlpod CStYCObIPWYI sp.) 

A.■ent Cave la a •uaaar roosting alte for a bachelor col ony of gray bats 
(ttx.e.tll. ~), both a st.ate and federally l htad endangered apec laa. 
Harvey and Pride (1916) reported an utl■atad 4700 bat.a in the c.ava in Auguat: 
1916. The bat.a vere not counted durlna the •tudy period to avold dhturbl n& 
thea. Recognition u an endanaared apecle■ apecifleally prohibit■ cha 
dhturbanca of the bata in thh cave duri na th• • ..,...r roosting aaason (l April 
through l October). 

KEtllODS ANO IIATEIIIALS 

Vater saaplas ware collected froa the Canal , Aaent Ruurgence, and Ci cy 
Spring. Hoat •ltes ware •aapled e very tvo veelts froa Kay 1987 through April 
1988, although ■euure■ant of •oaa par&aetera did not begln until June 1987. 
A ■ore co■prehensive eharactarlza t lon of Cookav llla'• •inkin,g atreau and aprlng 
vater quality h given by Pride at al. (1981). 



Table 1 

Kaana and R.angu of Selected Phyaloche■ical Data. fr011 the Canal, 
the Aaent Resurgence, and City Spring, Put:naa County, TenneHee 

Huch 1987 - Hay 1988 

Paraaeter 

Teaperature 
Dissolved O.ygen 
Conductivity 
Turbidity 
Nitrate 
Chloride 
Sulphate 
O· Phosphate 
Alkalinity 
Hardnesa 
Total Organic carbon 
Fecal Colifora 
Fecal Streptococcus 

Te■perature 
DlHolvad Oxygen 
Conductivity 
Turbidity 
Nitrate 
Chloride 
Sulphate 
O· Phosphate 
Alkalinity 
Hardneu ~:::t ~f1~!~ Carbon 
Fecal Streptococcus 

Te■perature 
Dissolved Oxygen 
Conductivity 
Turbidity 
Nitrate 
Chloride 
Sulphate 
O•Phoaphate 
Alkalinity 
Hardness 
Total Organic Carbon 
Fecal Colifora 
fecal Streptococcus 

Unita y 

!.Anal 

C" 14.0 
■g/1 7.9 
uahoa/c■ 324 
N.T.U. 13.2 
■g/1 o. 7 
■g/1 10.4 
■g/1 16.l 
ug/1 39 .4 
■g/1 129 
■g/1 130 
■g/1 s. 7 
•coloniu/100.l 2579 
#coloniu/100.l 930 

Wot Ruuncru:e 
C" 
■g/1 
u■hos/c■ 
N.T.U. 
■g/1 
■g/1 
■g/1 
ug/1 
■g/1 
■g/1 
■g/1 
#colonies/100.l 
#colonias/100.l 

14. 7 
7 .s 
343 

14.8 
0.8 

12.l 
13.9 
ss.s 

137 
ISO 
4.9 

213S 
!SU 

CLIY Serln, 

C" 
■g/1 
uahos/c■ 
N.T.U. 
■g/1 
■g/1 
■g/1 
ug/1 
■g/1 
■g/1 
■g/1 
• coloniu/100.l 
#colonlea/100.1 

14.2 
8.9 
364 
2.2 
l. l 

11. 7 
9.1 

S6.6 
ISS 
167 
l.O 
222 
626 

Hin • Kax 

9.4 
S.2 
211 
1.9 
o.os 
4.9 
9.S 
20.l 

- 19.4 
10.6 
416 
S4.0 

98 
S9 

o.s 
88 
30 -

9. 7 
4.0 
232 
l.l 
o.os 
6.1 
9.4 

24.9 
92 

101 
2.1 

10 
10 

13.0 
7. 7 
274 
o.s 
0.18 
8.4 
S.2 

l. l 
18.6 
23.9 
67. 7 
167 
170 
10.0 
10000 

2SOO 

20.8 
10.0 
404 
67.0 
1.4 

18.6 
19.1 

107. l 
172 
193 
9.1 

10000 
14000 

lS.O 
11.0 
4lS 

10.4 
4.1 

16. 7 
32.4 
98.2 

191 
202 

10.0 
1000 

30. 7 
107 
90 

0.3 
0 
0 - 4000 

Median 

12.9 
7 .6 
317 
6.0 
0.8 
9.0 

lS.9 
37 .4 
121 
133 
s.o 
490 
48S 

13.6 
7 .4 
lSI 
7 .2 
0.8 

12. l 
13.l 
lS.6 
144 
IS2 
S. l 
440 
770 

14.l 
9.0 
374 
1.4 
l.S 

11.6 
6.6 

S3.S 
162 
173 
1.8 
130 
2lS 

Riffle area1: In all three cave• 'fore rando■ly •~led ft"o■ OcLober 1987 
to Karch 1988. Saaplu vere collected vlth a ■odlfhd version of a Surber 
aupler (0.09 ia

1
) and transported to the laboratory for proceulng. All 

organhas were preserved in a 701 EtOH solution, em.aerated, and identified to 
t.he lowest taxono■lc level possible. 

RESULTS 

In order to compare vacer quality ct.ta an analysh of variance and the 
Tukey test were perfoned vith para.aeter Mans froa City Spring, Aaent 
Resurgence, and the Canal (Table& l and 2). Hean.a of dluolved oxygen, 
turbidity, sulphate, total organic carbon, fecal colifora, and fecal 
streptococcu. at City Spring vere •lightly better, qualltativelty speaking, than 
Mans at the canal and Alllent Resurgence. Hoveve r, dissolved oxygen, sulphate, 
and fecal colifona vere significantly better at City Spring vhen co■pared to the 
Canal. Vhen co11paring City Spring and Aaent Resurgence, dissolved oxygen and 
nitrate■ vere the only par ... ten with a algnlficant difference; both were higher 
at City Spring. Although vacer quality appeared to decline based on aoae 
paraaeters (diuolved OKygen, turbidity, chloride, sulphate, ore.ho-phosphate, 

and fecal atreptococcua) betveen the Canal and Ament Resurgence, no significant 
differences vere seen. 

Both Capshaw and Aaant Caves have hi■torically received large uounts of 
pollution, aoatly in the fora of rav or laproperly treated sevage fro■ an 
ant;lquated vatevacer treat:aent plant and receiving lines (Dailey, 1975; 
FauUr:erson et al., 1981). In January of 1915, a nev treacaent plant located 
dovrutreaa of all the atudy alt.a, began receiving Coolleville'a vaatevater. 'The 
Capahaw/Aaent ayate.a haa aince recovered aoaevhat although occaalonal diachargu 
of rav ••wage in the •yate■ reaulc.d in NNnt RHu.rganca having the lowest 
dbsolved oxygen reading• coeparad to all other alt••· 

Table l Usu the benthlc ■acroinvartebratea found in City Spring, Capshaw, 
and Aaent. caves froa October 1987 to March 1988. A aurprhingly large nuaber of 
eplgean foraa vare found in all three cavea. ?tie only troglobitlc organiaas 
found vere 6.llll!a ap. (hopoda) and crayflahea (~ sp.) froa City Spring 
and Capahav caves. Ith pouible the single~ sp. (Allphipoda) taken from 
City Spring Cava h a troglobite, however, da■age to cha organh■'• head &ade 
further identification iapoutble. Non•pip,anted crayfish vere observed in Aaent 
Cave but no lndlviduala vere taken vith the Surber. 
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Bealdea the bent.boa, org.anb .. obaervad in City Sprin& Cave included eave 
sala.aandan (~ ~), aouthern cavefhh (TyphUchthYI 1ubt:erraneu1l, 
cave crick.eta (C,ytboohllYI .w.illiRI.I. and ~ 1ubterraneu1l, and an 
unide ntified apeclea of beetle. Unidentified ailllpedea, apiders, and beetles 
vere observed in bot.h Capahav and Aaent cavea. In capshav Cave, atoneroller.s 
(~ I..D2Rl.11la) vere often seen in the aurk.y vater and an unidentlfled 
apeclea of catfish vaa seen on one occalaion. 

Pooled Shannon diversity indicea vere coaputed for each cave for the entire 
aa■pllng period and are shown in Table 4 along vith the percencage of occurence 
of each tax.on. Many organls■- could not be identified to speciea level; 
therefore, to re■ain cona:htent, order vas wed u the lovest level of tax.a in 
all coaputa.tions. Capahav and A■ent caves vere doa.lnated by ollgochaetes and 
dipteraru; the reaaining organlsu ■ade up l•n than 6.01 of the individuals in 
Capahav Cave and less than 1.51 of the individuah in Aaent cave. It ls 
lntereatlng to note that none of the ollgochaetes or chirollOllids found during 
this study vere the s ... as Kaca.n and Brinkhurst (1984) found in 1980. City 
Spring Cave contained the largest nuaber of taxa of the t.hree cavea with h:opoda 
aaklng up t.he largaat percentage (67. 9) of organls ... 

Capshaw and A.ant cavH had dlvenity indices of approxt .. tely 0.32 and 
0.25, rupactively. City Spring Cave vu aoaewhat higher at 0.49. Ualng Hagg'• 
(1987) ■ethod for aultiple coaparilons of divenity indices, a difference (p < 
0.0S) aaong all three c~ities VH found c.o exlat. 

CONCWSIONS 

Although a statiatlcal difference existed betveen divenitles of Capshaw 
and Aaent caves, percentage of occurence of t.he dollinant groups (ollgochaetea 
and dipterans) vere very al■llar. High abundance of Ollgochaeta and dipteran 
larvae are co.:aonly used•• an indicator of organic pollution in aurface sere .... 

Table 2 

Result• of Palr-viae Coaparlaon, (AHOVA) of Physloche■ical Data 
froia City Spring, the Aaent Resurgence, and the Canal 

at Alpha - 0.10 and Alpha - 0.05 

City Spring City Spring C.nal 
and and and 

Pa ra.aeter Canal Aaent Res. Aaent. Res. 

Te■perature . . . 
Diss olved Oxygen 0.10 0 . 05 . 
Conductivity . 
Turbidity . • Nitrate o.os o.os . 
Chloride . 
Sulphate o.os . 
0-Phosphate . . . 
Alkalinlt.y o. 10 . 
Hardness o.os . 
Tot.al Organic Carbon . . 
Fecal Colifora 0.10 . . 
r. Streptococcus . . 
* - no difference at Alpha 0 . 10 

Vhen viewed vith cha •xlating vaur quality data, thh t"elatlonahip ls highly 
suggested for Capshav and Aaent caves. City Sprina Cave had both better vater 
quality for aoae paraaeters and the hlgheat dlvaraity of benthos. In addition, 
co■-on indicator organhu for high levels of organic pollution were present only 
in low nu■ben. It vould therefore appear that vat.er quality had a positive 
influence on biological diversity in City Spring Cave. 

Although City Spring Cava ha d better v.ater quality, evidence augguts it 
b receiving lov levele of huaan and/or anlaal vutu. Relatively high nitrate, 
chloride, and ort.ho•phoaphate values could be aHoclated vith overlying septic 
fields and pa1ture land. Holatnger (1966) found an increase in relative 
abundance of troglobitic lsopods in .an Appalachian cave atreaa vhen exposed to 
lov levels of htman vaatea froa septic t..anlu. The abundance of laopoda in City 
Spring Cave ■ay, therefore, be ax-plained by low levala of organic pollution. 

Another hypothesla lends support to the one preaented above. M in ■ost 
karst. areas, Cookeville ls located in a region ge0110q,hologically characte rized 
by sinkholes, cavea, and apringa. Kost. of these aubterrane.a.n aysteas appa.ar to 
ba open having a direct hydrologic connection to the surface via sinking atre .... 
Ot.her systeas ■ay be diffuse where the recharge co-Ponent filters through t.he 
soil and •inute cracks in the overlyln& bedrock. In reality, ■oat aysteas are 
a combination of both, the teraa open or dlffuae being applied according to vhlch 
ever contributes the ■oat rechar,;e to the syate■. 



Table 3 

Checklist of Benthic Kacroinvertebrate. Organbu Found in Clcy Spring, 
Capshaw Cave. and Aaent Cave, Putnaa Councy. Tennessee 

October 1987 - Karch 1988 

Org.anhu 

Aaphipod& 
Ga.-arid.ae 
~sp. 

Coleopcera 
Elaidae 

QetfOH[YUI sp. 
~ latlu.sculus 
~tl.h!lall2ll 

Copepod.a 
AllhlD.lli -'.L Llllnohend1 
Hacrocvclops Allwh!:I. 

Decapod.a 
Ast:acld.ae 
~ •P· (iaaat:ure) 

Diptera 
Chtronoaidae (unknown pupae) 

Concbaoeloolt sp. 
~ ~ ap. gp. 
ClyptoUndipes sp. 
ParaHt.rlOCDf:PYI cf. l.unb.es.k1 
Po\ypedthw sp. (pupae) 
Polypedlha fallax 
Polnedt la d.. hAlillAl.tt 
Polypedt ha lllin2lnll 
Rheocrlcocoou,1 nl2ta1 
IAnnlilll •P• 
Ilalinl.l lwellil. •P. gp. 

Siaullid.ae (pupae) 
Hyducarlna 
~ op. 

Isopoda 
Asellidae 

wlilll. sp. 
OUgochseta 

Tubiflcidae 
SoltOIHIN nik2l.lkx 

Luabrlculidae 
Lupbrlculus sp. 

Odonata 
CoenagrlonUdae 

Plecoptera 
1&Y.s.U.I. s p . 

Trlchoptera 
Hydropsychidae 

Dlv\tctrooa me.J.1A 

Clty 
Spring 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Capshav 

X 

X 

X 

X 

X 

X 

X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 

-nt 

X 

X 
X 
X 
X 
X 
X 
X 

X 

X 
X 

X 

\llch chue definitions, Capshav and Aaent cavu aay be clauified u open 
systeas. Physiochealcal data collected during this study auuest.a that City 
Spring Cave hH a signlflcant diffuse recharge coaponent. Diffuse s yateas are 
able to filter out aoae contaainants fro• the vaur but la highly dependent on 
a vide range of geologic, hydrologic, and conC..inant factors. Open aysteas, 
in contrast, uy have very Uttle buffering or filtering capacity. Degraded 
vater entering Capshav and Aaent cave• had little chance of recovery until 
emerging at Pigeon Roost Creek. Relatively high organic loading observed in 
stream saaples consumed oxygen faster than it could be replaced by contact vith 
cave air or generated in riffles. An open syste.a, therefor•, aay contrlbut• to 
vater quality degradation. Of course, dilution vlth a less polluted atreu .. y 
lessen the effects of degradation. 

Classical diversity hypotheses often point to the teaper ate•tropical 
diversity increase (for terrestrial ecosysteas) as evidence that aore •table 
ecosysteaa support higher diversities. If this ls true, le vould not be 
unreasonable to expect cave sy•teas vith significant diffuse recharge to have 
greater diversltlu than open systezu due to greater stability of vater quality 
parueters. A study encoapaasing aany aore caves vould be necessary to lend 
conclusive support to this idea. 
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Table 4. 

Frequency of Occurrence, Percentage of Organl .... and Shannon Diveralty 
Ind.lee• of Benthlc Cave eo..mltlea in C.pahav, Aaent, and 

City Spring Caves, Putnaa County, Tenneasee 
October 1987 - Karch 1988 

CtPlhlY Cave 

Taxon f, 

Oligochaeta 104 
Diptera 24 
CopaJ>Od- s 
Coleoptera 2 
Decapoda l 

n - 136 
ff' - 0.3174 

~ 

Taxoa f, 

Ollgochaeta 342 
Dlptera 87 
Co!>•J>Od- 2 
Hydracarlna 2 
Odonat& l 

n - 434 
ff' - 0.2491 

tan SRilDI Cavl 

Tuon f, 

lsopoda 89 
Ollgochaet.a lS 
Trlchoptera 12 
Diptera 7 
Coleoptera 4 
Oecapoda 2 
AaphlJ>Od- l 
Phcoptera l 

n - 131 
ff' - 0.4912 

f 1 - frequency of occurrence 

p1 - percent.age of total organlsu found 

H' • Shannon diversity index 

76.S 
17 .6 
3. 7 
l.S 
o. 7 

78.8 
20.0 
o.s 
o.s 
0.2 

67 .9 
11.S 
9.2 
S.3 
3.1 
l.S 
0.8 
0.8 
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L'OCCUP A TION P ALEOLITHIQUE DU KARST DE CHARENTE (FRANCE) 

DEBENATH, Andre 

Les phfnomfnes t.arsuques sont perucui1eremen1 b1en de,-eloppfS:s en Cherente 
dens ta reg,on de La Rochefoueauld ou 1ls affee:tent tes terrams du ~1que 

suyir1ew- Le karst de La Rochefouce.uJd a 10\Je un granJ rote dan:: ta m1se en place 

do .: dep6ts quatern6Jres de la vallee de la Terdotre et du Be.n,he.t tes nombreux e..br1s et 

tes irottes q\U tw sont 11es ont cons111ue dE's heux dbel11ta1 pr1vs1ee1es fl()ur tts 

hommes du PeleClhthique Les phfnomenes karsllque; de la region 

Montbron-Merthon-Le Rochefouce.uld sont determines po.r la tectomque oomplexe 

qw a.8/fe<:te la bordureouest du L1mousrn Jls m'1uencent fortement 1·hydroe:raph1e 

de (elle re&:100 Jes per tes des nvieres sont nombreuses et se font p&' des entonnoirs 

,tui e.tteigne-nt 10 metres de diamttre. et J ou -4 de profondeur It existe .,e mult1plei 

r'e$eo.w: f~ile, lres devetoppe.J, peu prat1<.able.s Une pe.rt1e des eo.ux 01m1 perdue.s e,t 

~uperee par la Touvre dont tes r'eSUf'ienees sont tez ph~ tmportantes en franee 
apl"eS le_ Fonuu.ne de Yauctuse 

Dans tes envtrons de Cognac et de Saintes let terr-sins du Ct"et&ee supineur $()flt 

moins otteints per 10 karsllfice.tion. les ris:ee.ux sont peu developpe.$. peu profonds. 

tent6t sem1-acurs. tant6t fostites 

c·est dans ce cadre qu·ont vectl les hommes du PaleQltthtque La ree'.lOn de la 

RochefoUC11.uJd pt'esente de noml>rewes grottes: rou,-em profondes La Cheue. 

Montcaudier. FontKheverde. do.ns les:quelles les hommes: se sont rucdde.s depuu la 

gledauon r1Ss1enne Jwqu·a la fin du Yurm. o·e.uu-es n·ont eonnu d" oe<:upatlon que 

pendent le vu.rm : vurm ancten umquement 8. Man.Hae et 8. La Cave. Vum e.ncien et 
te¢ent au Placard et dans les erones et al>ris du Bois-du-Roe t·une des eavttel qua 

otteint le plus grand developpement la g rotte de Rancogne n ·a CtC hal>ute que 

pendent le Post-glacioire. 

Le kar-st cl'et&ee pl"eSente des abrts tareement ouver ts mass peu profonds dans 

lesquels ne se renoontrent pas de traces de pttsence humeine anteneure au Vurm 

ancien : grones: de la vei1ee du Brue.nt {La Vauzelle. La Rocheeourl>on. La rtCterie). 

grottes de la val I~ de rAntenne pres de Cognac. don1 ta plus 1mt>0rtarue sur le ple.n de 

la Prih1st01re. ta irotte Marcet Clouet est rune ~ rMes dens cette r~ton 8. avo1r 
liffl du Nousterien de treiditlon acheulfenne 

Plusieun abris des environs d"Angouleme ont livri SOtt de, vesuges mowteriens 

(valtee des taux-Cloires). S01t mogdoleniens (abrl de la Choire-a-wv,n den$ 18 V8llee 

de la Boemel. 

FIGURI 1 : 

HUMAN PALEOLITHIC OCCUPATION OF THE KARST OF CHARENTE 

ffKANCE) 

t,. . 1,<--nomena ere tmt>Orte.nt in the area of La Roehefouce.uld (Basin of the 

Charente River) and affect the Upper jururic limestones. The kan:t or La 

k<r..i,t:iuucauld h~ taken a prom1nant port 1n the deposition or the quo.ternary 

sedtmenu or the valley or Tardotre end Bend1at rivers. The numerous caves end rock 
shelters ..,h,ch ere opened ,n the kerst haw been inhabited by the paleolithic 

peoples. These kersllc phenomena of the area Nontl>ron-Warthon-La. Roc.hefoucauld 

are for a pert the result of the romple1 tectonic of the OUest pert or the L1mowin. 

They haw on mnuence on the hydrogrephy The rlwr> cJiS8j)eer tn Ier&e and deep 

holes Veean see m8Jly foml netwrk. difficult to enter. 

1he k8J"Sllhcation is le= important in the Upper Cretaceo~ clOS'e byCogna.c and 

S6lntel and the c.aves: are smoller. not so deep. 

In this sw-roundin&: hved paleolithic men. The area of La Roehefo1,cauJd sho..-s 

many deep ca= La Choue. Mont1:audier and fontechevade haw been mhabiled 

since the riman gl&ci.aUon to the end of the &l&eial epoch Some others vere used 

only during the vw-mian glac1allon otd vurm at Maritlac and La.Cave. Old and Eerly 

~urm at the Placerd cave and the shelters or the Bo1s'"'4u-Roe 

One of the l8fiest ca""' · The Cave of Rancoene hes been oecupied only duruli 

the Post glac18l epoch. 

The shelters which are opened 1n the cre1aceous karst are large l>ut not deep 

and human 1mpress1ons ere not older than the Old vorm : caws or the V8lley or the 

Bruont (La Yauzelle. La netene. La Roehe-COurt>onl and or the Antenne. Amone 

them, the Clouet Cave is one the fev 'Which bm given Acheulian type Mousterian. 

Severel c.aves end shelters close to Ane:ouJ.Cme contain either mousterian 

remmns ( V8lley or the taux-Cloires ) or megdolenlan remains (Cholre -e-Cavtn 

sheller m the Boeme V8lley) 

HY<lro&raphle du Bassin de la Cherente. 
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Dens son eours moyen et mferleur. la Charente eoUle dens des terrains qui 

app,,rtlennent essentiellement auCret""" et au juressique (figures I et 2). Ators que 

te Creta.ce suP'Crieur pri§:sente peu de phenomenes k:erstiques. le Jurossique se 

cerec,erise par un ko.rst blen devetoppe, prlncipalement clans ta region de Lo. 

Rochefouco.uld. oiJ ii o. joue un grand role dans lo. mise en piece des dep6ts 
que.tern8ires des fflleM de ta Tardoire et du Bandiat. Les grottes et abris ¢t"euses dens 

,:e ko.rst ont constitue des lieux dbol>ito.t pr!Vil0111ies pour les hommes du 

Paleolithique. voire de lllotocene. Les phenomenes ko.rstlques de ta region 

Montbron-Merthon-La RochefoucaUld sont determin& par ta teetonique complexe 

qui o. arre<:u! lo. bordure ouest du Limousln : entre le Plateau limousin it. !'Est et le 

rebord de ta. COte turonienne au SUd-Oue3t. tes terrains jura.uiques preseD.tent de\D: 

surfeces depr!mees : une depression jouxto.nt le Massif central et un fossil etrolt it. 
1 ·emplacement de la Touvre. Entre elles. existe un secteur soUleW. correspondent 

sens!blement it. to. foret de lo. Bro.conne. Selan H. Enjelbert (1947), ,._ plo.teforme 

juro.ssique o. ete dlstoquee et deformee par les o.e<:ldents tectonlques qui formeot un 

reseau articul6 autouc de t ·extrimit6 ouest du Massif central-. 
Ce systeme ko.rstlque influe fortement sur le reseo.u hydroef'ephlque : les pertes 

de:: rivitres sont nombreuses. principelement ceUes de ta Te.rdoire et du Bandia.t. Ces 

Jeux rivieres ne eonfluant qu·exceptionneUement. Le Bes Bandiat est 

perticUlierement au-acterJstlque de c:e que sont tes pertes des rivieres dM.s ce karst. 

Sur une vine:taine de kilometres. de nom.breux entonnoirs atteirnant 10 m de 

'1iem8tre et trois de profondeur je.lonnent son c:ow-s. me.is c:es: entonnoin ne donnent 

pas ace.es au rese&.u souten-ain. e.lors qu·a pertir de Bunzac, on note de nombrem 

gow'fres (12 sw deux kilometres) do.ns lesquels la rlviere se perd. tel le gouffre de 

Chez-Roby. donno.nt ec<es au reseo.u souterro.ln. Lo. vellee du Bandio.t pew etre 

o.s:imile it. un polie complet (Enje!bert. op.cit.). 
Une importante partie de3 eauz. e.insi perdues par c:e# rivibres est en quetque 

sorte recuperees par tes -sources de lo. Touvre-. dont tes r<!sur&ences soot tes plw 

1mportantes en France apris ta FonteJne de Ve.uctuse. 

1. LES GROTTES ET ABRIS DU BASSIN DE LA CHARENTE. 

Les: grottes et abris sont nombreux dans le Sessin de la Charente et sont souvent 

ce.ractCri.SCS per une intense occupation humaine prChistorique. L'opposition entre le 

domaine ct"et&ee et le domaine jurassique se t.r&duit per wie difference sensible de la 
morphotogie des cavitei Dans les ter1"'81ns juressiques. le type dominant est la grotte. 

'!!ors que le:: terrains crita,ce,$ offrent des abris plus ou moins ve.stes. 

Nous diffCrencions les grones des abrls par le teit que c:es derniers dependent 

.-011erement du milieu exterieur, aJors que tes grottes perucipent peu ii. ce milieu · 

teuc participation se fait a~ un dec:eleee dens le temps par rapport at "abri et a~ 

une intensitC moindre. Un second c:rite!"e de diffCrenciatlon nous opporait important. 

11 s·H&if du crit8re sedimentotoeique : tes sediments qui constituent le remplis:sa&e des 

abr1s proviennent essentiellement de la degradation des p&"Ois et dU plefond. alors 

que dens les: grottes. le mode de remptiuege est different et ne feit pratiquement pes 

appel au thermoctastisme. 

Les resee.ux c:harentMs de grottes s'enfoncent le plus soUffllt verticalement et 

les geler!es o.tteignent un grend developpement. Cet enJ'Oncement vertlcel est blen 
cerecterise do.ns les environs de Lo. Rochefouco.uld (Fosse-Mobile, GoulTre de 

Chez-Ro.baud. etc .. .>. Presque towes tes grottos cho.rentolses sent fosslles. Lo. plupo.rt 

d"entre eltes se sont ouvertes sur rexterieuc pe:r- suite de revolution des versa.nu qui 

les o. recoupees (fontechevade. Lo. Chaise, Ro.oC011:ne). plus ro.rement par suite de 

l'effondremeot dll pie.fond eotro.ino.nt lo. formation d'un aven do.ns tequel debouchent 

les ieleries de ro.nctenne grone (Mo.rillec). 

Les o.brls s·ouvrent. it. l'or!iine, it. to. llmite de deus horizons petrogro.phiques 

Jitrerents dont run est plm e:eur. Jt se pr6sente tout d·aoord c:omme une sorte de 

moulure qui se creusera au fUr et&. menire. donnant nai.ssance a une cavit6 plus ou 

mains vaste dont lo. profondeur est en p,,rtio liee it. l'epeisseur dll pie.fond (flgun, J) . 

Des exemptes typiques de formation et d'9volution des abris se rencontrent dens 

to. vellee des Eo.us-cto.lres. non loin de Puymoyen. tette vellee est ouverte do.ns les 

celceires turoniens it. J!t>:/iolltM h.111tl>ricalis qui forment lo. plerre d'Angouleme 

(Coquo.nd 1860). A lo. !>me de to. feloise. s'obsttve un telus qui descend en pente douce 

vers lo. rlviere et qui est constltue solt par des 6boulis. solt par un nlveau de celeoires 

se debito.nt en ptaquettes. Les ol>ris s·ouvrent it. to. llmlte de lo. felolse proprement dite 

et du telus dans une zone r!che en vegetatlon cerecter!see par de nombreuses 
exudations d·eau oU se creusera ta moulure puis l"abri veritable. ll ne faut cependant 

negliger ni le rote de to. cryoclo.se. nJ celui de !'erosion fluvlo.tile do.ns to. formation 

des abris. Le rote de ta &ellvation s·exer~ principelement dam tes zones de contact 

des banes celcalres de natures <lltferentes. tes banes mo.rneus. plus gelifs s·exco.vont 

plus re.pidement que tes banes compacts. L ·erosion nuviatile a c:erteinement un rote 

plus modeste dont nous trouvons: cependent des: manifestations dens la va11ee du 

Voultroo, du Bruo.nt ou de l'Antenno. l>eru cette dernlere vellee, le role de !'erosion 

Ouviatile est lndenlol>lo (Debenath 197-1). 
De J>&" ta diversite morphologique de ses cavues et sa denstt6 d·occ:upe.tion 

hum.e.ine pele0lithique, c:·est ptus pertic:Ulierement au ke.rst de La Roc:hefoucauld 

(fi~e 4 ) que now nous intet"eSSerons icl et aux plus anciens: temoie:noees de cette 

presence hum.sine. 

2. L'OCCUPATION PALEOLITHIQUE DES GROTTES ET ABRIS DU 

KARST DE LA ROCHEFOUCAULD. 

1. L'OCCC\JPATION DES GROTTES ET ABRIS AVANT LA GLACIATION 

WIJRMIENNE . 

Soules tes grottos d' Artenac. Lo. Chaise. fontechevade. et it. degre moindre 
Montgaud:ier attestent de 1·oec:upation ant6'YUMilienne du territoire charentais par les 

peleolithiques. 
De Monta:e.udier. nous c:onneissons quetques anetacu acc:ompago~ d'une taune 

probablement antenuienne (renseie:nement oral JI. Tournepic:he). 

70 
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Isqulsse iOOll)iique du Bessln de to. Cho.rente : 
t- Quo.ternolre. 2- Tertloire, 3- Cnltace super!eur. 4- .)\lreSSlque 

superieur. ~ juro.ssique moyen. 6- eruptlf et metemorphlque. 7- exes syncttno.ux. S

exes entictlno.ux. 9- nilltes. En enca.dnl. 10. zone etudl6e. 
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Formauon des abris: 

- .-m~ 
i•:-::;:i~~;:~.:(;i~i-. 

t- faJ.aJre evant !'On evolution. 2- formation de la moulure. 3- t volUtion de rabri 
,~qu·a l'e ffvnJrement du toit. 

I 2 LA CHAISE -DE-VOUTHON 

1.2.1. Lea Krottes : 

De Montbron a AnlloUleme, ta plateforme caJcaire est caracterisee per une 

intense erosion souterreJne et une couverture sa.bleuse importante c·es• dens ce 
pe.ynge que •·ouvrent le• eroues de La Chaise. Ii hauteur du ville&• de mEme nom. La 

rive. &auche de la Tordoire est aJ.ors dominee par un puissant pte.ceee alluvial compo.se 

de ,able, et de Kateu de roches crlstallines attrll>ue., au Quaternolre (Guillien et Vatan 

191?) d·ou emeree un hum l>ejoc1en tranche en faJa1Se dens lequet on peut distineuer 

•1eux horizons: : un horizon sul)erieur cristallin, saecharoide. compact. tm restnent. 

et Wl horizon inf6rieur plus a:6Uf et plus detritique. A ta Umite de ee.s deux horizons. 

s·ouvre Wle shrie d"abris sow roches dc>aunant Je COW"S de ta Tardoire d'Wle dizaine de 

metres Dans ces abris dont 1·ouver1ure est onentee vers te Nord-Ouest. deMuchent de 
:1ombreur eonduit:::: ke.rstiques qui constituent tes irottes die la Chaise (firure ~). Nou: 

ne retle.ndrons lei que deuz: d'entre elles: ; les erotte, BoW"&eois-Oelaunay et Suard 

Jont les premi61-es explora.lioru remontent au milieu du ux• sikle (Bour&eoi.s e t 

r.ieteunay_ 1865) Elles on, fait per la suite J"objet de nombreusm fowlles plus ou moins 
cy,:tematlques dont celle: de P. David et Jes notres. 

Pigure 4. 
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I I ARTENAC 

Le elsement d·Artenac a 616 sienale pour ta premiere tols en 1~9 Ii ta suite de ta 

decouverte d'une ero1te Jepulcrele qw donna son nom a wte clV1lise.tton du 

<:hakolith1que : ta civilisation d'Artenac. 
11 n ·en subsiste actuellement que le fond. tranche per l"exptoitaUon des calca:ires 

oxfordiens dens leiquell 6tait creuse ta grotte. Un glsement pateolithique y tut 
sie:naJe en 1972 par Jr. Tournep!che. Des fouiUes executees par B Vandermeersch en 

1974 provlent un riche mousterien de type Ferressie (Meienen et allJ 1977). 

JI.Tournepiche (198J) dlstineue une sequence superleure detee du Wurm 
ancien. qui a tivri le Mousterien et une sequence inferieure epaisse d'enViron 10 m. 

Un b1face. un ec1at et un racloir ont ete trollV'M dens la oouche Y de la se-Quence 

tnfi rieure. associe& a un machairodonte (Dinol)/Mtis Jati#ns ). Cilois Juntt1/MS'I$, 

llrsw Ptmingttri . E'quus mostta.:bttns-is ,. ainsi qu·un canide de grande taille. Ce.s 

e1ements donnem 8. penser 8. J.f. Tow-nepiche que ta coucbe V pew dater de la. tin du 

Mindel OU OU plus du Mmdel-Riss. 

La l>reche de tacouche II aet6 datee comme plus encienne que JOO 000 par U/Th • 

(H. Sch....,..cz, in lirrt:ris). 

FIGURE i : 

Le ltarst de La Rocheft>ucauld (d·apres InjaJl>ert, modifie) : 

I - horst de t ·Arl>re. B- depression tecton.ique de La Rochetoucauld·Chasseneuil 

C- synclinal de Puy-Bou, D- tone du Bandiat E- toue de la Touvre, t- limite 

occtdentale des terrains anciens, Ae- Ae,is. Ar- Artenac. LR- La Rochetoucauld M-
Werton. Ma- Mantle. lfo- llontbron. st- sow-ces de ta Touvre. · 
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FIGURO 

PJen des grottes de La Cha.Jse. montnmt le debouche des g8Jer1es 

kers:t11t~!: dans le-.s ebrit Bourgeois-Delaunay et Suard 

Ces grotte: sont constitueel de ptwieurs: galeries de sections irree-ulieres. dont le 
developpement connu est de ptus1eurs 4izaines de metres et qw s·ouvrent sur 

r exterieur par dewc porches qw soot les at>ris Bourgeo1S-Oelaunay et Suerd Le 

premier est terge d'une douz.aine de metres: a son entree et profond. dens la zone 

fouiuee d'environ ~ m. 11 s·etar&it ven le fond et semble se continuer sue au moins 

Wl.e vin&taine de metres. Son ptetond est sub-horizontal et ne prisente J>&S de 

concreuonnement 1mportent. 11 oom.munique ave<: 1 'abn SU8J"d per un coulotr qw 
e t&t ¢0m.bte pm- des sediments. seelles pm" un plencher steJ.agmiuque avant le debut 

des fouilles O..vid. 

Toute.s: Jes gaJeries qUi ~bouchent daru: ces abris soot colmatb!.i par des 

sed1menrs qw e,e.ient eux auss1 seelle$ per des planchers sra1eem111ques qw sont 

conserve!" <Jans. tes r,,erttes profonde-s oU its n'ont pm: e,e affectes par let fou1lle!: 

an..:ienne: Ce: e,alerie= pt'esentent de nombreu..--es concretion; s1a1~m1t1que: 
s18lag111es ~enera1emen, tubul&res. stalegmnes en c1erges et cotonnes It exute 

~e.Jemen, en quetques rom1s de la 2:ro11e Suer'1 des roulees et. de.ns les pa.rlte-s 
r,rofonde>r. det exentnques de petite t&lle# en harpons ou en ergots. de ..!1menr1on::

~entimttrique; Les concrCtions en chou-neur sont re.res et trbs petites Noll.!: n ·avon; 

J&Juais remarque de perle.s des cavernes ni autres form.es qw sont <.onnues dans 

<fautre.s e-rottes du kenr de la. RochefoucauJd dens Jesquelles tes phenomenes de 

~staltisatton ront pl~ devetop(>e:s 
II e11ste un rese&.u 1nfet'1eur. aetuellement fonctionnel. totelement 1mmt-rge et 

non per11!:tra.bte dont seule une chemmee d'e<Judibre est visible Cette chemmtt 

;emble etre en relation a\lee un nJ1sseau 6. eclipse. ta TouJ.an2:e. en relation ave<. ta 
Tardo1re. 

tors des premieres fowHes. rabn Boure,eots-Oelaunay etau oomt>le Jusqu·a 

enVTiron t m du pie.fond On peut done en roncture que son remplis.sage Ctau puissent 
d'une douzame de metres. 

Ce remphssaee est constitue a se. base d·une epe.lsse couche de sables et o.rglles 

(enV1ron 8.~ m) dens les<1uels se dtsung:uent quelques peutes pessees de g,raviers 

Nous avonr attn bl.le eette formauon 8. une phase riss1enne (probablement le R1!'s It) 

(Debenath 1971) ttle est :urmontee <fWl mince niveau de bloc= C6le&res recouverts 

par w1 important plancher stelagmitique polygenique (Debenath. Rayna! er 

~ h"'8r'c: 19f3CJ) aunbue a r1ntet"'il&e1aire R1ss-1lurm Des senes de datin,ons 
ob1enuer r,e.r le. m~thodc Ur"&\1umnhorium ( S-ch"8.l'c:: e1 Debenath 1979. S<:hvar-c:. 

B18(.):vell et Det.enath 1983) md1quent que <.e ptencher ::'est forme essenlie11ement 
e ntre l~et 112000e.ns. 

Pws Vient une fflne de n1veau attnb\JU au debut du vurm ancien. scelles eux 
au.ssi per un plancher S1alagmitique et en fin des formations mises en place a ta fin du 
Vllrm ancien et au debut du VW-m r6cent. 

Les <lep6ts du Viirm anc1en soot tres e.reilewc. ils correspondent parrou a des 

dep0ts de deetlntation en milieu humtde ¢8.lme (mare). Au fUr et 0. men.are. le sediment 
,·enrichit d·e1emenu ce.illoutewc. pour atteindre un ma:dmun a la nn du Vunn 
ancten. 

Les sediments du VW"m encien renterment de nombreus:e:s cristallliatioru 

f~mana-antreres. soit dens le sediment oU ettes fonnent des nivee.ux bien disuncts 
(oonfondus anciennement avec des foyers), soit en encroUtemenu autour des caittoux 

calcalres qui sont tres al tores et n ·ell:tent partols que comme -rantmnes- ausein de la 
concrition. soit encore en recrlstallisation dans tes ossements rossues. 
principeJeme.nt Jes dents. 

Les se<limenu de l'abri Sue.rd soot <Ian• leur ensemble rissieru. Le Riss II est 

represente par des formations sablo-e.r&lleuses qui rappellent cellos que nous avons 
decrites a la base de l'abri Boura;eois-Oelaunay Ces sedimenu sont separ6s des ebouJis 

cryoelasuques CC"nstttuant le Riss JJJ par un planeher steJee.mit1que date par unh de 

IS:, 000 t 10 000 Ces ebouJis ont ete scelles par des formations staloemitiques 
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.:..ontemJNr~ne= de l'm1erglac1&re R1s.s-Vurm et :ont :urmonte:: r,ar de: ¼UC.he.: ~nt 

la m1se en i,l&:.e est ..:ontemporarne Ju debut du 1,•w·m an<.1en Les e1ements 

-:aJlloureux ne pt'f'senten• pre11quement eucune aJ1era11on et nombre d·entre e ux son, 
geh~s en pl~ et rie-condairement rec1mentes par ~r formauons ~i:-1•1ques Ces 

phenomCne: de <..oncrttionnement affectent ::ouvent la fe:ce mfe rieure ~ e&lloux et 

.re presentent alors sow forme de ~ttt.s choux-neurs de uulle m111tme1nque 
routes le& i alen ~ qw debouchent da.ns Jes &bns Bol.U"geou-DeJeunay er Suar-1 

renferment un remplt!ree,e arg1to-:ebtew: de mo1ns en moms n <.he en e1ementr 

calc~rC$ au fur et a mesure que 1 ·on gaene le; zones les plus- e101gnW de 1 ·enttte Le~ 

planchers s1a1eem1uques qw surmontenn ee.i formauons ont Wl A&e de 1·ordre de 9 t 4 

ka 

u est m•tressant ,,e noter 1ue la formatton ~tuelle de plancher t teJeemitlque ff 

pour;uit <bns le: zones fou.11teez par P David au debut de! annees 50 et ze manife:tte 

ftdf Jes t,er11es 1--laq\Jf'i de <:.eJ.cne n ·exU..Jant ~ un dec1metre de d1ametre et quetque!' 

m111tmetres d·ep.ei1Lte1u-. er <.e de.ns des zoner en re1er1on chmeraq~ eve-:- rexteneur 

12.2 . L'oc.cuparion bu.m.aine ; 

£lie re menueste sous torme d'ortef~•s et structures het"s e l'hebitat. de re.stet" 
humein!' et ,,e, re:1e: fe.untque!:, ces dern1er~ n ·er ant pas etudies 1c1 

I 2 2 I Les industries 

L ·1mpress1on <Jom.mante que donnent tes mdustries de La Ch&s::e est une 
uapress1on d'homogeneue qw fan pJa,ce tors d'un examen plus attentlf a une 

impression d'or1gmaute qw. est plus tenaee Cette originalite est sens doute uee a une 

f8'(.ture dans son ensemble &.S$CZ mauvaise des outils sur ectats et des bitaces. mauvaist: 

f&<.1ure provenant davantege de tamauere premiere que des techniques utili.sees. 

Le. mauere premiere est vanee silex divers allochtones. silex toeaJ du 

Be.thon1en-Ba.Joc1en (souvent geUYe). roches metam.orphiq-ues et eruptives diverses 

Une parhe importante de nndwtrie (environ ')O 41.) est composee de galets bruu ou 

,eites. ou J·e<::1au de debitae:e ~ ces galets de roches anciennes. provenant du Nassif 

CentreJ er re-colfl!s dans Jes dep6ts de la Tardo:lre 

Sur le plan technoJogique. les industries des couches inferieure$ de t 'abri Sue.rd 

.:ont de de:Utae:e f&btement levallois. ave<. un indice levaltois voisin de 20. On 

remarque que «:t 10d1<.e d1m1.nue ensuite regulierement dans les couches de la fin du 

Joss de 1·a.bn Sue.rd et durant Je Vu.rm ancien (sommet de l'abri Sue.rd et 8.bn 

Bourgeoi:;:-DeJaunay) Now: ne <:0nneissons pas a La ChGise d'industrie pouvant e,re 
npportee a 1 "interglaciaire RW-VW'm. 

Le facenee:e est t>ien devetoppe . tant dens les leries rissiennes que 

-.viirmiennes. avec un indice de fecettoee le.rv;e comprit entre :50 et 60. Le racettege 

strict est plus variable : son indice est inferieur a 5() dmu: tes niveauz inferiew-s de 

l'abri Suard et pendant le Vunn e.nclen, alors qu'il est super!eur a :50 <!ans les 

derniers nivee.ux rissieru de l'e.bri Sue.rd. 

Le det>itee:e est da:ns son ensemble peu laminaire. e.xcepte dans Jes demiers 

nivea.ux rt.mens oU rindice taminaire es1 superieur a to. 

Le. caracterutlque technique la plus interessento es1 sens aUCWl doute ce que 
nous a"1ons appele (Oebenath 197i, 1983) la t«hn1gU6 di, nprlstf .ftl talon qui se 

distin&ue e.isement de la preparation du talon. II s·egit de l'enle...,ment plus ou mo!ns 

complet du talon et du buJbe de percussion per de 11:rendes retouches le plur io=nt 

oblique par rapport a l'a,:e de la piece. Ce, enlevemonu soot peu abruptes OU Ires plats 

et obtenus au percuteur mou. Dans certeins em. cette reprise <fu talon sen de ptM'l de 

rrappe pour de: enlevemonu qui e.tlectent la face dor.rtt/11 de la piece. I>e.ns le 

premier cas:. nous perlons de reprise simpJ4ou pan.ielle~ dens le second de reprise 

1018/e . A cette reprise du talon est perfois associee une retouche plus ou moins 



~lleuse de la pertie di>tele de la piece. passe.nt ainri o.u coutee.u de JCostienki. 

Nous avons retroUYe cette technique emptofee quetque sou le type de talon de la 

piCce sup~ a 1·exceptlon des talons naturel.s et aUS$i bien sur des 6ctats que SW" des 

outils de types varies : re.cloiN. denticUles. pointes moust6riennes. pieces a retouche 

sur face ple.ne. grattoirs. couteaux a dos et encocbes. Dens tes eouches inferleures du 

Riss Ill. etle atteint rMpectivement 14 et 18 "• de t"industrie. 

Par ellleurs. ii enste de nombreu:,: re.cloiN reelues sur le telon de I "t!cle.t : telon 

lisse formant e.vec la face ventrele de l"t!clat un angle tres e.iilJ. Ce type d"outil ne peut 

Etre oonfondu ni avec une f0f'1D.e parttcUl..iet'e de pf'eparation de nucleus. ni avec un 

ro.vivage de re.cloirs de type Quine. (l"indice Quine est pratiquamant nUI ou tres fe.ible 

dmu tous les niveaux. mais il existe quelques objets pJ"eSentant une retouche Quina 
atypique). ni avec une rorme d'e.z..haustion d"un autre type de ractoir. 

Sw- le plan de ta typotogie. ta premiere remarque qui s'impose est de con stater le 

petit nombre des bifaces et ta ma\JV1:lise facture de ces outlls qui sont le plus 
il!neraiement atypiques, partiels et comportent souvent un dos. De plus. ils sont 

presque toutours de petite t&lte. 

Les r&eloirs constituent le groupe d'outils dominant, avec une forte proportion 
de raetoirs simples convexes. Les proportions de denticutes ve.rient a l'inverse de 

celles des ractoh·s . 

L "originahte typoloe:ique des industries de la Chaise reside clans la presence 

<foutils peu frequents en EW"Ope occi.dentale pendant le Riss final et le ¥Orm ancien : 

outils pedoncutes .. pieces foH&eeeS bifaees .. nombreu::a: couteeu:i: de K~tien.ki. porfois 

atypiques.11 existe 6gelem.ent uoe pointe de Cbatetperron et de nombrew: outits 
composites: qui ne peuvent entrer dens le systetne de classification utilise. 

principalement !es re.cloirs. 

Nous e.vons et6 conduit, sur la base de criteres technotypoll>&'.iques a 
diff6rencler trois faciei in<lurtrlels t\ La Chaise qui ont 6te <leflni> par ailleurs 

(Debene.tb 1971. 198"}). 

Nous constatons une 6vo1Ution sur place de ces <li.trl!nmts facie$. du Riss III au 
debut du VUl'm encien : diminution de 1 ·emptoi de la technique tevallOU. diminution 

de ta. reprise du talon, variations des rapports entre denticu18S et autres types d'outits. 

principalemen, racloirs et outils de type Pale01ithtque sul)erieur qui ront p,arfo1s 

i=ez bien representes. apparition d"outils peu fr6quanu pen<lant cette periode. ees 
industries ri=tennes evotuent vers une industrie mousterienne .. essez mal ~finie de 

la fin du Vilrm ancien de l"abri Bolll"lteoi>-Delaunay. 

Nous sommes done ict en pttSence <fune mdustrle qui peut difficllement etre 

comparee aux Acbeu16en.s: ·cte:ssiques· et dont le caractbre dominant res:te un 
eeractere moust6rien. 

1.2.2.2. Les structures d"!labit.at : 
Une structure d'habitat de signification eD.i2matique a ete decouverte dans 1 ·abn 

Sum-d. II s"a&it dune e.ccumwe.tion de bolt de rennes. certe.iru de gro.nde tallle (figure 

6). Ces bols. e.utant qua ron puisse en iU11:er. ete.ient des bolt de massacre. 1J avaient 

conser,6 teur meule et B d"entreeux etaientorientel de f6',0n tetle que tameute etait 

dirigee '1t!N le fond de l"abri . Us e.vaient e1e disposes sur le sol elors qu·ils ete.ient 

entiers et les fractures se sont produi.tes secondeirement. sous la pression exercee per 

tes sediments. LeJ: ditfet"ents e1emenu etaient encore en conneXion. L'ensemble 

atrectait uoe tonne groutettm..ent en arc de cerc:te. La pertle cent.rele de la structure 

se earacterisait per sa richene en e1ements Uthiques : outils. ectats. 2elets entiers ou 

fraement6s. nuclei . 

Un percuteur se trouvait en de.hors de ta structure. On e:ros e:alet de e:renite, peu 

a11ere. 6tait dispose entre tes bois. Aucune manifestation d'action humeine n ·est 
virible. ni sur Jes bots. ni rur c:e e:alet. S'egit-il d'une reserve de mau:ere premiere ? 

C.Cla est peu probable .. pui.squ'aucun bois de renne de ce &isement ne pl"eSCnte de trace 

d"utillse.tion. bien que leur conservation solt fort bonne. S"eclt-U d"une structure liee 

8. lbabitat ou l une ectivitll particUUere : protection contre les: anim.aux, support 

destine par exemple a faire secber des peau:,: out\ constituer une sorte d"abri (coupe

..ent ?). La.question n"apuetra resolue. 

Les os coches sont pre.tiquement inconnus clans !es inclustrles risriennes. 

Plurieurs specimens ont ete trouves a La Chaise. L ·un d"eu:i: est un fragment median de 

cote d'anlmel de gro.nde te.ille non <letenninable specitlquament (Bcm<le ou Equi<le) 

qui se trouva!t contra un des bols de renne constitum11 le. structure ci-dessus 6-.oquee. 
La face lnterne de cetta cl,u, pr6sente 12 lncllions profondes. perlois sur toute la 

1-•ur de l "os. D"une profondeur de 2 mm. elles ont une section en V <lissym6triqua. 

La race eneroe de l"os presetlte 4 incisions plut courtes et mains profondes. Une 

<:assure. probablement obtenue per nel<lon. pesse per I ·axe lon11:ltudinel de rune de 

ces inclllons. L"espe.cement des coches. la nettete de lours borcls et la pr6sence de 

fines stries pro..eno.nt du gllssement de 1·ouu1 utlli>6 pour !es tracer. nous prouv,, 

qu"U •"a&lt de me.nlreste.tions '1Dlonte.ires de l"e.ctivite hume.ine. 

Ces os cocbCS sembtent titre une des plus: oncienn= manitestatioru: connues 
d"une certe.ine forme "d"art peleolitb.iqua". 

1.2.2.3. Les rest.es bumains : 
Les restes hume.iru de La Chaise constituent l"une des plus importo.n1es series 

conn.-en Europe pour le Riss et le.plus importo.n1e pour l"lnterg!o.cie.ire Riss-Vilrm. 
Pres de 80 restes d6terminables ont ete mis au jour. 1an1 clans !es formations 
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rissi.ennes de l"abri Sue.rd quo dans l'interglacieire Riss-VW"m de l'abri 

Bourgeoi>·Oele.unay (Deb6na1h 1977). 

Us appe.rtiennent pour la plupart au squelette cephelique : quatre mandibUles 

entie-t"eS ou p,ertielles. trois co.Jones criniennes. plusiew-s 0$ isoles: (peri9taux. 

frontam. occlpitaux et temporaux). un frttement de maxilla.ire portent encore ses 

trois molaires .. fregmenu crAnieru divers et nombreuses dents isotees. 

Les re.stes app,artenant a.u squelene post ¢epha1ique sont moins nombreux 

<liaphy;es de perone. de tibia et de femur. cotes. scapUlum. phele.n2:es. 

11 s'ee:it done 18. de documents exceptionnets. remerquablement inte-retS&nU 

pour ta connaissance de 1'Cvolution humaine en Europe et pour rCtude des 

-an,eneetldertaliens- au sens cbronotoetque du terme. Tous a.ppertiennent 8. des 

individus ttes 1eunes. 
Ces "YeStiies ptesentent des caracteres qui traduisent tantOt un erchaisme 

certain et tantOt annoncent tbomm.e moderne : le temporal est e.zsez procbe de celui 

des ne4ndertaliens per son 6paisseur. ta position du trou stytomastoidien. etc ... Le 

rese&u me:Oinge domine dans Ja r"eg1on anterieW"e. ce qui Cvoque 6e:aJement tes 

n6anderteliens. L"occipltal est par contre beaucoup plus proche de celui de lbomme 

moderne. 

+ 13 + 14 + 

M 

+ 

+ 

K 

..L 
Structure d"habitat du Riss Ill de l"o.bn Sue.rd (en grise : bloc de 

granite). les e.rtefacu sont signaJes par des points. La n eche indique ta. position de ros 

coche qui se trouvait dans ta.structure. 
1.3. FONTECHEV ADE. 

A quelques: kilometres de La Cheise. s·ouvre la grotte de fontecbeV&de. dans un 

contexte e:e<>morphologique identique. Die a feit t'objet de nombreuses fouilles depuis 

Je debut du s1e<:le .. dom te.s plut imponantes t'Urent eelles conduites: par G. 

Henri-Mo.r•m de 19J7 il 1955 . 
L ·en tree de ta grotte es:1 orientee au Nord-Nord-Est et ta cavi.te ·se ptesente 

~•uettement sous la forme d'un vaste tWI..Del rectiligne dont t"entr6e est en U 

renverse et le ple.l'ond presqua horiJontel- (G.Henri-Yartin 1957) (figure 7). 

seton G Henri-Martin {op.cit). deux cycles principauz ont ete retraces:. qui 

e:r:pliquent 1·evotution de ta erotte : daru: un premier- temps. un resee.u de boY11UX 

collect~ur des ee.wc s·est forme. puls ii a et6 Ub6r6 par suite de l"enfouissement des 

ee.u:i:. Dans un second temps. apres abandon <1er1n1ur du r6see.u par !es ee.wc 

souterraines. une sedimentation d"abord argileuse. puis plus <letritiqua par suite des 

actions <tu eryoctastisme a conduit au c:ombtement de ta ca"ri.tl!. Nous retrouvrins ici des 

pheflomeDes proches: de ceuz que nous awns mis en 6vidence 6 La Chaise. 

La grotte de Ion1t!cbevade est perticulierement connue pour se. calotte 

crinlenne attribuee anctennement a un prest1pitm.r (Vallou 1958) et par l'inclustrle 

tayaclenne qui l'e.ccomP"ll:ne.it. Des etudes rt!centes (Debene.tb 1971. Tournapiche 

I~) montrent qua !es restes humains et le To.yacian de Iontt!chevade sont plus 

eneiens que ce que 1·on pensait anclennement .. essentiellem.ent sur la base de donnees: 
pe16ontol011:iquas erronees. 

Les inclustries te.yaclennes se airo.ct6risent par un <leblteee lavellou qui devient 

de plm en ptm important au f\Jr et a mesure que !'on monte dens ta serie. Les talons 

sont en majorit6 U::ses. lt ei:lste dens tes niveaux superieun: des talons diedres et 

fe.cettes. me.is en faible proportion. 



Les choppers et choppm1·t0ols: forment ta maseure pactie de routillaee 11 

0>nV1ent ¢epende.nt d'etre riserW sur 1·ane1vse typoloeuiue de G Henr1•Merun 11 
exute des vattofrs mNSifs et des encoehe$. ¢el1es~ etant "'pre$que toujow-s det 

ebr"echurez d'utitlsaUon • _ ou des traceJ de conc:asu,a:e I Les ractoirs :ont en petu 
nombre (environ I 1.). U n·yaposde bitaees 

2 L·occcUPATION DES GROTTES ET ABRIS PENDANT LA GLACIATION 

WURMIENNE . 

Nous ne saurians term1ntt eeue raplde etude de rocc.upe.tion de la zone 

ko.rstique de La Roc.heroucauld sans mentlonner la presence humasne durant la 

e:tac1a1.Jon wutauenne Cette presence ,·es• renrorcee dans les crones et abrss de ceue 

r-ee1on durmu tout le \lurm. et sa pt'esentauon ne<:ess11erast de loneues peees Les 

Mow:tertens ont c:atoniteS le.r&ement l'abr1 Bourgeo1s•Delaunay et Monteaudter 11 

.:ont e&eJement prettnt: 6 ronteehevade. o\J :e rencontre W'), Mow:tenen 

probablemenl typ1que et Wl Wousterien de tr6Cbtion acheuleen.ne ce. qua «mY1ent 

~retre s1e:na1ee. eeue e1Y1hsauon etant daven,ee,e ¢0nnue en plein e.Jr quen groue 
1ans le bassm ~ ta Che.rente 

Si le Mowtlrien typique est mal connu. (peut·ttre eJt· 1I pte::ent au Placard) 

nous voyons une vaSle occupeuon des mow1ir1eni de type eharenuen Mousrer1en 

ferre.ss1e ei Artenac. Mouster,en de 1ype Quana a la Cave el e, Mertll&<'. Mow1Pr1en 

· interm~iaire· entre les types Qwna et Ferrass1e a Mont&audier (Oebenath et Ouport 
1987) 

Au c:our"s du vurm reeetlt toutu tu cavite.s seront occul)eeS. par les: 

Aur11tnaciens d·ooord (La Chmse). pws par les Pen&or<ltens (Le Bou du Roe) et surrout 

lo: Solutr eens et les M011:dalen1ens (Le BolS du R.:C. Le Placard, l'Ammon1te, 

Monte:e.udier). 

Tous tes remphuae:es de ces: &lsemenu montreot que tes phinom~nes karsuques 
se sont poursuaV1s pendant la duree de roccupe.uon hum.a.me affeJssemen1s. 

aspiration de couches. inje-clions d'argites. formation de ptenchers sta18i:mltique:. 
etc 

--0 

FIGURE 7 

Plan de le 1ro1te de Fontechevade &alene nmpte avec peu de 

dlverueute:: . 

3 p)NCLUSIONS 

La. kerst c harentais se pt'Uente done comme une tee.ion partic.ulierement 

accue1tlante pour les pale01ithlques qui. 1·0nt ha.bite durant de nombreux millellame:. 

prataquement !4"S ducontinwte. Ce11e occupauon se pow-suivra a.pres les temps 

pe1eo111h1ques. puasque cette te1"1on montre de nombreux ha.bna,s hotOC-enes. p,arfois 

dens des erottes a erends developpemenu horizontaux. riches en nombreuse: 

concr6uons souvent de &randes ds.m.ensions le Queroy, Raneoeoe. les Du!faits. Ae:ris 

Dans le ca: de cette derniere aroue. roccupation s'est poursuiV1e. au moins de maniere 

sporedtque 1usqu·au debut du Woy,,n•A&e (renset&nement oral J Gomez) 

Les deml~res prospection, e!Tec,.. par les speleolol011:lJeS cb=tais ont 

permls de mett.re o.u Jour pturieurs ea.viteJ dmu lesquelles de nombreux an.Imam ont 

ete plea&, ce qUI permenra, au rours des annees a venir d'avolr une mellleur 

connoissance des raunes peleolltbiques <le cette tettton et des complements 

int6reuents sur sa morphotoeie kerstique 
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INTRODUCCION AL ESTUDIO DEL SANTUARIO ES QUEMATICO 
DE LA CAVERNA DE "PE:iq-A ESQUI LLAS " 

SAIZ QUEVEDO, L u ua - FERNANDEZ SANDINO, J avier A. - FERNANDEZ JBAAEZ, Carmelo 

lllE FIRST I MAGES OF CAVF. PAIIITll«J IN I.A klOJA 

Within the scbeutlc cave paln tlrc i n t he nonhern Spanish plateau. 1fl8 

p resent a b rief study or the pai n t ings or thh kind found for t he flnt uae t n 

the autonoeous coeuntty or The RloJa. 

The i■po r lance of this study o f schM.atlc cave pain lines. situated 

tlaowl1e between tbe late Bronze and ear lJ Iton Ages, lies , apart froa its bei ng 

1. - Introducci6n. -

En los tilti■os al'\os se ha producido , en Espana, una notable in

t ensificaci6n en los trabajos encaminados al estudio y descubri11.ien

to de nuevos enclaves de arte r upestre, lo que ha supuesto un cam-
bio considerable en el panora11.a y la conceoci6n que sobre, El se te- -

nta. Tan to el nt'.iaero de descubrimientos • como la ampl i tud de teP.las y 

estilos, ast como el hallatgo de santuarios en lup,ares hasta ahora -

considerados co11O estEriles, hacen nacesario que cads poco tiempo, -

las cQnclusiones y planteamientos sobre el tema desvfen sus derrote
ros. 

Uno de estos casos es e l que aqui presentamos, constituyendo el 

primer centro rupestre de la Comunidad Aut6noaa de la Rioja. Si hien 

en provincias 1 iaftrofes {Soria , Burgos, Aiava, Navarra) se hahtan -

descubierto desde antuguo representaciones en alr.unos abrip.os y cue

vas , no ocurria asi en esta comunidad uniprovincial. Al J'lenos desde

un pun to de vista te6rico , esto carecta de 16gica y las prospeccio- -
nes efectuadas por la Federaci6n Riojana de f:speleolor,ta, dieron por 

fin los frutos esperados, dentro de un ambicioso plan de investip.a-
ciones que se inici6 ya hace varios al'ios. 

2. - Si tuaci6n y descripci6n de la cavidad. -

Se encuentra esta cavidad en

las proxiaidades del pueblo de - -

Santa Engracia de Jubera (la Ri~ 

ja}, distante de la capital, Lo-

grofto) unos ZSKms (f.iRura 1). 

Su boca se abre a favor de una 
estrecha franja calita de escaso

potencial (correspondiente al .Ju-

1:'sico Superior } y casi nulo hut! 

■iento , quedando delimitada, tan

to en su parte super ior COP.lo inf~ 

rior, por materiales no karsti Fi-
""!:ab!es ·tmargas. 

Las caracteristicas de este e_! 

trato calcAreo , hacen que la cav! 

dad tenga poco desnivel y haya dado paso a una confip.uraci6n laherf!l 

tica, con num.erosas galerfas, de diferentes di■ensiones, que se en-

trecruzan (figura 2) siendo la nota predo11inante su escasa al tura y

la colaataci6n arenosa, que se observa de manera principal en el SU!:_ 

lo, lo cual de■uestra que en epocas pasadas actu6 co■o surgencia. 

3. - Desr:ubrimiento y descripci6n de la e;alerta de las pinturas. -

Dentro de labor de catalogaci6n que lleva a cabo la Federaci6n
Riojana de Espeleologia (F.R.E.} se encontr6 en esta cavidad un ir1-

portante yaci■iento paleonto16gico, en el curso de las actividades -

de exploraci6n se localiza esta galeria, concretamente el 7 de fe- -

brero de 1987, denominandose a partir ae este m.omento galeria Arias

en honor de su descubridor; es de escasas dimensiones. con una altu

aproxi■ada de SOc11s, lo cual dificul taba clar8J!lente cualquier tipo -
de labor. 
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the first plctorel representation found in this regions l n the f act that al.aost 

all the palntlng1 housed Ln t h is cave. relate 10 a sl..ncle t heae - arborifor■s . 

nor■ally. t h h type of representation h found associated with o t her types 

withi n scheaatlc art. belnc the first tt■e that t hh theae receives p r lorlty Ln 

represen tation and for■s a ■onotheaatlc croup based on a single stcn and lts 
var tanu. 

In the b r ter study t hat we present , we a ake a descr lpt l on or each or the 

representations and their c lobal asseebly within Spanish scbeeatlc paln llnc. 

Por medio de la f:.R.E. se consigui6 cerrar la boca de la cavi-
dad, contando con la colaboraci6n de la direcci6n de Patrimonio de -

la Comunidad Autono9!1a de la Rioja, que concedi6 un perr1iso de pros-

pecci6n a un equipo formado entre otros por los Fir■antes de Ia pre

sente comunicaci6n. Una vet en posesi6n del Aisao, se procedi6 a re

bajar el suelo arenoso de modo que nos pen1itiese un trabajo mas co

modo. a continuaci6n realita110s un estudio fotogr~fico del techo nor 
medio de infrarrojos. 

4. - Las representaciones ptC:t6ricas. Caracteristicas y descrinci6n. 

El conjunto rupestre esquem.1tico de Pel'\a F.squillas. agrupa has

ta el ■o■ento un total de siete grupos de figuras, todos ellos loca

lizados en el techo del santuario. ne los siete J?rupos, tan solo cua 

tro nos per11iten individualitar las representaciones; pueden estar -=

co■puestos por una sola figura o bien por dos de el las fici Imente in 
dividualizables. El mediocre estado de conservaci6n en que se encue; 

tran las representaciones. no permite diFerenciar el resto, que se-=

reduce a conjuntos indeterminados de pequefias 1 fneas y cortos tratos 

i~conexos, a duras penas ident ificables. 

Sohre el techo calizo del santuario se tratar6n en su momento fi
nas lineas de color negro que , unas veces claraf!'lente y otras muv ve

ladamente . conformaban lo que conocemos corno figuras vegetates ~ "ar 

borifor11es". Tales representaciones tienen unas diPlensiones que osci 

lan entre los 23 y los 3 , Scms., pudiendo aparecer disef'!ados sobre z; 
nas 1 isas o en pequeftos recept.iculos o concavidades. 

Podeaos resu11ir la descripci6n del conjunto de esqueeatisr.1os v£_ 
getales de la siguiente forma: 

- grupo 1(figura 3}: Es quitas el g runo mas lla11ativo de todos, esta 

foraado por dos representaciones de tipo arhori 
for■es presentando al ternancia de tratos "inos
con otros gruesos y puntuac iones. 

Despues de su descubrimiento , este grupo rue -

dal'\ado por desconocidos, tai,andolo en pa rte con 
arena. 

- grupo 2(figura 4): Conjunto de tratos que representan un arborifor 

me, el cual presenta ramificaciones en uno de -

sus dos lados , en el otro se aprecia una serie

de puntuaciones y de 1 in~as , pudiendo al gun a de 
ellas tener relaci6n con ~l. 

- grupo 4(figura S): Fonaado por un conjunto de trazos y puntos , a-

provechando las oquedades de la roca soporte, -

configuraci6n que podria corresponder a dos ar

bori for■es, aunque su conservac i6n iP.tpide aseg!:!_ 
rarlo cateforicamente. 

- g rupo S(figura ·o) : Serie de traz.os y puntos que foman un arhori-

forme, en la parte superior se observan unas -

lineas que podrian representar, igual11ente, otro. 

- grupo S(figura 7): <:onjunto fol'l!1ado por ■ultitud de puntos y lineas 

de dificil inter~retaci6n. Se encuentra en una
oquedad del techo. 

grupo 6{figura ·,s): Conjunto fornado por tratos que representan una 
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figura arboriforme, que podriaaos incluir en -
los denominados laci toTI!les . 

- grupo 7(figura 9): Se encuentra en una pequefl.a oquedad del techo, 

representa un arborifonie, y para su realiza 
ci6n se han usado las lineas de fisura de la r~ 
ca soporte. 

S. - Cons ideTaciones finales. -

En esta , necesaria11ente, reducida stntesis final, queremos re-
ca l car el car4cter de santuario subterrAneo donde se encuentran las
las representaciones, y a4s concretaciente, el hecho de que sitGen en 

un lugar apartado de la exterior, es decir en el interior de la cavi 
dad. Este ~i11ple hecho nos sirve para enclavar p.eo,.r«fica•ente a r>e

fta Esquillas en el it:rupo cantibrico de representaciones esque114ticas, 
basandonos en los tit ti■os hallazgos y estudios. Tales estudios se en. 
cuentran en clara contraposici6n con algunos planteaaientos antiguos . 

que negaban en los esque■atismos la existencia de "pr ovincias" o "ir!!_ 
pos arttsticos" de este tipo en la peninsul a. Las Com.un idades Aut6n.Q_ 
11as de Cantabria , Pais Vasco(Vizcaya y Alava), Castilla(Burr.os) y -
ahora ta■bi~n La Rioja, poseen un tipo de arte esquemd.tico que, en -

respuesta al resto de nuestra geografta donde se utilizan abrigos al 
aire libre , decora las galertas de sus cavernas, tal y como 11uy bien 
caracteri z6 el Dr. Apellaniz. Este tipo de santuarios pueden ser de~ 
nueva creaci6n (Solacueva o Laialday , en Al ava; y ahora Pena Esqui:

llas , por ejeaplo) • o bien una reutilizaci6n de santuarios paleolft! 
cos (Ar enaza, en Vizcaya o Las Honedas, en Cantabria). Se produce una 

utilizaci6n cast exclusiva del color negro, en ltneas de diferente -
longitud que conforaan figur as o sh1ples t r azos . Esta pintura, a ve-

ces se une a gra3ados que conforaan santuarios els cosplejos, co110 es 
e l caso de la r.alerla del Silex en Cueva Mayor (Burgos). 

Existe otro aspecto i■portante que , al 11enos de ■ol!leuto, proporci2_ 
na una clara exclus ividad a nuestra caverna en relaci6n con la zona. -
y es el cardcter 11ionote■ltico de las representaciones. Los arborifor

•es o ra■iforaes, co■o taabi(;n se les ha llamado , con£or11.an un J11tis110-
te■a que arranca desd8 etapas paleoliticas del ■agdaleniense (Altar:i! 
ra, Altxerri, Castillo , ..• ), )iasta la F.dad del Hierro. Las renresen-
taciones, grabadas o pintadas, agrupan una gran variedad de foraas, • 

aunque el aorfotipo caracterfstico consists en una lfnea vertical en
cuyos lados convergen o se cruzan, transversal u obltcuu,ente, series 

de llnells •fis o 11enos cortas y paralelas. Su disposici6n (invertida,· 

inclinada, ... ) o bien los 11otivos con los que aparece o a los que '! 

aparece o a los que aco■pafta, suelen variar en nOmero y tipo sep.Gn
el ■o■ento cron,ol6gico y/o la si tuaci6n topogrdfica y geogrllfica. -
De ■oaento no podeaos establecer ninguna conclusi6n de car!cter ge

neral en relaci6n con este punto, ya que necesitartaaos un analisis 
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■ucho ad:s ex ten so que planteare•os en futuras investigaciones. 
En cuanto a la cronologfa, obaservamos que el grupo de cavemd.S

con esque■atis■os en el ,res cantlbric4, ha sido enteraaente fecha
do en el Bronce Final, tan to en el caso de cavernas reutilizadas - -
como de nueva creaci6n. Pef\a Esquillas, ademis de reunir las cars.c

tertsticas vistas de esta zona geogrifica, se nos presel'lta coao un
santuario unitario de carllcter sencill o, en cuanto a t6cnicas e ic~ 
nografta . Parece que todo 61 responde a una Plisma ~poca, aunqtJe co~ 

ao ha ocurrido en casos !i■ilares, no podeaos precisar su extensi6n. 
En este caso puede ayudarnos el descubri■iento de un hacha de tal6n 
y dos anillos procedente de Lancia (Le6n), con represen.taci6n de un 
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arborifor11.e. Se han fechado en torno al ano 1000 a.C.; si unimos e! 

to a las pruebas de C-14 en Cueva Mayor (1100:-a.r:. aprox.), conse-· 

guire■os un mayor acercamiento a este fen6meno rupestre. 
Finalmente, en cuanto al tratamiento de la interpretaci6n de las 

representaciones, no queremos pronunciarnos de manera definitiva a!!_ 

te lo escabroso y de l icado de 1 tema. Ya desde que Breui 1 es tud i6 el 

arboriforme con la figura humana. A esta hip6tesis se han sumado -

despufs muchos autores y cierto es que, en los abrigos al aire li-

bre del centro y sur peninsulares , parece existir una cierta rela-

ci6n. Por simbolog{a, el li"rbol siempre se ha relacionado con la re

presentaci6n de la vida y la inmortalidad en su sentido mi\s ar.tplio. 

Actualaente , la interpretaci6n de este arte esquemAtico se ha lle-

vado al campo de lo conceptual pero , el "concepto" • algo tan profu!!. 

do y cambiante como inalcanz.able para nosotros , por ley natural - -

muri6 con los artistas. 
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DATING OF GROWTH RINGS AND THEIR RELATION TO LATE QUATERNARY CLIMATIC 
CHANGES IN THE RYUKYU ISLANDS, JAPAN 

ARAKAWA, TaUuh1ko 

Late Quaternary cliaatic changes in the Ryukyu Islands, Japan vere 
est.iaated hoe the analysis of u.ny speleothell rings (Crovth Rings 
CRs) using the ESI dating aethod. A apeleothea auch as atalapite, 
stalactite and coluan genetically has •ny concentric layen in the 
saae vay as the tree rings. The foraation of CRs and the thickness (or 
voluae) of each layer of Cr are indicative of being influenced by 
cliaattc changes. 

Many apeleotheas vere collected froa aoae liaestone c.avea and they vere 
cut into round slices. The auples vere taken fr011 the outer and inner 
edges and the centre of each ring in order to deteraine their ages froa 
the beginning and end of the grovth in eac.h CR reapectively. For 
exaaple, in Yoron Island , the forw11tion of CRs had been interrupted 
during 6 periods of cliaatic. changes. These results are quite in 
agreeaent vith the trend of the cliaatic changes that have been 
revealed in Japan and its vicinity. 

The result of this study showed the new approach to the investigations 
into the r elationship betveen the evolution of brat landforas and the 
cliutic changes during the Quaternary period. 

1. INTRODUCUON 

Dating of speleotheas has been investigated in many caverns, 

using several techniques, in particular, pale011agnetisa, oxygen 

isotope and the U-series and TL. The ESR dating method also made 

it possible to deteraine the age of speleotheas (Ikeya, 1975). 

Nevertheless, almost all of the investigations of apeleothem 

dating tended not to analyze the apeleothem itself but to 

determine the age of the cavern, terrace or past sea-level and to 

reconstruct the paleocliaates (e.g. Harmon et al., 1981: Henning, 

et al., 1983 etc.). Moreover, unfortunately, there are few 

reports about the fonaation of speleothems. 

Many studies analyzing apeleothems have reconstructed 

typical continuous paleomagnetic and paleoteaperature records in 

soee areas (e.g. Wendy and Wilson, 1968: Thompson et al . , 1976: 

Harmon et al., 1978: Horinaga et al., 1985 etc.). These studies, 

however, regarded the growth of a speleothem as a continuous one 

in spite of the fact that the speleothem form had several 

concentric layers of unconforai ty. 

On the other hand, there are many other effective approaches 

of research.ing the Quaternary climatic changes, for exaaple; 

pollen analysis, diatom analysis, isotopic analysis etc., though 

these do not so read.ily reveal, the cli.aatic changes du.ring the 

Quaternary period 1.n tropical regions, especi.ally, on raised 

coral reef islands. 

In this paper, speleothea rings (Growth Rings: GRs) were 

analyzed using the ESR dating method~ and the results showed that 

a apeleothe■ such as a stalagmite, stalactite and colu■n, 

generically had many concentric layers in the same way as tree 

rings did. 

2. STUDY ARD 

The Ryuku Islands form an arc stretching from Kyushu to 

Taiwan, a distance of about 1,200 kll. 

Many studies have been reported investigating the Quaternary 
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C'est • trawera des ~tudes qu'on a fait de beaucoup de "a~l•othe• u" 
qu' on a au que le cliae changes trla tard a 1' ~re quarternaire eu.x lle1 
Ryukyu, pour cela a eaploy4 la •ihhode R. E.S. Un "•~lktheru" tel 
qu'une stalalgaite, stalactite et une coloMe a beau.coup de couches 
pareille■ au.x anneau.x d'un arbre. La formtion de CRs et de 
l'&paisseur (ou volume) de chaque couche de CRa indiquent l'influence 
des cha.ngeaenta cliaatiquea. 

Beaucoup de •~1,otheas furent recuellis de quelque• cawernea c.elcairea 
et Us furent coul)e:a en trenches. Qu.elques khantillona furent pr ia de 
1' e,:t,rieur de l' int4rteur et du centre de cheque anneau a fi.n de 
d~teraine leurs 3gu du C0111enceaent et de la fin de la foraetion 
dans chaque RCa rupectiveaent. 
Par exuple, ~ l' He Yoron, las foraation de RGs a l:t' interroapue 
pendant 6 phiodes per des changeaents cliaatiques. Les r,aultats sont 
presque d'accord avec la tendanc.e au11: c.hangeaents cUaatiquea qui a 6t4 
r~v11e au Japon et dens 110n entouraae. 

La resultat de cette etude a aontd une nouvelle approche pour les 
recherches dens lea relations entre 1 'evolution de■ foraea laratiquea 
et les changeaenu de clillat pendant la ~riod qu.aternaire. 

crustal movements in this area since this is where the Filipino

Sea plate strikes the Eurasian plate, hence it is an active area 

for such aoveaents. But the Quaternary cliaatic changes have not 

been revealed in thia area. 

Yoron Ialand lies in the approximate centre of the Ryuku 

Islands and consists of seven raised coral reef terraces of Ryuku 

Limestone. 

This island ta divided into three areas by two aajor act.ive 

faul ta running north-south and west-east. The northeastern area, 

in particular, clearly s hows the raised coral reef landforms 

consisting of seven liaestone terraces with liaeatone raaparte. 

Six cave groups have developed with different elevations well

.etched with raised coral reef terraces. 

3. SIIMPLES 

Twenty-two speleotheas were collected froa five different 

horizontal limestone caves, each fro■ a different terrace, 

therefore a different cave group, in the area: one stalagaite waa 

collected froa Shina ha-Do Cave ( 10. A. s. L. ) • two atalaga.1 tea frc:. 

Akasaki-00 cave (25■). three colWU\s and four stalagmites froa 

Gushoka-Do cave (18■), tvo stalactites and two atalagaites and 

two colwans fr011 Yago cave (70.), and five stalagmites and two 

coluana froa Gokuraku-Do cave ( 8011). 

Cross-sections, 1cm. thick, of these samples were taken. 

Frca the growth rings revealed, of 2-4- in width, saaples were 

taken from the outer and inner edge and the centre, in order to 

deteraine the dates of the beginning and end of the growth of 

each ring. The thickness (and volume), the growth rate and the 

percentage voluae of each GR in a apeleothea, were detarai.ned. 

These saaples were dated by the BSR dating aethod . Saapling 

procedures were perforaed according to Arakawa ( 1988), and £SR 

ages were deterained using the theoretical calculation proposed 

by Ikeya and Miki ( 1984). 



4. CONCLUSIONS 

All ESR ages of GRs dis played less than 25,000 yr.B.P. 

except one GR which showed the exceptional age of 103,150 

yr. B. P. . The foniation of GRs had been interrupted during the 

following 6 periods: 

23,600 - 19,800 yr.B.P., 

10,600 - 9,800 yr.B.P., 

3,500 - 2,900 yr.B.P. , 

17,800 - 16,600 yr.B.P. , 

9,200 - 6,900 yr.B.P. , 

2,100 - 600 yr.B.P., 

On the other hand, many wide and clearly defined GRs had 

formed during the following periods: 

19,000 - 18,000 yr.B.P., 6,500 - 5,000 yr.B . P., 

5,000 - 4,000 yr.B.P., 

These results clearly show that each speleothem had been 

formed, not successively, but with several interruptions during 

formation. It seems that they were caused by environaental 

changes i.e. climatic changes. 

Also, the growth pattern of GRs in all the speleotheas are 

very si■ilar. As a result, the formation of GRs had been created 

not by individual factors but by the same factor. That is 

clearly the climatic factor; thus these results show undoubtedly 

that the formation of GRs had been influenced by climatic changes 

and that the growth pattern of GRs indicated the trend of 

climatic changes. This trend is quite in agreement fundamentally 

with the trend of the climatic changes that have been revealed in 

.Japan and its vicinity. 

Th e result of this study showed the new approach to the 1n0re 

detailed investigotions into the relationship between the 

development of speleothems a nd the climatic changes during the 

Quaternary period. This new approach seems to be a useful method 

of revealing the Quaternary climatic changes in the li■estone 

oreas worldwide. 
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THE DEVELOPMENTS OF LIMESTONE RAMP ARTS AND LIMESTONE WALLS 
IN THE RYUKYU ISLANDS, JAPAN 

ARAXAWA, TatsUhJkO - OSHIRO, Naokl - IGAWA, Htroyuk1 

I) 
2) 

3) 

Hertford College, University of 0:dord, Oxford, OU 38W England 
Graduate School of Biosphere Sciences. Kiroshiaa University, 
HiroahiJla, 730 Japan 
Depertaent of Geography . Faculty of Science, University of Tokyo, 
Tokyo, 113 Japan 

The Ryukyu Islands consist of Quarternary raised coral reef liaestone, 
Ryukyu liaestone (Yabe and Hanzawa, 193)), vhich have many interesting 
Xarst landforas. ,The 'liaestone valls' a re, especially, kaovn for 
their typical landforas (Flint et a l., 1953}. Although Flint et al. 
regarded thea as tvo-diaensional landforu, in other works after 
Tujiocura (1965), they regarded them as three-diaensional landforas. 
These landforas are clearly convex ones, 

The 'li.llestone valls' vere re-investigated and they vere divided into 
2 different landforas: Liaei,tone Raaparts and Limestone Walls, ThcJ 
were eac.h classified into 4 sub-groups bJ origin, morphologr and 
aspect . The distributions of Limestone Ramparts and Ll.aestone Walls 
and two nev develoi-ental aodels of thea were revealed froa the results 
of field work carried out froa the lithological aspect, from the 
investigation of under ground vater, froa the coaparison of other hrst 
landforas in the Ryukyu Islands and froa the relating crustal 
.:,veaents. 

1. INTRODUCTION 

The Ryukyu Islands, about 1,200 km in length, are an arc of 

islands between Kyushu and Taiwan. The islands have been 

considered to be unique in the Quaternary landforas and geology 

because of the distribution of living coral reefs and the 

Pleistocene Ryukyu Limestone. The li,aestone topography of the 

Ryukyus presents very distinctive Xarst landforms with its 

lithological and geological features. These features are also 

attributable to the climatic condition of a sub-tropical island 

where the annual average temperature is about 22°c and the annual 

average rainfall is about 2,300 NI. The development of convex 

Xarst lendforns is especially remarkable in this region. 

Among the Kan,t landforms formed in the Ryukyu Limestone, 

the • 1imestone walls• reported by Flint et al. ( 1953) are 

recognized as typical Karst landforms in the Ryukyu Islands. 

Some studies have been made concerning it. As a matter of fact, 

however, not even the distribution of •1imestone walls• in this 

region is known. nor have its landforms and designation been 

clearly defined yet. 

Although Flint et al. regarded them as two-dimensional 

landfonos. in other Japanese works after Tsujimura ( 1956). they 

were regarded as three-dimensional landforms, thus, there are 

some differences between the landforms resulting froca the way in 

which they were perceived. Therefore. it should be necessary to 

re-examine all those landforms. 

Accordingly. the purpose of this paper is to order the 

studies that have so far been made and to attempt to clarify the 

morphology. classification. distribution and developments of 

Limestone Ramparts and Liaaestone Walls in the Ryukyu Islends. 

As regards the method of this study, field. investigations 

involving a groundwater survey. and meesurement of the carbon 

dioxide and acidity in the residual soil, were made, based on 

distribution maps prepared from aerial photographs and 

topographical maps drawn on a scale of l : 1,000. 1: 3,000 1 : 

5,000. 
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IA FORIUTIOII DE RDIPil'l'S CAI.CAIRES ET DE II/RS CALCI.URES AUi ILES 
RTIIITU, JAl'ON. 

Les Hes Ryukyu sont un rKU de corail de l 'Crc quat ernuirc (Yabe et 
Hanz.ava, 1930) nvec beaucoup d'int6r~ssantes foroes Kerstiques, "Les 
aura calcaires" sont bien connus ~ cause de lcurs typlques foracs. 
(Flint et al. 1953). Dien quc Flint ct al. les aicnt corridcres co.ac 
ayant deux diaensions, dans d'autrcs btudes aprcs Tuji■ura (l'JGS), ils 
les corriderent coa.e ayant trois dioensions. Les formes sont 
acttecent convexes. 

"Les aura colLairea" ont 6t~ f!'tudies ct ils ont et6 divisc!s en deux 
difUrentes forc,es: keaparts ct Hurs, Checun de scs groupe par la 
suite a Ct~ classifib en 4 sousgr oupes d'apr~s l'originc, la 
aorphologic et l 'aspect. 

Les distribut ions des Rcmparts ct des curs calcaires en deux nouveaux 
aodels ont ete c.orrider,s d'aprb les rt?sultats ens dancs lcs chantiers 
de travail, l' aspect lithologique, les investigations de l'eau 
souterraine et la coaparation avec d'autres foroes ICorstiques aux Iles 
Ryukyu et par ce qui concernc aux 110uvements de la c roOtc terrcstre. 

2. PREVIOUS STUDIES 

The Flint et al. ( 1953) report on the morphologica l 

classifications and distributions of the •limestone walls• in 

Okinawa island was first discussed by Hoff■eister and Ladd 

( 1945). According to Flint et al. ( 1953 ). • 1ieestone walls• can 

be classified into the following four types; ( 1) along a fa.ult, 

( 2) along a marine terrace, ( 3) alony a river. ( 4) around a 

dol ine. They are all considered to have been formed by case

hardening. 

Later a n\111\ber of views were presented regarding the origir. 

of '"limestone walls•. These views can be broadly classified into 

the following four categories. 

First. the origin of •11mestone walls• is sought i n 

secondary cenaentation (case-hardening). as explained by 

Hoffaeister and Ladd (1945), Saplis and Flint (1949), Flint et 

al. (1953), Flint et el. (1959). Tsujimure (1956). This origin 

is viewed as a result of climatic geomorphology because the 

formation of them is only possible under climatic conditions 

characteristic of sub-tropical and tropical regions. 

Against such a theory, Tuch! ( 1971) classified the liaeatone 

walls in the southern part of Okinawa island as a cueata, a type 

of structural landfona. 

On the other hand. Ota and Hori ( 1980) pointed out with 

respect to the origin of •limestone walls• that these landfonu 

should be classified as tectonic landfonns in view of the fact 

that the distributions of active faults and •1i■estone walla• 

equally overlap each other. Hanai (1959) also believed that ■any 

of the •1imestone walls• in southern Okinawa is land consisted of 

groups of fault blocks and faul t-a.ngle basi na. 

Meam,hile, Nishimura et al. ( 1973) adopted the view of 

phreatic :zone and vadose zone employed in he genesis theory of 

limestone caves. They approached froca an altogether different 

point of view. 

Various interesting theories about th&ir development have 

been presented as described above. but each of them has a number 



of problems. 

First, it is difficult to obtain from the theories of Flint 

et al. ( 1953) and others, who sought the origin of limestone 

walls in case-hardening, an explanation of the width of a wall 

ranging over 100 •• just in the recrystalization of the cliffs 

and steep slopes . 

Also, the theory of Tuchi ( 197 1 ) does not take into account 

the effects of active faults which Ota and Hori (1980) pointed 
out as being fundamental in development of limestone walls. 

However, the problea wt.th the Ota and Hori. theory is that 1t does 

not explain what directly brought about the formation of the 

embankment-like elevat1on. 

The theory of Nishimura et al. ( 1976) 1s problematic in that 

it has employed the genesis theory of limestone caves as it 

supports the formation theory of Karst landforms above ground. 

A.t the same time this theory represents quite different levels of 

thought. 

3. TEJUUNOLOGY 

In this paper. Limestone Rampart will be re-defined as 

•rampart-like elevation of limestone fonaed by solution•. The 

term used Limestone Wall, therefore. will be re-defined as •a 

wall-like landform of limestone approximately 2-10 metre and 1-3 

metre in width formed by weathering•. 

·• CLASSIFICATION OF LIMESTONE RAMPARTS AND LIMESTONE WALLS 

The limestone ramparts have been classified into the 

following four types according to their geomorphological 

location: 

1 

2 

3 

4 

That which is located along a fault. 

That which is loci,tad lllong a marine terrace. 

That which is located along a river. 

That which is located along a small tableland. 

The limestone ramparts can be classified morphologically as 

follows: 

2 

3 

4 

Embankment - type. 

Ridge - type. 

llall - type. 

Cuesta - type. 

These aorphologically classified types, however, agree well 

with those classified by ge01DOrphological location. Ellbankaent

type ra•parts are located along faults. rivers and marine 

terraces. Limestone ramparts, however. are located along rivers 

that have no 11.mestone walls at their top fi!llce. The Ridge - type 

is found along marine terraces and the Wall - type along faults 

and tablelands. The Cuesta - type ramparts which are found in 

the southern parts of Okinawa island where there are several 

active faults also run parallel to each other. 

The limestone walls can be classified into the following 

three types: 

2 

3 

That which is located on the crest of a limestone 

rampart. 

That which stands in a row on a slope. 

That which is located around a doline. 

4. DEVELOPMENTS 

Fr011 the aforementioned morphological classification and 

distribution. limestone ramparts can be more broedly classified 

into the following two types. One, is the embankment-like type 
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that develops along a river or marine terrace with no limestone 

walls on its crest. The other is the type that is found with 

some limestone walls, that has developed along a fault. 

In limestone ramparts along rivers a nd marine terraces. 

ground water can be considered to flow down towards the base of 

the cliff. Because of this. the relative height to the ground 

water level increases as the edge of the cliff is approached. 

The Ryukyu Li.aestone is not yet concreted or semi.-concreted, and 

is porous. Presumably, therefore, contrary to limestone in 

general, solution processes iaay dimin.ish if the relative height 

to ground water level is excessive. This can be inferred fr011 

the fact that the Karst depression. particularly doline, in the 

Ryukyu Islands is of uniform shallow depth and presenting a tray

like feature. From such a viewpoint. solution is accelerated on 

the terrace surface and on the interfluves where the relative 

height to the ground water is small. The solution weakens near 

the edge of the cliff because a more and more accentuated and 

embankment-like elevation. is formed. 

Meanwhile, deposition of residual soil continues on the 

terrace surface, on the interfluves, and under the cliff. which 

increases the acidity and promotes solution (Trudgwill, 1985 

etc. ) . The wall of the scarp also hardens by case-hardening . 

This view is that such processes act to form limestone r amparts 

while affecting each other. However. it is believed in studies 

made so far on Karst landforms that solution process is 

accelerated as the amount of available relief become greater 

(Sweeting. 1972). This theory is altogether contrary to the idea 

presented in this paper. But in the Ryukyu Islands. a 

Pleistocene limestone area. such a theory that is contrary to 

Sweeting's theory is a very important one. 

A li•estone rampart a long an active fault is tilted, so that 

the ground water should flow down toward the back slope. In 

limestone regions. such a knick point. once formed, hardly 

retreats at all in contrast with landforms in general, and 

solution proceeds from downstream of the ground water flow. In 

addition. limestone caves are formed near the ground water table 

which is close to the surface, and collapse occurs because of the 

shallow depth from. the surface. 

Moreover, according to the view described earlier, the 

solution process proceeds rapidly on the surface. and at an 

elevation where solution has not advanced, limestone ramparts are 

formed near the knick point, which the fault scarp hardens due to 

the presence of heat produced from fault activity and the 

climatic case-hardening process. This accentuates the wall. The 

parts remaining without undergoing solution as a result of such a 

process and the added action of hardening. are the limestone 

r aJDparts and limestone walls. Differences in morphology. such as 

the Embenkment - type, Wall - type and Cuesta - type, are 

believed to arise in the process of development. 

The above two theories are the presented views regarding the 

process for the development of the different types of limestone 

ramparts. The former theory. in particular, is epplicable to 

limestone walls developing along marine terraces and also to 

limestone ramparts with no tilting developing along active 

faults. 

Lestly, to describe the origin of limestone walls standing 

in a row on a gentle slope. it can be considered thet these are 

formed when the initial landforms, the aaassive coral reef zones 

with the sandy deposit zones between theat. 1& differentially 



eroded. Wide coral reef zone also re1Dain without being subjected 

to the solution process, according to the for.er theory, mainly 

due to case-hardening. However, they are subsequently destroyed 

8. IRELAND, P. : Geo■orphological variations of •case

hardening• in Puerto Rico. Zeit. fur Ge0110rph. 

Suppl. 8d. 1979, 32, p.9-20. 

by physical erosion. 9. OTA, Y. and HORI, N. : Active faults in Okinawa. In : Active 

Faults in Japan (ed. Study Group of Active Faults) 

1980, 293p. ( in Japanese) 

1. 
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3. 

4. 
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The Ryukyu l■lands Arc h where the Filipino Sea plate strlkea the 
Eurasian plate, hence it ta an actl ve area for such aoveeenu. Kost of 
the I s land• consist of Quaternary raised coral reef liaestone. 
Therefore, it aeeas to be a suitable field to research cave 
de.elopeenta , 

Many speieothees vere collected !roa fhe different horhonul caves, 
each frc:. o different terrace, in Yoron bland. They vere dated by 
the ESR dating method. Although, aenerally, the elevation of a cave 
floor indicates the underground veter level at the tlae o! iU 
!oraation, all agea of speleotheu dhplayed le■s tha.a 25,<X>O yr. B.P. 
except one. 

This result aeeas to shov that aany speleotheas which had foraed by 
that tiae had collapsed end disappeared vith c.ave developaent. Because 
ln a s ub-tropical area like Yoron Island vhere llae■tone b ver-, porous 
and soft and cru•tal aoYeaenu ha-,e been acthe, 11.aestone aolution 
rate is ac>re rapid, t.hu.1 ca·H dnelopaent is alao quicker. Therefore, 
it is probable that the general 11.aitation o[ apeleothm exiltenc.e, one 
cycle of cave deYelopaent, is less than 30,<X>O yr. B.P. in the 
Quaternarr raised coral reel Uaestone areas. 

1. INTRODUCTION 

The origin of limestone caverns haa been discussed in aany 

papers (e.g. Grund, 1903: Swinnerton. 1929: Davia. 1930: Ford, 

1965 etc.), and studies have also revealed the stages of cave 

developaent (e.g. Sweeting. lQSO: Malott. 1952: Kawano. 1980 

etc.). various attempts to eatiaate the ages of caves or the 

dates of their formation have also been reported. 

The fact that limestone caverns have been developed ■ainly 

by erosion of groundwater flow and enlarged by roof collapse. 

especially along the lineaments or faults, has been confirmed. 

However, the age and ■anner of cavern developments have not been 

clearly revealed. 

In thia paper, the limitation age of one cycle of cavern 

developments in a aub-tropical raised coral reef area; Yoron 

Island, the Ryukyu• was estiaated froa the dating of speleotheas 

and travertine& using the ESR dating method. 

2. STUDY ARD 

The Ryukyu Ialands foilll a tectonically active island arc 

atretching about 1,200 k• froa Kyushu to Taiwan, where the 

Filipino Sea plate atrikes the Eurasian plate, hence it ia in an 

active area and ha■ aany raiaed coral reef island• consisting of 

aeveral raiaed liaeatone terraces for such aove■enta. 

Yoron Ialand, which lies in the approxi■ate centre of the 

Ryukyu Ialands and conaiata of raised coral reef li■eatone. 

Ryukyu liaestone shova clearly the raised coral reef landfor11.s. 

Many limestone caves have developed in different altitudes and 

they are divided into 6 cave groups. 

The Ryvkyu liaeatone, ooapared to the Paleozoic liJNatone 

distributed in tho main ialand of Japen, is very poorly cemented 

and di~playe high periability. 

44 

L'AGE D'UI CTCA DlllS LA FOllllnOM DE CAVEIIJIES DlllS UI RB::IF DE CilUIL 
1'JI 20IIE SOOS11101'1CAU! : LlS lLlS TOION, LlS IYUITUS, JAl'ON. 

Lea iles Ryuk-,us 1 se trouYent 18 oie la plaque de la aer dea 
Philippines frappe la plaque Eura1ienne, d'ou l 'existance d'une zone 
active pour de tels aouveaents. La plupart de ces iles aont un reclf 
de corail de l'~re quaternaire. De ti. qu'il aeable un terrain appropr1e 
pour faire des recherches aur la foraation de eevernes. Beaucoup de 
"apH~theaa" furent recueUUs dens cinq diffbentea caver.es 
horh-0ntale•, chacune d' elle.s se trouvant sur u.ne terrasse dlfHrente 
aux Iles Yoron. Ila furent datk par la •hhode R.E.S. Bien que 
gfncfraleaent, 1•e1e-,at1on du sol de la caverne indique le niveau de 
l 'eau sou1terraln au aoaent de sa foraation, tous lea iges dea 
"ap61eotheas" 110ntrerent aoins de 25,<X>O ans B.P. sauf un. 

Cela parait aontrer que beaucoup de "spileotheas" qui se sont fot'Des Iii 
ce aoeent-lA se soot kroulh et ont disparu avec. la forution de_ 
eavernea. Car dans une zone soust roplcale co.ae lea Ues Yoron OU (the 
liaestone) la pri~re calcaire eat tree poreuse et tendre et lea 
aou-,eaents de la croute terrestre ont .\ti! tnts actifs, la proportion de 
la dissolution calcaize eat plus npide, par consequent le foraation de 
c.anrnes ae dvUoppe plus rapideae:nt oussi. 

De 1h qu'il eat probable que la gin6rale Uaitation de l'exiatance du 
"SpH~theraa", un cycle de la !oraatlon de cavernes, soil aoina de 
kJ0,000 ans B.P. pour lea :zones d 1 un r~cif de corell quarternaire. 

3. SIINPLES 

Twenty-two speleothems were collected at random froca five 

different horizontal liaostone caves, which belong to a different 

cave group respect! vely. 

Cross-sections, le■ thick, of these spaleoth8.IIIR wRre taken. 

Sa■plea, of 2-4- in width. were taken from some parts of the 

cross-sections, in order to determine the oldest age of the 

speleothems. 

Many travertine& wore also taken at randOCll fr0111 parts of the 

roofs and walls in these caves. 

These samples were dated by the EST dating method. Sampling 

procedures were performed according to Arakawa ( 1988), and ESR 

ages were detemined using the theoretical calculations proposed 

by Ikeya and Hiki ( 1984). 

4. RESULTS IIND DISCUSSIOH 

All ESR ages of apeloothems and travertines displayed lea■ 

than 25,000 yr. B. P. except one speleothena which shoved the 

exceptional age of 103,150 yr.B.P. 

Several interpretations can be made from thia result. 

According to previous atudies, for exa■ple, the absence of agea 

indicates the lack in the foilllation of apeleotheaa and thia 

absence aay be regarded as a glacial period or a dry climatic 

period. But it see.as to be doubtful, in this area, that the 

foraation of speleothells had been so perfectly interrupted over 

such a long tilllG (from 100,000 yr.B.P. to 30, 000 yr.B.P.) even if 

it had been during a glacial period. In fact, the result of thia 

study revealed clearly that, for the Last Glacial Stage ( froa 

25,000 yr.B.P. to 10,000 yr.B.P. ), apeleothmas had been actively 

foraed. 

On this ialand, there are 7 raised coral reef terraces and 6 

cave groups ■ited at different altitudes. These terraces had 

been foraed at quite different datea, hence it seea■ that the 6 



cave groups had been also formed at different dates. The ages of 

these terraces are estimated from studies carried out on several 

i s lands located near Yoron Island, the highest one (Tl) might 

have been deposited during the transgressions of oxygen isotope 

steges 16/15 end 14/13 (600,000 yr.B. P . or 500,000 yr.B.P.). T4 

during the stages 6/7 (200,000 yr.B.P. ). TS during the stege Se 

(120,000yr.B.P. ), T6 the stage 5c (100,000yr.B.P. ), end T7 the 

stages 4/5 (80,000yr.B.P. ). 

Accordingly. each cave must first have formed and developed 

during those terms. end then the speleothems foraed in each cave 

during the same term, because it see.as that none of the caves, 

travertJ.nes or speleothems had developed through some hundred 

thousand years or some ten thousand years. Also once each coral 

reef had been raised and each terrace had formed, each cave must 

have foraed and developed near the groundwater surface, and then, 

the speleotheas and travertines had grown. 

The fact that the ·age of the speleotheas and travertine& did 

not correspond to the age of the terrnces indicates that all the 

speleothems and travertine& had disappeared due to the 

development of the cave and crustal movements. Since in sub

tropical regions like Ryukyu Islands where limestone is very 

porous and soft, liaestone solution rete is more rapid, and 

crustal movement has been very active, the growth of the caves is 

also quicker. Some speleothems and travertine& have not 

disappeared, because of their geographical and geomorphical 

siting, and this explains the existence of the exceptional one in 

this study. 

Therefore, this result clearly shows that ■nny speleothems 

which had been formed by that time had collapsed and disappeared 

as a result of the development of the caves and crustal movements 

or grav1ty. It seems that the general 11m1 tation age of 

speleothem existence aust be less than 30,000 yr.B.P. in the 

Quaternary raised coral reef liinestone areas. 

This means that the way in which the cave develops is aa if 

the inner roof and walls were being peeled out. Such a pattern 

of development has occurred many times over a period of years, 

each development is one cycle of the development of the cave and 

the period of one cycle is a.bout 25,000 yr .. 
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P ALEOKARST COLLAPSE FEATURES IN THE UPPERMOST MIOCENE 
OF MA LLORCA I SLAND (SPAIN) 

t"ORNOS, Joan J . - UlNES, All9t'I - GINES, Joaqu111 

Three- depositional uuits build up the Upper Miocene of 
Hallorca: Calcisiltites with Heterostegina Uni t , Reefal Unit 
and Santanyi Limestone Unit. The Santanyi Limestone Unit is 
formed by stromatolitic and oolitic facies and it overlies a 
wide Late Tortonian-Hessinian coral re~f platfc,rr,; it 
corresponds t o a shallow marine carbonate platform with sand 
hars and 111arn;1rove swar.ips. 

In the south-eastern pt\rt of Hallorca island (Harina de 
Llevant) the contact between Reefal an Santanyi units shows 
so~e expost1re facies. i ncluding collapse str,,ctures and 
breccia formations. These paleokarst features are abundant 
and well eY.posed on the sea-cliffs arQund Santanyi area. 

Several types of collapse structures have been 
recognized in the Santanyi Limestone Unit and different 
types of karst-breccias are related to thee. Breakdown 
processes on previously lithified oolitic lieds and V-shaped 
plastic deformation on stromatolitic and mangrove layers are 
the r~sult of karstic voids subsidenre developed in t h e 
underlying Reef Unit. 

Spatial distr·ibution of these paleokarst features can 
be related to the facies distribution of the Reefal Unit 
suggestin9 that cora l patch reefs dissolution have 
controlled the beginning of cavity growths. Breccia 
formation processes are involved i11 the cavi ty collapses and 
point out the great diversity of breccia types occurring in 
karstic environments. 

CARACTERfSTICAS DE LOS COLAPSOS PALEOKARSTICOS EN EL HIOCENO 
SUPERIOR DE LA ISLA DE HALLORCA (ESPARA) 

El Hioceno superior de Hal lorca est.1 constituido por 
tres unidades deposicionales: la Unidad de Calcisiltitas con 

GECLOOICAL ~ 

tt;tJnrC"=li is thlJ J .)rgc>st of tt1e 03loeric islands. 1t lif 
J ocatt?d in th~ western Mt!dl lerr""'n~o1n and co,r,pri •&• two M0t1ntiio.i n 
rar,go~ tr-ending north,1-..s:t - SOIJthHP~•. The~ :.irn formed b y fo)ded 
th!iio=oiL ~.:,di•ent&' an!:S the,- Art? sepilritt:!>d and j!;11rrC'tmd~'1 b y • 
:eto~r .J p]ain rn:cd t,{ flat J ~·ing Upper Mioc,mc to n.11atcrnar~ 
dt:-p•1.,; i ts. 

The llf-,plc'r Miocono rocl.s .:-,f the ~es.torr, Mediter, .. 1,oan shou 
HUil dev o)r.ped rAci1n• o! reef ~nd plat-form ca1rbon.utoa <ESTEMN, 
J979/aOl. Ir, th& \ia• .__Jiffs out croi-,• t.lf sc,1,t hurn c11nd ,j.OtJfh 
eaat:ern ,.-ire,._,,. or N~l I Ol'"C,j ; ,;.: .,,-,ti, roe r •I , •and iiho•l •nd ••myrove 
fat.:i Gs. l.-.tll b& ol,1ol.-t .t:.J Cfiy,11 u I). The,; fol Ii• the Ui,Jper Miocene 
. :?1....L;o.1 of >i1o.1 lJt>r ,;:an str•tlgraphy (POMAR et al., IQ9~U . 

At !'-f,1a:- La1;,e:., lhia" ~ ilD.ll C?'OHAR e t ul. , S.,33> is 1 / i ,,9 
•ncci.nfnrm~bl y o ~·er open plettforn c~l c t ~tltt toit <Catcliiltltpa 

.... ith H•tEc~s.t~qJiJ=a. ~, ~nd it is -n~ir.l y former1 of och i noid rich 
c..-.Jcar?ntt-e:s, wtth 9'trcmgt y blot•1rhPd co1lrl'l'lltlh!'~ f-:-C\nt-aoinlr.g 
c~r-.:;.J boul der:., lbli•eda s.cgoent ~ i'nd c0 ther bior.:l;a-i;tlr 
fr~gmP.nt•> , cnr~I -fr;,,me.,tc-nei' ~nd r11,:h-tnnea. -r:.irt tat 1 y 
rl~lc-mltt:,9d-, recfal p•tctu~i> with calcarPnitPs and ooli tic "'nd 
:=trom!'tnll tl,: Jtmestonoa. Thl :1 t•r.lt con form~ a depo~lthmal tr.Nini 
c-~ b9rrt11r-rce-f type ,.,ith 11ell de -.·eloµc-d l"L'Cf front and a wic.l.:J 
)r1goon Ht th il well def i ned mrn-pho l o~ i cal ::-onatlon of coral 
111:a-;,wr?~. 

ltr,•,torris an C1roo;icn3J =-nr1 partly 1-!-ar-sttfi~d :ur f..-cc. fc,r111a H,0 
toµ c,f the• ~ \!ul.t_ .1nd, Jn southErn H .. tlun.•, it i • co,,,....,·t::fd 
l>} t:0-,o ~ Limast,ona E~ !FOPUOE \. POMAR, 1°84>. Thi 5 
unit t • fo,·mN L>y lllt:ontl co1rlil>.1ate c.lepo;;;.tt• ~nd oolitic 
ttmcstor1P.s :..orrcspondtng to 1nangrovl! and sa-nd 'ihO~l environment ~ . 
Dl.le to Jta co .. •t.ail chilracter t:hl !\ for•atton preaPnt;. ~ 9reat 
•.·a,·ioly uF fac.ios ccr-:-ospondin9 t.o local Yartat. ion5. Their 
vor t ical srque-nce ho,9, a trilnP.gre!F~ t ve trend, frOID 3 muddy 
criptal~al ~acies of a ,.,er~ protected marino c>nvironment to ..i, 

high energ,• oolttic •ilnd shoal Hith s.t-ro.n&""tolitlc gro, .. ths. 

PLIOCENE 

UPPER 

MIOCENE 

MIDDLE 
MIOCENE 

SON MI R 

CALCIS IL TITES 

SANTANYI 

LIMESTONES 

REEF AL 

UNIT 
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CALCISIL T ITES 
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Heterostegina, la Unidad Arr ecj fal y la Unidac'I Calizas de 
Santanyi. La Unid ad Calizas de Santanyi estA formada por 
facies oolit icas y estromatolitic as dispuestas sobre una 
al!lplia plataforma carbonatada con facies arrecifales de edad 
Tortoniense su. ,erior-Hessiniense y que corresponde ~ una 
plataforma marina carbonatada somera con mioraci6n de barras 
arcnosas y presencia de manglares. 

En la parte sud-oriental de la isla de Hallorca (Marina 
de Llevant) el contacto entre la Unidad Arrecifal y las 
Calizas de Santanyi muestra alounas caracteristicas de 
exposici6n que incluyen estructuras de colapso kArstico y 
formaciones de brechas. Bstas caracteristicas de paleokarst 
son muy abundantes y presentan buenos afloramientos en los 
acantilados de la cos ta en las in,aediaciones de Santanyi. 

En la Unidad Calizas de Santanyi se han reconocido 
algunos tipos de estructuras de colapso y, relacionadas con 
ellas, varios tipos de brechas kflrsticas. Los procesos de 
fracturaci6n sobre las capas ooliticas ya consolidadas y la 
defor-?!1aci6n en forma de V sobre las capas estromatoliticas y 
de ■anolares son el resultado de la subsidencia causada por 
los vacios kArsticos desarrollados en los materiales 
subyacentes de la Unidad Arrecifal. 

La distribuci6n espacial de estas caracteristicas de 
paleokarst se puede relacionar con l a distribuci6n de facies 
dentro de la Unidad Arrecifal, suoiri6ndose que la 
disoluci6n de los parches arrecifales de coral controlan el 
inicio del crecimiento de las cavidades. Los procesos de 
formaci6n de brechas estAin relacionados con el colapso de 
las cavidades y ponen de raanifiesto la elevada diversidad de 
los tipos de brechas que podemos encontrar relacionados con 
l os aahient es de tipo kArstico. 

:t ..... ,µiu;,1 · tn.Ll s at; :1,c. ~ tiaeat.ooe Foeaation .ire 
f cwt,1ld b ) .•ti .>."n.Jtc.Jitlc fi.'Cle,; and the·y regh;.ter iiapo,-t:ant 
1 c;i1c.:;;:.i ·.c .... ..r,t. Ill. top is truncated b) an eros;ion surfa.cc 
co r:-0'1 b :; Pl l<"rone t19p,;,;ti t;... 

• • PALEOKARST QEYELOPPENT 

.--:-01111 iu:1.>I "'•lb'ifrler,co feat11rcs :.ire corupfcuous in the 
r ll fff' ;1r o11nd Sant~ny i, at thr ~•th-F.~:t eorn p.:.rt o f tt.:-.l)orca 
l'il • nd. From Cal• lloa,t,.atc.l!. lo S"/\lg~,- 'nea!'"" Porto Cn1om) 
r~peJ,tM rf~fnr,n~tf"..V\11, c l e:.irly ,,~;;n.r •·O?~ fr.,:n th9 alO ll , :1re 
t"'t1t l i!19rl ~ -. the Jot.,--1· 1.Jcd1. c,f the lfpperir•os t Mlocono rockiil 
(S111Qt-"lnyt I t•..,~tcioo Fprn1:1ttqnl. In tlntail .,ht!"•;e tfoform.ation

C"lll •tr,,,.,,.,. ~t-o:, ... "!"IO ~,-9111 doun debri~ •ricJ setting Ceatur eli 
.t!(Pf:t~rg fr~"C'flt l) ... JJ thr ~ I imqatom::o E!ni..., ;:peclatly 
th1• 1•1'\!it :r r1ar,1rnv,:;,, ~~ds . F •·on the 11ppor ~ Unit Je.1ols are 
l'l-:;,l? y rt~ !ormE'd b ) thu;.c coll.ip•e procew.-es. 

S-r--tim~r.♦-~r •.: 'lnd 11:orphological d-'tt~ indicatf:' .-. pa)C"Ol: ar11tic 
ur;gio fur thl• t.:lnd of t,ollow-ll l:a de;:crmcltion of tho beds, 
11i del ':· rti 'itrfboted along tt-ie :--:,:.st f ol10t.-.ing the contar:: t between 
nec-f ~1 \Joi.1. and ~ L 1 fllerton~ Em,. Jn r act: , cC'l J .:,plie foa.tt 1re1 
dls.iipp&:..rs !L,1 lher .;,w..:1y fror., S'Algar wt,cr-e s.o~-c l iffs are ,no5tly 
cun•t i tutvd by the 13.!utlitl. 'l!l!..t.· 

tt :iUOm'li l1J.ol~ that kar&tification of the coral patch reef£; 
mr•:it be lnvol v£>d ln thr? devo)opment of such collap&e -featt1res.. 
''oidt: , 0511Jt.lng from solution of fllcilinl,r c,1rayonitic cor•l ,n.1,ss.es. 
iiho•.1Jd trigger flCK-1 •ub.,;idoncc or plii•tic material » and promote, 
in s:f"'Oe ca:-Jos. , the: t, .., ; 1 d ,1J., vr s1.-condilr,. vc.,i cJ• t n the overlying 
tact,. If tho&iJ •eco11dar'f ca .11 ti Uii ,-~ache• a al :?:e &ever a) Meters 
, :1 1.Jc:•. !H .. dd:.:-1 t-r-~>l·doun ma~· cccur cau~lng chaotic. piles of b l ocks 
and t.:o,1 l dl!r; that occuplc-5 near al l the p,·evioua void . 

tJe: cle~r e.lc.lcmcc.- l,ois been found at prc!.er,t of direct 
connection betwec;n the funnol-Jikt? depreii•lon• of the bedii and 
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u.c.-:..r ;st ic featuro!l- o11s. dolina-., ulthough jn tiOffie e~:coptional 
C:ll!"f!I l•nderlying ho) low~ rf@"e1op,.en• ■ilY achieved prob?bl y the 
giJr~ac~ alii 'J rmrnlt ,:, f t_h~ir evolution. Tho abs.once of notic..-ablo 
•••t'\;or,rli11l-e,-rnf'..11ro morrh,;,1,;,gtea pr-int1, o ••t for a: ge:,etlc model 
,., ,...,,_,.,y r~I .1tc•d ,.,, th t.t,n r•lf\ropt of tii"bJ~c. :mt- karst sul.J~i dericu, 

hu• t>oun dofinW by JEl!tllt-lGS .tq71l. l1l thlw. IIK>dol, a 1110ra 
T'.ll••~lt• :pt i t -.1de u' tr.~ 11ndorl ·:•iug r RP.,'Jl bods -"nd 1:11itablo 
h ;-•!raul 11... IJ.•.-Jlent:a .~l1i'n.:lng und1a,i-g1·0&..inJ dr.:i1u,yo tcu•rda the 

b _,s,1.0 Jc- .,rl h.;!:.C.• !•.i;r-:.ti fi.:?:J pr.,.fnr~t-i~lly lhi:! ~ Uni.!.I 
I ho 1:µp1a.r11.1u• l Hloct111u b&;-cl;. <~ Li"IOPtOO£ E.!!,. > hav ing 
1,,, tcr•.y.· ~-nl ~ a P "'~,;;i ••n ~otv,-,1or witho11t e -..·tdcnre& of slontficant 
I. a, a t I flc .. ~t!l>O. 

~ ! 11.,; ,),IJO of- lhCt f.,~l..:io:..ar!at development is difficult to 
u ;.l.l.bl 1 ah ... ~ th .:ic-=ur acy b,,t t t s begJ nnl ng• can bo •••Ll~ed 
pr &at,r..~bl 7 ;.c,c,n •flGt- ll,L- tJeposi ttor, of- the Bltitf.H. ~. 
E!'! ten.:t v n gro;..ath uf subJ•cL•nt ca .1i t 1 u» fft'-•ilt have con ti mied ~t 
Jt, ;.s t ,mtil U,e ~ Lh;•,;tgne f:.!l, wuuld b& lithifiod in • 
-:orl .;,J n deg, '-'o , be<.ausv d~fur~~t l on and o ·..,en t,reaS..down of the 
?:>o.1•• sh.3:.1\ d be i a,c:,os~i bl o a.• Jncon&ol i doted li&di .,.i!r,ls. 
Progrc>•»i~u ~~r•t1f1c•tion d..iring Plioct.'fl~ and Plol•tccPfi~ ti 1ne• 
ca.1111.~l Vtc rli • re~a;-d2-d. 

~ . C!llJ.8fiil;. ~ 

~fo, .• \i.., lic,r, fc3,t,..ro~ c.f t~.c tippor- Mlocrme bo:fs are clearly 
r11itl..tt9J 1dth the ·. :ctnJI:, o f the und£1rlying ~ Yni£. contact, 
•~ con lie ~,u.~·ic.-c1 ~ro11i the so.:t 'figure 2;,! . In 'ittu ob1oervat. tons 
~f tho 011tcror3 ahn·..t '°' repc:?At,;:d :;,:{ mt 1 •r pattern of col 1 i>p:;e 
1,r•.x:esae'l r«:'.ipu1..,;iLlu fur t !°)et~e tJofonnati ons of t.ho Upper Ml oceno 
Jevolr-, halng near a tu~y• c har•ct::uri =ed by the p,-e~ence of 
f ,nncl -·a!"rolped dol,l! o!l.!iion~ o:l!. t hoir ••o~t di~ttnctt ·.1e feature•. 
The~c- bMdtng hol 1oHJa ,re i"?Fnr-1 .::,tqd wt+h 11etting 1n1bsid~nce of 
ro1<1teri.'.'ltt. tN.,>trds 11ndt•rJ 1 ing •1oids d~•1oloped in the~ Ll!l.!.!..-

nftei- caref ,1 e ~ .-mtn~•l~l'l of eighteen repra•e nt a tl ve 
1 nr a l t t i c-~ c-f !FHC.h col 1 aps"-? st ruct.urcs some n,orphol ogi ca.1 and 
1norph,.1,etrlcE>l dat 3 can be inferi·od. Norphcl cg; cctil l y three parts 
,~o t ,o dt ;cli-.911i1ohod in tho outrr~s fro,n ba""P tn the surf-•cei tl 
ar, lrrog,11:)r rcct- c.1:,., tt·1 located in the~ IJ!l.1..1. .Jnd filled 
i,1fth 1:11?:>std-:mt- d ebrifi J 7\ a ga-nC!'r ~ll y narroH e.hif'tnoy .,,itho11t 
.»lgnlfic.:ar.t v.a11lt c..:.,nttJevm d9,·olop,nc,,1t; and ?. l 310 ,:,v rrhe.ildJng 
f11nr.el !.ihapPd de?rei.sinn • "ll.,.iJy"\ loc:;.I od in the l'r~er l.tyP.r~ 
t~ i.,il<lE"stone E.!h.l, thillilt e >'cE"("ltiona11y ;tre> repl•i:-e,j by a 
Lcriftued Jrcn o f f.a.llen blode: l!'calt :-c'1 1-1horo pl11stic 
defon11o1,tl o1l .,f the bPd9 h.ctA hPc-n !nPffpct 1 ·:n . Tn +ht s •an:ier, the
·-01 J ..,.,s.o !..ll"ut.: t u.- c .:,~ o t..t'1:>I L, r·r:.cmbl l!£ .:, ~.;.ndg l ass I but t.hei r 
t•r1•f'lr •~~c,..M,..,. t-1t,jrr -.n,j r;~•l'?r th.:tn tho lowor one. Only 
t,-..,,.. .... ~u n~wl -.=:}-ip ,;:tJ :J~pre: E!O:"lli ar-c :iwttoblu for ,norphOfflotrical 
.Jr . ..- l y~lu, cer+ .ainl -,- botng tho ,nost con:;piC'-'C' 1.; feat.,re a In the 
·.t > ,; )i":f , . At tt,e 'iJr:.:? liiTIC• • lhoy d ll ou to tt,o- C''.ta l11a tion c f the 
, ocl c.Jvn.oa J1· •. -.>l V Eh.J in tho polleol:~•·• t d£'•.•~lopment . 

Tht.· 1 .l;~L• o f dt•poc.sat,.>n·· ':li ':lltnC"ters are 11su.>l l y betwee11 25 t o 
~o ,r.,i t c,-tt, Li• •t -.cam~ 1rll".:' lli,:,r collc>pu~-f~atnros ara Jes,; th~n ~ 
,i.PI ~• .,. ito ui,Jth. T!1ei1· ' !e>pfh'l :-,re gauged from 3.5 t o 14 ,-c,ters. 
T•':~ 3 I •Je -~ Ip..; !::' f tho dcpr euai t.lnii ,u·e coir.pr 1 •~ti between 20• to 

a 
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30• , but it t n:.reci::.os. ne•r tt,o inf l eK ion of tha- bed-s wherr, 45• to 
near Vf"rt-Jc;,11 !J.ldei;: or even brol!en dobrl• links gradually wtth 
ti-\,:, chifllne·.•· part of tho col 1 apse structure. 

Where tn the J tttoraJ ell ffa th£ ~ Lime&tone f.!a... la 
pr~E,..nt, cnl y ti .. o-dlrn~nsi<='n-"'l sectton'li of- the wide funnel-ltka 
dcprf't1;,lonr, nicel y 1,ynuaetrlc.»I ,-,.nd regular in s ha.pe , c•n be 
O"<:!•l'ii "'v1 v found 'ftg11r'l 2b>. eut, in soane cases <specl.ally 
1-ff'\ero ae.i.cliff-a dl•pl•Y guod outcrop& of the cont•ct with th• 
RFe".-,,1 !..!£!.is_) , chi l!ln-:ly-1 l J-e v oi da appear located bet ow t.h& 
depru,;aiont. ,md tndlc•te vertical etgr.ation of plastic eangrove 
liiyt::· s a• Hall a'" subsid,mco of broken bloc~s and •labs f-rOlll .ore 
reaiate11t becJ& <f-lgvre 2cl. lt ae••• that the re,aoval of aupport 
fra. untJa-rr,calh, due to the solution of- the cora.l reuf- patche5, 
should induced centrtpet•J milias IIM)·.•eaent through loc•llzed ..eilk 
pol nt• c.ausl ng the de..,al c,pmcnt of narrow chimneys. They 
~orregpo11d upuard..: to tha- gentle funnol-ahaped hol l owa. Final I Y, 
tn ot;,or :.c;u-ce c•un,•, lhlf downward ,aigra.tlon of ove,-)ytng 
,aatcrlctla. a.& w1tll aii the adequate aolutlon•l growth of reef-al 
v:.,i ~:;:. l;el c,w, ha.•1e genc-r ated remarkable sEcondary cavl ti ea in the 
lipper Mloceno leva-J& great enough to the trl9gerlng of rigid 
t,r,.:af;dr.,wn processes. Nhen these cavities occur, the f-unnel
depreasi or,.. aay ba partial l \ or tota.l 1.,.- disturbed and chaotic 
bl o::l-. pi~ a• -showing great i nterpart i cl e pcrosl ty- can be found 
fl•lfilltng the prevtoua secondary t:11v1t1e&. 

4. ~ :r:m.11 Mm~ EQRNAJIIJN PRQCESSEB 

n:-occi ~ f-or,,ut ion proceii•os are related to •oluttona.l c•vlty 
--ol l s.r'i :i!i ~:--igino1ting so· ,er.j,J brocci a t ypes reselllbl ing to !:hc'in 
1.v:c,w~ tno ln o ther karstlc env iron,aenta. 

The I y pes of- karst brecr.i a£ observed a!"'e dependent• bot.h 
the genettcal proce•ses Invol ved as 1,-ioll aa tho 1-:arst hoat rock 
feot.urc:s <~ Yni..!.. a11J . .:,.r ~ Liattstone E....,>. Al U1:wgh 
thare i\rP F"!'-''!tr.!1 br-ccrla t: y pes with atnor vari•nces , th«. ,r,ore 
evt d~r t "It-~ :.ol 1 apse brccc. f oJ"- go11or- a.led .,.,.. ,· oc.k f al 1 and by rock 
Inf! 1 J Jn~. 

!llut e. t..,rocci•& , the f.1 st ones. are related with the b,-eakdown 
of tl,L• upper le,1els (oolitic gralnstones> of- th• ~ 
LJ-:.,el.lone Et!L• The clasts 1 with s hairp boundaries and va.r yl nQ ln 
•i~o ••f,-c,. feH centimeters. to more than on& 11eter- &ho.,, in 1101N 
cases plastic dcfor-11att:on 1 :and they a re ever oliQotaicttc. 
flora.ail ·,,- lhor.., la any breccla ,-a.lri :: . 

hid: P.L wt,en ll,e r oc:b1 in .101 ved in tho coll apse t nf i l Jing are the 
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c..11:: .. nmile.a t.o ce1,lci:.tllllc1i, 

IYQA c_ breccli'lo pre•.:;:nt ~ Un.1.1. cla•t• of very vartablo alz•, 
r•nyi11g fl"om cc.nti ,a,utor !I. to more than ono mate,-. The cJast 
bot.indarie• ~ro •h•rp to • ub,·ounded, and the pre•ence of 
culc.,r1.-nlltc caatrix i:. i,nport•nt. 
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PRELIMINARY S T UDY OF THE CHEMICAL COMMUNICATION IN THE TROGLOBITE 
CAT FIS H PIMELODELLA KRONE! (RIBEIRO, 190 7 ), FROM S OUTHEAS TERN BRAZIL 
(SIL URIFORMES , PIMELODIDAE) 

TRAJANO, E l eonora 

For vertebrate troglobites, chemical signals seem to play an 
important role in the social communication, which is involved in 
the reproduction and feeding. 

Chemical communication was studied in the blind catfish, 
Pimelodella kronei, by means of a choi ce chambered apparatus with 
running water from aquaria containing conspecifics or pure water. 

Social communication in P. kronei would comprise at least two 
kinds of chemical signals. Substances transported by water and 
perceived at distance would inform about the presence of 
conspecifics , but do not give detailed information on the sex or 
hierarchical position of the emitter. The response to these signals 
(attraction or repulsion) is variable. There would be also a 
chemical and/or mechanical signal, transmitted only after close 
proximity or contact, which allow individual recognition and 
leading the subordinate individuals to avoid the dominant ones. 
These substances probably adhere to the substrate, providing 
chemical marking of territories. 

Olfaction is probably involved in this behaviour , and the 
pollution by detergents, which destroy the olfatory epithelium, 
could case serious disturbances in troglobite catfish population. 

INTRODUCTION 

The rccogni ti on o f con spec 1 f 1 c s 1 n total darf nE"ss 1 s one o f the 
problems faced by hypogean organ 1 s,ns . For- cave vertebr-ates, 
chemi cal !iignals scea1 to play a central r-ole 1n the1r social 
comfl)l.ln 1catton <Parzef al l £!. &,, 1980: Oer-t1 $t Th1n6s, 1•,ac,; De 
Fra1pont tc Th1ntts. 19B6>. 

R'=!sponset. to chea11cal substances. of con5pec1 f 1cs were, stud10J 1n 
Ao;tyanax me>: 1 canus ~nd Phrcat 1 chthys andr 1.1.::: 1 (Charac 1 fonncs) and 
Caecobarbus gecrtsi <Cypr1 n1 for,ncs>, which e::h1 b1 t a generoilll 1 ;:ed 
attraction to wate:;r corung from con5pec1ftcs <8ert1 t. lh1n~s, 198•): 
Bert, tl &-~ 1 qa2; Du, Fr.a.ipont. t, H1inC::., 1986,1. Soffle v3r1a. t1 or, 
rRlatcd to sc►: , dcns1 ly of em1 tte r s, a nd prcv1ou£. experience was 
obr;erved i n the 1ntens1ty or even 1n the response Cattract1on c,r 
repul "al on>, when the corr el at I on betweeri the rc°"'ponse and the 
character1 !it1cs of both 01111.tters and r ec.et .ers o f tho che;,n1c1i1l cues 
was studied, os 1n a. me x1c,.:1nus cind it1lso tt-,e sal,1mander~ E!:,_otE::-~ 
angu1nus ond Typhlo111ol...9£ rathbun1 <Oe Fra1pont , t987co,b: DP 
Fra1pont tc: Th1n~s. QJ!. £.!.!_. : Parzef.ill I ~l':. &·, 1981; Etechh,r , 
198b). f: . angu1nus requires body contact to recognize se>-· and 
h1erc1rc.h1cal p o&1 tl on <f'c1rz efal I ~ tl•, QQ. Q.1. >, 

S1lur1for .. s are nocturnal, predominantly chell'lo-or1cnted f1 sh&s , 
clearly prv-adapted to the cave life. I n tt1e cp1gean Amvrican 
catfttohos, lcta}ur:.Js spp. . !&OC\al c.om111un1cat1on, based on 
olfact1un, allow& the ,aa1ntenance of pre-stabl1 shed t,1erurchy 
through ind1v1dual recogn1t1on, the che-m1c•I 111e•o,.y lasting f or 
four months <Todd, 1971 ). 

The btology of the bhnd catf111h. P1mel9del}..1 t!....Q.nn. found HI 

f i v e C.ilves f,-o,n Southeastern Br•z1l 1 w•• studied by cor11p,1u·1n9 them 
to thetr putative ancestor, f:.. tr•n~~- lhts £tudy inc l uded 
th&lr agonist1c behaviour and response to chenucal signals from 
conspec1f1cg <TraJano, 1987> . e. L!:.2!!!u. ts, li~e tts ancostor . •n 
aggres-s1ve, and terr 1 tort•l Ciltf1sh (Tr•Jano, Q,Q_. s.!.1.-). They are 
cn:pected t o present a comple:: sy•te"' of chenucal social 
commun ication. 

MATERIAL AND METHODS 

Sp&ctmttns of P amelodel la tom.n_ were collected in the typo 
local tty, the Arei a• Cave, 111 tu•ted in the Upper Ri bai r• Rt ver 
Val l11y, SE Br•z: t l (24° 35, S 48- 42• W), frDM 5 to 18 month• b•fore 
the tes ts on chanucal coauaunic•t1on, E yed cath•haa, e_. 
transitoria, were collacted in the B&tar1 River Basin, tributary of 
the Upper Ribeira. 

All catfishes were kept in darkness, isolated 1n (100 1 tanks> 
or in pairs, eo11ch sep•r•ted by a scr•en tn (2:50 l tanks>, in order 
to prevent cont1n1.1ous stress due to agonist1c i n teractions. 
Observ.at ions were rnade under d1 • wtii te l 1 ght < 1:5 1 u >c at the water 
level >, which doe'lii not stress the blind catf1she11 <Tr•J•no, 1987>. 

Batw•en Janu•ry and June, 1987, etQht blind c•tfishes <5 ftl.ales 
and 3 fe11•llts) were individually tested as odor receivers in the 
choice app.aratu.s shown in fi9ure 1, which ts• modiflc•tion of the 
Y-labyrinth described in Barnett (1982>. The other bltnd cathshea 
and one specu,en of e. tr•nsttoria wer• used indi v idually •s sign•l 
e111itters. Some tests were a l so done usi ng as &Milters rocks tha.t 
w•re in the holding t•nks , in order to do a prel tatin•ry study of 
the •dherence of the chetnic•l sign•ls to the substrate. 

Thv receiver catfish&li wvre p l aced in the m•in aquariua 48 hs 
before the baglnning of tha tests. The control consistad of b O or 
70 •in periods 111•asured , by stopwiltch, the tir1es spent in the two 
cha!Mlera, both receiving punt w•ltrr . Just .after the control, the 
e1n1tter w.as introduced at random in one of the receptacles. The 
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En los vertebrados troglobios, las sen.iles quimicas parecen de 
sempeiiar un papcl importante en la comunicaciOn social, que esta" 
ligada a la reproducci6n y la alimentaci6n. 

Se estudiO la comunicaciOn quimica del bagre ciego Pimelodella 
kronei, mediante un aparato dividido en 2 c.imaras recibiendo agua 
corriente de acuarios conteniendo ya individuos de la misma especie 
ya a gu,:11 pura . 

La comunicaci6n social en P. kronei envolveria al menos dos ti
pos de sen.iles quimicas . Las substancias transportadas par el agua 
y percibidas a distancia informarian sobre la presencia de indivi -
duos de la misma especie, pero no dan informaci6n detallada sobre 
el sexo o la posiciOn jer.irquica del emisor; la respuesta a estas 
seOales (atraci6n o repulsiOn) es variable . Existiria tambien una 
seOal quimica y/o mecanica, transmitida solo despues de haber una 
gran proximidade o un contacto, que permitiria el reconocimiento i!! 
dividual y haria con que los individuos subordinados eviten los d!! 
minantes. Estas substancias probablemente se adhieren al ~ubstrato , 
marcando quimicamente los territorios . 

El olfacto est.i probablemente relacionado con este comportamien
to, y la poluci6n por detergentes, que destruyen el epitelio olfat! 
vo, podria causar disturbios serios en las poblaciones de bagres 
troglobios. 

tost1- -&tarted dfter a 60-Q1_1 tun period, tn order to stab1l1~e th& 
5)'':item. Jr, 1.-dCh te~t. the ttn,f::, 5f•l•r.t UGI£. n1edSllr£-d 1 r, tt,e choi c.£ 
chcJ.raber"s dur"Jng ... tot,11 cf IIJ•.•-12•.• nun . d1-;tr1b~•tod 1n :?v or ::v nun 
p~r t,our sess1ori!:. : the time spent by the ~atf1i.h 1n the cor,nlc'ct ang 
cor· r1dc>r" was neqlcctc-d. E .. u.:h rece1·,er ,., e>f'litter pair wa$ testod on• 
time. Total r,un1bL't o♦ te;ts wu~ ::;6 P. lrc..,nr1 t , P. lron.c-1, 7 . P. 
!~ ~. f'.. tranG!._1.Q.Lu!.• and 6 , t• ILJ.>~_!_ •, ~od·s fr01f, ~~ ;one1. -

lhe results were e-..cluated stat1st1cally by th& W1lco1son's ranl 
c;.1g11 le-st \S1cgc.-l . lq/5>. P.ar.,.metr-1 c.i l tcsl for the co111pdr1~cn of 
the v..,,,.1.a.nr~o; nf t.,,o 11opul.ir,t1c,nc;. ....... s ..... l c;o ""1"1Pllr>f1 co.,.,,,,.1, 197Al. 

HESULTS ANO DISCUSSION 

Thu ru£ult, are !i.hown tr, figure~- ltl1nd catf11iohes ... ere null'lbered 
accord1nq to thet,· s1::es. , t he l.:.tter betng related with the 
h1e,.irchictJ11l pc.,r.1t1on: so, the 1nd1v1dua.l n . I 1s the b i ggest and 
doou n.ant o.,e,- ,"ll I the othors ,3nd the n . 11 1 s the s111• l lest •nd 
subordinate to the othc-r i. <the- specimens n. 5, 6. 9 and 1 2 died 
before the st,;,rt of te~ts on chemical con,mun1cat1on ) . The 
percentages of total t1111e tn the two choice c ha1nbers e::pressE"d as 
the d 1ffe,-encvs between the t1111eli s pE'nt 1n the chamber receiving 
wa t &r" from the cm1ttt?r rccopt acle, respecti vely during the test and 
the control •• re rep, e-Gl!nted a~ percent.1.ges of the 1.atter. Pos1t1ve 
values mean att r-act1on and negative ones llleo3n repulsion. 

Jnd1.,1d1.1als of~. lr9ne1 do r"eact to consper1f1c che1r1ic•l 
s19n•ls tr"ansported b y Hater, The fi s h bet..av 1our ut.ually changes 
after the introduction of the e1111tter: locoinotory actt v 1ty 
increases. 1n<apwct1on of tho woillt&r outlots i1iii. frequent. The 
v.ar 1 -11nce of the test t 1 •es 1 s sn gni fl cant I y gre•ter tha.n the 
var-1.ance of the control t i ll'Hits <N=-5b, F:t:l,78, p <0 .05>. Nevertheless, 
the response greiltly varios, ran91ng fron. atrong •ttr•ction to 
strOl"'lg repulsion. In the set of blind catfishes, there doesn ' t aee,n 
to be • pr12dom1nant l•tnd of r-esponse to w•ter tr•nsported 
subst•nce-s, contr•ry to ~ geerts1 , e. andru.:z1, a. 191&x ica.nu5, and 
f. ~, which tend to polarize towards the w•ter froa 
conspecihcs <8ertl t< Think, 1qao; Berti §t!. tl•, 1982; De Fra1pont 
t.- Th1n•s, 1986; Parzefal l d !!.•, 1980). 

In the c•se of e_. krone1 . some 1nd1viduals displayed • 
9eneral1zed attraction to conspeciflcs: n, 4 <N-=7, T•O, p <•0.02) ' 
a.nd n. 7 tN=-7, T«-0, p<c:r0.02); otherti, a 9eneralized repul sion: n . 3 
(N:z7, T•O, p<•0. 02>, n . 8 <N•7, T•O, p <•0.02>, and n . 11 <N•7, T•2, 

p •0.05). The respons• varied fro~ test to test for the three 
renialnin9 catfishes: n. 1 CN::a?, T=B, p>0,05), n. 2 (N•7, T • S, 

p )O.OS>, and n. 10 (Nc.7 , T= 13, p >0.05); tho firlit two lndivtdual s 
showed s0e1e tendency to be 111or e attracted than repel led by th• 
consp•cifics. Thas& te•ts sugg••t•d coniple>c social Interactions, •• 
in the ]ct4luru1 spp. •nd the s•l a•ander l• rt1.thbyni, to which the 
sign•l of response to w•ter tr•nsported substances d•p•nds on 
1u,v.,-al factors, such as previous e>eper1ance and •ex of bot h 
e,.ittars .and r•ceiv•r• <Todd, l971J Bechl er, 1980). 

Th& •e>c and dOMinance rel ationships w•re ilrlillyzed tryinQ to 
corr•l•t• the response signal to the ch•racterilitics of both 
e,llitters and r1teeivers. Wilcoxon•s test was applted to four 
groupinQs for the •e>c omal ysis: t1ale r•ceivers &c f•mal e e,._itters 
<N• l5, T•46, p >0.0:5>; fe•a;le receivers le ••le e•ttters IN•l 5 1 T•S6, 
p )0. 0:5)1 ••le receivers t< niale e11titters CN•20, T•B3, p >0.0:5)J and 
f1H1al e receivers g. fe■ale 0111itters (N•b, T•7, p )0. 05> . There were 
no correl•tion between the signal of rvspon-• •nd the sa>c of 
v•itter• a.nd receivers. It can rea.soned that either th• che•ical 
cues transported by water do not lnfor111 th• ••x of the &Mi tt.,- , ilS 
1n e_. anguinus, where th• sax recognition dep,nds on body contact 
(Parzefal l !!. ll•, 1981); or, t he reaction of blind catfishes to 



sexual signals tr.a.nsported by water is variable, depending mainly 
on other factors, such as size and previous ewperiences. 

To study the agonistic bC?haviour <Trajano, 1987>, the Ciiltfishes 
were paired off accordi ng to si1t1i l ar sizes. These pairings were 
done fro,. a long ti .. e before the test& to Just before the tei.ts on 
chemical communication. So, in many cases, particul arly that of 
individuals near l y equal size, emitterK and receivers were known to 
each other and a dominanca rel at i onship already st.ribl1shed . Since 
the e_. kronei cheinical me1J10ry of agooastic interactaont. see111s to 
re,aain for 2-3 ,.onths (Trajano, QQ_. cit.), Wi l coxon"s test w.a.s 
applied to the group o f known emi tt.ers and recet vers which had 
their l•st encounter up to 3 ,.ontha before the test5. It was not 
observed any correlation between the signal of r e&ponse (attr•ct.ion 
or r e pulsion) and the fact that the enutters were previcx.1t.ly known 
(N-=< 1 1 , T:26, p ) O. 05) . 

I g r ouped these known i ndi vi duals 1 n two sets, and appl i ad the 
Wi 1 cox on• s test: emitters dominant over recei vers <N~b, T• 3, 
p)0. 05), .rind emitters subordinate to receivers (N=S, T=7, p >0.05>, 
in encounters accoaplished less than 3 Months before . There was no 
correlation between the hierarchical position of the emi tter in 
relation to the receiver and the response signal of the latter . So1 

these aspects of previous experience - emitters being known, 
dDfflinant over or subordinate to receivers in recent agonistic 
interactions, don't seem to determine the signal of response, 
attraction or repulsion, to chemical cues transported by water. 

On the other hand, when a l lowed to get in touch, the subordinate 
individual recogni:::ed 111nmediatel y the d ominant one, avoiding it and 
taking the typical subordinate posi tion at the top of the aquariu ... 
The behaviour of the individua l n. 2 was particul arly illustrative: 
after the p•iring with the individual n. 1 , in which the latter was 
dominant after a long fight <140 ,nin), ind . n. 2 was tasted ag•inst 
the water from this. ind. n. 1 , react i ng with attraction. But, when 
placed together , the ind . n. 2 avoided then . 1 at the first touch, 
fleeinc;i to the top of the aquariu,a, without any aggressive 
reaction. When paired with other individuals, then. 2 engaged in 
aggressive 1nteract1ons. These, and other data on the agonistic 
behaviour (Trajano, 1987), suggested the exhitence of a meinory of 
the a g onistic interacti ons in their near past, with individual 
r ecogni t ion, at least by the subordinate fish <it is not clear 
whether the d ominant recognizes the subordinate one>, and all 
dependent on clo1ae prox:iau ty or even body contact . 

If water transported substances doe& not inform on the 
c haracteristics of the e1n1tters 1 the response to chemical signals 
from conspecifics wil l depend basical ly on the receivers (sax, age. 
gregar iousness degree>. As it can be seen in the figure 2 , the 
e i ght b l ind catf ishes form two s i ze-r elated groups separat ed by 
1aome discontinuity between the n. 4 (standard lenght = 14,8 cm> .ind 
n . 7 <s . l. = 12,b cin>. Wilcoxon's test w.is applied to the two 
g r oups and it present ed a tendency relat ed to size . The four 
smaller i ndividuals are signi f icantly more repelled than attracted 
by their conspecifics, independently of the characteristics of the 

FIGURE 1 

latter <N=28, T:::r.97, p=-0. 02). For the four bigger ones, there was 
not a significant difference betwean the signals of response tN=28, 
T=l42, p=0.16>. Navertheles&, the Wi lcoxon• s T for this. group is, 
in oppouitlon to the sinal ler individuals group, the suffl o f the 
negative rank•, with near half the value of the sum of the positive 
ranks. So, big-sized individuals would tend to react more 
frequent! y wi t h attraction than with ropul si on to their 
conspecifics . 

The correlation between the s.ize of receivers and the signal of 
respons.e is explainable when we consider the agonistic interactions 
in the cave habitat, which are relatively frequent <Trajano, 1987). 
s,.al 1 i ndi va dual s have more chances of aeeti ng bigger one& and 
being chased away. A generalized repul sion could reduce the 
energetic cost of h.rivl ng to escape frequently. These chances 
decrease with growth, and the attraction to conspecifics ,nay become 
advantageous, enhancing the probabi l ity to find sexual partners and 
food. The stronger attraction of a,. ,.exicanus to larger groups than 
to saal 1 er ones or isolated i ndi vi duals is i nterprc-ted .-s an 
adaptation to the food-poor cave environment, as large groups would 
1ndic,1;te a relatively abundant source of food <De Fraipont, 1987b). 
An incre?ase of gregariousness. 1n the bigger blind catfishes could 
favour their concentrat i on 1n the slowmoving water, softbottom 
regions of the cave, where food is t1tore abundant and where they 
could defend actively their territories (Trajano, QI! • £ii,>. 

Other factors, such as sex and previous e x perience, could 
influence the response, special ly of older individuals. For the 
larger group o f blind catfishes, the females do not show a 
predo•inant response signal <N=14 1 T=47, p >0 . 05) , but the males 
were significantly more at tr acted than repel 1 ed by their 
conspeci fies <N=l4, T=b, p <O. 0 1 >. So, fu l ly developed mature 111al es 
tend to react posittvely to the water frori conspecifics, a fact to 
increase the chances of finding sexual partners. These data support 
the assumpt l on that at tract1 on to conspeci f ics 1111ay be advantageous 
to larger individuals, for reproduct i ve purpose, and suggest that., 
for E_. kronei, the males pl.riy the most active role to locate sexu.al 
partner to. On the other hand, it is very difficult to evaluate the 
role of all previou& experience of the receivers considering 
chemical conununication, since their 1ndiv1dual history in the cave 
habitat is not known. 

Char acter vari.ability could also change t heir respon&e to 
che,nical cues . Other aspects of the behaviour of e. kronei, such as 
reaction to light and hiding habit, prasent ind1vidual variation, 
as well ,1;s raorphol 091 cal traits, lake pi gmentata on <Tr.a.J ano, 1987). 
Such a variability may be interpreted as a result of evcrlutionary 
tendencies 1 n the making (W1 l kens. 1986), e,. krone1 being 
considered a recent troglr..01 te <Th1nt!,s, 1969; Trajano, 9.2.. tl.1.-). 
Cha,. act er var1 abil i ty in the degree of gregar iousness could 
accuunt, at least 1n part., for the variation observed in thll 
responses to water from conspecafics , and not related to size or 
sex: . Some individuals could tend to be .. ore g r egarious 
(preferenta ally attracted by conspeci f acs), others, mor e sol a tary 
<repelled by conspecifics> , and others, with intermediate 
behaviour. Evolution may le•d to both tendencies of enhancing or 
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In conc lus aon, tl 1s 'luqgcstl?d that, ld,c E· dnSJ,UlE.!!.i lf"ar-;.:~f•ll 
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lrdns,n1 ltL'd onl) o1.flu•· .. to~e pr.,,.1,.,t , Jr b0\1y t.O.'"lta,. t, <1llow1u..,, 
,r,d1 , ·1du.ll ,ecoo111t1on •nd lL•ad1ny ti,~ 'ioulJord,n,.t\! c_ .. ,t,, s t•o?t t\J 
•v<'td thl.! do11n,n,u1t ont1\,. On~ o f 1t <s- func tion, c.ou l.1 b-1 to ,n._.1 ,., t.'l11 
.l.fl est.bl 1,t,~d ht er arch,._• Wt th..:tu t ,·ont 111\1...,US t J..at,t,oc, 

Althou4h not <..unclu,u ,11 u r st•t1st1i...:tll, \.1q1ut1c.:i:1t , N ~.,., I 7 , 
µ ' 0.,)5,, th~ tltst ... u1.,nq e_. \!.~.u~.! .. hl'" .. l-.i .is L',flltlf:.'r s suqqc,t th..lt 
the d1•tant ch.tffncal s,qn.tlt:r.r ffl.l) bl· sp(!c 1ct.·•p__.c ,f1i;: e,.cept fo, 
the rvt.~l .. ,ic'l""n. ,. ~J,lld C.J.tt& <ohl!~- WL"r".:Ofl!;.Jl<"lledb\. lt1l'e,£>d P11e. 
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•n<l JI • ., , c hJr JCte, 1= .. •d b\l .1 gcner.,.. l 1:€'d .:1ltr <1ct1on t .:> thc1,· 
con:.p~c , f t r:s. 

Teiit ~ ustn\.j ,ocl..'.i fro"' th~ holdtnq ta11ul..':i 1nd 11..at~ thJt th*-' 
chenuc.al s1gn•ls c•n •dher-11? to the substr.ittJ. In t, ... e te'ft.ts 
(1•ccf>1,urs n. ~. n. 4 - two tvsts. n. '• ctnJ n. ll', lhL rc--spc,nsc 
to -..ub•tancl?s. f, uni the- rocJ.G whu;h werL• u&£-d o.1• shot tcrs b,. the 
enu lter to had tho t.dme> s1gndl .1• that u t the.• re~pu11sc lo the 
e11utte,·• the•t.e l ..,.:--s . In the s1,.th test Crec ... 1ver n. O " rocl frOffl 
the n. :, , U,ur e wus no rc'»pon-..e ..&t .al I. lhwsc, dnd d.at.a t"n 

aqon1st,c beh .. ,tour tJhow1ny terr1tor1al1s• 1n e, lronn trro1i1•no , 
1?87>. suogest c.heA11c.al aarl1ng o♦ terr, tori es. 

In thr c..c:.tf1shes. '-uch •s _Le;_~~ spp •• rhtil'•ac .:al ~0n1,nun1cat , on 
11. b.'lsad on olf•ctton ,lodes. 1~71•. lh1s ts probably •l•o true for 

f, ~e1 t,ora Areias C.iovv. s,nc~ tho telcncepha l on tends to bo 
,nore developed 1n th1• ta-.:on than 1n e_. !:£.!.'lll~• wt,creoi's the 
enceph•ltc ceuters ,--elA-t11td to 9u•t•t1on .,.. .., nor,.•lly dev&lop•d 
(lr.iJ.ano. 19'87•. Which sugg~•t tt1at lhv ol f•c.t ion niav h.a"e .:a 
spact•l 1,aporto1.nce for the blind c•tf,she•. If th•t •• the c.•se. 
poll ut I on by dutnrg~nt•, wh1 ch de&troy the ol t actory ep I thel I u--, 
could ti•r1ously disturb the syste• of '1oc1•l oro•n1z•t1on, c•ustng 
c•t•s troph1 c daM.:IQe to the blind catfi sh populations. Which being 
l •·t.elec.ted nraJ•no, 2'L· u!_.>. c_ould have •uch d1fhculty 1n 
recov'lr1no frqa l o5sea. This. o1.nd oth.,- l1nds of pol lut1on, are 
presently thre•ten1ng aever•t c • ves 1n the Upper R1be1ra, 1 nclu:j1n9 
so111e wher• bl 1nd c•tf I shes are fouud. At le.1st 1n one case 
<Al•iab.ar1 Cave> , it 1s possible that the blind catfi sh popul•t1on 

h,uo •lr eady ba&n k1 l lli'd due to the pol lutton. Protective nieasures 
for these c •v•• •re 1 n need not only fOt'" th& bl 1 nd cat f, sheK, but 
for all the 1ntereal1n9 f•un.a th•v ,1upport . 
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of Uto English version. 
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FAUNA ASSOCIATED WITH BAT GUANO DEPOSITS FROM BRAZILIAN CAVES 
(A COMPARISON) 

GRASPINI NETTO, Pedro 

The dlver■lt.y o'f 1ee41ng at.rat.qlea 1D Neot.roptcal l:lrat.a 
of'fera an oppartunt t.y to coapare urea k1D4a 01 :bat guano (t.118:t ot 
lnaect.lvcroua, 'frugtvoroua and h .. a:topbagoua :bat.a). 1bta 
ccaparlaon la l>aaed. on t.be aurvey of UUt t.axa tbat. bave 
repruent.at.tve populatlona living in t.be guano . 

... ,de aoae t.axa that ocCUI"' tn other aUbat.rat.u 111 cave■ 
(e.g. Ollgocbaeta, Dlplopoda, laopoda Olllacoldea, Coll-la but 
Po4urot4 .. , Ena11era PbalU19opatdae), t.bere are srouP■ t.bat. aema 
to occm- only in guano depoatt.a (e.9. ColleabOla POdurotdea, 
Bet.eropt.era llut Jted.uv114ae, Dtpt.era Nuac14ae an:1 Droaopbt 114.ae). 

Vbereaa acme of tbue taxa occur tn ■ore than one ktal of 
9UIIDO, abow1D8' a low degree 01 aelect.tvtt.y, ot.b.er ••• to be 
rutrtct.ed. to certain t.ypea 01 tJU&DO. nw laat are exeapl111ed :t,y 
Chtlopoda Llthol>toaorpba, Iaopoda Ontacotdea, Paocopt.era. Enat1era 
Pbalangopatdae <EMMM?tia>, Bet.er-opt.era (Lygaetclae am 
Cyd.ntclae), vlllcb ba.ve been found excluatvely 1D 1rugtvoroua l>at. 
s-no depoalta; Coll-la aypogaatrurldae (Acherontidy - great 
populaU-), D>aUera l'balangopaldae (QIO,ecoua). Dlptera (llllll.l.a, 
Pai lOcbalta, DroaODb& la a2lnA), 1n bwt.opbQoua onea; am 
Coleoptera Deraeat.14.ae, in lnaectlvoroua onea. 

INTRODUCTION 

Bat guano ia known as onv of the ■ost important source!lli of food 
ln SOGlit caves. SQD1t •uthors <e.o. H•rris, 1970J l1itch1tll, t970J 
Neorea &: Negreia, 1971J Poulson &: Culver, 19b9), recognizino this 
iaport•nc•, h•ve studied thv co1n•unitles of c•vernicoles that use 
bat QUano as food tsupply. 

Guano depos its vary •ccordino to the b at al i t1entary strategies. 
B•t.• that for• guano depoil ts in Bra:z i l i an c.a.ves aay me cl •••1 fled 
in three oroup1i, accordinQ to wh.at they feed on, and, of course, 
according to their feces. 

Fruolvorous. Th1tir guano <F> ••Y be cons.tituted by little seeds 
not totally digested and big &EHtd£ wit.h r e ••in1o adhered. It has a 
particulate constitution. 

He■atoph•gous. Their guano <H> is highly viscou11 and rich in 
n1 trogenoua co11pounds. Because of thl s it has • very qui ck 
f&r•entation. 

Insectivorous. Their guano (1) is constituted by parts of 
insvcta and chitin re••ins. It• constitution i a •lso particulate. 

In Europe .and USA there are b asically insectivorous bats living 
in Cav••· So the works cited •bove study conwnunit1&a associated 

. with insectivorous bat guano. There .are in Brazil the three cited 
kinda. Then it c•n be noticed the great iir.port•nce of the study of 
guano coainunitie• in countries like Brazil, where works can be done 
comparing tt,e COflWnUni ty 11tructures ass ocl atad to • ore than one kind 
of bat guano. 

METHODS AND NATERIALS 

CAvaa in diff.,-ent regions of Brazilian country were studied 
<••• ••P l), totalizing 21 cav••· Hore than one type of bat guano 
deposits can be found in the s~e ca.ve (F - 7 depoai ta an,al yzed 
fro• 5 c•vesJ H - 19 deposits froa 13 caves; I - 8 deposi ta fro■ e 
c•vas> . 

The Material waa collected only in bat guano deposits with • 
surface a.re• laroer than 500 cir'. It was noticed tha.t s._aller 
deposits a.re not good for the atabliah■ent of .anhual co...,.nities, 
•• did Hal ai nger le Culver ( 1988). 

Th• collection w•s divided in thraa phases: a field sorting, in 
order to .avoid • high aort.ality of 11peci ■ens during transportationJ 
a sorting at the laboratory1 and, fin•lly, the material collected 
MA■ put through Tullgren/Ber-le■e funnel•. The ••a.phts were 
col l~tad nmdo.ly, includino material fr011 the surface and from 
inei d e th• dropping depoai t11. 

Th• larvae collactad wer• .antained in the laboratory in order 
to obtain the adult• (that war-e uaed for identification>. Th1t 
apeci-n• collected •re stored &t the • Departaaento de Zoolaoia do 
Instltuto de BiociOncia■ dil Universidade de S:io P•ulo". 

RESULTS 

Table 1 ■hCM■ the relAtionahip bet"tten tax• found and the three 
kinda of bat ou.ano. Thi• tabl• includes data fro• Gna■pini Netto 
<1989>, Trajano <1987) and n..., data froa cave■ in Alt.a■ira region 
<Par, ·stat•>. 
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La dlverat4a4 4e eat.rat.evlu 4e aU■ent.aciOD en .urci6lasoa 
neot.ropicalea otrece la oport.unldad. de coaparar t.ru t.ipoa 4e 
guano 4e eat.oa an1-1ea (el 4• inaect.lvoroa. fruglvor-o.a y 
heaat.01&9o.a). F.at.a ca.paraciOD •• baa& en el levant.-lent.o 4e loa 
t.ax:ona que poaeen p@lactonu repreaent.at.lvaa vtvteD3.o en el -· Ad-.&a 4• algunoa t.axona que ocurren en otro.a auttiatrat.oa en 
cavernaa (ccao OUgocbaet.a. Diplopo4a, Iaopoda ODtacoldea. 
Colltlllbola except.a Poduro14ea, Dlalfera Pbalangopa14ae ). bay 
grup,oa que parecen ocurrir aolo en depOalt.o.a de guano (tale• cc:ao 
Colleal:>ola Poduroldea, Het.eropt.era except.o Reduvi tdae. Dipt.era 
Nuacidae y Droaopb.i 114.ae). 

Ala,moa de estos taxons aparecen en ab de un t.ipo de guano. 
■ostrando un gra4o baao de aelect.lvid.ad.. Otroa parecen reatrtct.os 
a det.er■inadoa t.tpoa. Eat.e Qltl■o sruPo eat.a. repreaent..ado por 
Cbtlopoda. Lit.bobtoaorpba, Jaopod.a ODiacoid.ea. Paocopt.era, Enaifera 
Pbalangopaidae (E&avnecrla'l , Ret.eropt.era (Lygae14ae y CyG.ni4ae), 
que heron encont.rad.oa excluaiv-ent.e en guano de 'frUQ'lvoroa: 
Colltlllbola JIYpogaat.rurtd.ae CAchfr:RAt.1411 - grand.ea p@laclonea). 
Dwtfera Pbalangopatdae fQlllCOUf), Dlptera (bm.1.a, PfllOc.bal\A· 
Dro•opht ta l:ll.llll), en guano de hwt.01agoai y Coleopt.era 
Deraeat.tcl&e, en guano de tnaectlvoroa. 

Taxa F H 

01 i gochaet.a 
P s eudoscorp i oni da + + 
Opllionida Gonyleptidil& 
Ar.aneae The ridiOSOl'lathi dae cf. + 
Ac•rina + 
I tsopod• Oniscoidea 
Oiplopoda + 
Chilopoda Lithobio.-.orpha + 
Col leabola 
Psocopter• 
Thysanoptera 
Ensi fer a Phal angops1 d•e 
Heteroptera + 
Lepidopter• Tlneidae + + 
Dipteril + + 
Coleopter• + + 

Table 1. Ta)l(a registered in the analyzed bat guano deposits C {+) 

indicates occurence of the taxa in the speci fied bat guano 
deposit>. 

Due to the lack of specialists in ~any of the groups found, the 
identificati on was restricted in most cases to fa■ily level. This 
fact li .. ited the coftpari ■on among the three k inda of bill guano. 

Oligochaeta. Alwilya populations with tens of speci,nens. 

Pseudosco..-pionida. Populations Nith few specimens (always less 
than 10, e)l(cept for one depo11i t where there were acre th.an 40). 
Perhaps .an id1tntification on genus level would lead to ii better 
coeparison a.-.ong the kinds of b a.t guano. 

Opilionid,11 Gonyleptidae. Few speciinens feedinQ on guano, 
cDM10nly only one specimen. 

Ac.a.rina. SpeciDRns of 1Dany faailias were found in the three kind 
of guano (sea table 2>. Due to the oreat diversity of •ites 
associ •tad with bat QUano, .a DDre detai 1 ed atudy of this tax on 
would present valuable data on the coapariaon of the three kinds of 
bat guano. 

I sopoda Oniscoidea. Populations of tens of apacinlen s , including 
juvenile• and adults. 

Diplopoda. Few speci11ens f •eding on guano. Generally they are 
millipads that ar• found coamonly feeding on othar substrata (dead 
and d11Kayino organic ■atter, e.g. dead a.ni11als, dung>. 

-----------------------------------------------------------

Acarina (undat.) 
Acarida 
Actinedida 
Ga.-.asidil 

Oribatida 

Acaridae (2 &pp.) 
Trori>i c ul id•• 
Di artrophal idae 
Eviphidiidae 
tt.crochal i dae 
Phytossei dae <2 •PP•> 
Pol yaspi dae <2 spp.> 
Rhodacarida• 
Nacronys■i d■e 
Hapla.aoistidae 
Laelapidae 
Uropodida.e 
Gallu■nidae 
Oppl Ida. 

F H 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 

+ ~ 
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Table 2. Acarina associated with bat guano deposit•. 

Chi lopoda Li thobioaorpha. Two population& of tens of 
trogJOflllorphic specimen&, 1nclud1ng juvenile& and a.dulta, in <F>, in 
two dilitinct caveli. It iii noteworthy th;at this i tr. a ta>eon rarely 
found in c;aves in Brazi 1 - only one pio••mted specirHtn in plant 
d e tri tu& was found. 

Collembolil. Obs.erved, always tens of individuals, in many 
deposits analyzed <•ee tabla 3). It must b• noticed that there are 
SOl'te population& of thousand& of specinien•/•3 of Acherontid@9 t.p. 
(Hypogastruri dae>, associated always Hi th CH> , in di ffer•nt ca.ves. 

Ta>e a F H 

Entoaobryoi dea Entomobr yi dile + 
IaotOGidaie + 
Par on ell ida& + + 

Poduroidea Onychiuridaa 
Hypoga■truri dae + + 

S.i nthuroi daa Arrhop•l i ti dae + 

T•bl e 3 . Coll elnbol a associ .atad with bat guano deposits . 

En•ifera Phalangopaidae. Very co1Dm0n in Brazilian cavea, 
exclusively represented by the genera Eid•anacris and ~, 
which nev•rtheless are nor11ally r1utu•lly e>ecluaive. They were found 
als o feeding on guano. It ~•t be noticed, however , that speciaen• 
of the genus Endecous were found only on <H>, while Eidmanacri1 
were found only on (F) • 

Heteroptara. Populations with Dany specimens CalMay• ten•>, 
including •dulta and ny•phs. The Heter-apter.a are generally 
represented in Brazilian caves by apeciraen■ of RIPduviida• (~ 
spp. > 1 but not in ouano, where there are specimens of Lyg•eidae or 
Cydnida.e (ob&ervlld in di s tinct caves) . 

Lepidaptera Tinaidaa. Many species occuring in many of the 
an•l yzed deposi ts1 in the three kinds o-f bat guano. Except for one 
case 1 n which adults were al so present I there ware al ti1aya onl Y 
larvae (kept in the laboratory) on the deposit. 

Diptera. Observed in ... ny of the •nalyzad deposits <s ee table 
4) . Generally there were not adult• feeding on the droppings, 
except for Drotoohil@ aff. ~ <Drosophilidae). Worthy of 
mention •re th• faai lies Huscidae <genera.~ and P•ilOCb•eta>, 
Phoridae, Hilichiidae and Orosophilidae, the individuals of which 
may form graa.t populations. The presence of Scvnooinua fenestralil 
in t I> is without doubt related to the presence of l arv•e of 
derDestid beetle5, which are 1 ts prey. 

Ta,ca F H 

Orosophilidae <Qrgapphila aff. ~> 
11uscid•• CEmni.A spp • .rnd Psfloch•et• spp.) 
Hi lichi idae + + 
Phorid•e 
Scenopinidae <Scenootnus fenestr•li•> 
Sphaerocerid.ae 
Str•tioayidae l~ i}ucena) 
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Table 4. Oiptera aasociated with bat gua;.,o deposits. 

Col.aptar-a. Few larvae •nd ,11,dults were found , incl uding 
guanophagous •nd predatora, in the three kinds o f guano <sea table 
5). Great popul•tion• were for,ned by larva• of Deraestidae beet les 
<in <I>> , and by adul ts and larvae of Leiodid•e Catopi n ae beetl es 
(in raany deposits). 

Taxa F H 

Oer11estidae <larvae) + 
Hi s teridae 
LArapiridae (l.a.rv,11,e) + 
Leiodidae Catopinae + 
Pael.tphidae + 
Scarabeid•e Aphodiinae + + + 
Staphyl i ni dae + + 
Tenebrionidae Alec:ulinae 

Table 5. Coleoptera associated with bat guano deposits. 

The tax.a. listed above are si11ilar to those presented as coaaonl y 
a ssociated with bat guano deposits in other countrlea <Gl net le 
Decou, 1977J f1•t11•, l 970J Negre• le Negrea, 1971). 

In the present study, Ac.arina, Col l enibol •• Di pt.,-a •nd 
Col.optera were found with high frequency in the analyzed deposi t&. 
ThR aa11e was observed by Negrea le Negre• <1971), Nho defined the11 
a.a '"constants•, in caves of Ro,aani• ■ Paeudo&corplonid• .and 
Lepidoptera Tineid•• also occured with high frequency. 

DISCUSSION 

Restriction to guano depo&i ta 

So•e t Axa that were .aasoci.ated with bat guano deposits alao ..er e 
asaociated with other subatrat.a. in caves, and .re g.nerall y .or-a 
abundant in these other substr.at•. These ta>ea are Ollgochaeta, 
Oiplopoda, Isopoda Oniacoidea, Pseudosc:orpionlda, Opllionid•1 
Collembola. Entotaebryoidea, and Enaif11ra Ph•langopsi dae. 

However, there are other taxa that are •o•t frequently or even 
excl usi val y found asaoci ated with bat guano deposits i nsl de c•v••• 
They are: 

Chi l opoda Li thobia.orpha. Hany trogl omorphi c specl..na 
associ•t•d with bat guano agilinat only one speciaen in detritus. 

Col lttfllbol a Hypogaatrur i dae <Acheronti de! sp. >. Thous•nd• of 
•pecimans associ.at•d with bat guano a.nd very r•r• in oth.,-
subatrata. 

Heteroptera Lygaei da.e and Cydnidae. Exclusi val y aaaocl a.t•d wl th 
bat guano. 

Lepidoptera Tinaid•e. 
deposits and r.a.re on other 

Di ptera Orosophi l idae 
••sociated with ba.t ;uano. 

Larvae frequently obaer-ved in guano 
substrata. 

and Muse i d.ae <larva.a). E>eclualvely 

Coleoptera Derfnttstida11. E>ecluaively .associ•t•d ti1ith bat guano. 
Coleopter& Leiodidaa Catopina.e. Although few adult• are found on 

other substrata, It was •s•uS1&d th•t they were r•l •ted to 9uano 



be-:c.ause !ht,..- form i;rcat p c pu1 a l 1 ons on g u 3no depor;1ts a n d teco1use 
ldr" .. b ? '"'C i"" C' fO\ Hd Oil}'\, ..:-.~'.iOClUted with l •.:i t guano d£'pos1ts. 

F,o,,. ll,e t .. t>lfHt pr..:r.cr,t e d cbo" tl' 1t C,"\n be not i ced that seine l~'<d 
c 3n b~ u-::.c-tJ f _Jr- CC•f\Pclr1ng the three I 1nds. o f bat guano. Among the111 , 
•.;:,:,.rt;> ..,, 1.: rt.:t.h JCtl•J t c o ne; I 1nd o♦ 1Jl1a110 , s t.o wing an af f 1n1 ty t o 
th1s ~ubstra t ,:o. However , others ucc ur JS'io<..1a t cd u 1 th a ll I 1nds but 
: ;nc. lu•.\C t:" shc w1 r,u n,, t an .Jf f1 n 1l 7 Lut :..n Ohctdan cP to one l 1n d of 
!Jutt.tra.t .;. . ,k, ,. • .,g,., both t ; pe$ o f rE- l at 1on:ih1ps are good to 
Jc>ter1111ne lt,i' t ,r1<.ruc l 1fT>.:-t1 l.". ,..,nd nutr1t1onal d1ff~rances do a x 1st 
a ir.or.g t he sut!.trata. 

Ch1lopuda L1thob101norpha. Great pop\1)at1ons, 1r,clud1r.y J l ""- e r. :c,,:: 
and .:u lults , found 1 n d1 'it 1nc l caves . 

f.icor Ina Ac.ar 1 di,e, Tr-o11'bt cul 1 dae, 
t1 .. cruc.h~l I dao, Phytosse1d.,.e, 
Gal I umni dae, and Opp11 ~•c . 

lha, i r e h alt :· 
P o ;.!pl den . • 

lol le111bola .,·., rt . pdl t.Jo1~ . Ent0tnot..- ~ 1J.-.c, 
C-, c_ !. t..1 • .:i. ;,~n~ cf spcct ,nens , 

('1st fcri\ Phalangop!:1d.;;,L~ <Etdrnan~~ > 

E:, , o h1 d o1dae, 
Rhod ac 'lr I d a.c , 

and 

liul.:-r-op l e,·,1 Ll"ga,ndae and Cy dn1dae. Grt:-•t populat1or;s , 1 1 cluC1:ig 
<i.d\.1l t a .,.,d r, v ,r~hs , found 1n d1t.l1nc t c,,ves . Spe..: ,mens. of two 
spec. 10 -;J o f LvgaE1dae were fcund l1,1ng 1 n ti,'" S ioffle gu.Jno deposi t . 

lhplcr u Strat1um)Jd~tt. F e w l ~r viatL". 

Ta~: a res t r1 ct~d tc heinalophooc;ou5 b--'l guano: 

C"o l l ..-i:'11,ol d ' '> PO'.)a~t • ur 1 dae. Al thou gh f ew Gper: 1men s o r, 
fr L• 91 .or C..JS' bat guano were found, 1 t wi\5 a ssumC!d that the>' wer~ 
,..-c"> tr 1 t:.. lLd to hematophagous tat guano , tJcc al•' •E: tht-y form ...-~rv b:g 
populat1on1i ( thcu~ clnds of !ip~c 1mer.!..) on thi s substrate. 

l\1ptcr-=' Oro sopt,1l1doe, Mu sc1dd;e and Sphi'erocer1 d.a.e . Popul o tt ons. 
o♦ hms of 1,...,..-.., .. ,c? o f L~!!!l!..d ~pp. and f'~ 1 lochael;_i\ spp . ( I.Joth of them 
~oul d be found ,n the sa•e guano deposit>; few spec1t1111ms o f 
Crosophi l 1 d.u~ (Or o!".oph1 la af f. rep I r?la> and 8phat!',..-occr1 dae. 

Col eopter.t L ampi r1 dae . Fe,., larvae of dt fforenl aget.. It r1ust be 
n o t1ceJ t ha t there were not any other " b1g" ar t hropod nearby, then 
they nught be feeding directly on the bat guano. 

Ta·~a restr-1cted to 1nsect,vorou1a bat gu..-.no : 

Ac.:t.rina Haplomegi1.t 1dae. 

Thysanoptera . On l y one specimen. This ta>:on 1 s ver y rare 1n 
caves. 

Di ptera 
larvae. 

Scenopin1dae. Larvae feeding on derme-&t1d beetles 

Coleo ptera Der°'estidae, Hi s terida e. Tc>ns o f I arvae of 
Der1ne~t1dae and few adults of H1stc>r1dae. 

T axa that avoid frugi vor ous bat guano: 

Dipter a Phoridae. 

Probably, these insects need lots of decayi n g matter, which is 
found in h ematophagous and 1nsect1vorous bat guano. but 1s ver y 
rare in guano of the frugi vorous bat. This ,night perhaps explain 
their absence in the last type of guano. 

Taxa that •void her1a tophagous bat guano: 

Acarina Lael .apidae and Uropodidae. 

!~ovoda Un1sco1dC?a. lt!'ns of specimens, 1nclud1ng Juveniles and 
.:,,dul ts. 

This abs.cnce might be due to the very v iscous ni3ture of this 
1. 1nd of bat guano (contrary to the v e ry particulate constitution of 
thal of frug1vorou-. and insecti,orous bat.;.), wh i ch could i mpair the 
mob1litf iilnd even the survival of some laxa, 

T 4~: c\ thut avot d 1 nsect 1 vor-ous bat guano: 
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Ol 1 gochaet• . 

Op1lio111da Gonylcpt1daa. 

Di pJ opoda . 

Coll o-!mbOlo'.1 . Il 15 a v er\,' unc•:pected r esult. 

En-;:.1fera Phal angops1dae. 

Jt 1 L ddf1cult 
espec 1 al I)' th.a.t of 
were p,..-esent, they 
deposits . 

to expl ai n the a b sence of Ol1gochaeta 
Coll e1r1bola in the deposits analy=:ed, If 
were missed when sampling and / or sor ting 

and 
they 
the 

CONCL US 1 ONS 

From the above data, we can state thct.t there is a clear relati on 
(po&itive or negati ve, depending on lhe case) between the ki'."d o f 

bo'l t guano and the communities a ssociated with 1t, s pec ial l y 
reg.1rding some tax a. Additional data from new c ollecti on could 
cla, 1 f y S Offle sup pos1t1on5 and dafina better thl:!SC ,-elation!&. 

As there 1 s .:i relat1onsh1p between t he kind o f bat guano and the 
a!.5oc 1 c1t..-d taxat and as Brazi l 1s one of the few countries where 
there e>. tst the three l: inds o f bats ( f,- ug i vorous, he111atophagous and 
insect1 vorous> . and where one can d evel op works on the cited ta~a, 
we must en-,phasize the necessity of protect ing Brazilian c-1,ves 
ag•uist the predatory a nd destructive act ivit ies , which are 
p,-escntl r destroying our caves. 
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KARSTIFICATION OF COVERED P ALEOKARST SURF ACES DEPEND ON UNCOVERING 

VERESS, Marton 

In tho Bakony - ■ounu1n /Ha~og-Papod group/ tho 

surfaces are const ructed of Hiddle Cratacaoua and ;Jurae81c 

li■eetonae. The surface ere dissected by paleokarat uplifts 

and are aignifican y covered by unconsolidated aadiaanta. 

Erosion /or accu■ulation/ of th••• unc ons olidated 

cove ring aadi■anta result the ■igrat ing of rock-line and. 

so the ■ igrat ing of karatification aa Rall. in the aidaa 

of poleokeret outl1fta. 

By observing of drilling cores and gao■orphology we 

can typify the uncovered types •hich occur on horata and 

the karatification itself belonging to these. 

I• KAilSTIFICATION OF COVJR:iD ?AL.DKARSrI; il..>LilFS 

ill Bakony-)Jountain /1:Amantuli Block- :.!ountains/ the surface 
of the ~iddle-Cre taceous and Jurassic limestone blocks dissected 
by faults is a paleokarstic relief with protrusions - Hajag-Papod 
Mountain group area /Fig. I . / The loose deposits /pebble , clay , 
silt/ co•ering these reliefs of different heights can become 
redeposited . This process takes place inside the block /the block 
lurched/ or between the blocks /!roe the higher one to the lower 
one/. As the blocks were asc,nding and descending erosion and 
deposition could alternate on the eame block . 

In the case of erosion or filling up limestone protrusions 
rise ov er the relief covered by loose deposits. The rock-boundaries 
at the crossings of limestone protrusions and covered reliefs are 
the spots of karstification. Rainwater on covered reliefs reaches 
limestone at protrusions. Therefore r ecent karstification takes 
place on paleokarstic protrusions . 

This karstification bas the following characteristics: 
-Karst phenomenons dev eloped at rock-boundaries /when non-karstic 
reliefs are formed by impermeable deposits/ are termed sink-holes 
and swallet-dolines /when non-karstic reliefs are forced by 
permeable rock/. The swallet-doline /Veress, ~ . 1982/ is a doline 
possessing a water channel and no separate and own catchment area. 
Namely it does not get enough water from surrounding reliefs 
covered with permeable rock. Infiltration can take place in a 
wide zone on reliefs co.ered with perceable silt /hidden rock
-boundar3/ so karstification developes also on a big area. As the 
silt becooes more and more argillaceous new and new karstic 
formations appear getting more and core water. It's sink-hole 
nature becomes more and more t3pical . iilhen the imyermeable rock 

!P~~:~f~~m!ilo~r:~~o~8~f 0~~! :!!~m!h:.t!:~!i~8:eatures undergo 
- Erosion or deposition of top sediments on a certain area results 
in shift of rock- boundaries downwards and upwards in the slopes 
of protrusions. In the first case inactivtl! sink-holes , r emnants 
/passages/ of sink-holes and in the second case filled up , buried 
karstic depressions aark the former rock- boundaries . 

0 lOkm 
~ 

PEDEZ!' PALEO!WISZTOS 'l'tRSZINEJ( UTAU1lOD.tm~. Jllloo6 

1'ARSZTOSODASA 

A Bakony-begy,egben /Bajag-Papod c,oport/ a kijzepe6-kreta 
ee jura koru meezkijvekb61 !elepitett paleokareztoe kiemelkede
,ekkel tagolt ter,zinek jelentoe reezben laza anyagokkal fedettek. 

A laza fed6Uledekek lepueztulaea / wagy felhalmoz6da,a/ a 
kozetbatar ee igy a kareztosodae vandorlaeat eredmenyezi a pa
lPnksrezto, kiemel~edePP~ ol~alaban. A !uraei ae mnr!ol6giai meg
figyeleeff~ PP!;iteegevel tipizaljllk a rijgijkijn elo!ordul6 kitakar6-
dae1 tipueolcat ee az ezekbez tartoz6 kareztoeodaet. 

Fig. I. Investigated area 
I. Mountain- boundary, 2 . Water-course , 3. Peak, 4. Setllement 
5 . 3xamined area, 

2 . KARSTIFICATION FOLI.Oi\lDIG UNCOVBRDIG TYffiS 

l!apping recent acti•e karstic features and re•ealing the alread, 
inactive ones /drawing maps of cov ered bedrock using results of 
boring/ and comparing them to non- karstic formations some uncovering 
t;ypoo followed bJ' well confinable specific karstification ca.n be 
discriminated on the surface of blocks. The nature of unco•ering 
is determined b, the s ize, the relatiu height , tho location of the 
block and the morpholos:, of it' s relief. 

2.I. Unco•ering of a block of horizontal position 

There is no riYer s,stem on the surface when t he block is of a 
small size . However erosion caused by the redeposition of top 
sediments is inhibited b1 the protrusions of the paleokaratic relief. 
Karstific&tion begins at the top le• el of the protrusions of a bigger 
height when top sediments are permeable /bidden rock- boundar,/. 
The height of protrusions decrease by karstification. It is followed 
by the erosion of top sediments so karsti!ication can begin on a 
new protrusion of a lower top level. Therefore s ettlement of karstic 
features on the surface of the karsti!ic&ting blocks is irregular so 
formations are small in size or filled up or become quickl' inacti• e 
or more or less eroded. 

If the block bas large surface water courses 111Q appear. The 
direction of Talle3s formed by water courses can correspond to the 
direction of the elongated and buried protrusions, rows of pro
trusions , or are perpendicular to that. 

Therefore • alle1 can de• elop in the loose material o•er the 
protrusions or between them. In both cases rows of karstic features 
appear along the axis of the valley. 

\Then the •alley deepens into the loose material co•ering the 
protrusions /Fig. 2./ the rock-boundar, appears at the top le•els of 
protrusions. Karstic formations developed along the boundal'J' line 
become inactive and only their stubs rer.iain in the limestone because 
their catchr.ient area is lost by the erosion pf the loose material 
covering the slopes of protrusions. 

The rock-boundary appears in the hillside of the valle1 and the 
protrus ions when the vallei sinks into the loose material between 
the protrusions . Gradual erosion of top sediments remained on the 
ridges between the valle,s results in the shift of the rock-boundar, 
in the hillside of the valle,. Accordingly now and now korstic 

features. can deTelop over the rows of karstic phenomenons becoming 
inactiTe. 

The •alle1 can de•elcp perpendicular to the axis of protrusions 
as well. /Fig. 3. / In the pre•ious case the karstification takes 
place on the top level of the protrusion cropping out at the •alle,
- bottom. The catchment area of the karstic feature described abou 
is represented b' the area between the karstic !orm&tion and tho 
Yalle1-bead. 
/Karstification can b1gin &t se•1ral spots of tho ••111,-bottom 
when new protrusions are exposed./ Rock-boundar, sinks lower and 
lowor in the billsid1 as the mat1rial of·tb1 Yalle,-bottom is 
transported into the karstic depressions. This results in formation 
of new karstic features. Tho denudating protrusions do not tower 
o•er their surroundings as th1ir height dicreasos beoause of re
curring karstification. Xarstic f1atur1s app,ar in singlo or in 
groups on the Talle1-bottom. /Tho ,oungost ono alono is aotiYo of 
the samo group./ 
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Fig. 2 . Karstification on protrusions under the ,alley and along tbe 
axis of the valley /after the example of Hidagaszo-valley/ 
I . Hillside of a valley developed in loose sediment, 2. 
Former hillside of a vallo1 developed in loose sediment, 
3• Hillside of a valley developed in lim1stone , 4. Anticline 
Talle1 from side-,iew, 5 . Intermittent water-course, 
6♦ Stream on the surface and over the impermeable la3er, 
7 . Infiltration, 8. Upper-Jurassic limestone , 9. Uiddle
~retaceous limestone , IO. Prasuoed fault , II. Foraer 
le,els of pebble-co,er /&TJ a~; a/, 12, Recent surface, 
I3. Pebble, I4 . Cla, I5.--:iil~, Id. Cla1e1 silt, I7. Derived 
pebble, clQ, silt mlxture1 18. Former and recent resedimen
tation of top sediments , I ~. Inactive sink- hole from top
-view, 20. Swallet-doline from top-view , 2I. Collapsing 
doline , 22. Zone of totall1 desolated sink- holes, 23. Zone 
of inactive sink-holes and swallet-dolinos 24. Zone of 
swallot-dolinos, 25. Zone of collapsing doiinos, 26. Inactive 
sink- hol, cave from side-view, 27. Active swallot-dolino 
from sido-viow, 28. Rock-boundary , 29. Hidden rock-boundary, 
30. Non-active rock-boundar, A. top-view, B. side-view 

2 .2. UnooY1ring of lurched blocks 

Blocks can lurch in one or two directions. In tho previous case 
protrusions form adjacent parallel ranges with longitudinal covered 
reliefs of a similar direction between them. Karstic phonom,nons 
appear in rows on tbase protrusions where top sediment b1coaes thin. 

When a block is lurch1d in two directions /Fig. 4./ erosion ot 
top sediments takes plac, also in two directions, Thor,foro pro
~rusions crop out from th, co•ering. Tb1r1 are coYered reliefs 
d ropping down towards tho dip directions b1tweon tho rows of pro
t rusions. At tbo low,r 1nding of tho above karstio formations 
nrstic formations develop th, characteristics of which are 
consid1rabl1 d•t1rminod b1 oov1r1d r1li1fs. DIY1lopm1nt of small 
swallet-dolin1s is charact•ristic wh1n th, covor1d reli1f is of a 
small size and th, majorit1 of rainwater infiltrates b1foro tbo 
rock-boundar,. On suoh b~oc~~ new and n,w_kar~ti~ depr,~sion~ 
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Fig. 3. Karstification on donudating limestone protrusions 
perpendicular to tho axis of tho valle1 /after tho example 
of tho valley of sink-hol, KI and Klein- pusztai vallo1/ 
I . Limestone protrusion, 2 . Boundary of the top level of 
the lic;estone protrusion, 3. limestone, 4. Hillside of tho 
valle, , 5 . Sink- hole channel , 6 . later-course , 7 . Stream 
oo the surface and o• er the i~peraeable la,er, 8 . In
filtration, 9. P•bble, IO. Argillaceous silt , II. ClaJ 
/dori .. d argillacoous silt , weathering products etc./, 
I2. Level of former pobblo-covor , I3. Previous vallo1-
-bottom before silt-co• er, 14. Former lfrYel of silt-cover, 
15. Recent surfaceJ. 16. ForD.er and recent resedimentation 
of top sediment , Iy. Karstificated zone from top-view, 
I8. Zone of-dissolved dolines , I9. Zone of collapsing 
dolinos, 20. Zone of inactive sink-holes, 2I. ZOn• of · 
~nactive sink- holes and collapsing dolines, 22. Zone of 
inactive swallot-doline and collapsing dolinos, 23. Zone 
of inacti•e swallot-dclines /former fossilized sink-boles/ 
24 . Zone of inactive swallet-dolines1 25. Active swallet
-doline, 26 . Active sink-hole , 27. Hidden sink-hole for
mation , 28. :hoked water passage from side-view, 29. Fossil 
/fil.1.od ~;,/ karstic depression from sido-v iel'I , .,o. Recent 
rock- boundary, 3I. Forcer surface of limestone eroded by 
karstification A. top-vie,: , B. side-vie,'i 

appear downwards in the hillside as a result or the erosion or top 
sodim1nts. Karstification can begin at now and new places b1 tho 

thinning of top sediments oYer protrusions inside covered reliefs 
/hidden rock-boundary/. 

DISCUSSIOH 

Remnant roli1fs of former karstification process /positive 
formations/ karstificato along rock-boundaries since precipitation 
water flows to rook-boundaries on top sediments coTaring paleo
karstic formations. 

Uncovering of blocks with paleokarstic surface bas difforont 
t:pos that are followed b1 characteristic karstification. 
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?ie. 4. Uncovering and ~:.r.rstification of ;,rotrusions of J.i:>cl:s 
lurched to t,·:o directions 
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I . Licestone ~rotrusicn, 2. Strea:a on th9 surface an<l over 
the iJii)erlleable laJ er, j. Infiltration, 4 . ::?or:il.:r and recent 
resedioentation of top sedi□ents , 5. Sections , O. :.fiddle
-Cretaceous li!:!estone , ?. ?orller level of silt- cover , 
B. Silt \11th argillaceous la:nin3ted sand2 int'!1·calJ.ti::mu, 
'.). Passages of for:aer S\'10.llet-dolines and sink-hola:J from 
top-vie,,.,. , IO . Forcer surface of li!Jestone eroded Dy 
karstification , II • .?assages of for.:ier svmllet-dolines and 
sink-holes from side-Yiew, I2. Fossil /fillod up/ karstic 
depressions , r;. nack-boundar1 , 14. Hidden rock-boundary, 
A. top-vie~,, B. side-"fie•n 
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~.: Adatok a Harskuti-f•nnsik Karsztcorfog•netikajli.hoz 
Karszt es Barlang I982; ?I-82 
/Dr. Veress Marton 9400 Szombathely, Szabadsag ter. 4 •. 
Hungary 



STUDIES ON ROVE BEETLES (COLEOPTERA, ST APHYLINIDAE) IN THE CAVES 
IN BULGARIA 

RA1TSCH £V, IYan M. 

In the paper a great altention has been paid to the com

ponents or the Bulgarian rove beetle cave rauna, the locations 

and zoogaographical statute or the single l<inds .So111e da ta about 

tt1e biology of the often ■et kinds are supplied.A survey of the 

kno1o1n papers on the subject has been made .Expectations on eventual 

results of further profounds examinations on the subject are 

sho"'n• 

The rove beetles are coleoptera 1 ordo Coleoptera, subcla!as 

Polyphaga or class Jnsacta (lnvertebrataa) .ln the last feu decades 

there has been a con!l:istent interest in them in ■any countries 

throughout the uorld , Tha difrerant aspocts or their biology and 

ecology as well as their genus diversity hnve been the object or 

investiga t ion.As far as it concerno their genus diversity the 

covo colooptoro founo roprosonts o groat intorost.Thi3 i3 due to 

the fact that some or tho rovo beetles are aptorouo.Also tho caves 

uith t heir co~porotively stationary living conditions are rather 

specific.Thia leads to the springing up or ondamic forms especi

ally ot thQ species of genus Quadius and oubfomily Alaocharinna. 

Unfortunately the cave rove beetles are baroly i nvestigated 

not only in Bulgaria but in the uhole uorld as uell.Tha difficult 

penetrating into the caves and the difficulties a ri sing uith the 

collecting of the rove beotlos are the probable ■sin roosons for 

thh. 

for tho r irat til\e uo find infor1tation for tho cave rove 

beetles in thu Ou\ \etin of the Bulgarian Socioty of [nto11ology, 

v . X,1939, p. 153-154 uhare Burach I. in "Rapports a t communice

tions11 reports 7 species as follous : 

1. Philonthus caphalotas Grav. - Pirin, cave Kotula, 28,IX.1924 , 

lag. Ourach;cava Haidushcata peshtera, 1939, leg. Bursch. 

2. Ph. sordldus Grev.-Pirin , cave Kotala, 28. lX.1 924 , lag. eurech. 

3, Gabriua nigrltulua Grav. - Pirin , cave Kotala, 28 .IX.1924 , 

lag . Bursch. 

4 . Quedius ■asomalinua "arsh. - Pirln , cave Kotala, 2B . IX . 1924, 

lag, euroch ; the precipice Panora, near the to"n or Kotal , 

9 . VIII.1924, lag. Radev N.; cave of the vill. Baliakovatz, /ve

liko Tarnovo/, 9,VIII.1928, leg. Tuleshkov. 

s . Q. cinctus Payk. - cav■ Panora, near the toun ot Kotal, JO . IX. 

1924, log. Radov N. 

6. Al■ochare ( Polychare) diverse Grav. - Pirin, cave Kotula , 

28,IX,1924, log. eurach. 

7 . Atheta apapaaa Er,ch. - cave Golia■ata Podliatza /Valico Tar-
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l!CCJ18Jl,OB8HIIR CTB111lJllUIIUlOB_ (Colaoptara, Staphy linidaa) 

HB;i,n8KHJi8 B ll8li\er>ax l,o,rranllH 

ilsaH .;. ralr<1ee 

i:es1:,ul! 

B .!\OF.Jla;J,e r.1189i!08 alfil'l!llil\8 06\"o/U!lEl8TCR IJl<J\0801,1)' COCTBBY 

60Jll'ancKO!: CTa,illJil!Hll.P.IIOfi ne,,enHOi1 f aym,1, '.'8CTOl!8X=81111J1 II 

300I'80rnajlCl<RH CTBTyT OT}l8JUIWC Bl! O,OB.roao~UTCR O ~8''1lTOnwc 

)\8HHliX 6BOJ10l'RB R 81<0l!Ol'IIII, KBTOnae 'IBl'\8 BC8l'O BCT.-e'181lTCSI, 

J\8JIB8TCR o630" H3B8CTHOn BIIJJl8,111118l\ /\0 CWC non JIB1'8"11Ty>'8 no 

,ll.8HHO")' eon"0Cy, lla•.ieq8DTCSI 08"8CneKTBBli O 8!1/ell's-YIUIIIIIX .-esy.11Ta

T8X HB )l,!Ull,H8i.lllll8 H8y'!Hl,18 BCCJl8Jl,08811JUI B 3TOIII l!8n"88118HBII, 

novo/ 9 . V. 1920 , lag. Tulashcov. 

There hasn~t baon bean published tJata fu r the rove beetles 

from the caves in Bulgaria long after that . Only in ••(~soi sur la 

fauna c.ivernicola de l:)ulqaria 11 . - V. Guaorgiov, P. Beran, 1962-1; 

Soron P., Cuoorgiev v. , 1967-11 and Baron P. , 1972- 111 report 11, 

8 and 12 species raspoctively, so.,a of uhich are ropaatod in t\lD 

or tile pull licotions. 

During the invust.i9aLions or the fauna .in so111e caves in 

Oulgaria i n the lost feu y~ars, tt,e follo~ing species uore e~tn

lJlished (~11 ley . Oor i slav Garev , det . Ivan R~itschev). 

1 . Motocypus globulifer Goorr . - the B~lk.m ranye , ro:;orv.:alion 

Northes Qzondoaa, rocess lho Uhite u~ll , 4.IV.1~84, 1 ox. 

2 . Philonthus p~chycephalus Nordin. - vil. Rooseletz , c.,ve Temn.:1-

ta dupk;, , 20. 1.1984 , 2 ox.; vil. rtusselievo, cave Nanin ka11ak, 

1 2 . X. 1986 , 4 ex.; vill. Sadovotz, cove Gininata peshtera, 

19.X.1986, 6 ax . 

3. Quedius (Microsaurus) ochripennis Nene t . - c.ive Ovnarcata , 

near Karlukovo, reyion Zadanan dol , 20.1.1984, 2 ex . 

4 0 Q.(".) ■esomelinus M3r sh . - cave Svirtschovitza, near Karlu

kovo, 31 .111 .1984 , 8 ox. ; cave Hoidushkata peshtera, vll. Oa

vintzi , 17 .V.1 984 , 4o ex.; cave Vodnota poshtera, 20 .1.1906 , 

J ex.;cava Gininata pashtara, noar the of vil. Sadovetz , 

l'J.X . 1~bb 1 "J. ex. 

5. Q. (Oistichalius) punctatallus Haer. - cove Vodnata peshtera, 

near the vil. or Bocnot, 29.Vl . 1984, ax . 

6. Neobisnius procerulus Grav. - cave Gininata peshtera, around 

tho vil. of Sadovatz , 19. X.1986, 1 ax. 

7 , Atheta pilicornis Grav. - cave Vodnato peshtara, around the 

vll. or Bochat, 22.IV.1984, 26 ■x. ; cave Nanin ka■ak, vil. ftu

aalievo, 12.X.1 986, 3 ax.; cove Gininata peshtara,19.X . 1986, 

6 ax. 

After all these reports and investigation the catalogue of 

all kno"n cave rove bustles in Bulgaria is: 

(notes or the author - Philonthus sorllidus Grav . • Ph. pachice-
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phalua Grav.) 

ram. Staphylinidae 

I . s ubfam . Staphylininaa 

1. Metocypus globulifar Geoff . 

2. Gabrius nigritulua Grav. 

3. Philonthus cephalotea Grav. 

4. Ph. fi~a tariua Grav. 

S , Ph, polituo L, 

6. Ph. pachicaphalus Grav . 

7 . Neobianiua procerulus Grav . 

8. Qued iua ("icroaaurus) fulgidus r. 

9. Q. (M . ) masomallnua "arsh. 

10, Q, (M, ) ochripennis ~enet . 

11 . Q. (Oiatichaliua) cinctus Payk . 

1 2. Q. o.) punctatellua Haer. 

13, Q, (5auridus) troglophilus Coiff , 

14, Q, (5, ) Gueorgievi Coiff, 

1s. Q. (5,) obliteretus Er. 

16. Madon fuaculus ~arah. 

17. Paaderua litorallis Grav. 

II. subfa■• Al•ocharinae 

18. Alaochara (Polychara) diverse Grav. 

19 . Al. ( a . str .} sulcifrons Staph . 

20 . Atheta (Xanota) ■acroptara Barnh. var . dinarica J./J. 

21. At. (~agistra} gra~enicola Grav. 

22 . At. ( a ! str.) apalaea Erich . 

23. At. trinotata Kr. 

24 . At. pilicornis Grav. 

2s . Platystetua a r anarius rourc. 
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fuo from all these 25 s pecies ( 13 , 14 ) are endemic ror 

Bulgaria and 5 species (11arked in the catalogue uith an asterisk) 

are recorded for the first ticne for the cave fauna in Bulgaria. 

Having in 11ind the great number and variety or the caves in Bulga

ria ua consider that the investigations could proceed successfu

lly as far as it concerns the species from subfamily Alaochari

nae "'hich are comparatively difficult tor defining. 

"8 hope that the collnboration of t he Cave Club and s ection 

Nature in the Historical Museum - Plevan tJ i ll lead t o consida -

rable results in ne ar future. 
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THE MEASUREMENT OF KARST DENUDATION IN XIZANG (TIBET) AND ZHEJIANG, CHINA 

ZHANG, Shouyue 

ABSTRACT 

The long-term observation ot karst denud 1tion tor international 
co-nparative study by means or standard tablets was conducted in 

Xl.zang(Tibet) and Zhejiang. 

The preliminary results are shown 1n the list. 

Solutional lost of limestone tdblets 

The session or the co .. 1ssion or Karst Denudation during the 
7th Internationel Speleogical Congress in Shefrield 1977 decided 
to carry out the joint research of solution in different 
enYironaents in the world . The preliminary report of some 
collaborator s is published. They are only some essential data. 
I t is too early to con.e to the conclusions ( Ga.ms , 1981 ) • 

In China, the measure1aent or karat denudation has been done 
in Xizang ( Tibet ) Plateau and Zhijiang province ne,., the East 
China Sea . 

►:any thanks for Pro r. I. Gams providing the standard tablets . 

RESULTS AND DI SCUSSIOII 

The prel1■1nary results are sho.--n in the table. 

LOCATIOlf, DAYS OF IIUHBER OF POSITION LOSS --PRECIPITAmN 
ALTITUDE EXPOSURE TABLETS (ca) ( 10

3 
xmg/cm7day) 1H (~\'°SURE 

-----------------------------------------------------------
Lhasa, 1080 3 +150 0 . 52 949 
XIZAHG 1 0 0 . 27 
(TIBET) 3 - 50 0 . 92 
3649 ■ 

Tonglu, 914 3 +150 12.02 4152 
ZBIJIAIIG 3 0 4.88 

45 • 3 - 50 9.32 
-------·-------------
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Fosition 

1 • 5m above ground 

Ground surface 
0.5m belo" ground 

Xl.zang(Tibet) <lhejiang 

Lost( 10-3 :,c mg/c,.2 /day) 

0.52 
-0.01 
0.92 

12 . 02 
4.88 
9 . 32 

According to the documents or China and international comp;irative 
study, the influences ot clim..ltic zonality in latitude and altitude 

and soil cover on karst denud.1.tion are discussed. 

1. Tonglu, Zhijiang belongs to subtropical humid climatic zone 
and southeast ■oonsoonal region . 

Lhasa, Xizang (Tibet) 1s situated in the Qinghai- Tibet Pleatau 
arid cliaa tic zone. The topography a f fee ts cli.mate in the altitude 
or the Plateau. 

Loss in wight of the standard tablets is widely different in 
various climatic zone. The loss in right in humid climatic zone 
is higher than 10 to 20 times that in arid climatic zone. The 
lo .. est loss in wight is the tablet on the surface. 

2. In hwaid climatic zone, the solution of tablets above the 
surface is the highest and higher than 2.5 times that on the 
surface and 1.3 times that in the soil . 

3. In arid climatic zone, the solution of tablets in the soil is 
the highest and higher than 3.4 times that on the surface and 1.8 
times that above the surface . 

4. The difference of the solution of tablets in the soil between 
humid and arid cli11atic zones ls less than t.hat. on t.he surface 
and above the surface between hwaid and arid cl.imatic zones. 

Gems , I. Coaperativ e 
or s t andard 
Proceedings 
Speleology , 

REFERENCE 

research of limestone solution by means 
tablets. 
of the 8th International Congrecs or 

1981. p. 273- 274. 

Zhang Shouyue 
Karat and Gr ound later Research 
Division, Institute of Geology, 
Academia Sinica , P.O.Box 634 
100011 BEIJING, China 



SIMULATION TEST FOR DEVELOPING MODEL ON CA VE SYSTEM 

SHI MENG, Xiong - ZHANG, Sh ouyu e 

ABSTRACT 

Caves , the most important Wlderground karat form, has a complex 
process in its growing and development with co!Dprehensive et.tect by 

a nu!Dber of factors. It is ot signilicane to reproduce the formation 

or a cave system by simulating test in lab. so as to discuss the 

bai:1ic rule or karat and direct the exploitation and utilization 

for undergroUJ1d ... a ter resol.ll"ces. 
A testing device which can be changeable in size and can dismantle 

freely has been designed, including model system, hydraulic system and 

One work of great importance to the deepening or cognition on 
the ka rstification and its distt'ibuted regulation, the valuat.ion 
and development on ground water and cave resources is to show 
directly the karetlc formation, evalution and distribution 1n a 
geological body through silllulating test. 

A set o! testing device has been designed and preliminary 
results have been obtained. 

1 • r~ST ING DEV IC~ 

The main part of device is a corros ion:s.l trough. (figure 1) 
It consists of cistern for supplying water , model room tor 
infiltrating and drdin trough tor flowing out water. 

The corrosion3l trough is made of org.mic glass with 1 cm in 
thickneHs , so as to be considered the becirlng weight of geologic 
mor!el and to be easily observed the corrosional phenomena . It can 
also be disessembled freely for adapting different siz.e of model, 
but keep it sedled . never leak out the water . 

2 • TEST ING METHOD 

2.1. Model 

The geologicctl 11odel is a homogeneous mixture mode Cro:n gypsum 
1 salt and water, which :ire mixed with certain proportion , filled 
with film of rubber as a spacer to the aqulclude, pouring mixture 
which is made in advance into the model r oo11 and making the model 
form as what you pl,.med, every layer of the model needs to dry 
till the ._.hole model is well done. 

2 .2. Procedure 

2 .21 Kake the de:::igned geological model in the model rooa. 

2 .22 Get ready for teoting, including photoeraph, s ketch and note 
on the model, checking the Hystem of supplying and drainning 
water and hermetic seal of the infiltrating water system.. 

2 . 23 The test is started orr with giving water. 

According to the designed model, adjust the water table both 
in supply and dr.1.in;\ge till the -...ater table keep stable , measure 

and note down the r oom and water tempretures , the quantity of 
water 1n a cistern and drained water 1n a drainage trough, 
analyse corroded water timely. 

2 . 24 Observe the changing model carefully during the test, taking 
the picture !or so11e important phenomena and n ote . 

2 .25 The test 1a stopped by closing the water and drainning away 
from the model room, the model can be stripped layer by 
layer after drying for several days . 

2.26 Sort out the data available for discussing the results. 

3. RESULTS 

Corroslonal test tor a IBdSBif between rivers with slow 
inclination in strata massif both 1n dense fissure and thin 
Clasure h.:i.ve been carried out. 

The test conditions are shown in table 1. 

3.1. Model 

3.11 There are difference in corroeional degree Utoggh 1.he 
ho.aogeneoua aassit. F.igure 2 shows that the corrosional 
degree or NE-SIi Cias\lre is bigger than those of HV..SE 
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measure·umt system. 

The geological model ls m~de of gypsum and salt with different 

proportion. Made a model according to different geological structure 

and hydrogeological te.xture or other !actors, the model laled into 

the device ha.a an adjustable w1:1ter head and flow by hydr.:iJ.lic system. 
A aeries of observation, measurement , recoreds and composition in 

solvent can be taken Crom the beginning to the end of the test. 
The model with different growing degree in the fracture and 

hydrogeological texture nave been carried out and attained some 

results. 

3.12 The corroeional degree ot phreatic aquifer is bigger than 
confined aquifer one . (see figure 3,4) 

3 . 13 Corrosional action le always along the way of wide fissure. 
(see C igure 4) 

3.14 The collapsed degree tor corrosion in confined aquifer 1a 
stronger th:m those of phreatic one\ the whole model has 
Callen down about 3-10 mm . (Figure 5 

3.15 The corrosion ot rock formation without structural fissure 
is mainly along the layer plane. (see !igure 5) 

3.2. Model 2 

3.21 The beginning of a karst passage corrospond with distributed 
phce11ent of the !issure. (Figure 6, 8) 

3.7, The k:..rst ~esage ie formed ;\t the bottom where the flow ii, 
concentrative. 

3 . 23 The placement of fiasure ··croa~e• on the surface is alft\ the 
seepage placement of concentrating !low, (Figure 7) so there 
is severe corrosion in the corresponding placement. 

Table 1. Teat conditions 

Model 

Model 1 
Massif between rivers 
with dense fissure 
slow inctlination in 
strata and impervious 
layer. 

Model 2 
Massif between rivers 
with thin fissure 
slow inclinatio■ in 
strata. 

50 x 12 cm 50 x 12 cm 
Layer thickness 2 .5 cm Layer thickDesa 2 .5 ca Size 
Total thickness 27 .5 cm Total thickness 7 .5 cm 

Dip angle 

Fissure 
X,-t:,pe r issure 
1-2 mm width, 3 . 7 
r issu.res per 100 cm2 

Continuoaa in upper par\ 
Non-cont.inuous 1n lower 
root~ .. 2 :5 f issurss per 

Laate.d.. hours 

Water supply 

97 .5 

Intermittent 

llater level of H max • 24 . 8 
supply (cm) H min • 22. 7 

Water level ot h max • 22 . 1 
drainage (cm) b min • 18. 7 
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Continuous 

H • 6.9 

b max • 5.1 
b ■in • 0 

Yield ot water Phreatic water 12-20 0 .9 
(ml/sec) confined water 1-3 

Room tempera ... . 
ture t"CJ 

Water tempera
ture c·c) 

13.8 

14.9 21.5 

Karat and GroUDd Ila ter Researcll 
Div is ion, Institute of Geology, 
Academic Sinica, P . O. Box 6'4 
100011 lll JJ IIIG, China 
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CARBO.N DIOXIDE CONTENT OF CA VE SEDIMENTS AND CA VE AIR IN CHINA 
PRELIMINARY RESULTS 

EK:, camllle - GBWBLT, Michel - ZHANG, Shouyue 

Abstract. 

Carbon dioxide measurer,lents have been carried out in the 
atmosphere of Teng Long Cave (county o f Lichuan, Hubei Province, 
China). They display very lo..., contents : generally 300 to 500 ppr" 
by volume in the galleries and fissures. Thi s i~ attYibuted by 
the Authors to the huge dimensions o f the gallt>r1es and th.e
resulting important air circulation. 

Analyses of the sa111.e gas in the soil ail' of the plate,au and 
dry valleys surrounding the .:ave sho\J Much higher contents : fro■ 

1300 to 6500 PPM in clayey water-saturated soi ls. 
At last , measul"ements of COa content have been carYied out -

for the first tin,~ as far as we knO\I - in the air of cave 
sediment,s, Thvy show !O\J value,s in sandy sediments <~50 ppm) and 
rnoderatE- to h1gh figures in clayey deposits <'900 to 4000 ppm). 
This could explain possible pl'esent-day col'Yosional pl'oce.sses ou 
limestone at the bottom of such deposits . 

IJITRODUCTIOII 

Hore than 79 aeasuremen ts of carbon dioxide have been carried 
out in China in the atmosphere of caves, the soil and in the air 
of cave sediments . of Tenglong Cave (Lichuan County , Hubei 
Province), Yaolin Cave (Tonglu County, Zhejiang Province) and 
Lingqi Cave ( Jiande County, Zhejiang Province). 

All measurements are done with a gas po■p de tee tor ( GASTEC). 
The gaatec tubes (2LL or 2L) give a direct reading of the CO2 
coacentration in the air ( p))ll/vol). The gastec puap system is 
more useful for field investigation: it is very light and only 
2 or 3, llinutes are needed for one measurement. The reproducibi
lity of measurements is !:, 10 per cent Ult and Gewelt, 1985). 

CO2 DATA OF HEASURDIENTS 

1. CO2 data in· the atmosphere of caves 

co
2 

data in the atmosphere of caves w.ere obtained for Tenglong 
Cave, Yaolin Cave and Langqi Cave (Table 1). 

Table 1 

-~~~~:~~~---------~~~~-~~~~~:-~~~: _______ C02(pp■/vol) _ Rl)',ARKS __ _ 

Tenglong Cave 
main gal~ery 

yantangguan 
~allery 

yunudong 
gallery 

" yaowushan 
chamber 

longgongdong 
gallery 

longdengdong 

5 
12-1} 

14 
1? 
20 

2}-24 
26-2 

-} 
-4 
-5 
-6 
-7 

1 
2 

1 
2 

gallery 
qianfodian chamber 

and in the fissure 
baiyuahilin 

~•llery 

wind cave 

Yaolin Cave 
main gal~ery 1 

2 
} 
4 
5 
6 
7 

400 
450 
400 
400 
450 
400 
450 

600 
1 .300 
1400 
1500 
1400 

}50 
400 

}50 
300 

}50 

400 

500 

}50 

}50 
400 
.300 

500 
1300 
800 
600 
700 
800 

3000 

a nallow blind 
branch 

a branch 

the highest 
point 

on the top 
On the bot.ton 
exit 

end of the non
tourst gallery, 
groundri ver 

sinking in 
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R4-sua6.- Contenu •n COa d•s s•di••nts soutel'r•ins et de l'ail' de 
grottes e-n Chine. 

Des mesures de la teneul' en CO2 de l'air de la Gyotte de 
Teng Long (Lichuan, Province de Hubei, Ch ine) IIIIQntrent des 
valeul's tres faibles dans les galel'ies et les fissuYes : de 300 a 
500 ppm pal' vol ume. Les auteurs attYibuent ces faibles teneul's 
aux grandes dimensions des galeYies et A une importante ciYcula
tion de l'air. 

Les mesures du 11nttme gaz dans 1 'ai r des sols du plateau et 
des val l~es s@ches proches de la grotte ont foul'ni des valeur,s 
b1en plus t!lev~es: de 1300 a 6500 ppm dans des sols argileux 
satu ... ~s en eau. 

Poul' la prt!Mll!re fois a notre connaissance, des mesures de 
la teneur en C0:2 de l'air de s•diment$ de grottes ont 4-t♦ 

r♦alis~es . Les valeurs trouv~es sont faibles dans le-s s~diments 
sableux <350 ppm>, raais nettement plus ~lev,.es d.a.ns les d♦pOt• 

argil.;.ux (d& 900 a 4000 ppm). Ces ten~urs plus importantes pouy
raient expliquer des pl'ocessus de corrosion actuelle du calcaiYe, 
en-dessous des d~pDts. 

Lingqi Cave 
lingquan cave 
qingfeng cave 

400 
1 590 
2 600 

aiyun cave ~--------------------------------------------------------------
2 . co2 data in the soil or outside or the Tenglong Cave (Table 2) • 

Table 2 

LOCATIOII DEPTH B!l,OW · C02(ppa/Yol) IIDIARKS 
SURFACE(c■) 

------------------------------------------------------
south side or the 

1300 tobacco field Xiaoyancao dry valley -10 
- 20 3000 " 
-30 }800 " 

botto■ or the 
6500 wet grass field Xiaoyancao dry valley -35 

- 50 2600 ■aiae field 

Xiaoyancao village -40 1400 on the lapie 
Fen ahuicao v~llage -30 1900 near the 

rice field 

3. CO2 data in the air or cave sediments of Tenglong Cave and 
Yaolin Cave (Table }) • 

Table } 

-LOC;TION--C;V~~VEY ~~!c~~r (p:i/.01) RDIARKS 

----------------------·-------------------------------
Te•glong CaTe 

entrance or 
■a.in gallery 0 -.30 
■a.in gal!•ry 17 --40 

19 --45 

yunudong 
-26 gallery } 

maojiaxia 
-20 gallery 
-.30 

neer the exit 2 -1} 
-}} 
-50 

Yaolin Cave 
■ain gallery -20 

- 30 
-50 

3 -20 
- 30 
-50 

4 -20 
-30 
-50 

6 -20 
-30 
-50 

7 -20 
-30 
-50 

1100 
900 

2300 

}50 

}500 
4000 

1000 
2000 
5200 

1500 
1800 
3000 
1250 
1500 
1750 
1250 
1750 
2250 

950 
1200 
1500 
}700 
4000 
5000 

clayey deposits 
" " 

" near the water 
way 

sandy sedi■ente 

clayey deposits 

" " 

c-layey dep~aite 
" 

" . " 
" 

" . . . 
" 



DI::iCUSSION 

'fhe carbrJn diozide 1n the atciosphere of l'englong Cave and 
Lingqi Cave display very low contentl;: generally 300 to 600 pp■ 
by volua.e. Thi:-i is attributed by the authorc to the huge dimension 
o f the Y.hlleries and the resulting impor tant air circulation. 

The Yaolin Cave is a tours t cave. The tourslti: breating out COz 
iG very i~portant for the accumulation of co2 surr ounding the 
t o urt.l caller:, (Zhanc: , 1985) . The cave ourvey point ? in Yaolin 
Cave is the end or non- toar:;t gallery with the hiehest air 
temperatur e (2 1 .5• c) , air CO2 content and bad air circulation. 
I n Tenglone; Cave I the narro.-- bl 1. nd branch ic similar. 

Analyt;i:; of lhc t.lJme gas in the soil air of the \\.estern Jlubei 
Plateau ant.I •lry valleys :;urr·ounaing the Tenglong Cove 5ho- much 
1iic-hcr contents : 1300 to 6::,00 ppm in clttyey ..-att:r- uaturated t.Oils. 

The c:caGur er:.cnt!; of CO2 content have been carried out - for 
the first ti1.0e &:i rar &: -·e kno•• - in t11e aiz· of c ove :.:eoin.ent:;. 
·rhey t;how low value:.. in dryer Gandy :-cui111ents (3~0 pp,::.) in Tenglong 
Cav1.: ,.nd n:odcrai,. to h1~h fi r,u r ct: ir. cl:,.:.,·ey dcrosi t:; (900 to 5200 
~r.111) it, :'«:n,•lon,; Bnd Yaolin Cavcc. 

fu<t.c. ano Kr1y.:;ch(19fi~) founr.; that 50 per cent of the variaUon 
in the CO2 content of t.i,e soil 1.tis due to temperature and 20 per 
cent to rr.Oisturc . Van Cleve and Sprague( 1971) hove also reoorted 
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that tem'P,erature is t1.o to five tic.et.: a:. i.1:1portant a~ moisture in 
litter re:mirstion (Brook et al, 1963). 

The soil 1:1oicturc plays an important role in same area and 
ceat::on on the s urface and in the cave . Tho degradation of fine 
organic <iebri.; in the cave soil by bacteria , molds and fungi is 
the chief £0Urce or carbon dioxide in the cave. 

The recharge of acgrem,;ibili ly for the vodoce water in carbonate 
rock caz.;r;.if could explain possible precent- day corroGional 
processet. on limeo tone or dolomite at the botton of such depoGits. 
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CORROSIVE TEST UNDER ABNORMAL TEMPERATURE AND PRESSURE 

JIN, Yuzhang - ZHANG, Shouyue 

Deepkarst as an important karatitication is grer1.tly unknown tor 
its growing md developing. It is not enough t o e~plain deepkarst by 

description or an inference from surface pheno• ena 1 but the valuation 

on ·the leak·,ge of .:i reservoir and daa at a high water head with large 

capacity, an util.17.a tion of underground water and d..-llllagP., storage, 

transport of reservation or oil and natural gas are very closely 

related to the Yaluation of deepkarat. 

The corrosive test under a condition of temperature. che mical and 

flowing tlelds to stud:, the developaont ot k,.ratlticatinn w,s carried 
out, BOGie results of the teat are cSa foll ows: 

So rar, there have been rit.J.inly accu.mulations or descriptions 
of the phenoD1ena of deepkarst, but little study of the development 
or karst under a conditions of temperature field , chernic .. '1 field, 
'Lnd flov ing Cle l d • 

As the va luJ.tion on the leukage or a -.atl'r conse r-Yanc y and 
h:,droelectrical engine ering at a high ltead or !loving wltb l arge 
ca.pacity of a res ervoir ; an utilization of underground .,..ater and 
d amage, storage, transport ot reservation of oil and natura l gas 
a re very closely related to the valuation of dee-pkar st .. l'or these 
reasons , a teat on corrosion of deepkc:a.rst to di.!ferent type or 
solvent which are a.rti fici·al and natural and car bond.te rocks at 
abnormal te11perature and pressure hss been cdrried out . 

1 • ~XPSR DIBNTAL 111::TH0D 

1 .1 . Sample s 

Dolo,nlte in ,·:...r!ous structure s ~nd limestone, calcite m .... rble 
as ·l st'ln dar d s..a"lple. 

1.2 . Jolvents 

Deep seated w,,ter SdlDpling fro.-n oil field wat'!r with high 
mine raliz ed o r CaCL2 ,::1,nd total hc:1.rdness of 357 a•, Na2S04 and 
Na2C0} solution. 

1.3. T - tet1pe:rature system fro'ft 2~ , 50, 1C>O•c. 
P - c.1rbon dioxide pregsure syste1111 tro:n 5, 10, 15 bar. 

1.4. S ubjec:-ts to be detenained 

W (11g/cm3 ) - s ample' a weight difference before c1nd afte r 
testing divided . bY its own volw.e. 

The contposition or corrosive solution including pll s (iau- 1) 
- electrical cond't'Jtlvit1 of iilutlon, HC0}- (.,g/1 ), lotal 
h,r dness (H" ), Ca {-ng/1), Mg (11g/l ) , S04 -(.,gl'l), etc . 

2. EQUIFMl::!ITS ( PIGU;l;; 1. ) 

2.1. Type GD- 05 high p ressure C.;1.uldron. 

2 . 2. Type GDK-4 tetnpe r a tur-e contro ller. 

2 .3. Type !>DS-11 electric cond u~ivity metP.r. 

2 .4. Digital pH meter. 

2 .5. Chemical analysis 1nstru,aen t s and reagents . 

}. IIETl!0D0LCGY 

3.1. Velt:ige correepon.ding to Tariouo tc111perature in T. system 
condition la adjusted by temperature controller. 

}.2 . Under the 5o•c, 15 bar conditlor,, calcite llldrble 1s used as 
a standard sample (CaC~ • 99") to interact with oil tlelll 
wate r a \ a tlllle system or 2 , 4, 6, 8 hours (H) . so aa to 
choose the best interacting hours . Table 1. shows thJ.t O'l'er 
4 hours the corroded weight or marble tended t o be etable, 
the refore, ., h ours c:an be considered as a suitble r eacting 
tao . 

TABLS 1. 

~(■11-1} V He~- Total. Hardness ca•• Mt++ 
H pH (25•c) (mg/cm}) (mg/1) (H" ) (ag/1) 

2 5.4 
4 5.7 
6 5.7 
8 5.6 

}1 
5} 
66 
54 

18.7} 
41.}7 
50 . 59 
46.1} 

591,29 
709.54 
148.96 
729 . 25 

Y/8.29 
}92 .56 
}96.07 
}94.66 

2}29.6 
2454 .9 
2429.8 
2419.B 

228.0 
2 12.e 
24} .2 
24}.2 

All the dol011ites have not been corroded under v .. r1ou a co
2 

preeeure 

a.t 1oo•c, llO!:lt o r the11 were corroded when high p~eu~ure co2 wr1.s applied 

,t 5o•c. 
TH at 5o•c is higher than thoise -•t 1oo•c under applied v,1rious CO

2 
rir1tssurf!. 

Calcite aarble could be corroded under cul 1,roi;:lurf! or 1~ tnr at 
any tel'llrw, r .,ture. 

A CO'lp ,riaon _h..t.o been a:1de betwcf!n c.1lc it" m. tr-bln and v...,rlo utt 

dolomite~, t he corroded wP.ifht or m.,rblr: l ;: nR vrral t L1P.t\ ~v~n tenu 

t Lmfl!~ :in high .,o various do) ,Jm i tP.. 
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4.L The unified stunda rds or s'1.raple i a m1de or l. 1 1 1 x 0 . 5(cn13) .. 

4.2 . Accorrling to the v olume o f Cd.u').dron body , 150 ml •,oter ls 
enough . 

4 .'}. Pretre•.1.tl'Dent 

J<-11trles nP.~ some clP. mioe. drying, "'eighing c:1..11d measur ing to 
obt.-t.in an P. X1.c t volume V(c,a>) u"1 . e ight W1(g). 

4 .4 • .>uspend the rretre ,ted sample in the centre of •• he ,ting 
ch.i.~pP.r, then inject the oilf i e ld water o f 11,0 1111. 

4.5. Art•r ruin~ the c,uld r on, e~pelllng the ,ir and s upplyll\jl 
an d1'ount or c,rbon dioxide , thf! re~cti',n maint.1.ins for f our 
hour a(H) under statert conditions. 

4.6. The re..,4ctet1 s .. 'Tlpla neetls w.sshi.ng , drying ;j_nd .,..~i~hing again 
to gP.t ~2(g) , the difference between W1 and W2 may be 
c ,lcul lted as :'l cor-roJed value W(mglca' ) oa the sam.ple . 

4,.7. DetP.rm lne the corrosive solution for S(mir 1). 

3olut1on in any tet1J)'!r~t.ure(over 4o• c) 11.ust n ot be 11e asured ; 
til a d rop in 40 ' C acc ording to the ins trUflent a llowance excep 

~ l:5• c condition at·.wbich it can be detftr-ained .imiaedi:stly. 

It 19 neCf!ssary f or correcting S(mD- 1) ya lue measured f or11 
v~r lous te'lpera ture v,1lue to 25•c s tanda.rd condition . 

H 1 chang ing vith t e rape rature is so small that ca.JI. be 
negfec ;:d ~e 

5. R~ULT3 AIID DISCt)!;JlON 

The results of corros i ve t P.st for dolomite in va rious 
structure :ind calc ite m,£rble interacted with deep sec1.ted C~¼ 
w•f..ter 1n g iven cond itions are shown in table 2 . 

hble 2 . --------------------------------------------------
Sample Teair~ture Pressure 

Co~r~.,:5~t (bar) 
--------------------------------------------------
Dol OOlite G 25 5 0.09 

10 0 .6} 
15 0 . 82 

50 5 0 . 26 
10 3.96 
15 5.2} 

100 5 -1.16 
10 -1.01 
15 - 0 .89 

Jol001ite J 25 5 0 .10 
10 0 .58 
15 0 .76 

50 5 0 . }7 
10 1.63 
15 }.58 

100 5 -0.68 
10 -0.20 
15 -0.}0 

Calcite 2~ 5 6.02 
■arble s 10 14.22 

15 19.0 } 
50 5 10.09 

10 25.48 
15 }4. 12 

100 5 -1.36 
10 -0.39 
15 1.}6 



'\'he comJ>'lring results !or limestone (Tabl.e 3) and dolomi te 
(Table 4) interacted with deep seated CaCl2 wa.ter , lla2S04 and 
Na2C03 solution respectively are shown as follows. 

Table 3. Limes tone 

Te11perature Press.ure Corroded Weight !w(mg/cm3) -------
( 'C) (bar) lla2S04 solution Na2C03 solution CaC12 water 

25 5 13 .27 7.01 7 . 36 
10 17 .43 11.69 10.72 
15 21 .07 16.9-l 14 . 17 

50 5 25 . 36 12.75 17 .17 
10 34.51 23. 13 22 . 10 
15 42 . 32 27 .0 1 n.14 

100 5 39.03 4.92 13.33 
10 12.85 7 .84 14.76 
15 88 . 60 12.73 25.68 

Table 4 • D010111 i te 

THperature Pressure Corroded Weight !w(ag/C1113) 
('C) (bar) Na2S04 solution Na2C03 solution CaCl2 water 

25 5 2.23 1.95 -0.57 
10 3.61 2 .39 -0.38 
15 4 .00 1.81 0.57 

50 5 6.91 2 . 45 -0 .09 
10 9.87 4 . 45 3.89 
15 13.93 7.80 7 .05 

100 5 14.89 1 .11 ·-1.32 
10 15.75 1 .31 -1 .95 
15 19.82 3.45 -1.97 

According to the tables shown aboye 
5 .1. All the dolomites have not been corroded under vario us CQi 

pressure at 1oo•c, however, the weight of the eaaples 
· · increue ·1",eaue · p!. sej)a,:atiilg· in,t · t.be · 1oa· 1n tlie· sol-....,t. 

At 5o•c , ■oat samples were corroded when high P .. C<>2: bad 
appli ed , but they separated out the ion.:wllh inc.easing 
weight when the CO2 was 5 bar. 

5.2 . Calcite aarble could be corroded under C();! P . of 15 bar at 
any temperature , the highest corroded weight was at so•c, 
while the lowest one was at 10~,.C. Separating out or ions in 
the solven t might happen under 15 and 5 bar with a tempera
ture or 1oo•c, the weight increased with the decreasing CO2 
pressure and the highest cz:orroded weight was still at 5o•c . 
Both had weight increased with an increasing C~ pressure 
when i t waa at 5o•c and 25•c conditions. 
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A comparison has been made between cal cite niarble and 
various dolomites , it can be pointed out that the corroded 
we igbt of marble sample is several times even tens times ao 
high as various dolomite sample , other th..i.n it is under 5 
and 10 bar and at 1C>O•c conditions . 

5.4. Generally speaking, interaction or llaiC03 and deep seated 
c ac12 water with carbonate rocd<.s are or more cr:orroded weight 
at 5o•c and various FC<>2 • es pee !ally with limestone. 

5.5 . In :{a2S04 solution , the corr.>ded weight or carbonate rocks 
essent ially increased vlth lnc..reasing temperature at various 
CO2 pressure. 

5.6. The highest "'°rroded "'eii,ht of carbon,ite r ocks is in lla2S04 
solution amoWlg t hose vater with different hyd r ogeochem ical 
type :it v.J.r lous temperature and CO2 pressure. 

F igurP. 1. The device o r corrosive test 

1. Carbon d !oxide 
2 . High pressure cauldron 
3. The sample 
4 .. Temperature controller 

Karst and proW\d Water aesearch 
Division, Institute or Geology, 
Academia Sinica, P . O.Box 634 
100011 BEIJ ING, <lhina 



LOCALISATION ELECTROMAGNETIQUE EN SURF ACE DE DEUX GROTTES DE BELGIQUE 

VANDENVINNE, Ro ger 

RESUME 

Dans la vallN de la Meuse sur le territoi,e de Lustin, deux cavi1,1 UI Lucienne et le 
Solitaire. sont expto,,11 depuis des d6cennies. Malheureusement le seul acds • c.es gr ones se 
fait par un tunnel rbeM ii l'exploi11tion du chemin de fer. 

En raison de l'interdictiori de paasage ddcicU par la Soci,16 de dlemln de fer, surtout aprh 
1·,1ec1rificetion de la ligne. ii est devenu urgent de trouver une entr6e plus appropri,e. Aucune 
faille ni doline apparent a dens le massif de Fr6n11 ne per met d 'engager des travaux «rouverture 
nkessaires ii une nouvelle perctle. 

c·eat pourquoi une ,1ude spkifique de rep,rage des grottes en surface a 416 en1teprise. A 
l'aide de deux apparei11 tdentiques d',mission et de r6cep1ion d'un champ ,1ectromegn,1iqueon 
est parvenu• localiser en surf ace des Points strat6giques de la grotte. Leur rep6rage a perm is le 
forage d"un puits donn1nt 1insi un nouvel accb • ces cavit,s. 

1 .• INIBODUCTION 

1. 1 .- Rappel de prlnclpe 

Le r&JXlrage en surface degeleries souterralnes est effectu, par la d,tection d'un champ 
41ectromagn,tique ,mis par le passage d'un courant alternatif dans una bobinetoroidale plac1'e 
• l"endroit 6 r~rer dens la galerie. 

Dani cette m~hhode. les couches conductrices du 101 constituent le secondlire d 'un 
transformeteur dont le primaire correspond 6 la bobine. Les lignes de force du chamc> cUcrivent 
des courbes se refermant autour du cadre ,metteur. La captation de ce flux 6 l"aide d"un 
rfcepteur consti1utl d'une 1econde bobine et d'un 16cepteur-amplific11eur permetde cUterminer 
H di,ection et tlgalement son origine. 

1.2.- L'app■raillage 

II comprend dens la galerie une bobine d 'un demi-m,tre de diarTMttre, un ,metteur• 
r,cepteur et une alimentation par batteries. Un second appereil idenHque au premier est utilid 
en surface pour le rep4rage. 

La fr6quence d 'utilisation choi1ie dins cette application a ,1, de quatre cents p4oodes par 
aeconde. avec une pul11ance d",miu ion de l'ordre de deux watts. 

2.- LE TERRAIN 

La r,gion oU se localisent les grottes faisant l'objet de cene ~hude, se situedans l'axe de la 
vall,e de la Meuse. sur II rive droite. • mi-distance entre Namur et Yvoir. Elle est couverte par la 
cane topographique au 1/ 10.000., nun"Mlroc,e 47/ 8. Les coordonntles Lamben de l'enu,e 
■rtificielle 10nt : X: 186,090; Y: 118.855; Z: 126 mttres. 

Les gr ones sont situ,es dans 111 calcaires d,voniens sup,rieurs du massif des Roche,s de 
Frlnes. au flanc sud du synclinal de Watgraffe. Le massif fail afflaurer la formation de base du 
Frasnien. Una coupe lithostratigr1phlque y a 't' cUcrite par COEN-AUBERT M. et COEN M . 
{1974) : la Hria c:Mbute par 40 centimfltres de calcai res crinoidiques. surmon1, de 120 
centimltres de dolomle foncee et grossiltre; par dessus. les calcaires massifs pr,sentent una 
puissance de l'o,dre d' une centaina de m•mes. On y trouve une grande quantit4 de 
stromatopores. 

Le r6seau complexe de galaries at de 11ll11 qui parcourent le massif peut ltre reppon6 au 
type du rbeau hydrographique en treillis d4finl par MACAA P'%(1946)dans lesrochescalcaires. 
Les grottes se sont d6valopp'8s an ,11ges success If s au fur at 6 mesure de l 'incisiohdela Meuse 
qui. • cet endroit. est profomUment encaiss, e. Ces d itt,rentes dtapes sont en relation avec les 
nMtaux de terrasses cUvelC>ppes •ux flancs de I• vall6e de la Meuse. Nous sommes done ici en 
pr,sence d 'une morphologia kar1tlque caract,ristiqua. 

Pour terminer •• slgnakms encore rexlstence de llmons 6oliens, sur les plateaux 
environnanta. 

3.- DEROULEMENT DE LA RECHERCHE 

3 .1 .• Preml6re ph11e 

Un rep4rage fut prog,amm4 en 1983, avec pour objectif la jonC1ion avec la grotte du 
Solitaire qui , d'apr•s le topographle, puSsentait les conditions les plus favorables. Malgr, 
l'encombrement rMSult de l 'eppareillage, ii y eut qualques ditficuhh pour son acheminement 
dins la ulle des Oiaclases (voi, plan). choili• pour ce premier rei>'rage. La cUtermination du 
point en 1urf.ce fut rapidement acquiae, ii 6tait litu, • unequlnuine de m'1resde profondeur. A 
cet endrolt, aucun carae1•re de surfece n '6tait prbent qui aurai t pu faciliter le travail de 
d4sobstruction. Les responsables du club de •P'l6ologues ont fait una confiance absolue6 notre 
m,thoda de rep4iraga. 

En effet. ii fellait des moyens professionnel1 pour r,alisar la creusement d'un puits ii cet 
en~oit, soit par dynamitage, soit par forage dans le masaif rocheux. Cetta derni.,e solution fut 
retenue. car la firme Atlas Copco eut la complelaance de mettre un groupe compresseur ii le 
disposition des membrff du club. Un puits fut creus, II l'endroit cMtermiM par le rep,rage. Au 
dell d' une ~ isseur de moins d 'un mitre de calcaire d61i1tl. le foraQe rencontra un calcai re 
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ELECTROMAGNETIC LOCATION FRO'~ THE SURFACE 
OF TWO CAVES IN BELGIUM 

ABSTRACT 

The caves •111 Lucienne- end •le Soli1aire• are located in the municipality of Lustin. in the 
Meuse Valley (Belgium). The entrances of both caves are in a railway tunnel. Because of the 
electrification of the railway, the access to the tunnel is now forbidden. and the caves are thus left 
without any authorized entrance. 

No fissure. no doline. no depression was apparent in the morphology of the overlying 
plateau. thus no hope of access. 

A set of two transceivers of electromaonetlc field w11 used to locate the cave from the 
surface. Electromagnetic emissions from definite paints of the cave Wife clearly and occurately 
located at the aurface. This allowed to dig a pit connecting the cave to the surface. and now used 
as entrance pit. 

compact sur plusieura mitres dans lequel apparut une fissure. qui servit de fil conducteur aux 
ss>':1'°5 jusqu'au reseau des Oiacleses. En fin, le 4 mars 1984, l'acdsll le grottedu Solitaire6tait 
ouvert sur .. plateau. 

3.2.- Dewdtme phase 

La jonction avec la r'5urgence •LI Lucienne-. 

3 .2 .1.· Premier ,..,_ea• 
II fut programm, au d4but de 1986, on place la bobine au lieu dit •LI Befgnoire- (voir plan,. 

La cUtermin■tion au nivaau du sol ne put 6tre affirm6e en-deca d' une surface triangulaire de 
deux m•tres de c6td, par suite d"un ph4inom•ne de distOfsion dens le flu,: magn61ique. Ma~r• ce 
probl&me. ce lieu servit de direction pour las travaux futurs de d,sobstruction: L'intelligencedes 
chercheurs fut de forcer un passage• partir de la grotte du Solitaire. En effet, undeuxilmeac~• 
en surface aurait signifl, un nouveau pui1s l creuser et sunout une nouvelle entr,e • contr61er 
dens le futur . 

La boue, le manque d'air et les difficulc,s d',vacuation des cUblais rendirent les trevaux de 
creusement trb ~nibles. Mais, apr•s un travail acharn,, une ouvenure se deuina vars un 
r,saau encore inconnu. C'est ainsi qua furent decouvenes la 11111 des Radicelles et la galerie de 
la Collaboration (voir plan). Ace stade. l'objectif n ·,tait toutefois pas encore atteint, mais cette 
dtlcouvene insutfla un courage nouveau 6 r~ulpe. 

3 .2.2.· 0.ux5'm• ,.p«ege 

Un second rep4rage fut alors ,,aliM. Le boblned"6mission fut plleff au mimeendroitque 
prtlctSdemment (La Baignoire). mai1 le reptlrege a"effectua dens la nouvelle salle des Radteelles. 
Un point prkis futd4termin6 accompagn6 d'une mesurede profondeur. Ces paramluresconnus. 
les travaux repri rent II panir de la grone du Solitai re et aprlls de nomb,eu111 heures de uavail, le 
jonction avec le R,surgence Lucienne futetfectiv. le 29 novembra 1986. c ·,1ait l'aboutissement 
de six ann,■1 de recherches echarn,es. 

4.• CONCLUSIONS 

4.1.· Le premier point fut un repllre pr6cis. Si on sa r,f6,re au plen. ledtlcalage dequelques 
quarente cenlimltres ldimenstOns du puits enificiel) estdO au placement de la bobine in,.rieure. 
d6ca14e de cette distance vers la parol de la galerie. 

4.2.· Le deuxi,me point fut molns pr6ci1 mais d6te,minant pour indiquer la direction • 
suivre. Ce rap4rage dtlmontre les distorsions pouvant se produire lors des masures. En effet, 
lorsque le flux magn,tique traverse des milieux de densit,s diff,rentes, en !'occurrence ici le 
ca lea ire et l'alr, la vitessa de prc,pagation desondes varie, provoquantdes d11torsions au passage 
d' un milieu 6 l'autre (1 ). Selon le plan. la trajectoire ent.re les bobines d',mission et de rtlceplion 
passait dans ce cas per le salle des Redicelles nouvellement dkouverta, ce qui explique le 
ph,nom•ne observ,. 

4.3.- Quant au troisi6,me paint, le rep6rage alnsi que la profondeur fu,entcUtermin,s avec 

prkision. 
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THE CUBIC CAVE PEARLS OF THE CORCHIA KARST SYSTEM (APUANE ALPS, ITALY) 

F ORTI, P. - PBNSABENE, G. 

ABSTRACT 

During • recent exploration carried out by the Speleoloalcal 
Group of Lucca inside the Antro del Corchi■ karat ayatee (Apuane 

Alpe. Italy), ac:ae cubic calcite cave pearls have been found. 
Sl■llar apeleotheae have been previously reported in other 

cavea of the -.,orld, but an explanation of their aeneal■ ha.a never 
given. 

In the present paper a 110rpholoalcal deacrtptlon or these 
cave pearl■ la given and the internal ■tructure la analy&ed in 
detall. Following theee observations, a genetlcal hypothesis is 
propot;ed vhlch bases Minly upon the cinetlc eneru of the water, 
i ta nor.al level lnalde the pool and the aterle lapedi■ent. 

Itn'RODUCTION 

While exploring the Corchla cave ay■te■ (Apuane Alps, 
Italy) in 1987, the Caving Club or Lucca found a calcite 
flowa.tone lnalde which aoae hundreds of peculiar cave pearl■ vere 
ceaented: all of the■ had a perfect cubic shape with rounded 
edaes and were of the eue dl■ension• (ranging t'roa 2 to 8 ->. 
Owina to the strange ■hape of the pearle, caver■ decided to take 
a ea.all aaaple of theae speleotheas to allow a detailed etudy. 

In the present paper, beaide a brief overview on the other 
actually known oecurrencies of cubic cave pearl■ in the world, an 
atteapt of general hypothesis on the develop,aent or the■e ■tranae 
speleotheas h presented starting froa the aorpholoatcal analyse■ 
of the inner atructure of the Corc:hla foraatlons 

THE PREVIOUS OCCURRENCES 

The first nevs about cubic cave pearls waa given ln 1964 by 
HUBART, vho .decrlbed a nest of such foraation■ found ln the 
Raaloul cave , Belglua: the pearls, eo■e dozen■ vith rounded 
edgea, vere found over a flowstone far froa the direct flov of 
the water; they con■ i ted of pure calcite and their dtaenaton 

ranged froa 2 to 5 - · 
Twenty years later (ROBERGE & CARON, 1983) lnalde the 

Castelauard cave, Caatelguard tcefleld, Canada, a ne■t vaa 
discovered with hundred• of cubic cave pearls vt th rounded edaea 
ceratlna a natural ao■aic. They vere ■till of calcite and the 
neat vas in • ■ufflctently cal• place; the average di■en■lon of 
the pearls vaa half centiaeter and so■e of the■ waa linked , even 
if only slta,htly, to the floor. 

The laat oecurence of cubic cave pearls, before the actual 
one or the Corchta carat syate■ , vas in a cave of the Ardeche, 
France (RODET, personal co■aunlcatlon): in thia cue, in a 
terrace, one aeter above the floor of the corridor, 6 different 
neat■ vere found containing cubic pearl■, aoae of vhich linked to 
the floor (see rta. l): the dtaenaton o r these apeleotheu rangea 

rrc- 5 to 7 - and the inner atructure, occasionally exposed by 
the corroston/eroaion proeeaae■ (see flg. 2), ahovs that the 
developaent or the pear la started wl th a "noraal" spherical s hape 
vhlch was proaresstvely tranaforaed into cubic. In thla caae no 

aineraloaic analyses vu carried out on the pearla, but their 
external aorphology aay suaaeat they are ■till cc.poaed by 
calcJ te, or perhaps, acre probably, by a ragoni te. 

In all the■e oc.curenctes the cubic cave pearla shown ■l■llar 
feature■: their shape between 2 to 7 - and their arovina 
environ■ent characterized by a restricted precipitate ■upply , 

very reeular packing and cal■ aode of deposi tlon (HILL &, FORTI, 
1986). 

THE CUBIC CAVE PEARLS or THE CORCHIA SYSTEM 

While exploring new branches of the Corchla karat ■yatea in 
1987, the Cruppo Speleologlco Lucchese discovered a flowstone 
containing an high nuaber of cubic cave pearls, fro■ 2 to 8 - tn 
size, vere ceaented cloae to the Portello ■haft. 

The plac~ where the ptsol I ta developed was protected froa 
the direct dripptna, therefore the reeding veter had to be a 
la■lnar flov over the flOW9tone, whose g.rowina finally ce■ented 
the pea.rla. 

The pearls were llnked each together and to the flowstotie, 
but they .. y be easily released (see rta. 3) 

A saal l ■aaple or these speleothe■a was Uken to be analyzed. 
Che■lcal and alneral ogical investlaationa show that the 

cave pearls vere aade by pure calcite. 
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RIASStmTO 

In una recente e■plorulone condotta dal Gruppo Speleologlco 
Lucchese all'interno dell'Antro del Corchia (Alpl Apuane , Italia) 
sono state oHervate alcune pholltl dl ealelte dl abito 
perfetteaente cubico. · 

Phollti analo&",• erano ala' state aeanalate in altre parti 
del aondo, aa ln nea■un caso al era cercata una epleaazlone 
della loro aeneel. 

Nel pre■ente lavoro, dopo aver breveaente de■cri tto 
aorfoloaica..ente le pi■oliti del Corehh ed averne analtzz.ato in 

dettaallo la atrut"tura lnterna s1 avanza una prlaa iP<'~•i 
genetlca baaata aull 'eneral• clnetica dell'acqua di 
a11aenta%lone, aul livello noraalaenu ra.aalunto dalla ateua 
all' lnterno della vaachetta e sull' lapedi■ento aUrlco. 

Ftg. l One of the ne■t of the cubic cave pearls of the Ardeche 
cave (France): the aean diaen■lon o r the pearls ta o.s c•. (Photo 
P.~le) 

Fla.2- The 1Mer structure of the cubic pearl■ of the Ardeche, 
where exposed, ahovs the passage fro■ a spherical ahape (up to 2 
- ln diaaeter) to an cubical one. (Photo P .Bayle) 

Soae of the pearls vere eectloned to expoe.e ;heir tnner 
structure and the nucleus: all the analyzed pearls (about SO) 

have a very ■aall nucleus (few atcrons in dt-eter) and their 

inner part was spherical tn shape up to 2-3 - in dluete:r, 
changing 1 ts geoaetry to cubic in the aaae way ~servat tn 

then 

the 

cave of the Ar<leche: each grovlna layer becoaes thicker ln the 
direction of the corner■ eo tranaforatna laye r by layer the pearl 
into • cube with rounded edgee. 

In the larger ele■enta cubic faces often presented a 
sllahtly hollow structure. 

Ntcroacopical analyses of the thin aectlona ahovri that, 
tnstde each layer, ln the planar sections the calcite crystal• 
vere strictly confined lnstde the sheet, · which vaa thinner than 
the rounded part or the la.yer, while a long the thicker rounded 
edaea they crosaed unperturbed dozens of th; la,yers (aee fla. 5): 

thh tact ■uaaesta that the depoai tlon along the corner 
directions waa faster and underwent le■■ stops than in the 
,.planar" directions. 

The accurate ■lcroacopic■l analyaea cannot detect no kind 
of eroalon features, even ■lnlaal, over the grovlng layers: thus 



Fla. 3 Fla. 4 

Fig. 3 A cubic pearl or 
the Corchla cave 
(diaen■lon 3 -)(Photo 
P. Ferrier!) 

Fig. 4 Section of a cave 
pearl: the pasaage fr<MI 
the spherical to the cubic 
shape l ■ evident (Photo 
P. Ferrlerl) 

fig. S Section of a cave 
pearl: the crystal 

structure clos e to the 
rounded corne r vhere the 
calcite crystal croa■ 

unperturbed several 
layer■ I■ evident. 

eonfinitna that thla kind of pearl develops ln a rather different 

nanner that the noraal "polyhedrlcal" onea. 

DISCUSSION 

Several of the aorpholoatcal features or the Corchla 
apeleothe• are el■i lar to those of the previous aentioned cubic 
cave pearl .. observed in ther world: aaxl■UII dl■enslon between 2 

and 8 -• rounded edges, inner sherlcal structure, etc. 
Therefore It ls reasonable to suppose that the genetlcal 

acchanlu was the saae for all of the actually known cubic cave 
pear la. 

To define the developeent of the cubic pearls of the Corchla 
cave 1 t haa to be pointed out that all the data (po■ t tlon of the 

neat fer froa drlpplna, no inner nucleua larger than • few 

aicrona, no presence of erosional features) are in aareement with 
the condl tion1 of low supersaturation degree and cal■ 

environ.ent, requested in the previous occurrenctea of such 
apel eotheaa (HILL & FORT[, 1986) . 

It le evident that the low ener&Y ls a a condl tion which is 

necessary to develop cubic pea.rla, but, due to the rarity of 

these epeleotheu, clearly lt la not aufftclent alone. 
To achieve the necessary conditions two aore factors are 

f'undaaental in our opinion: the steric hindrance and the partial 

aubaerelon of the pearl■ during lona ti■e interval■• 
The a terlc hindrance aay juatifie the cubic developaent of 

the cave pearls after an inl tial apherical atage. 

ln fact, if ve consider the a.roving of plaolites in a 
subhorhontal e.nvlronaent vi th definite boundariea and wt th low 

energy, they wlll oraanlze theuelves in a sinale bad. At a 
certain atage of their developaent the pearl will occupy all the 

place available; then the sterlc hindrance vill control the 

further growth, which will be eaaler tova.rd the 

interstices than along the contacts betveen the pearls (s ee 

B 

Flg.6 ln an environaent characterized by low ene rgy, a l e ric 
hindrance and single bad, when the pearl■ coaes in contact each 

other (A), any succeas tvc arowth will be faster toward the 

interstices than alona the contacts , therefore as y-etrlcal 
layers wl 11 develop which trans fora the pearl shape froa 

s;,herical t.o cubic. If the pearls are no t c ople tely a ubaeraed for 
sufficf'nt.ly long intervals (BJ. feeding water aupply of the 
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upper part will be aostly vla capillarity, and the water ftl■ on 

the top will control the flat developaent alao or this part or 

the pearl■. 

Fla.6-A), the last requlrtna an Maher enero. 
Thia aechanh■ will progreaalvely transfora the grovtng 

layers froa apherlcal to cubic. 
It la obvious that there austn • t be a total ateric 

hindrance, becauae in thl■ case the deposition process will link 
the pearls together and to the floor and not al lov the■ to 

develop Into cubic foras. 

A alight poaalbillty to partially overcoae thh factor has 

to extet, at least in particular ■ttuation■, and It 1s usefull 
alao to explain the presence of cubic cave pearls organized in 
aore than a single bad a■ in the Caatelguard cave or In a ainale 

but perturbed one a■ in the Ardeche cave. 

tven if the ■terlc hindrance ta preaent, 1 t Is stl 11 

unexplained vhy the upper pa.rt of the pearl■, vhich ta coapletely 

free to aantatn the spherical shape , remain■ flat. 

Thia ls the reason 1lthy ve supposed the presence of a third 

condition: that ta the necessity for the pearls to aantain their 
upper part out of the vater for long period■. ln this aanner 
feeding vat.er uy reach the top of the pearls only through 

capillarity (see Flg.6-8) and the thin fll• of water, which is 
created In thla ■anner, aupporta the flat developaent alao of 
this part of the speleotheaa. 

Indirect proof of thl■ feedlna aechanh• la given by the 
sll&htly hollov ahape of soae of the upper faces of the largest 

cubic pearl■• 

Suaaarhlna the develOJ)llent of cubic cave pearls 1a poaalble 

only If soae condltlons are al■ultaneoualy satisfied: very lov 
clnetic energy and supersaturation degree of the water lnalde 

the neat, steric hindrance and partial emeralon of the pearls. 
These apeleotheas aa,y therefore be reaarded as "lover llalt" 

for the "polyhedrlc cave pearls", whose developaent la controlled 

by the aterlc hindrance. In fact noraally, the clnetic enero la 

sufficiently high and "noraal polyhedrlc pearls" grov with 
variable shapes and evident erosional features, but where and 

only where alao the other condt ttons are satisfied ( lov energy 
and partial e=eralon) vill cubic pearls vill logically develop. 

CONCLUSION 

The study of the unco■aon pearl• or the Corchia cave ayste■ 

and their co.aparlaon vi th the other worldwide occurrenctea of 
such apeleotheaa allowed to detect a gentlcal aechanh■ for the 

arovth of rather cubic cave pearls. 

The proposed vay does not require peculiar crystal 

structures but only eneraetic and boundary condl tiona and 
therefore, if it la true, cubic cave pearl■ aay theoretically 
consist not only of calcite, but al•o of a .ragonite or any other 
•lneral. 

In the nea r future it would be interestlna to teat If this 
genetlcal ■echania■, surely active In the natural cave■ vlth 

calcite, ahould still be true whatever mineral la concretlna. 

We strongly bellve that thia last hypothesis ls right, •• it 

ia probable that at least in one of the known occurrenciea of the 

cubic pearls (the cave of Ardeche), the concretina ■lneral ls 
aragonlte, even if no experl■ental proof h available at present. 
Our idea la baaed upon the fact that in thl■ cave well developed 

and whldeapread aragonlte apeleothe .. are present and alao the 

chro■atlc and texture features of the cubic pearls support this 

hypotheat■• 
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THE ROLE OF SULFIDE-SULFATE REACTIONS IN SPELEOGENESIS 

FORTI , Pao l o 

ABSTRACT: In the present paper the speleogenetic role of the sulfur 
redox reactions have been analyzed fr-011 the che■lcal and aorphological 
point or viev. Moreover, the karstlfylng effect of the sulfate- sulfide 

reduction ts he re considered for the first tl■e. The hyperkarstic effect 
of the biological cycle of sulf'\J.r la very large and brings both to the 
development of peculiar eorphologies and to the depoai tion of plenty of 
speleotheu, vhich are here shortly described. Lastly the necessity of 
studying .. ;,e biologic reactions controlled by specl fie ■lcroorganisas in 

the near future is evidentiat•d: in fact they are increasing day by day # 
their importance froa the point of vie¥ n f the speleogenesis. 

INTRODUCTION 
Until recently there vas a general agreement on the opinion that the 

development of the karat would be aainly controlled and directed by the 
chemical equilibria of the co

2
-H

2
0-caco

3 
system, and therefore the other 

aechanis■s for the corrosion and/or the chemical deposition should be 
restricted to few and particular "hyperkarst" environaents. 

On the contrary, latest researches have clearly shovn the i ■portance 

of several other different kars tifylng reactions (FORTI & PERNA, 1986, 
HILL, 1987) . Aaong the• the whole set of the redox equilibria of the 
sulfide-sulfate system ls surely the aost active in cave environaents, 
often producing noticeable speleoaenetic effects, which are soaetlaes even 
higher than the nor-a.al one caused by the CO

2 
dissolved in the metheoric 

seeping waters. 
MOREHOUSE ( 1968) was the first who advanced the hypothesis that the 

sulfide-sulfate reactions Aa.)' be the principal way or karat development: he 
presented his idea when analysed the speleogenesls of the Level Cervice 
cave (Iowa, U.S . A.), a cavity developed at the boundary between li■estone 
and sul f ides orebodles. However his idea vas not sufficently spread and the 
activity of the sulfide- sulfate equilibria was still believed to be 
confined in the ■inerogenetic field to justify the plenty of gypsum and 
other sulfates in caves (WHITE , 1976). 

In the present paper the karat effects of the sulfide-sulfate 
equilibria are shortly decribed as well as the environments in which they 
may develop better causing the evolution or peculiar aorphologies or 

speleotheas. 
Moreover, for the first tloe , it has been shown that not only the 

oxidation or sulfides, but also the reduction or sulfates are reactions 
which aay cause karat corrosion. This fact is particularly i■portant 

allowing the ex istance of a co■plete karst cycle totally based on the 
biologic cycle of sulfur. 

EVIOENCIES Of SULFIDE-SULFATE SPELEOGENESIS 
There are several reasons which suggested us to look at the sulfide

sulfate equilibr ia as very im.portant karstifying agents , among the• the 
principal ones aay be grouped in the following 3 points: 

1- Sulfates, despite their nor.ally high solubility, are the oost 
co■-on and widespread spleothems (except calciwn carbonate) and rapresent 
the largest cave minerals gr oup 

2- The aaount of sul fate •inerals is soaet111es very high even if 
sufficient sources for the Sulf ate ion cannont be detected 

3- Several of the largest karat systems in the world contain a certain 
quantity of gypsua deposits 

The fact that sulfates with 51 different coapounds are the largest 
group among the cave minerals (FORTI & ROSSI, 1988) evidences the high 
reactivity that they have in a karat environaent. 

Koreover the abundance of cave sulfates is apparently in contrast with 
their relative high solubility , which would hinder their deposition and 
stability in caves, where a high degree of hwaidity and water flows are the 
rule. It aay be justi fled only with sufficiently high and widespread 
sulfate deposition in order to exceed the reverse and parallel process of 
solution. 

Thick solfate deposits , normally consisting of gypsua, are often found 
also in caves in vhich vater chealstry has a low sulfate lons 
concentration, so that the precipitation of sulfate coapounds ls not 
justified. In these cases, if a great variation in the che■ical COllposition 
of the waters ls not probable during this ti•e, then the only reasonable 
explanation is the possibility that some of the reaction involving sulfate 
ions aay be restricted in places which cannot be directly reached or easily 
controlled: this is the case of the llaestone porosity close to the 
boundary between the rock and the cave abaosphere or that of the deep 
phreatic waters. 

But the active role of sulfide-sulfate in the karat corrosion ls also 
strongly supported by the evidence that in nearly all the largest and 
deepest caves of the world a certain quantity of gypsum deposits or 
speleotheas have been found: the tcaa.uth Cave and the Carlsbad Caverns in 
the U.S.A., the Lachambre system in France, the A.ntro del Corchia, Mt Cucco 
cave and Fiuae- Vento syste• in Italy, the CUpp Coutunn cave in U.S.S.R. a r e 
sOfte of the 1tOBt prominent exa.aples. 

In our opinion, it seeas unexplanablp that in rearly all the very 
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RIASSUHTO: Viene analhzato sia dal punto di vista chl■ico che da 
quello aorfologico 11 ruolo che le reazloni di ossidoriduzione dello z.olfo 
hanno in speleogenesl. Inoltr e viene per la priaa vol te dlaostrato 
l'effetto carslflcante delle reazloni di riduzlone solfatl-solfu.ri. 
L'effetto ipercarsico del ciclo biologlco dello z olfo e' ■olto grande e 
cause sia lo sviluppo di 110rfologie peculiar! ala la deposizione di un gran 
nwaero di speleote■l. Da ultiDO viene evidenzlata l a necesslta' di uno 
studio approfondi to delle reazlonl carslche controllate da aicroorganla■l : 

infatti l 'i11portanza di questi processi in speleogenesi sta au■entando di 
glorno in giorno. 

large caves gypsum or other sulfate deposits have been observed, while they 
are completely absent in several of the saaller cavities developed c l ose 

to the principal karat syate■.s . 

In conclusion all these evidencies are consistent with the hypothesis 
of an important speleogenetic rol e for the sulfide-sulfate reactions in 

the evolution o f limestone caves . 
The aain reason why the the karstifying effects of the redox reaction 

of sulf'ur have been up to day disregarded or at least underestiaated was 
due to the general agree■ent, existing up to few years ago,on the fact that 
aost of the karat corrosion develops on.ly under phreatlc conditions, while 
in the air filled zones only ■inor spl eogenetlc effects aa.y take p l ace, 
cheaical deposition being the prevailing process . 

But some or the sufide oxidizing r eactions and the acid etch o r 
lhaestone have the possibility to go on only in environments allowing gas 
excanges with the ataosphere (VHITE , 1976). therefore the obviuos 
conclusion was that to consider their speleogenetic effects negllaible. 

Only recently (CIGNA & FORTI, 1986) it was proved that the idea or the 
karstification strictly confined i n the phreatic zone is ebsentlally wrong: 
in fact, sometiaes, the vadose zone , and even more that at interface , are 
much b•ttu• to d•v•lop aoae apeleosenettc pN'M".~A-A . This is the case of 
sulfide- sulf ate karat corrosion. 

Once that idea was re1110ved , it becaae possible to consider the 
sulfide-sulfate reactions and their possible apeleogenetic e f fects in 
depth , in order to evaluate their i■portance in the cave evolution 

cor rectly. 

THE BIOLOGIC CYCLE OF SULFUR AND THE SPELEOGENESIS 
In nature the redox cycle o f sulfur (see flg.l) is totall y based on 

biologic reactions, controlled by bacteria and specific ■lcroorganis■s 

(AA, VV, , 1978) . 

The oxidizing r eactions (see Tab. l), producing sulf"uric acid, have 
just been taken into account as possible s trong karat. agents (MOREHOUSE, 
1969; FORTI & PERNA, 1986) . They aay bring to the devel opaent o f peculiar 
shapes, like the reverse gutters and the giant scallops (CHIESI & FORTI, 
1987) or the corrosion bell shaped d011es (CIGNA & FORTI , 1986) in caves 
close to sulfide orebodies, which allow the foraation or a sufficiently 
high aaount of sulfuric acids , or in caves in which the sa.ae acid cues 
froa oll deposits (HILL, 1987) . 

On the contrar y , till nov the reducing reactions froa sulfuric to 
sulfide acid have never been considered as potential strong karat agents . 
But at present l t is clear that also the r educing processes cause 

speleogenetlc effects . 
These reactions are generally endotheraic processes and therefore they 

need energy froa the syste■, while it is unnecessary to the o x idi zing ones 
which are all exothermic. Noroally the energy feeding agent ls the organic 
matter , which is oxidized to produce CO

2
. It is just this addi.tional carbon 

dioxide which 118.kes the deep waters newly aggressive with respect to 

limestone (see Tab.l}. 

Flg. l - The biologic cycle of sulfur 



Fig. 2- Sketch of the karstif'ying effects developed during a biologic redox 

cycle of sulfur 
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Froa the stoichioaetrical point of view the karst effect induced by 
the reducing reactions is equal to that of the oxidizing ones, but in this 

case, owing to the fact that the induced corrosion la caused only by the 
"organic" CO produced in phreatic conditions, the resulting shapes cannot 
be dlstlngufshed froa thos~ caaing froa a "noraal" karat process and 
therefore cannot be detected by a aorphological analysts, however accurate . 

Considering . vhat has been said it is evident that each step in the 
redox porcess f roa sulfides to sulfates and back causes an additional 
karsttficatlon: but this fact has a great i■portance for the speleogenettc 
developaent because even in a short tt■e several back and forth changes in 
the oxidation state of sulfur may occur. 

In fact 1 t was experiaentally deaonstrated, not only in the 
laboratory, but also inside the caves, that very often sulfur oxdizing 
bacteria live together with the reducing ones in the sue place, and froca 

thie to tiae, those are active for which the environlllrental conditions are 
the aost favorable. 

As can be easily deduced froa the r eactions of Tab. l, l raole of H S 
which ts firstly oxidized to H SO and then reduced back to sulfide acfd 
theoretically causes the karst dissglution of 4 1110les of limestone and this 
obviously happens every full cycle . 

In a karst envtro~nt the aost coaaon source for sul rtde ions is the 
presence of metallic sulfides (principally pyrite): often they are 
diapcrded inside the li■estone, but sometimes they may- f ora orebodies . 

'n\e whole of the speleogenetic effects produced by the sulfur cycle 
referred to ■etallic sulfides ■a.y be outlined as in fig.2. 

Tab. 1- Principal redox reactions for the sulfides-sulfates syste■ and 
their speleogenetic effects 

A- Oxidation: 

8- Reduction: 

The stoichioaetric karst1ficat1on produced by all these reactions is 
e qual to 400 graas of calciua carbonate dissoved during the oxidation of 
120 graas of pyrite (FORTI & PERNA, 1986). If ve consider that the reducini;t 
process causes a corrosion of the sa.ae aaount of rock, ve obtain that a 

full r edox cycle on a single aole of pyrite aay k.arstlf'y up to 800 graas of 
lii:iestone. 

To understand better the spelcogenetic i■portance of this process, it 
is sufficient to think that in order to obtain an e quivalent effect wl th 
the "noraal" karst corrosion are necessary over 4000 11 ters of water with a 
carbon dioxide content of 250 -.g/1 (which is a a.ediua-high value for cave 
waters). 

RELATED FORKS AND SPELEOTHEJCS 

In the cave where they are prevalent, the hyperkars t processes based 
on the sulfide-sulfate equilibria lead to the evolution of peculiar fonas 
and speleotheas, which will be now shortiy described and are also grouped 
in the scetch of fig.3. 

In the submerged zone not far from the piezoaetric level . if a direct 
co«11■unication e xists with the gas filled z.one, giant pseudo-scallops (up 
to 1 • in diaaeter) aay develop on the lodging walls , while doaes or hollow 
half spheres on the ceilings and inverse gutters on both lodging walls and 

ceilings are formed. All these 110rphologies co.es from the com.bined 
corrosion of the rock caused by the sulfuric acid and by the carbon <!ioxide 
consequentely foraed. 

The pseudo-scallops and, at l east partially, the doa.es and hollow half 
spheres devel~p via convectional abseiling aouve■ents of the H

2
so

4 

aggressive water (BINI & CAPPA, 1978; RUONIKY, 1978; CHIESI & FORTI, 1987). 
Doaes and half-sphe res nay grow also via gas buble corrosion (SZUNYOOH, 
1982; FORTI, 1987). 

In the air filled z.one giant scallops, dOQea and half-spheres have the 
possibility to be fomed when the hydrogen sulfide h oxidized in the gas 
phase or directly on the cave wnlls . In this case the sulfuric acid 
reaction on the ltaeatone leads both to the deposi tion of gypsua and the 
1•11ss1on of lage &DOunt or carbon dioxide in the cave ataosphere. This 
condensates with water over the roofs , so causing the growth of bell
shaped do111es and half-spheres partially overlapping each other (CIGNA & 

FORTI, 1986). 

The develop•ent of reverse-gutter foras iB strictly restricted to the 
submerged zone and ■y be active only if a large amont of bubbles of carbon 
dioxide ts produced by the acid corrosion of li■estone. 

Shapes of giant-scallops, d0e1es and half-spheres are well known 
therefore need not to be here described; on the contrary the reverse 

ri,3·1 
.:. - ~-, H:-() • SO!•HCOJI 

Fig.3 - Section of a theoretical cave in which al l the apeleogenetic aechanisaa due to sulfur are active 
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gutters have been observed and described for the first tiae (CHIESI & 

FORTI, 1987) only in a cave or the Igleaiente ■ining dietric end therefore 

are s~ill coaaonly unknown, therefore they will be shortly described now, 

The cave in which such peculiar ■orphologiea have been firstly 
observed is developed just inside the biggest orebody of ■etallic sulfides 
(Galena and Sphalerite) or Sardina. The reverse gutters have been observed 

only on the lodging walls and s■all roof. while no evidencies of the■ have 

been found over the vertical or bended walls: their ■orphology closely 
resemble that of the small paragenetic galleries, but in the reverse 

gutters the horizontal parts a ay be folloved by subvertical abseiling and 

also by short descending pathes. Their cross section is always an upset U 

and its depth 1a reverse proportional to the dip of the gutter . 

Their genesis is explained with the presence of high quantity of gas 

bubbles ( the carbon dioxide produced by the acid corrosion of the li■estone 
in submerged condition), which going up toward the air filled zone follow 

pre ferential pathes along which the gas bubble corros ion beco■es active 
(CHIESI & FORTI, 1987). 

Anyway everse gutter are not a ·peculiarity of this cave: in fact, after 

their first obser vation they were discovered in several other caves and, in 

our opinion, this is the bes t proof of the funduental role the sulfide
solfe.te ree.ction he.ve in the epleogeneah of aOC1e karat eyateias. 

The redox cycle of sulfur has been well known for a long tl■e as a 
powerfUll agent f or the ·deposition of apeleothe■s, therefore we do not 

describe all the numerous kinds of gypsua crystals and concretions as well 
as those of all the other sulfate ■lnerala (HlLL & FORTI, 1986); only the 

sulfur spleotheas will be presented here, because they rapl'eaent proof of 

the end of the redox reactons of the sulfUr coapounda in an interstage in 
which the value of the oxiding nwnber is zero. 

In natural environment the conditions in which the sulfur redox 
reactions aay atop at that stage are not co.aon, the refore, at least in the 

caves, sulfur apeleotheas are rare, even lf recently several new 

occurrencies of this ■ineral have been done in the wor l d . 

In the karat environment 110st of the sulfur coaea froa the oxidation 
of the hydrogen sulfide , ea for exuple the aulf'Ur cave rafts over the 

sulfide rich river of the St.Ninfa cave in Sicily (FORTI, 1988) or the 
sulfur flostonea and crusts of the cave Inside the St. Ceaarea theraae in 

Apulla (FORTI , 1983); but sulfur speleotheu at least partially deposited 

by the reduction of sulfates ( nor■ally gypsUD) are also knovn (FORTI , 
1985) . 

COHCLUSIO!I 
At the end of this short outline on the peculiar ■orphologies , like 

the reverse gutters , or the high nuabers of apeleotheatS, whose genesis and 

development is controlle d by the redox reaction of the natural cycle of 

sulfur, the prominent role that these reaction have in the speleogeneais 
is evident. 

Once aore , as usual in the last fev years, it has been prooved that 

the "nor■al" karat develop■ent, based only on the co
2

- H o-caco
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syate■, 

lovers its i■portance and loses part of the fields ol its exclusive 
applicability in favour of the hyper-karat processes (CIGNA, 1981). which in 

turn are becoming the really noraal speleogenetic mechanisms . 
But the fund.c..cntol role of the biological redox reoctiooG of Gulf'ur 

in spe leogenesia leads as consequence to put in a central posi tlon ruaong 
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the karat eeehaniell\8 the biologic processes and this, in our opinion, will 

have a noticeable influe nc e i n the de velopt:1ent of the cave studies in the 
near f\Jrture 

In fact till now the role of ■icro-organia:aa in the !lpeleogeneaie has 

been underesti■ated , if not coaplete ly dhreaarded ■ainly because the real 

difficulty to carry on s uch kind or research r e quiring wide 

interdis ciplinary knowledaes practicly hindered the■ to ■tart with. Anyway 

it is evident th.at in the future it vi 11 be necessary to change the wa,y to 
analyze such kind of probleu in order to acheive a real knowledge of the 

karst processes. 

REFERIHCIES 
AA . VY. 1978 Sulphur ( chap. 16, L) Handbook of Geoche■iatry, II 2, 

Springe r-Verla&, Berlin 
BINI A., CAPPA G, , 1978 Conalderazioni sulla DOrfologia delle cupole. 

Quaderni del Muaeo di Speleoloala "G.Rivera" 4(7/8) , p.47-62 
CHIESI N., FORTI P., 1987 Studio ■orfologlco di due nuove cavita' carsic:he 

dell' Igleeiente (Sardegna Sud-Occidentale). Ipoantropo 1986(4), p, 29-32 

CIGNA A.A., 1978 A cla■siricatlon of Karetic pheno■ena . Int. J. of 

SpeleolO&Y 10( l), p. 3-9 
CIGNA A.A,, FORTI P., 1986 The ape leogenetlc role of a ir flow caused by 

convection. lat contribution. Int. J. or Speleology 15, p . 41-52 

FORTI P,, 1983 I •inerali di grotta Speleo 9, p ,9-24 
FORTI P., 1985 Le ■ineralizzazioni della Grotta di Cala Fetente (Salerno, 

Cupania) . Mondo Sotterraneo 9Cl-2) , p . 43-50 
FORTI P., 1987 La ■orfologia careica ipogea: problem! relativi al auo 

utilhzo in speleoaenesl. Act. Synp, Int. "Siate■as Karstlcoa do ll toral 

Atlantlco" Toaar, 1987 p.24-36 
FORTI P ,, 1988 Le concrezioni e le ■ineralhzazioni delle grotte in aneo 

di Santa Ninfa (Trapani). Ne■. lat. Ital. Speleol . in sta.aipa 

FORTI P., PERNA G., 1986 L'Ipercarsiaao con partlcola.re riguardo 
all ' Ialeaiente (Sardea,na Sud Occidentale). Natura Alplna 36 (2-3) , p . 8► 

100 
FORTI P . , ROSSI A. 1988 Le concrezioni poli■inerali della Grot~ • PA 

di Santa Ninfa: un eaei:pio evidente dell' influenza degli equllibri aolfuri

solfati nella ■inerogenesi careica. Atti e Me■. Coaa. Grotte "E.Boeaan" , 
in at.am.pa 
HILL C.A., 1987 Geology of Carl■bad Caver n and other caves in the Guadalupe 
Mountains, Ne w Nexic:o and Texa.s. He w Mexico Inst. of Mining and Tech. 

Bull., 117, p.1-150 
HILL C. A. , FORTI P., 1986 Cave ■inerala of the World, Natl. Spel. Soc,, 

Huntsville, pp .1-238 
MOREHOUSE D.F., 1968 Cave developnent via sulfuric: acid reaction. Bull, 

H. s.s. JO (1), 0 .1-10 
RUONIKY J., 1979 Role of convection in shaping s ubterranean karat fora&, 

Kras i Speleol. 11(2} p,92-100 
SZUNYOGH G., 1982 A Heviua eredetu goabfUlkek kio ldodaaanak el•eleti 

viz.sgalata. Karszt es Barlana 1982 (2), p.83-88 
WHITE W.B. 1976 Cave ■inerale and apeleothecae , in FORD T.D. & CULLINGPORD 

"The Science or Speleology11 , Acadeelc Preea, London, p.267-327 

Paper presented at the First FEALC, Belo Hori %onte, Brasil , in 1988 

PAOLO FORTI 

Iatl bJto Italiano di Speleologia- Via Zaaboni 67 - 40127 Bologna- ITALY 



SPELEOTHEMS AND S PELEOGENESI S OF F AGGETO TONDO CAVE (UMBRIA- ITALY) 

FORTI, Paol o - MENJCHETTI , Marco - ROSSI , Alberto 

ABSTRACT: Recent explorations inside the fossil galleries of the Faggeto 
Tondo cave ( Nt Cucco, U.brla) led to the discovery of peculiar apeleotheas 

and cave ■lnerala together with fluorine lenses . 
Detal led analyses on the collected saaples al lowed to reconstruct the 

apelogenetic evolution the cave underwent: then.al phenocaena caused the 

beginning o·r the karat process, which was aalnly controlled by the sulfide 
waters flowing in vadose or in almost aereate conditions. At present only 
few aetheoric and condesation waters with no traces of hydrogen sulfide are 

present inside the cave. 

INTRODUCTION 
The Faggeto Tonda cave was recently explored (NOVELLI et al. , 1985) in 

the W-slope of the Mt Cucco (U.brla, Italy) at about 1200 • a.s.l. It 

containes large, whidespread a;ypswa deposits and uncoamon spleleotheas, 
therefore a detailed aineralogical study of the cave vas perforaed. 

In the present paper, beside a geological sketch of the cave, all the 

observed speleotheas are described and using the available data, a nodel 

for the cave developaent is pres ented. 

GEOLOGICAL SKETCH 

The Nt Cucco karat area consists of gently monocl lnal fold vi th a Nl30 

axis; the dip of the bedding is towards SW and ranges fro. 20 to 40 ; all 
the structure is interested by several NS tranapresaional faults. 

The Faggeto Tondo cave (see Fig.l} is entirely developed inside the 

"Calcare Naaaiccio" Foraation (Upper Lias ), just close to the overlying 
"Dugar-one" Foraation (MEN[CHETTI, 1987),which has a very low peraeability. 

The "Calcare Massiccio" overlies the Anhydri tea of the "Burano" 

Triassic Foraation, which never outcrops, but it has been drilled for more 

than 1000 meters (GUZZETTI, 1987). 
Inside the "Calcare Kase1cc1o" there are several rraclureu aainly 

oriented towards N30 and N50 and consisting of high angle joints; NS and EW 
"fractures are also present; flnally bedding joint planes exist at 

different level inside this sequence. 
The structural settlement of the area, the high porosity of the 

"Calcare aassiccio" and the overlying low permeability foN1&tions are the 

aain factors which controlled the karat evolution in the whole area and in 

particular inside the Faggeto Tonda cave. 
Thia cavity, over 3.000 ■ long and about 300 ■ deep, •BY be subdivided 

in tvo different parts. The upper one is completely fossil and consist of a 

pattern of rounded galleries following the dip of the strata: all the 

studied speleotheu, aostly sulfate, have been collected in this part of 

the cave: 
Soae active flow is still present in the lower sector of the cave, 

where carbonate moonailk ·is cOG1110n and gypsum deposits quite absent. 

SPELEOTHENS ANO CAVE MINERALS 
The 88.1:1.ples of rocks, speleothea.s and sediments were analyzed by X ra,y 

dlffractoaetry and their thin sections studied with a microscope. 

It is l■poeaible to discuss in detail each sample and therefore they 

vere grouped into three aain groups (karsti fied rocks, speleothema and 

elastic deposits) and their aineralogical characteristic are sumaarized in 
tab.l. 

The alste.ntatic mineralogical investigation of the upper part of the 
Faggeto Tondo pointed out the prese nce of rare apeleothem.s and cave 

mlneraliz.ations, which aake this cave extre■ely i■portant aaong the Italian 

karat systeae . 

Beside the noraal calcite foraationa, there are apeleothems, like the 
calcareou_s sand due to chemical sobsti tution and the col wans gro-.m inside 
gypata deposits : both originate fro■ the reaction between the fresh 

!::;~rlc, CO
2 

rich) seeping waters and the gypaUJl deposits (FORTI & PERNA, 

flle gypaWI la far the prevailing aaong the cave ■inerals: it fonas 

thick alcrocrystalline depostts, which often fill up the passages. 
Soaetiaes the aourfaces of such deposits shov rounded fractures , which 

suaaeat their deposition froa a seal-fluid (DOOnailk-Uke) material. 
Several of the gypsum deposits developed large rlaa (HILL & FORTI, 

1986) in connection with fractures and tubes in the limestone floor, while 

along the valls the condensation and dripping poceasea caused the growth of 
big aonocryatal stalactites, which vere often deflected by the air flow; 

Tab.1- Mineralogical coapoaltion of the saaplee of the Faggeto Tondo cave: 

Quartz and Feldspar have been oal tted in the trace ele■ents, due to their 
norael occurrence and low karat significance; the other ■inera1s are not 

neceHarily are present in all the gruped &8lllplea. A: halloyaite; 8: 

baryte; C: calcite; Ce: celestite; Cl: chlorite; F: fluorite; Fe: 
amorphoua iron oxides; 0: gypsua; Go: goethlte; H: hematite; I: illlte; L: 

lepidocroclte; N: montaorlllonite; Q: quartz; R: rozenite; Rd: rodocroelte; 
S: strontiani te 
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RIASSUNTO: La grotta del Faggeto Tondo (Na.ssiccio dl Monte Cucco, 
Umbria) presenta nella sua parte fossile particolari speleote■i (di 

calcite , gesso e celestina) nonche' l ent! di fluorite. 

L'analiai e lo studio di dettaglio dei ■lnerali present! nella grotta 

ha peraeaso di rlcoatruire lo sviluppo spe leogenetico della cavi ta' basato 
in gran parte aulla preaenza di acque solfuree fluent! in condizionl vadose 

o coaunque prossi■e alla zona aereata. 
Fenoaenl teraali sono stat! alla base dell'evoluzlone inlziale della 

cavi ta', ■entre attualaente le poche acque circolanti sono di condens azlone 

o di percolazlone e non vi aono piu' tracce di acque solfuree . 

SAMPLE 

1- Karatified rocks 

COl 
R6 
C04, C05, C098 

El ,CO2 

C03 

R3, R4 
R5,C012B 

C06A 

C012C 

FA7,10,11, C09A 

C06B 

2- Speleotheu 
FA5, FA6, FAB, FA9 

FA12 
coo 
FA12-BU1 
C07 

COll, R7 

R2 
COlO 

3- Clas tic deposits 

Rl 

MINERALS 

PREVAILING ABUNDANT 

C 

C 

C r 
ctr 
F/C s 
f/C 

r C 

r B 

r 
f/Go Fe/H 

G 

G 

C 

G 

C/C 

C 
Ce 

Fe/Go 

Q/A 

TRACK 

F 

B 
B/1 / Cl/K 
B/R 

B 

C 
C 

B 
L/Ro 

Cl 
F 

C/F 

r 

C/Ch/K 

finally several deep and narrow conull t e a are present in the gypsua floors 

interested by dripping. 
The present aorphology of the gypsWII deposits clearly indicates that 

the y are f ossil and where a small even aaount of dripping is present they 

are dissolving and som.etlae changing at least partially into calcite 

fonaations. 
Anothe r cave minera l is celestite, which is present as aggregates of 

large (up to 2 cm) tabular hyaline crystals inside some of the gyps um 

depositis. The occurence of this cave alneral is unco-on and e xtreaely 
rare in euhedral crystals. Beside the Crystal cave, Ohio (HILL & FORTI, 
1986), the present occurence is the largest and the best in the vorld. 

Both gypsua and celestite are products of che■ical reactions, as their 
purity suggests. The dimension and thickness of gypsua deposits are 

incoapatible vi th a genesis related to the oxidation of sulfide minerals 

which are present in lov quantity inside the overlying foraati on ; therefore 

their presence aay be justified only vith the flov inside the cave of 
sulfide waters , rising along the faults fro■ the underlying Burano 
evaporites due to a lov thenaal activity. 

A whidespread and deep (up to 1 111 ) cheaicsl subs titution la present 
along s everal of the exposed fractures in the cave walls and ceilings, 

vhere fluorine took the place of calcite (see Fig. 2-8) , without changing 
the aacroscopical features of the rock: in fact some fossils reaalns 

(brachiopods, crinolda, gastropods) were sufficiently well preserved. 

The fluori ti-zed lenses are. froa grey to brown in colour and seem to 

follow, though not alva,ya, preferential directions, a.aong which the NH'E- SSW 

and E-V ones, related to the NS deatral or EW sinistral strike-slip 
faults, prevail. 

In the surface fluori th:ed lenses are au 11 pre sent, even if 

dolomitization processes are 1:10re cocaon: anyway up to nov it is impossible 
to define the spatial develop=.ent of these cheialcal replacements. 

Fluorite replacement of calcite had been gradual, as testified by s oae 
of the analyzed samples (C012A,B,C), and took place before the karat 

processes begun or in its early stages, therefore fluorite cannot be 
regarded as a true cave alneral. 

Evident corrosional features over fluorite crystals (see Fig.2-C) , 
developed in the later sta_gea the cave, see• to confina such an hypothesis. 

The deep-etching of fluorite is also t estyfied by its presence as trace 



elastic aaterial in several e pleothel:IS together with the occurrence of 
sufate ■lnerals like rozeni te and strontian1te in the elastic fUUn& of a 
fracture in a partially fluoritlzed wall (COJ). 

Aaorphous or partially crystalline (Coethite. Lepidocrocite, Eaatite), 
iron oxides , once associated with rodocrosi te (C06B), are scarcely present: 
they rona thin crusts or a■all filllng along the tectonic or karat 
discontinuities or the walls. 'nlelr occurrence aa,y be related to the 
weathering of metallic sulfides (110stly pyrite and ■arcasite) , dispersed in 
the overlying foraation. 

Finally, an hlgh halloysite content was detected inside a elastic 
greenich sedi■ent at the top of a vertical pit (Rl): this aineral is a well 
known cave aineral. whose occurrence testifies a strong acid envlron■ent 

(BERTOLAMI et al., 1976) , thus conf1r■ ina the existence of an hyperka.rat 
acid (sulfate} step in the cave developaent. 

DISCUSSION 

B 

C 

Fig.2- The Faggeto Tondo cave. A: 
&YPBWII crystal inside a coroaion 
hole or the 11.aeatone wall (xl60); 
8: fluorite crystals replacina the 
liaestone (x350); C: corroded 
fluorite crystal (xl800) (Photo 
P.ferrieri) 

On the baaia or the direct observations and or the analyz.ed samples. 
three different speleogenetlc apeps ~ be defined in the evolution of the 
raaaeto Tondo cave: they are characterized Ninly by the physlco-che■ical 

paraaetera or the fluids flowing inside the karat ayate■; aoreover the 
first two steps eeeae to be strictly interconnected. 

With the final eaersion or the karat foraatlon and its fracturation 
due to the late ■iocene tectonic, the first speleogenetic staae beaan, 
characterized by ■id~hi&h theraali ty, which caused the riaina or fluids 
along t he network or raul ta and Joint.a: during this period a vhldeapread 
replaceaent of cal cl te, vi th fluorite ( inside the cave) and with dola.1 te 
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(in the sourface), took place. 
The transl tlon fro■ the first to the second step vae probably gradyal • 

following the lovering or the tesaperature or the rising fluid.a: the second 
speleogenetlc stage is in fact characterized by low theraall ty and sulfide 
waters rising fro. the evaporltc layers 800 ■ below the cave. The very high 
karat etch of these waters (FORTI, 1988) is responsible for the developaent 
of all the aain cave passages, except the very recent vertical deepening. 
The deposition or the gypsua fillings in all the upper branches and 
locally of the other cave alnerals (Celestite, Rozenite , Halloysite etc.) 
were caused by the aa■e waters. All these •inerala are a direct product of 
the reaction between sulfate ions and the wall rock, except halloysite, 
which is a weathering product of clay in strong acidic conditions 

(BERTOLANI et al, 1976). 
Despite the large tubes .-orphologles suggest a phreatic developaent. 

the h,ydrologic conditions inside the cave cannot be ca.pletely saturated 
during this period: in fact it la vell known that the karat action caused 
by the H

2
S oxidatlon aay fully develop only in aereate conditions and also 

the deposition of soluble ainerale needs an active concentration process 
through evaporation. An addi tlonal proof ls given by the presence or large 
celestite crystals, which is justified only if a lagoon condition was 
present, at least in so■e parts or the cave: in this aanner the rising of 
the strontlua content in the water. during the gypsua deposition, alloYS 
the achieveaent or the supersaturation degree with respect to celestite , 
even starting froa very low Sr content. The presence of Strontiani te in one 
of the analized saaplea(OOJ) ls an addi tlonal proof of the existence or 

waters with a high strontium content. 
At present the origin of this element is not sure: it aa.y be dispersed 

as diadochy eleaent in the karstified liaestone or, ■ore probably, it rose 
with H

2
s f'ro■ the underlying Surano foraation, in which a low but constant 

presence of such an eleaent is de■onstrated (ROSSI. personal 

cocaunication). 
The occurrence of reverse gutters on the walls and of bell shaped 

doaes in the ceilings (FORTI, 1988) perfectly agree with the hypotized 

M.cu:<:o 

~ I ... 
w 

0 -· 

(:B, ~. ea, ,,, 

Fig.1- Geological skech of the Monte Cucco karat area: A- entrance of the 
Faggeto Tondo cave; 8- entrance of the Nt Cucco karat systea; 1- the 
"Burano" Fonaation; 2- the "Celcare aassiccio" Foraation; 3- the "Buaarone" 

Foraation; 4- fault 

partially unsaturated condl tlons of the cave during thits period. 
As the rising or sulfide water stoped the th.lrd speleogenetic stage 

started, with the partial fossilization of the cave which is still goina 
on. This last step is characterized by very low water supply as a result or 
aeteoric inf'il tratlon and of condensation processes, the last being 
prevailing: in fact the low peraeability of the overlylna toraation hinders 
the water seepage, except along the fractures. Where the percolation le 
allowed, as close to the entrance . a rapid evolution of sub-vertical 
branches, aiailar to the analogous ones or the Nt Cucco cave, la 

developing. 
The growth of calcite apeleothe•& started in this period, often 

enhanced by the partial si■ul taneous dissolution or gypsWII (FORTI & RABBI, 
1981), as the different calcite speleothe■s growing inside gypsua deposits 
testify. Thus the calciua carbonate f'oraa.tions are the younger cheaical 

depoai ts or the cave. 

FINAL REMARKS 
Due to the presence in the Nt Cucco aaaaive or the Faaaeto Tondo cave 

with a rather CQllPlex evolution, the speleogenesia in the whole kaat area. 

has to be reconsidered 
The available data support a theraal event lasted over a long tiae , 

which la responsable not only of the fluorite and dol011l te replace■ent in 
the li■estone, but also of the depoai tion or thick &fp&ua depoel ta and 
other sulfate ■inerals caused by the rislna or sulfide waters. Such an 
l'\fpothesis , which cannot be restricted to the Faggeto Tondo cave, aay be 
usef'ull to Justify ao■e: speleothe■a (as the sulfate and phospate ones nov 
under exaaination) and aorphologiea present inside the Nt Cucco karat 
syste■ and in other cavi tlea of the sa.e area, like the Ferra ta cave (FORTI 

& SALVATORI, 1989). 
It aee■a to be highly probable and geologically reasonable that all 

the karat area underwent the sue speleogenetic events , in particular those 
related to ■edu■-high theraality, even if' in the aajority o r the other 
caves the evidence of this period have been not yet discovered or, .ore 
probably, they have been coapletely destroyed o r aasked by the rapid 
developaent of the present day speleogenesia via fresh seeping waters. 
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THE MAIN PRINCIPLES OF DEVELOPMENT AND DIAGNOSTIC CRITERIA 
OF A CARBONATE HYDROTHERMAL KARST 

DUBLYANSKY, Yuri 
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h aru( .lli\lP. KOi\1TO ~13110::C{Hnl Cf" ► IOBH\IP- ,3aKOHONl'.!OHOC l M oa3eH-

TMJI .. '.ap60Hc\THOl"O rwnnoTeOHOKaO<.:Til, ycTilHOBJi@l◄M\I(? O 003~J'I .. Ta-

Te 11011(!0:.0r(l , ~KcneOMHa'HTa.11hHOr O M TQODG!T'-4'41:?CKOf'O M3\''iC.-HMR 

unM r.ooH1,rnae ... ocTH nonaa; TeHnapaTupa oacTooone 11eHae :?:ee0c ; 

11aJ1H'4M(> oaC TBOD~HHi.lK :JJIU>t{T00Jt'41 0 0 ( tla(f ) H oaCTOOQ(!HHOM CO2. 

rMBUOT(!O"Ot.:ilOt. Ta qe11110TC-1' 3.l8r?O•ao■Me CTa.aMM oa3BMTl,1q reo-

C MHl~,aMHc\JIIIE'M M 3Tanw T(!'►~TOHc-... ar1◄aTM .. eC..:01-t c\KTMDH3aU ... M n11aT-

P a. C CNOT!,H?l t U or o6C!UHC(:T"1 NOUctOIIOf'Ml,1 TIDJIOCTCH, TIDMBe!IC?HW 

8-'HIO,IC? 06 OTIIOXCl4'151X r MauuTeUNOf:ilOCTa e n o.nocT,o< M BHC! no-

J'IOCTeM. noenno:ze~ l!Cl'tnJIOKC KDMTt>OHl'J8 aMarHDCTHICH rMAOOTOO -

HU~;;.ocTa, ■ t,,:11D'i aO■MH r <?o.noro- rHnporeoJtorM'4ec,ou!, 11op.,0110· 

The r1tport is b•s •d on th• field, e,cpariment•l and th■oretical 

investigations of hvdrother~•l kar•t. made in the USSR. 

1. PRINCIPLES OF THE HVDROTHERf1AL KARST DEVEL0Pt1ENT 

1. 1. Hvdrodvna•i cs of the orocess 

This level is d••cribed bv filtering properties of the rock• 

and by the hydrodynamical ones of the ther,nal w•ter■• The wat•r mc

ve■ent ts ••inly controlled by fissuratton. layerino and scr eening . 

Th• rol• of pore per•••b1litv 1 ■ negltolble. The solution■ aove in 

la•lnar •ode. There are onlv loc•l sites of attenuatinQ turbul ■nce 

Tha■• sites, which disturb • hydrodynamical oicture of the flow. 

are th• plac•s. where individual cavern■ st•rt to grow. One of the 

••in principle• of th• big cavern formation i ■ dvna•1cs of the 

solution• sufficient for local turbult ■ation of the flow on th• 

roughn••• of th• fluid conducter wall a. The turbul i ■ati on tak•• 

place under th• following condition, hU/'\J • 20-~0, where h - is th• 

dapth of roughna•s, U - i ■ th• flow velocity, \/ - is the coeffici

ent of kin•••tlc vi ■co•ity. To for• the •••11 cavarn•, k•rstlf111d 

zones &nd th• coll•ctor■ of th.,..•al water■, oil and v••• the hiQh 

dyna1111ic• of the flow 1 ■ not necessary. 

1.2. Tharaohydrodyn••ica of the process 

Thi ■ level i• describ•d by interinfluance of heat prop■rti•• of 

the rocks •nd on•• of the flow. In general the te•p■rature of th• 

rock• th••••lvea 1• controled by o•other••l gradient. Jn •o•• case• 

the heatino of the rock• by th• heat of cool ino intrusive bodi•• i ■ 

obaerved. lt 1• not optional, howewer. Th• main characteri ■tica at 

this level are th• haat prop•rti•• of th• flow. The calcul&tion■ 

ahOM that heat eQui 1 i bri • in reaction zone t • •■ta.bl i ■h•d duri no 

geologically neglig•able ti•• {about n·10S-n•1C!I' ■>. Tamper.atures 

of hydrothar•al karat •olut1on■ vary within bro•d luut■• The t■fl-
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rM•H?CtcMl?• MMHeoa.J1aro-ccaHH(!HTOIIOrM'ieC...:HC! roo>CMMM'i(!CKHO M 

KOCBl?HHM& nOMOHlil.KM. 

AlJSlkACT 

The oooer sliortl~ prasnnts t.he •ain ra9ulari t1as or 

oov~lou•ent. or .-nrbonot.o hudrt,t.hur•ol kor"Eit , as o rasvlt. or 

f1.el (1 • ewo <?r, •cmt.al and thooret 1.cal ~tudy of hydrothar■ol 

kar-c;.t or the USSR. W1.t.h hudrothnr■ol korst , tho necessary 

cond1 tion"Ei rur devaloo11ent. or nroduct.ivc s y~ta•fi ore dyna

•i s M or hu,1rothPr ■ul solution~ , orado■1.nnnce or rock rractu

ro nenet. rot.ton, t.e,.oerature o r solution is less thon 2ee•c, 

presenca of eloct,rolitu'!- (Nai.:l> in solut1.ons and dis

solved CO2. 

The ■oqt. orobable 9eologict1l situntions of h!::fdrother■al 

karc;t aooearance nre co•olet.1.00 steo,; of oeo• yncline 

d uvaloo•ent. and stages or toctono-•09•ot1c octivt.zation or 

olotfort1s and fold reoi.ons. The •ot.t orobable Mechonis• nt 

tu~<h·ot.her•ol korsl 15 t.not of oct.ivizot.ion of l!><Ogenic 

water~ bu ther•nl rtow in o ~one o t ta::::t.on1c disturbance . 

The paoer orovi.das tha pecul inri ties of cava •ornholog~, 

diogno~t.u:: criteri-:i is sug9C?1.ted for h~drother•ol korst, 

r:onsistino of aeolooo-hudrooeolooic , •oraholog1.c, ■inoralo

sadiMent.a1•y, geochluucal and indirect signs. 

p•ratur• of 200-40°C is the optimu,. for carbonate hvdrothar111al kar

st devalop.-.nt. So••ti•• th• proce•• go•• at higher teeperatur•• 

c:se0°c and higher> . Under these condition• ita development is not 

■a etcten■ive bec•u•• of th• reverse solubi lity of c&rbonat••· 

Th• for,nation ,and fi 11 ing of hydrothera&l kar■t cave• oo on th• 

background of gr.a.dual decre,a■1ng of th• t•,ap•ratur• cau••d by 

sp.a.ce-tise de9enaration of hydrotheraal syst••· This la well fixed 

when cave Mineralization i ■ •tudied by fluid inclusion■ -thod. 

t . 3. Phy•lco-ch•,aical dyna•1c■ of th• proces• 

This level is described by the ■ubatantial characteristic• of 

the country rocks and hydrothar■al solution■• The environ•ent of 

hydrother•al kar■t develop••nt i ■ ••inl y 1 i-•ton••· Thu■, in th• 

float theoretical work• th• ay■tena CaC03-C02-H20 i ■ used •• • aodel • 

The foreign • le,aent influence on the proc••• develop•ent has not 

been studied well enough. NaCl ls usually preaent in hydrother•al 

kar■t aolution■ , ,nor• saldoa there .a.re KCl and CaC12 in diff.,..ent 

concentration■ as wall as CO2. There is a tendency to ovarai,nplifY 

a ■alt coapositlon and to reduce th• concentration Cfroa 2~ to 

~ ,aas. X> during evolution of th• •y•t••· 

The result■ of physico-•ath .. atlcal •od•lllng shDM, that in the 

oaol09ically relevant conditions th• 111ain process of dissoluttonal 

cave for•atlon 1 ■ the dlffu■tva transfer of ■ubatanc■ through th• 

boundary layer. Th• role of the real kinetic■ is n99ll9ibla. A• for 

th• low t•ap•r•tur• kar■t it i ■ vice v■r••· 

Th• country rock alteration is th■ •ub■tanc• rearrano1ng rela

t•d to for•ation of two phy■ico-che•1cal zone•, zone■ of CaC03 

dissolution and prectpttation .· The sub•tanc• i ■ taken out froa 

lower part• of carbonate section and precipitate■ in upper on••· 

1. 4. Geolooo-hydrogeological dyna•ic■ of the proc••• 

The necessary condition for hydrothert1al karat for•atlon •av 



have •PP•ared 1n d1ff•r•nt ti••• and 1n different. 9eolog1cal env1-

ronaents t.hrougn the whole geological historv. At the final atages 

of geosyncline development. as well as during tactono-inagmatic act.i

vation of platfonna ano ♦old•d areas there 1• th• high•st probabi-

1 i t.y of nvdrother••l karat. formation. A• an e>eaapl • w• can take 

hydrothermal karat of the Rooooes tth• cent.ral ••••iv• of the geo

•vncl ine J . the Cr1meo). and th• l1an-Snan (actlvi:zed folded areas>. 

t.h■ North A■ericMi olatfora. 

Tnere are son1• a,at.a on karat aqa1 Nionean ana C.am.brean ,ore 

districts. USA: mine Saroana. USSR). Pr■ t11ddl• Ordovician (ore 

a1atr1cta. USA>. Silur1&n-Devon1an <the Sette-Daban. USSR>, C•rbo

nif•rroua - Earlv P•rniian (the l•ravshan. th• G1aaar, USSR). Juras

sic <South ""ir9nizia1. Cr•t.•c•oua - Neoq•n• (th• t.r1-•>. Pliocene

P leistocene (the Caucazus>. tnodern <th• Rodopv>. Given dating is 

baaed on th■ qeoloq1cal. pal•og■ographycel ano oal ■ohyaroq■ologic,al 

recons't.ruct1ons ano. unfortunately, is not always reliable. 

Jn fact alaost. all Qeoloqiata racogniz• the polvganic origin of 

hyarothannel solutions. Since hydrot.heraal karst is u•u•lly connec

t.Rd with the iat■at at.ages of 9eolo9ical structur• developm•nt, we 

can suppose that amao1J1atic waters predoainat• 1n it. For hydrother

,.al svstam to b• productive 1n respect with hyaroth■r•al karat for

rsation, the following is neceasarys 1 - great dyna1111cal at.eeks of 

waters in th■ wat•r-pr■ssure ayateftl, 2 - availability of neat sour

ces. a•ono whicn t.he ,aost icnport•nt ar• the heat flows 1n the d••P 

f•ult zones, 3 - water •09r■ssiv1ty due to CO2 pre■ence, higher 

t•inper•t.ure■ ana higner- content of Cl-ion. 

2 . THE FORMS OF HYDROTHERMAL t<ARST OCCURRENCES 

2 . 1. Hvorother■ill k•r•t cave■ MOrphol09y 

Moroholooy Oi nyorother111al karat c•v•• is in ao11e way ainu l.a.r 

•nd in so•• w,ay a1fferent to the 1norpnoloqv of low temperature 

karat. caves . rne following are t:he reasons for th• s i 1nilarlty : 1 -

t:h• cOfMK>n 0nvs1co-chem1cal orocess \i.e. oi ■aolut:ion> which re

aul t s in the hvarot.h•rmal and low t.emoer&ture kar•t caves forma

t ion; 2 - th• co111aon path of the hydrothermal solution and karat 

water CM>veaent. The diff•r•nc•• result fro• the •act that the 

••cttnd1ng aovament of nvaroth•r•al karat solutions 1 ■ caused bv 

water-oressure (non-9r a11i tational > hyarodynacucs. 

F<ather peculiar tor1n. of hvdrothar111al kartlit caves is a sphere. 

in other regions of the USSR. On• ••Y often find •Y•t.•••• which ara 

Made of some conJuQated spheres. The dia••ters of diatinct spheres 

are not usually greater th,an n• 101 ... Another typical cave for• i• 

• ooae-lika one. Suen caverns <c•ves-cha■oars, are cnarac't.erizeo o, 

• oreat.er oi ■ensions: t:neir vo1umes ,nev be ov l or 2 oraars qr-eat.er 

tnan tne volumes of caves-spner••· A• an e>eaMpl ■ tne c,ave Car&n1 

(volume 1 ·10" in,, 1n t.ne Crimea and the Ji.:Jkcharden■kaia cave <7,5• 

lfi,, ms> in Turkaenia can b• taken. Besnoes dis1;olution. th• br••

king-aown plaves an 1-oortant role 1n the ,or••'t.ion of such cave•. 

Hydrothermal ..:arst. is u•ually gon■ unaer phreatic conaltions . 

Th••• conditions ar■ reflected in the aorphology of hydrotherrsal 

karst caves (11,ee :3. 2>. 

In hydrotheraal karat caves one can ilnd residual, br••kdown 

and water cheniog■nical depositions. The most typic,al residual 

deposition• are cl aya. They are usual 1 y found in hydrodyna•ical 

traps 1.e. in th■ places, wh■r■ th• flow velocitv fall•- In the 

granulo-tr1c characteristic• of th■ hydrother•al karst clays Un 

co■pariaon with th■ low t••perature karst clays> th•re must by a 

shi ft towards th• pelit• fraction. The •oat w■l I-known residual 

deposition i s the dolo,altic sand. 

W•ll described breakdown depo,utlons of hydrother••I karat are 

the d1 ■aolution-col lapse brecci •• (N. Sasa-Gustk1 ew1 cz, l 97S: 

S. Dzulynsk1 , 1976>. 

Water chent0gan1cal deposition• are all •inerals which or■cip1-

tate in cavities during the hydrother■al systea evolution. They c&n 

be 01v1d■d into eutochthone (which corresponds to th• forfftUla 

c~111poaltion of the country rocks> a.nd allohthone <related to the 

proper hydrother••l solution ca.position>. For ca.rbonate hydrothe

r•al karst calcite, aragonlt■, ankerit• and doloait■ ■ay be •uto

hthone. Th• following ■1n■rals have been described in carbonat• 

hvdroth■rll'lal karst as al lohthone ones1 anhydri t, anti •ony, bari te, 

ce,estit■• ch•lc■dony, chalcopyrite, chalcosin■, cinnabar , cristo-

0al1te, fluorite, 9•l•na, 9o■thite, 91pau•, halotrichite, heaat1te. 

■arc.a.sit.■, ■etac1nnabar, pick■r1n9ite, pslloa■lane. pyrite, quartz, 

r■algar, rutile, aeo1ol1te, spangol it• , sphaler1t■, stront1,anite. 
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In pr■cipitat1on zon• th■ CaC03 can precipitate not onlv in 

pre-for■•d soluton-■ade caverns, but also in fissure fluid 

conductera, th■ nor••l calcite vein■ being formed. 

The hydrother•al solutions , when on th■ Earth 9urfac•, often 

contain plentv of l.02 and C.aC03 , r■spect1velv. ln tnis caa■ tne oe

gasat.ion of solu't.ton go•• qu1ckly,ana tn■re is an active prec1p1ta

tion of t.rav■rtin•. lf th■ flo.,. veloc1ti ■• are high enough and t.h■r• 

are sulphate rock■ ap.a.rt froa carbonate in tha 9■olo9lcal section, 

th•n th■ formation of t.ravert.ine ■ay prevail on tna vein calcite 

for•ation. 

1s th■ for■at1on of collu■ned radially-spread a9c;ir■9ates of 

calcite. The calc1t■, which pr■cipitat■s frDffl dilut• ther••l 

solutions la transforllled 1n such a9or■9atea. 

3. THE DIAGNOSTIC CRITERIA OF HYDROTHERMAL KARST 

Tn■ ral1able diagnostic■ of the or191n of d1asolutional caverns 

is the nacessary condition for th■ karatological research••• Th■ 

probl- of hydroth■raal and low 't.■ap■rature karat distinction ••••• 

to b■ worth studied. Thi• proolers is •specially i ■portant 1n or■ 

geology <e. g. diagnostic■ of or■ local1zat1on ■tructurea>. Thia 

probl ■11 ls mentioned in papers of S.Dfulynakl <1976), V.Dublyanskiy 

( 1980) , E. Kutyrev and Yu. Li akhni tsky ( 1982). 

3 .1. G■olo90-hydr09■ol09ical criteria 

1}. Non-obligator-v relation of hvdrother,aal karst occurrences 

to continental int.erruot. Th• pr■••nce of sucn interrupt ls the 

ntteaasary condition for th■ aevel op■ant of low te,a,perature karat. 

As a rasul t the fossil caves of low te■oeratura karat ar■ found 

ne•r th■ stratigraphical unconfor111ity surfaces. 

2). The absence of relation to superficial feeding areas and 

Dase levels of erosion of th• .... •Q•• Rellabil1ty of this crite

rion d■p■nd■ on quality of pel ■og■ographyc•l and pal ■ohydrogeolo

gical data. 

3). Lack of stratlHcation (for the hydroth■■al karst within 

plat.for••>- Th■ karst, which 1s developed 

has clear strat1f1cation (R. Tsykin, 1985) . In th■ ■a- conditions th■ 

hydroth■fflal karat gives non-stratified "azonal .. forcnations . The 

hydrothaaal karat of fault-fold Mountain a reas 1• likely to have 

analogous propert1 ■•· Because of int■naiv■ block f•ulting and 

folding th■y ar■ rat.her difficult to r■v•al. 

3 . 2 . t10rpholo9ic&l cri 't.■ri • 

4> . The relation of 111orpnology of the cave• and their systems 

to non-gravitational hydrooyna■ica o♦ ascending flows t a> •Ph■rical 

and do•e-1 l ke caverns with or eat relative volu•• lgreat.■r than 100 

■> •• ·(, V.Dublyansk1y, 1989JJ b> buah-llk• ■y■t••• conaisting of 

spn■r1cal cavern• with cupola upp•r tera1nation■ <L • .Jacuca, 1977>, 

cJ cav■ sy&t■•• with conv■><■d upward Unversiv•> "equi l ibriu..r, 

profiles" (E.Kutyrev, Yu.Liakhnitsky, 1982). 

~). Pr■dOffllinance of phreatic ■ign• in c•v• ■aero-, •••o- and 

,aicroaorpholoqy. There •r• •any special works d•aling with th• old 

phreat.1c condition diagnoat1ca. 

b). Unchangeable character of cave ■orphology with P••■ao• frOM 

one litol09ical variety of carbonate rocks to another on■ 

hnd1cat1on of d1ffus1onal regi•• of dissolution>. 

3.3. Mineral-sedU\entological criteria 

7). The pr•••nce of hydrotheraal • ineral• in the cav■•· This is 

th■ ■oat widely u■ed crit•rion <S.Dfulynski, 1979i V.Dublyanakiy. 

198i1J E.k.utyrev, Vu,Liakhnltaky, 1982) . 

8) . Less nu•b■r of g■nat1c classes of cave ••d1,a■nts. Th■ 

residual, breakdown and wa.t.er che■oq■ntc•l •■a1aent■ are found in 

th■ hydroth■raal k.arst caves. Beside• th• water aechan1cal. 

cryog•nical, or9an0Qen1cal and antropogenlcal s■dla■nt• are found 

1n th■ low ta,nparature karat caves. 

9>. The pr■senc■ of dissolution-col lap••• hydrotheraal e><plosi

ons and hydraulic fracturing breccias (S. Dlulynaki,1970). The clear 

di ati ngui sh cri t■ri a between hydroth■r•al a.nd low te111Perature karat 

brecc1a• ar• not e labo rated, the u■age of thls criterion is 

ca.pl lcat■d. 

10). Predoaiin,ance of ■lneral-sed1 -.ntologlcal fea.tur■s indlca

t1ng the open cavern f1llinQ under phreatic conditions, •> deposi

tion of hydrother•al int n■ral • a1i rhyth•ic-zonal coarse-crystal in■ 

drusy crust , unifor■-ly covering cave walls1 b) lack of differences 

b■tw■■n sechaents on hanging and heading cave walls1 c> crystal 



reoeneration on the broken down dru•y cru•t•J d> cock•d• struc

tures in i,1ineral ized br■cci• bodi••· 

11>. Space .nd gen•tic r•lation•hip betwe■n th• caves, calcite 

veins a.no travertine bod1••• 

3. 4. Geochemical criteria 

12>. The presence of 1111naral 1zed thermal waters in the ca.v••· 

This criterion can be used witn the obJects where hydrother,nal 

karst is now in process. 

13) . The presence of country rock •iteration •nd geocha1uc•l 

zonation syn9■net1c with karst. 

The most p•rt of proposed cr1ter1• •re convergent . Th■r■fore, 

ua1n9 ■ach s1n9le criterion one c•n not be confident in correctness 

of k•rst diagnostics. Th• possible COMple,c space-time 

interrelationsn1ps between the hydrothermal and low temperature 

karst fflake th• diagnostics d1ff1cu)t. 

3.5 . Indirect features 

The following features indicate the poss1bil1ty of detection of 

hydrothermal k•r•t occurrences within studied are•, 

1. th• presence of karst caves, with the age corresponding to 

one of t~• tactono-magmatic •ctivation of this areaJ 

2. loca.tion of studied occurrenc•s within zones of hydrother111al 

activity (low ten1perature> manifestation, 

3. their location within reoion•l or glob•l fllet•llog■nic 

provinces of the Hg, Sb, Pb, Zn, fluorite, baryte, c•lcitei 
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4. th• si on•• of • hydr othar111al activity with physi co-che,.i cal 

para,aet•r• which are favourable to hydrot'iermal karst d■v■lop-■ntJ 

5. 15olution-111ade caverns in the non-karstifiabl• or poor 

karsti f i abl • <under 1 ow teaperature k&r•t conditions> rock•. 
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DATING OF CONTAMINATED TRAVERTINES 

LATHAN, A.G. - SCHWARCZ., H.P. 

Pre■.nt techniqu•• in U-■.,.i•• d•ting of dirty trava-rtine• d .. and 

that •oaa allowance be aade for contaalnation by co-on <d•trltal> 

:aaoTh. Previous corrac.tion ■ch--• hAve u■ed :a3aTh •• aoni tor for •~oTh 

togethar Mith .,, •••uaed initial value for a-Th/2~"2fh. Nore 

aophistlcated corrac.tion sch ... • use partial leachinQ techniques of 

which there .are sev.,-al. Whatever U-s.,.ie■ correction •■thod is •dopt.ct 

it is wise to aug .. nt th■ age-data with pal.aeagn■Uc, TL or ESR .. thods 

•• • check for aQ■ concordancy. Uaapl ■• &re Qivan froa the ■.arly-aan 

■it■■ of V...-tes■z0110■ (HunQary), Bilzino■leban <GDR> &nd Petr alona 

<Gr-.ce). 

INTRODUCTION. 

The U-Th .. thod o f dating pure carbonate d■pands on the obserYation that 

2 ~-u and .11~•u are copr.c.1p1tatad with th■ calcite, ...tiereas insoluble 

•-Th is noti -a:soTh g r ows b•ck toward •quil1br1u• with it• par•nt.s at a 

r•t• det.,-aine-d by it• da<•Y constant Ao • Using alpha.-specetro .. try, 

:a:soyh • C2 ~) Cl-•...,.•'> (1) 

wh.,.• "° and >-.. are the decay const•nt• for -a:soyh and a:s•u, 

In carbonates conta.s1nated by sedi«MPnt• .and clays Cd•tritus> 1 

however, an unknown aaount of al l ogenic 2 ~ 0 Th i• l•.ached into th• 

dissolv■d carbonate solution. The old -thod of correcting for this w.as 

to aeasur• the •ctlvity of =-~2 Th in th• thoriua spactrua and th■n use an 

•••uaed inttt.al value for 2 a 0 Th/•32lh. It was recognis•d that this 

procedur■ only work■d for lightly conta■inated ••ac>l•• and it could not 

tak• into account anv 2 --•u or 2 a-u leached into solution. 

A variety of oth■r correction •ch ... • have bean proposed in which the 

isotope r atios of leachat•• and residue• •r• plotted against e.ach other 

on so-ca.lied i•ochron plots. Usually th• •ctiviti•• ar• 'nor••llsed · 

using aa•Th as a contaaina.tion ind••• Rec:~tly ku and Li.ang (1984) have 

provided •tr1ct ■ath■•at1cal Justiflc.ation fo..- isochron plots using 

leachat•-r•s1due <L-R> pairs. Th• ••oc.hron plots y i eld =-30Th /=-"'•U .and 

• 2 •u1•a-u ratios of the carbona.te -,,d-.. tftber, and these are input into 

eouat1on (1), •• before. to derive th• •CJ•· 

SutltlARY OF THE 'LEACHATES-Al..ONE · tETHOD, 

The Ku a.nd Ltanq, L-R .. thod d0t1s not assu .. tha.t th• i110top•s are in 

equ1 l 1 br1 ua 1n the detr1 tus, but 1 t does d ... nd that ther• be no 

d1ff■rent 1. al che•1.c•l fract1on•t1on <DCFJ betw .. n the detritus 1sot091ts 

dur1nQ leachinq. Schw•rc.:: •nd Lath•• <1989) havtt shown tha.t th• use of 

l•achat•s •lone <the L-\. ••thod), fro■ ••verat aliquots of th• sa .. 

deposit, q•t• round th• probl•• of DCF. Thus 1f the DCF ts constant froa 

le.achat• to leachate then it• effect is ■erely to change th• intercept 

of the L-L l1n•• on the axes but not the c;,r•dients fro• wh1ch the aq■ of 

the saaole i• d•rived. 

The L-L ■ethod was subs•quentlv tried by Przybllowicz, Schwa.rcz and 

80 

/ 
La Dat•t ion d•s Tr•vttrt1ne• Conta•in••s 

.,,. ,,. - .,,. 
L•• nMtthod•s prvcedl!f'lts ont uti 1 i ses aaal'h caa.. un• •esure pour aaoTh, 

avec une val.u.r initi•ll• pour a:s0 Th/ 2 3'2 Th. ~thodes d• corrc:t1on qui 

sont plu• avanc;es utilis;s l•s t~hniqu•• de l;ssiver. Duel qu• soit la 

Hthode du corr.ct.ion qu·on •dopte, c•••t. prudent ~ augaenter le avec 

un• ~;thode pal aeo,H,gn;tt que, the-raol uainisc~te ou de r eson&nce 

para111agn;;tlque ;_fin de vltf'"ifier 1 •:g•. Nous donn.,.ons quel ques e xa•ples 

des places pal aeoanthropol ogi ques de Vertessz';,1 l~s CHongrie>, 

Btl:::ingleben <GOR> et Petralona <Gr'"Ke> . 

w..-• a.ble to recov.,- th• known calcite a.gtts with qood success. 

lt is n01o1 cl••r that v.ar-1ab l • DCF ts r eco9n1sa.ble by departures froa 

the L-L stra.ight lsn••· Exp.,.-1-,,tal evidence froa both the a.r t ificial 

•i •tures &nd th• Ku Vtd Lt ang da.t• show that th• DCF changes aost .as the 

leach solutions becoae stronger. Consequently, th• carbonate age data is 

best taken froa that strataht l ine sect10n Mhich uti l 1 ses the weaker 

leachates. As y•t• ther• i• no a.qread •et.hod of esti•atinq the •rrors, 

but the aost practica.1 aethod appears to ••k• use only ot the scatter in 

th• data po1nts .and iqno..-e• th• individual •rror bars. This is because 

the error b.ars for " e•k leacha.tes .are a.rtific1ally tnfl•t•d by the 

d•creawing value of 2 :.:2 Th in the isochron plots. No doubt this probl•• 

can be resolv•d without too au.ch difficulty. 

CONCORDANCE CHECkS AND AGE LIHIT ttETHODS 

Another way of checking U-Th .ac;,e est1a.ates on •u1ta.ble ••t■r1al l• to 

,apply .a.not.her independent d a ting t wchnique, aaong the c~est of which 

are theraoluat nescence lTL> , electron spin resonanc• lESR> , 1 • c and 

pa.lee- or archa•oe.a.9nets sa. Unf ortunate! y al 1 these .. thods have their 

own proble•• and their r1tlia.bility ha,11 to b• Judqed on a. case-by-case 

ba.sis. 

Nevertheless, for iaportant archa•oloqic.a l dating of cav•s •it.es such 

concordance check• have proved lnvalu•bl ■, •nd we now give thre• 

e x,aaples. 

VERTESSZOLLOS CHuna.aryJ. 

The part1•l cal v•ria (which is possibly tran•itional betwe•n Ho•o 

Erect.us and Hoao S.a.pians> and fa.unal reaa.in• fr o.a this site were found 

.-bedded in hot-spring d1P1>osits cont•■inat■d by wind-blown d•tr1tus, and 

• first .atteapt to date the deposits Nlth U-serl•• ••thod• was ••d• by 

V. v. Cherdvntsev (19b5>, who obtained ages ranginq fro■ 225 Ka to ■ore 

th.an 250 K•J and on• aQe was quoted as being gr•at..,. th.an 300 Ka.. There 

was the possibility th•t they could even be older th•n 700 Ka. The 

tra.v.,..tin•s h•v• varl,ar,bl• qu.al 1 ty froa • datinq point of view. Soae 

saaple• •r• coapact, wher••• others ar-e heavily conti11.■1nated with 

detri tu• a.nd soaewhat porouw. Siqn1 f 1 cant poroa i ty l n •ny ••-i>l • serves 

che•i stry, •nd thi • i • • acre funda•ental viol at 10n of the ••su-c,t lon• 

for r eli•ble dating than is d•trit•l cont••1n•tion. Cherdynstev believed 

that the travertine• contoraed to close-syst•• che■l stry. •nd there 

enough cetnPact •••Pl••• .above •n~ below th• ce■ented loess wtuch 

cont.ained the skull, for r•liabl• •c;,• ••ti■.ates . 



S•MPl•• wttre found to be sufflciently ••9net1c•l ly st.a.ble that their 

••9netic polaritv could be •••sured r•p1dly, -.nd orientltd 'ila.ples were 

found to be nor .. 1 ly ■agneti::ftt. So the ••aples were certainly less th•n 

720 Ka wh i ch is the recogn1sed aqe of th• start of the Brunhes Nor•al 

chron. 

Ne next isot091c•lly an•ly::ed double le.ach•t•• of two coepact sa■ples 

and a sinqle leachate fro- • third. Without •ny Th corrections, they 

wttre al 1 found to be either equal to or greater than 300 Ka in app.arent 

age, as for sonie of th• Cherdyntsev results. 

w. ne>et assuaed that the ti .. period covered by th• deposits wa• 

••all coac,ared with the over.all •qe and plotted the isotope ratios on an 

isochron d1aora.a. Th• L-L .. thod, on the•• thr•• s.aaples taken toge-ther, 

qiv•• straiqht llnas whose gr.adients yi elded a finite carbon.ate aqe of 

about 185 :!: 25 Ka , which is MH11ewhat young•r th•n th• Ch•rdyntsev 

results. Preliainary ESR dat1nq by Hennig &nd G,,-un (1983) show ages 

r.nqing froa 127 Ka ("Youngest· beds) to 210-250 K• ('Older· beds) to 

330-390 Ka I for the ' 8.as.al" beds>. For det•il• •-- Schwarcz and Lathaa, 

11984). 

The next step 1n in.proving on the U-Th estiaat•s will be to c•rry out 

IM.lltiple laach1nq of th• saaples separately in order, firstly, to 

decrease the esti ■ated errors a.nd. secondly, to see what kind of t1ae 

r ange is spanned by the deposits. Thes11 could th.n ba acre aeaningfully 

coapar.-d with the Hennig and Grun ESR esti ■•tes. 

BlLZINGSLE.BEN (GDR>. These are hot-9pr1ng tr•vert1nes carrying varying 

•acx.J.nt• of detritus, and were isotopici11lly .analyzed by HarMOn et al. 

(1980). They found ages ranging froa 222 to 234 Ka , and the deposits had 

u concentrations of about 4.7 pp■. Thes• analyses were in conflict tuth 

• pi lot study by Lath•• &nd Schw•rc::: who found th•t coap•ct saapl■s gave 

ages froa 319 Ka to over 360 Ka •nd U concentrations of only 

0. 18 PP•· S•v•r-•l .are sa-,:,1 .s were analyzed and the Th s pectra shOtMd 

only la.,. cont...,in•tion by .al logen1c - 0 Th, so Th corrections were not 

n e eded. Nevertheless concOl""dance checks by ESR ani11lyses were carried out 

b y R. Grun, •nd th••• were ln •greeaent wath the n...,.r results 

(Schwarc::, et al, 198B>. 

PETRALONA CAVE tN. GrtNtea) 

Thi s is a.noth■r i.-portant early-•an s ite in which a skul 1 <•inus the 

lower J•w> M&s found ceaipnted by knobbly c•lcit■ to a c•v• w•ll in • 

part of th• cav• Cillled the Na.usol.u■• There is broad aqr....nt that the 

skul 1 prob..t>l y rttpres.,,ts a tr&nsi tion•l stage between Hoao Erectus .nd 

Hoao Sapia,ns. 

Unfortunat•ly ther-e h.ave b•en saver.al pr®l--• in ascribinq a.n age 

for this skull lsee eg. Wintle and Jacobs. 1982). The ch1•f proble• in 

d•tinq t.h• skull ha.s b•en the uncert.ainty surrounding th■ ■>eact 

st.r-•Ugr&phic relationship between the sa.all ..aunt of brDW'I, ~nobbly 

c.alclt• on th• •kull .and the.,,.. •asily d•t&ble calcite layers of the 

n■arby f 1 oor. Froa arqWNnts based .. inly on col our , it se--..d 1 i kal y 

that. the •kull calcite did correspond to layer 10 Ctn the Poulia.nos 

notation>. 

Ikey.a (1977) atteapted to find a date by ESR on th• calcite of nearby 

floor calcite l•y■r 10. But 1o1lthout a direct .. asure-.nt of th• dose 

r-ate o'f t.h• site it .. lf, h• had to •ssua■ a value taka,n froa • J•pana-se 

sit■• His ~e e1111ti .. t■11 -■re as high •s .a 700 Ka. 

u-....-1■11 &nalys■11 on lay■r 10 <aaong other s..-pl .. > Mare atteapt■d 

by Sch....,.cz et al <1980) and th■y r■alis.cf that th• 5-10 ca thick lay.,-

10 probAbly SPMVled the p.,-iod froa greater than 450 Ka to 260 Ka
9 

and 

that there was a ch.,,c■ th•t the layar could be as old • ·s SOO Ka. 

Liritzis <1982>, us.-d a l■achin9 -tl"tOd to ••ti..,te ~ age for the l•yer 

10 of ~d h• •lso r•alised that this lay.,. spanned • consid.,..able ti-

ranq•. 

The qu.stion of t.he relationship of the skull c•lcit• to lay.,- 10 ..,s 

carrilRd out bv H«\nig et al Cl '982) using tr.ce ■l .. ent anal y..,. on the11e 
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two c•lcttes •nd • third lav■r froa another location in th• c•v•. They 

•howed that the skull calcit• corr•sponded b■yond r■•sona.bl■ doubt to 

th• upoerao•t subl•yer of l•v•r 10~ ESR dat•s on this l•yer •nd on 

fraga.nts of the skull itself •uq9estad an age between 130 &nd 240 Ka.. 

Lath•• a.nd Schwarc:: in • U-Th r•.analy•is of the upperaost part of l•v•r 

10 found .,, ag• of •bout 160 Ka using th■ old Th t ype correction. Th•y 

concluded that the prob•ble youngest •9• for the skull ••• about IBO K•. 

Unfortunately, paleoaaqnetic analys•s of v.arious l•y■rs , including 

excavated pit in the •,nn pa.rt of th• cave hav e been a.ebiguous. 

Prel1•inary r■•ult• on •oils by 9ucha. showed that there were 

significantly, viscou• coapontrnts present. In a acre thorough .analysis, 

Pa.p...,arinopoulos •t al (1987> ...r• unable to find good evida-nc• for • 

rever•ed layer in Pit 1, and Lathatn and Sch1o1.,.cz (1989) showed that both 

sedi~t and calcite lay■rs 1n the e:ccavated pit of the l"lausoleua were 

.. qnetically un•tabl ■, 

COHCLUS I ON 

These results serv• to show the d■•irability of u•ing sev■ral .. thods to 

find th• a.q• of •oae o1 these proble•a.tic conta.■inated carbonate 

deposit•• The new 'Le•chat■-•lon■· .. thod shows th•t this ■ethod 

represents a. significant adv&nc:e over older ■-thods in teras of 

increased accuracy and precision. I t h•s been t••t■d succ■sful ly on 

art 1 f 1 c•l conta.■1n•t.ct s•iapl■s and on the conta.■ina.t&d tra.vertines of 

Vertesszol los. 
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MAGNETIZATION OF SPELEOTHEMS: DETRIT AL OR CHEMICAL? 

LATHAM, Alfred o. 

PO Box. 147 . Liv•rpool Univ•r•ity. L69 :sex. UK. 

Studt•~ of speleoth-.s fro• •round th• MOf""ld have shown that their 

r•••nttnt ■agnetizations app■ar to b• contr-ol lttd only by th• ancient 

field at th■ ti-• of deposition. Sloping flOtfs ton•s ar• fr•• of any 

slop• •ff.ct .and the vertical sid■s of •ny stalag■ite giv■ the sa■■ 

pal ■oaagn■tlc direction •• th■ coeval horizontal dr-ip cap. Thl• ls 

despite the observation that the •agnetic l oad of ■ost spel.athe111s coaes 

fro■ cave flood• and ts thus d■trlt•l (Oetrital ra■an■nt ■agnetlzation, 

ORN>. 

The presence of organics and known lack of detrital ••t■rial, in 

other speleothe■s, argues for a ch■■ical r•••n■nt aagn■tl-z.ation <CRH> in 

l s tt likely, in DRtt-typ■ speleoth•••• that the d■trital aaterial has 

becOtMt che111ical ly reprtcipitated and re•agneti:zed , so as to give no 

depositiona l errors? Hight bacteria also play a part in ,-ecrystalli•ing 

.,..gne~it•7 In •oa• •peleoth••• th••• are po•slbilitie•, but •icroscopic 

work shows that ..,ny of the observable detrital grains are still intact. 

Th• bulk of the ■agneti:zation 1• still DRtl. 

It •---• that, for- once, nature has conspired ln every wa.y to a.id the 

scienti•t - but, as yet, by .. thods 111,-oely unknown .. 

Magnetization des Spel~the11s: ol!trttigue ou Ch- lgue? 

Etudes de• speleothe•s ont de.anstr;•tl: que l.ur• •11gn;ti:zation• 

INTRODUCTION 

The principal aia of ••di-.nt paleoaagnetis■ i• to recover dated records 

of the past. behaviour of the Earth·• ■aonetic field .. When aagnetic 

p.,.t.icle• settle through still water, they becoae aligned by the field 

aoalnst viscous drag, .nd this allgn■ent. ls r:,etalned when the p.,-ticle• 

set.tie on the s■4iaent bed .. Th• resulting .. onetization is known as a 

detrital ,-eea_nent ■agnetization <DRH>. However it is known that, on the 

average, ••onetic particles rotate slightly on the surface of the bed so 

as to cause an apparent shal lotdnq of the recor-ded ■agnetic inclination. 

The s.,.. effect can al•o be cau•ed by subsequttflt ca.paction. If the bed 

is inclined then there ••Y be an additional b.cfdino e,-ror. If th• water 

had an apprecla.ble current then both the inclination a.nd the declination 

••Y have been aff.ct.ed. Hor~ver, in the establish•ent of th• final 

record, .there a.re various saapl ing effects which ■ay have to be taken 

into account CVeroaub, 1977J Lund and BanerJ••• l'i'79>. Bec:au•• of th••• 

probl ... , Lath .. and CC)-11f()r""ker• CeQ Lathaa et al, 1979) investigated the 

■agnetization of speleoth ... • to ... if it .... s possible to r.cover field 

81.NtARY OF EXPERINENTAL RESULTS 

Oriented speleot.h ... s ...,.. taken back to th• labora.tory and cut up into 2 

c■ cubed specht4tns. The uaual procedur•• of •l ternattno field 

d..,.on•t.izat.lon or: ther .. 1 d ... on•thation were u■ed t.o ■agnetically 

clean the speci■ens. Neaaur--■nt■ war• ■ade in • SQUID ••9n•to■et1tr. 

It ■oon bac:.,.. evident that. soae s....,l•• do hav• • --••urabl• natural 

,.....,,ent. .. 9netlzat.ion CNRtO Mhich was appar.ntly w,affec:t.9d by 
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.,. ;■anent• sont control l lte• seuleautnt pa.,- l e cha•p ••gn~ti que anci en 

qua..nd il • sont deposi tits. Couches stal ag1111i ti ques sont. lib,.;•s d .. ;ff~cts . , 
du pend•g• et las cot.es vertical•• des •t•l•9111it.es posse des l• --•• 

direct.ion pa.laeoaao~tiqu• que les couches verticales de ,a; .. age. Cat. 
,, 

observ&tion est aal~r• que l•• ain.,.a.ux ••onet iques de plup•,.t de• 

speleot.he•s derig;s des inondat.ions avec un chargel'lent. d;t.rltlque. Dane, 

leur ■agnetizat.ions re111•nents n•turels Ct'IRN> est de type ·•agneti.:a.t.ion 

La presence des aat.eri•ux arganiques et. l 'absence des •at.eriaux 

d~tri t.i qu••• d•ns a.ut.res spel eat.h .. s, 'lugg";r• qu' i ls tenai ent un 

111agn-;,t.izat.ion ,.;.anent cheaiqu• <HRC> d•n• lesquels leur grains 
, , 

••gnetiques ont far.-s1 in situ, •u presence du ch••P terre■t,-e .. 

Est ca que c·est possible, dans les speleot.hems de type RHO, qua l es 
, ,. .. ,,,. ,,,. -

gr•ins ••onetique■ detritiqu•• sont reprecipites et re■a.gnet.1••• d ' un 

iaanniere ■an■ erreurs de deposit.ion?. Est-ce c•est a.us■ i po■■ible que 
, 

bacteria jouent. une part avec l e ,-ec,-ystallization des grains 
,, , 

11a9netiques? Oa.ns plu■ieurs stal•c;;i•ites, c"e•t possi bilite existeJ ■ais 

' ✓ 
evidence ■icroscopique ••nifest e qua be•ucoup de• o,.•lns detrittques, 

Les aagnetizat.ion■ ne pos•ttdaient pas des erreur■ du deposition, et 

done il sellbl e , pour une fois 1 que 111 nature ont. conspire &n toute facon 
, < 

• .aidar- le ,-acha,-cheu,- - a.aia Juaqu".a pr-eaent - pour l.a plup.art. para 

method•• inconnue■• 

lJ Pure white or translucent speleoth .. s are ••gnetically very weak or 

have no NRN, as .. asured in a •en■itive SQUID ■a9net.o,..t1tr. 

2> Speleoth .. • with the strangest. NRtts acquired their .. gnetic grain• 

froa flood-la.id det.rtt.us. 

cont.ant a.nd the presence of organic ••t•ri al. 

4> Spelot.h .. • which contained co■,pone,nt■ d.,.ived fro■ terr& ro■• 

gen.,.ally ha.ve a.n unstable ••gnetic caaponent.. 

~) A coapari ■on of t.he ■agnetiza.t.ion directions of • ....,1 •• froa 

v.,-tical, horizontal and sloping aid•• failed ta show up &ny effects 

gr-a.in■ we,.• obviously of det.rital origin. 

Because it wa■ already po■■ible to date ~•leot.h .. • by the U-Th 

.. thod, this la.st obs■f"'vAtlon .. ant that. rel l•ble dated r.cords could be 

p,-oduced fro■ speleoth .. s. 

OJSCIJSSIOH 

The probl •• then ,. • ..,, ned as to why spel eoth••• ■haul d have hRN• 

which were fr- of da,,o■itiona.1 errors when ■ediaent.• did not have auch 

e,r,-or--fr- NRNs. Lat.haa (l'i'Bl> sugQested th,. .. ■od•• of .. c;;inet.izationJ 

1> The ■agnet.ic ;rain■ or ... , in sit.u, fro■ i,.on held either by organic• 

or- by iron carrying bacteria - so producing a ch .. ical reaane,nt 

■agnetization <CRN>. Possible exaa,pl•• were.the upp.,. part of sa,-ple 

TS (Yorkshire, En9land) <L•thaa et al, t97'i') and the inner core of 

SJHS (0-tiapas, f'lexico> CLatha• et al, 1"89>. 



•oate k1nd of ORN, Exa111e>l•• .are VCCL, B2HS1 <Vancouver Jsland, Can.ad•> 

<Latha.in ■t •1, 1992; 1'987> J low■r part of TS1 SJLS <Hexlco, 

Chl•pas> <Lathaa ■t al• 1'999> and others <Lathaa 1'981). 

3> The ••gn■th•tlon w•• detr-ital but has sub■equently b■■n aodifi ■d in 

whol■ or p•r-t by che■lc•l re111agn■tlzatlon <ORH plus CRH>. Possibl ■ 

■icaapl ■■ &r-■ OAS2 (San Luis Poto■t, H■xico> <Latha• et al, 1'986> and 

th■ outer parts of SJHS. 

Part of the ■vld■nc■ for CRtt ln ■oae ■talag■it■s also coa■■ froa the 

production of saturated induced .. Q■ntiz•tlon■ <SIRN■> of pure 

st.alagait•• who■■ 111aqn■tit■ ■ourc■ could not have b■-n cave flood■, It 

l ■ po■■ible , though unlikely, that th■ •••11 conc1H1tration o f a.agnetic 

par-ticl•• could have b..n air-borne. The SJRN ■icp.,.tae-nts showed that 

th■ reaan.-nc■ c•rri ■r wa■ ••gn■ti t■, 

In th■ ENF and BJTL ••ae>l■■ froa Can•d• (Lathe• ■t al, 1'982> the 

••gnetlc ••terial i ■ strongly •s■ociat■d with organic: ••t■rial which ha■ 

b■-n ld■ntl f 1.ct by 5-E Lauritzen <p■r■ coaa, > a■ probably having 

or1ginat■d froa decayed plne-for■st litter <Figure I>. I n th■•• two 

ca■■s lt ls not clear wheth.,. th■ organic aat■r1al point■ to a d■trltal 

or • ch■aical origin for th■ .. qn■tlc coapon■ntJ it l ■ probably both, 

■inc■ ■oa• oro•nic:■ ar■ ■olubl■ .and other■ are not. Rock ■agn■tic 

■tudle■ ■how■d that the partlcl■■ ar■ doa1nantly ■ingl■-doaaiin■d ·and the 

a.aqnetization i ■ hard. 

H•gn■totactic bact.,.ia hav■ been ■tudl■d in a variety of aqu■ou• 

■nviron■■nts <■ .. Thoapson and Oldfl ■ld, ch I~, 1986> and alo••• having 

iron oicyhydr-oicide fl la.-.nt■, are coaaon in ■oae cav■■ (■g. Long Churn 

Caves, Yorkshire, England>. It l ■ th■r■fOf""e quit■ probable that an ~ 

Fiou:iE 1. Rhythalc liay■ring of Of""ganic aater-l•l in the B.JTL flOMston■ 

fro.a Crow's Nest Pa■■ area, Canad•. Th■ aagn■tic aiat■r1al i■ 

eubalcroscoplc and ■.agn■tlcally h•rd, Th• ■1crograi,h wa■ tak■n with 

croe■■d polar■ and th■ dark■r pOf""tion ('brush' extinction> shows 

palisade crystals o f dlffer-,,t optical ori-,,tiation to tho■• of th• 

light ar••• 

coapon■nt of soae ■talag■i t■■ 11ti 11 have b■-n dft"iv■d froa bactft"i ,al or 

al;al sourc••• but th• ■icact aagnitud■ or ■>et■nt of such Of""i91n■ 

r'equi r■s f urther study. 

M'liat■v■r th■ -thod of production of • •t•l•Q•lt• CRN it i• not 

difficult to ••• Nhy ■.uch a ••gnetizaUon should b■ fr .. of any 

lnflu■nc■• by it■ ■ubatrat■ or .. trlx. Th• grain■ ■iaply or■w in situ ln 

th■ field and pre■u.aably bee: ... fh:ed at th■ ■a .. u .. •• th■ calclt■ 

■atrl,c wa• f Of""-■-d . Even In this c ••• it la •till po•■ibl• to ■nvi ■ag■ a 

situation Nh9'"■ th■ gr-owing cal cit■ cr-y■ta l ■ di ■turb th• orientation o f 

the n .... ly foralng aagn■Uc oraina. lf this ls the ca■■, for CRN, th..-i 

on■ can only ■uppos■ that it is a ra.ndoa •ff■ct about 11tith no bi•• froa 
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the field direction, •o resultino in • lack of -■iasurabl ■ error, 

DETRITAL REl1ANENT HAGNETIZATJON OF SPELEOTHENS, 

Th• evidenc■ for a d■trital orioin of r■-an•nc• in •oae •p■l■oth■-■ ia; 

1 > Oc:curenc• of a1croacoplc op.aqu■ qr a ins conc•ntrated along growth 

layer•. 

2) Op,aque orain• occur with quartz, feld•p•r• and organic auck, 

3> Soa■ la.rg■ c,paqu■ 9ra1n• shOM •••oluttOt"I feature• and •pinel rods 

typical of ti t•no••gn■ti t••• Such grain■ have ,r,n ■xcluei vel y i on■ous 

origin. CFigur■ 2). 

4> iaft■r detritus has been liaid on th• ■tala.galt• surface by flood■, it 

1• p.artlally washed off the drip-cap •r•a. by the drip■ froa th■ 

■tal actl t■• Th■ d■tri tus is vi ■ibl y concentriat■d around th■ ■lop■■ 

and verticial sides of th■ stalaq•it■ - th■ • w,ash-off' effect CltQ, 

DAS2t Lath•• •t al, 1'98b). 

The NRt1 directions of ENF and BJTL show■d no bl•• du■ to th■ dip■ of 

FIGURE 2. R■fl ■cted light aicr09raph of an opaque grain Coll i-■r■lon> 

froa VCCl <Vancouver Island, Cianada). Th■ phases ,are 1 ight-gray and 

brown-oray and lt i• probably• partiially eicsolv■d 11-■nit■ griain. The 

Tl-F• grain■ in aany cave■ of Vancouver Island originated ln bia•altic 

dyke■ and ■ i 11 s within 1 i ee•ton■ beds. 

th••• sloping flow■tone■ <Lathiaa ■t al. 1'982>. Th• coincidence of DRtl 

dir■-ction■ froa th• horizontal drip cap to the v•rtlcal sides l■ wet 1 

illustrated by sp■c:1-■n■ froa th• outer dirt rind of SJHS <Lath .. et al, 

1'989> . The three hOf""lZOt"ltal drip-cap speci•~• have • direction of 

D • 3:51.7•, I• 19.l• and · •a of O,B•, Th■ side sp■ci-.ns incorporating 

th■ ••- c;irowth layers have • direction of O • 354,8• a nd l • 1'9.4•, Th• 

coebined five ■peel.en• have• direction of 351.'9•, 1'9.8• .. tth an · •• of 

i.:s•. <"•• t ■ th• h•lf-anc;il• o f th■ con• of '95X confidence>. Th1 ■ t••t 

h.a■ been checked po•l ti v■ for VCCL, 82HS1, DAS2 and others, 

ERROR-FREE DRN - A POSSIBLE EXPLANATION. 

Th■ co■rclv• force sp■ctrua of ao•t ■p■laoth••• which carry an HRH 

eho"• that they g■n■rially h.ave a ranqe of grain s1z:■a, free ■oft aultl

doeain (HD> grains to high co■rciv1ty single doaain CSD> gratn■. The two 

■xc■ption• a.re BJTL and ENF Mhlch have vary high ••d••n d .. agn■ttzatlon 

fields CHFD•> of greater than 40 ■T. For EtiF ratios of induced r■-an■nt 

.. gn■tizatlon at •aturatlon to total induced ••gnet1zat1on J_.._1 J. w■re 

found to b■ gr■ater than o . 4:5 indicating • high SD content. In .c>■t DR11-

typ■ stialagalt••• however, there i• usually • •ignlf•c•nt coapon■nt of 

alcro■copica.11 y observabl • KO grain■, 

It l■ probabl• that if depo■itional proc■•••s play any role 1n 

affecting th■ orient•tion of aagn■tlc grain■, the HD grain• will b■ the 

ao•t •u■ceptibl• to •uch effects. But bee.au■• th■y are also ••on■tically 

■oft, ■uch grain• aay viscously decay and/or viscously acquire ., 

••gnetlzation in • lat■r field, thu■ ov■rprinting any po■■ibl■ 

depo■itiional ■ff■c:t■, A■ with DAS2, VCCL and other•• the softer 

aagn■t1zat1on• are usually viscous coapon■nt■ having • direction clo■-

to th■ pr'e■■nt Eiarth ' • fi■ld. As we have •••n, however, th• A-F Of"" 

th■r•ally cleaned directions, Mt'll c h are u•ua.lly sol■ly contained by th■ 

finft" grain■, have not been influenced by da-c,os1tional proc••••• - SJHS 



b■1ng a good ••.,..Pl ■• Thi• ■vid■nce lead■ u■ to ■uppo■•• th■refore. that 

(1) ■van if the larqer t'ID ••gn■tite grain• ar■ affect■d by depositional 

proces■•• th■lr effect. ha■ not b■coae ev1 dent becau■■ of 1 at.,- viscous 

overprint■, and <2> the fin■r qrain■ are not biased by attil•urable 

d■po■itional ■ff1tet■• 

Pr■■u.ably th■ fine grain■ ar■ fr■e of d~o■ition.al-■ffect ■rrors 

because th■y ar■ s t111 fr■• to rotate w1 thin the1 r f i l• of water unt1 I 

it evaporates. In addition, the ••gn■tic grain■ are not ■ubsequ■ntly 

.affected by th■ way that calc1t■ crystals grow frCHa th■ underlying 

lay■r. In the ca•e of DAS2 1t wa• possible to ■how that th• 

••on■tiz:ation of th••• finer grains faithfully followttd th• aabi■nt 

•agnetic field throughout the 1200 yr growth period of the sa-c,l ■• 

(Unfortunat■l y thi • prc>perty is frequent! y ab•ent froa sedi aents bee au•• 

par■ •p.a.ces w1th1n the unce,a■nt■d, non-aagn■tic aatrix allow the finer 

grains to re•l1qn po•t-depositionally. Consequ■ntly, the fine-orain 

,aagnetiz.a.tion tends to follow later fields, until th■ •~1•ent 

dewat.,-■d, and th1 ■ results 1n a post-deposit1onal DRH.> 

Further invest1qations of the natur■ of ■pel ■oth~ •aqneti ■• could 

includ■t 

(l) The precipitation of calcit• in a known fi■ld and und•r control led 

condition■ in Mhlch Fa i■ in • dts■olved ■tat■ in th• fe11tdwat11tr so •• to 

ensure that any re■ult1nq •aqnet1zatton wa■ unaabiguously che•ical . 

(2> The pr-ecipitatton of c.alcite in l<fhich var-ious siz:ltd ••gnetite 

p.a.rticle■ "'8re incorporat.ct 1n the feedwater-. This series of exp.,-1a■nts 

could be design~ to find out at what gr.a.in size , if any, de-positional 

effects btpqan to be -•■urable. It is unfortunate that such e11pari•ents 

would probably take a few years to coapl■te but, of cour-s■, they cot.1ld 

b• r-un concurr-•ntly with other work. 
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FEATURES AND HYDRO LOGIC RUNNING OF THE KARS T IN SIERRA S AL VADA 
(ALA VA, BURGOS , VIZCAYA / NORTH S PAIN) 

OE J PI IQ'A, Je.su.s Mar ta LZ. - P I NEDO, Robert o 

RESl.t1E 

Le karst 
pl us de 80 
correspondent 
Cette cauiU, 
Espe l eol OQ1 co 
col I ec teur d• 

de Sierra Sa.lvada comporte _, la fin de t.988 
km. de qa.ler1es • x plorfes dont la mo1t1f-

au '"Systfme Haya I de Pon.at a• <40 .000 m./-3~0). 
dfocouuerte et explorfe depu1s 1. 983 pu• le Grupo 
Alavfs <Vitor,a.-Gashiz> , est le principal 

I a zone . 

On dfcr,t I• c6ntrole tecton1que et litholog,que du 
karst , et un premi.,. mod•I• hypothetique d ' fcolulement 
souterralne appuyf dans le d 1s positif s t ructur e l, dan s le 
posationement des surqences , l es plus importants •t dan, les 
tra.J e ctoires des princ1paux r1v1•res souterraines exp l orft., 

I .- I NTROOUCTICN 

The Sierra 5•1'-'•da is s ituated a t the meetinQ point of the 

provinces of Ai ava, Burgos and V 1zacay.il , rouqhly 60 km . 

north-west of V1tor1a-Gasteiz, capital of t he 8.1.sque Country and 

has .an e x ten sion of .1.prox 1mat ely 70 km2 (Fif . I >, The Sierra 

and dolomitic limes tone, 200 m. in thicknes s , s i tuated 1n 

th 1ck carbona.te series, I imi ted top and food by apparent I y 

i mpermeable mar I fac i es. 

The ma.ter,als conf1oure a Cue s t..a s tructure 1n the area, 

where the hard , resistant I 1mestone s tand ou t strongl y , form 1nq a 

v t-rtical corn,ct- whost• heioht reacht-s 100-150 m, In the- hi9hest 

elev ations. 

orientation of the subterranean water cour-.es are found strlckty 

control l ed by the fracturation, that has a s t rick E-W v ector 

This kars t1c area, endose s <1989> more than 300 explored 

FiQ 1. Geoor aph 1c loca tion of Si•rr a S• lv•da. 
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RESl.t1EN 

El karst de Sierra Sa.lvada comporta a finales de 1.988 
mts de 80 km . de qalerias exploradas, dt las cual es la mi t ad 
corresponden al Sistema. del H.1.yal de Ponata ( 4 0 , 000/-350> , 
Es ta cavi dad, descubl erta y expl orada por el Grupo 
Espe 1 eo16oi co A l av•s <Vi tor I a-Gaste i z> desde 1 • 983, co n s t I t uye 
• I principal ,:~i ec tor 'IUbterri.neo d t I a zona. 

S• describe el control tect6n ico y l ito16oico dt l ka.rs t y 
un primer modtlo hi poUtico de circu l acl6n subt err i.n e&, 
apoyado en el dispos i tivo estructur•I d e l kar,-t, en el 
posic1on~ien t o de l as surqenc ias mi s importantes Y en l as 
trayectorias de l as p rinc i pal•s cor rl•n t •s 'IUbter ri.n eas 
exp l or•d&s. 

cavities , of which 9 are more t h an 1 km. In development. The 

•Haya Ide Ponata Cave System• i,- t h e most impor t a n t ca.vi ty o f the 

l<arst , with 4 0 km. of explor•d q&lleries of a depth qreater than 

350 m,. 

T h e explorations 1n the area have b•en carried ou t by t he 

Aiava Spaeleoloqic&IGroup CVltor,a-Gasteiz> in the •Jerea River 

System• and by th• Ede1weis Spaeleo l ooical Group <Bu rgos.> 1n the 

• Poz.alaqua System• . 

2. STRUCTURAL At,JO L I THOLOGt CAL CONTROL OF THE SUBTERRA1'4EAN 

MORPHOLOGY 

Si err• Salv•da wl th I ts 80 km. of under9round expl o r e d 

9al l er1es constitutes a perfect area for c onst rastlnQ fractur• 

data obtained from the morphol ooy of t h• cavities tha.t perforat• 

the carbonate pack•t <LZ. OE IPIAA & PINEDO 1 , 986, t , 987>, 

The exok&rst is characterized b y the presence of s tru ctural Jy 

conditioned covered karren. 

t n the c•se of endokarst, the structural and I I t hol 091 cal 

two ways firstly, In qeneral , the 

realation between th• directions of the d i fferent sy•hm• of 

joints present i n the Sierra and the direct ions correspondinq to 

t h e 9al l erles of the c•vlties of this sector . This relat ion and 

the parallels between both can be seen in the diaor.m 2. 

Secondly, •nd on a different level, the con t rol of the 

Ii tholoqy and qeolog1c•I structure on the morphology, For ex&mp l • 

t he dimens i ons of the 9al lerus are rel .1.ted to the ,mportanc• of 

the tectonic accident fron which they were formed. Th• b1qq•st of 

thes • i s the pr i ncipal gallery of the •Haya I de Pana.ta Syst•m•, 

conditione d b y • b r••ched fault zone , 40 m, wide, The var1•tion 

in the chemical compos ition of the rock (gradual trans1 tion from 

this zone• characteristic thorphol09y 1 consisting of numerous 

blocks and s l&bs, fal ltn desc ompos ed from the roof and wal Is as a 

result of 9r eat instability, 



N N N 

Fiq. 2 Fracture or-ientation d1a9ran\i t. % of joints 
number; 2. 1/. of joints 1en9ts; 3. X Orientation of the 
galleri•s. 

3. HI DROLOGI CAL HYPOTHESES 

25• 

The action of differential corrosion on c•rtain areas of 

underground ca.vi ties creates dist1nc microforms whose orlqen I ies 

In the compositional variation of the rock on which is formed the 

karst. I t is cha.rachristic of some cav it i•s of the Sierra that 

such corrosion is produced h.kln9 advantage of the str-atification 

layers , originating ra.zor•d stctions wher-e the resistant ma.hriill 

stan d s out in relief, 

To the presen t ( 1989> 4 Importan t under9round water courses 

a,nd some other second&ry courses of lesser importance have been 

Lastly, indicating the rGle that the fracture density has in· 

the underground morphology. tn the a.rea!i. where the density of the 

In the base of the structur-a.l dispos i t ive of the kar-st and 

the trajector-y of these underqroundriver a first model can be 

confi9ured of subterranea n circula.tion a.rea, estructured into 

three hypotetical basins : one of Htditerranea.n watershed <•Jerea 

river System•> and two of Canta.brian watersh ed < •San Hi9uel e l 

Viejo System• and •Pozala.gua System•> (Fiq,3). 

Joints is tow, the 9a I I er I es a.ccomoda te themse I ues to the 

-.tra.tifica.t1on la.y.r•s qivinq squashed sections . On the contrary, 

1n a.rea.s of high fracture density the 9a.lleries tend to the 

vertical accomodating themselves to the Joints 

----- ··· · - -·-

§ CLA'r & GYPSUII 

D LOWER IIARL 

~ LIIIESTONE 

Ed UPPER IIA.RL 

NORMAL CONTACT 

llMITS OF KARSTIC SYSTEMS 

Fig. 3 Hydrogeologic diagram of th• Sierra Salvada. 
karstlc area. . A. San Miquel el Viejo System ; 8. Jerea rivtr 
Sy stem ; c. Pozala.9ua System. I. Agua. Cave ~Burgos> ; 2 . _San 
Hi gue 1 e I v, eJO Cave (A l a.va>; 3. Goba Haund1 Cave - Per• I de 
Cave (Burgos , Alava.)j 4. Ha.r~enejas Cave (Burgos>; 5. Haya.I dt 
Ponata. Ca.ve Sy stem (Ai ava , Vizcaya). 
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•ppr ox imo1-tel y10 km2, 

participates i n th• dra.ln•o• of th• nort•rn ••c tor of the Si•rra, 

Hypot•tlcal ly the- points of •m•ro•nc• of this unit, th• mo•t 

Continuing hypotetlc•lly, th• dlscharq• ts •ff•ct•d throuoh a 

1/s, 

flow• qr••t•r th•n 2 m/s wahr func,ons •s prlnclp•I ov•rflow of 

th• syshm In hlQh flow, cond l tlonlnQ Its activity with th• 

vol um• of d I •ch•r~•, 

Th• sl tua.t lon of this dlscharQ• zon• ov•r th• stronaly 

fr•ctur•d karst I lm•ston• and th• proxlml ty of virtual ·wahr 

to tho topoQr.aph • c 

ph•nom•n• 

ch,1-nn•ls afong th• b•d of 

•nd tho 

tho 

pr•v• I •n t suba•r I a 1 

di•pl.acem•nt of th• spr,nqs to the S. In t1m• of lo.,, flow. 

Tho pr,ncipa.1 col I •c tor of th i • un I twou Id b• 

-a,o> <LZ. OE IPIAA & Al.ANGLIA 1.983 , LZ. OE IPIAA & P I NEDO 1.986) 

•nd s •condl y Th• flows 

transport•d In tlm•s of low wat•r by this und•r9round str•ams art' 

Hypot•tlc.ally, this individual unit has •n ar•• of 23 km2, 

<12,000 m,). An Import.ant part of th• flow, dr•ln•d by this 

compl•x fllt•rs In throuqh th• lmpor t•nt n•twork of drains 

sl tuated in the hlQh zon• of tho R•ng• <P•r Id• C•v• , Albi• Cav•, 

... II 

Fill C,I.A,(1> c.u.co c.u.m c.1.A.( t> 1.uu. DSMIOOlA I.SJ!.(. I.F.A. IW.ID£llA -·-°'Tl H·IMI lH:t-a .... ,.., ll◄t-Cl IHl·M 11◄t-14 lrlt--14 !HHS IHt-«I ,... .... 
.. ,., l,l ,., ,., ,., ,., ,., '·" ,., ,., 
C..thit, "' • "' "" NII 1111 '" Ill m 

-- "'·' Ill "' "' "' tll,1 "' "' Ill- I ' I I I I I I ,.._ 1•,• .. " a " n,, " 11,?5 n 74,4 
Ct- II ' ,., .. .. 111,l , .. U,2 11,, n,1 
Sill 11,1 ,,, 
"" "' "' II IJt • 10,1 Ill "' 141,ZI 1n,, .... ti I ,., 

" Ill " " n,s ,., "·' ... II 11,) ,,, .. " • "·' .. ,., ,., ,., I I I 1,11 

Tabl• I. Ech.lv,1,r-r1~ift• I wel I - Ground-wat•r anal Y~••• 
(Al I r•~u l t~, • xc•pt pH and conduct1v1 ty ( 1'5.c,.-• ) I In 
1n9./ l .>. <NC, non-cont•nt>. 
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Th• dlsch•ro, is tff•chd throu9h th• sprlno• of th• •Pico 

d•l Fr•il•• <AGORRETA 1.962> oully in th• cont•ct of th• llm•ston• 

with th• lnf•rlor marl, th• h•ic;iht of th• point of tmergtnc• 

oully- b•d but at .an low•r l•v•I th•n tht usual points of 

3. CCl-4CLUS I a-IS 

A ) Th• morpholOQY of tht cavitl•s I• contr-oll•d in two ways1 

On• principal I th• tectonic of th• zon•• on which th• o•I hrh• or 

th• diff•r•nt syshms d•v•lop , and th• oth•r, r•latlv•IY l•s• 

Important as It Is th• litholoqical varl•tlon of th• carbor.:at• 

8) In th• bas.• of th• traJ•ctor1•s of th• •xplor•d 

•ubhrran••n •tr•Mi•, of th• charac hr i •t I c struc tur-•s of the 

ranoe and of th• most lmportan sprino• which drain th• k•rst, It 

1s posibl• to d•I l mit thr•• k•rstic syste,ns of parall•l function. 
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CONTRIBUTION TO STUDY OF GROUND-WATER POLLUTION IN THE APODACA 
KARSTIC AQUIFER (BASQUE COUNTRY, NORTHERN SPAIN) 

DE ]PJAA, Jesus Marta LZ. 

SlM1ARY 

T h• zon• her• studied constitutes a.n ar•a about 40 km2
• 

?oca.t•d a few k il ometers N.J, of Vitor1a-Gasteiz, the c3.pita1 
city from th• Bas que Country <Northern Spa.in) . Th is zone 
c:onsti tut•s the •.ashr-n . most edo• of a wide acuif.r•ous unit 
( SublJana Lime<atones> situattd in the central-western Aiava 
prov I nee. 

The .acuiferous materi als are constituted by l1mestone'i
,ind claYi'ih I lmestone'i, largely fractured, with layer~ of 
comp act marls, Th• age- of th is mahr1als ,,. Middle Con1ac1an -
Lower San ton tan. 

On the basis of the d a ta studied it is ske tched the 
_ hydr-ogeolo511cal running of the unit. In the s~e way, the 

·~l:'fiem1cal features, source and pollution processes 
affecting the zone a.r• here dtscribed, 

I. - IITTROOUTION 

The :zon• of •tudy is an area of a.bout 40 l<m2 ., located In 

the t--lJ, f•w kilometres awa.y from the city of V1 torla.-G•s te1z 

Cthe capita.I of the Basque Country), that consti t utes a sma.11 

( Fig, I), 

a. well for potable water supply of the area. CEci.va.rr1-V1lh. t > 

at tr lbut•d to &n uncontrolltd la.ndfill whose contamination 

levels did not less•n during the period of tim• spent on the 

study <August 1 . 983> <HTZ, OE HUSITU et al. l .983). 

With these antecedents In l . 987 the a.u thor made a 

prel imin•ry study on the ground-wa.ter pollution of the 

aquifer. The a.lms wer• to define the char•cteristics •nd the 

oper,ation of th• aquifer as the basis of th• pol lutants 

d1•p•r•ion in th• ar•a, the focus and the proc•ss•s of 

contamination, and th• hmporal evolution of the contamina.tlon 

d•ttchd on th• w•II Echavarri-Vif\a I. This p•per represents a. 

surrmary of this study. 

2, - GEOLOGY CONTEXT 

SE. d1r•ct1on. In tht ""'· end the •pp•aranct of a.n diap1r 1c 

nucl•ut., br-eaks tht uniformity of th• whol• . ln the mat•rials 

de1.cr-1b•d this s tructure has caused a s tron9 fracturation 

(Fig. 2>. 

Tht structural study of th• •rea as w•I I •s the control 

practised b y th• hcton1c in the position and o•om•try of 
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RESLt1EN 

La. zona. obJeto de estud,o es un area de unos 40 l<m .. . , 
s1tua.da. al r-&J, ya. • se a.sos k:116metros de la. ciudad de- V1tor1•
G&steiz, capita.I del Pais Vasco <Norte de Es pa.f'\a>, que 
constituye el e x tremo mis or1ent .. 1 de una extens& un1da.d 
a.cui fera CC•lizas de Sub1Jana) dE-sarrollada en el sector 
centro-occidental de la prov1nc1a de Aiava . 

En nuestro sector los mater1a.le~ acuiferos est.in 
r-epr•sentados por cal1za.s y cal,za.s arcillosas. fuerten,ente 
fracturada.s, con intercalac,ones de ma.rgas. compa.cta.s, de eda.d 
Conl•cense Hedi o - Sa.nton, e-ns e I nferior . 

En funci6n de los da.tos estud1.ados 1,e esquemat1za. el 
func1onam iento hidrogeol691co y se descr1ben las caracte
ristica.s hidroqu l m1ca.s, los f ocos Y procesos de conta.minac16n 
que a.fee tan a I a zona. 

Fig. 1 Geographic location of the studied a.rea. 

karst can b• found in ABALOS <l .986> &nd ABALOS, PINEDO 

( 1. 988) , Th• gen•r•I study of th• karst a.nd th• descr-iption of 

the hypog•an shapes had b••n lnventori•d by ERASO et al. 

< 1.961>. 

3, - H'r'OROGEDLOG I CAL FEATURES 

1 tm•ston• packa9e of about 2SO m. thick, strongly fracturated, 

which ha.s compact marls ins•rt•d. Th• last ones d•hrmine 

conf1n•d aquifer l •uels and compl 1cat• th• 

h•ttrogenity of th• k.a..rst,c •nuironm•nt. Th•s• a.qui fer 

ma.hria.ls ar• limth•d t o top and foot by 1mperuius marl

format ions. 

&quif•r level s . A m•1n part of tht ground-water flow in the 

upper section 1s found ca.n&l1zed preferably by the •K .. rstic 



Fiq . 2 Geologic and hydrogeolog,c contex. 1. Clay & 
Gypsumi 2, Sand-stone ; 3. Lower marl; 4. Limestone <Karst1c 
aquifer>; 5 - 6. Upper marl; 7 . Oetri tic materials of the 
r Iver; A, Main di scharQe area; 8. Boca.rr6n de Z arai;iua Ca.v• -
Ma.in dra.in ,n th• Zub1.-.lde bed-river; C. Z~bol ino Cave; E. 
UQa.u sprin~; F. Industrial welt (2,000 m~/day>; G. Ora.Ins in 
contact with limestones; H. Echi.varri-Vi1h. t well. 

Syshm of Subia Ide River• <Bocarr6n de Zaragua - Zambol inos -

Pozos de Lendia - Ugau) (Fig . 3>, determining a subaeria.1 

flow, the discharge of which Joins two component s ; the 

discharge of the aqu I fer i tse If and the discharge of the 

a.ftcted flows col hcted by this system through important 

drains In the bed-river. 

The tranV1issivity c.a.lculated in sane of the wells 

studied, g,ve us values between 3.7 and 11.7 m~./day which 

contrast wl th the high transmissivl ty of th• ma.In drainage 

system. The flows taken out from th•se wells are around 8-14 

I ./sec. wl th declines not exceeding 70 m. which represents 

specific flows around 0.2 1 ./sec. m, 

The total recharge of the aqui fer, which is the sum of 

th• rainfall and the infiltrated drills of Subia.Ide river and 

place in the S. end of the area through strles of springs with 

a very irregu lar spectrum of the flows and the working of 

which is tightly controled by the oscillation of the 

piezometrlc level, which in this arta Is placed a few metres 

under the surface. The volume of this dlschargt Is around 42 . 9 

..,._>,/year, which represents an averag• flow of 1,360 1./sec •• 

At present this descharge happens to bt s trongly lnflutnced, 

especially In low Wilhrs, btcause of the pumping carried out 

by a. nearby industry <2 1 000 m•./day). 

4 • - HYOROCHEl1 l STRY 

The water of the aquifer is calcic bicarbonate and rarely 
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CNOISSETTE>. 

The relation r Mg••/ ca•• is qenerally low, althou9h 

cerh.1n values close to 0 , 6-0.7 point out a certain dolomitic 

content of the rock. 

The presence of sma 1 I l eve 1 s of NO:a - and NH,.· are in 

general indicators of reducer conditions of the aquifer. tn 

the same way, the r•gistration of iron level s associated with 

su I furous odours In s..me of sa.mp 1 ed w• 11 s < up to 400 ~gr ./1 • ) , 

point out a solubility of the iron in reducer conditions 

start,nq from ferrous compounds appearing on the 

especially su lph td. 

rock, 

In the continual a.na.lys 1s of the hardness para.met.,. in 

two annual series, an outstand1nq hydrochemica.1 heteroqtntty 

is detected <var1a.t1on coefficients 17,1 and 17.9) 1 which is 

understood as belon91nq to a karstlc aquiftr with well 

developed preferential conduct s (SCHUSTER and WHITE 1.971), 

:1.- SOURCES ,:f,IO PROCESSES OF GROlNO-wATER CCNTAHINATION 

The potenc,a.1 source s of contamination in th• area, 

taking into account tht low Industrial activity, a.re only ones 

generated by urb.a.n, farm1n9i and I ivest ock act1vi ties, 

In our invt"ntory we have taken Into account nine 

Fi9. 3 Diagram of th t karstic system functioning in the 
Zubia.Ide river <ABALOS & P INEDO l.988). A, Hiqh flowJ B. Low 
flowJ C. Flood seasons, stron9 overf l ows or thaws. 

1 andfi I ls that respectively include urban sol Id wa.ste, ground 

and wr•ckagt, dead animals, a codispositlon of tht formtr .-.nd 

in only one case industrial waste . Apart from tht first onts, 

th• others are tither uncontroled waste-disposal and in some 

cases concerning ways of d I rte t access to the nt twor-k of 

subterranean flow, 

According to the facts studied tht c,1a1 I ty of the ground

waterJ except the well made in Echi.va.rrl-Vlfta 1 1 is only 

a 1 tered by the presence of m i crobi ol ogi cal i ndl ca.tors and 
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Fig. 4 Hydroch•mlcal •volution of the wahr in Ech,varri
Vlf'ia t w•11 <Hain constituents>. 

11ml t s . 

Th• microbiological indicators maf'k th• lncld•nc• ove,- a 

wld• 9roup of local cont,mination sampl•s of r•c•nt o,-lgin, 

Th• d• t•c t•d conc•n t,-a t Ions of n Itri hs and amon i um 1 

point out a f•w r•duc•r condition• in th• aquif•r and hardly 

•v•r organic contaminations. 

Tht contamination d•t•ct•d in th• w•ll of Ech,varri-Vifta 

Is lndu•trlal In charachr and is notlc•d by th• apptaranc• 

of •everal pollutant• and toxics. 

lnltlally •tudltd by MTZ. DE HUSJTU et al. (1 . 982) 1 thts• 

author• d•hrmli-..d It• rtla.tlon with a landfill Into which 

was t , from I ndu•try , wa• thrown and I nj tc ttd C Ltndl a I>. 

High contents of material In •usptn•lon, ••stntlally 

unsolublt •II let and ftrrlc hydrox id 1 · reddish colour i ngs 

caustd by the coltoldal partlclts of ferr ic hydroxld, high 

concentration• of dl •soluttd Iron and low•r conc•ntratlon• of 

hydrocarbldt 1 cyanide and heavy metals are tht main signs of 

contamln•tlon. Such poll u t I on Is a cousequence of tht 

ltachahs of tht landfill Ltndla I, a• w•ll as l nJ•ctlon• of 

1 lquld-wa•tt from lndu•try thrown Into it. Evtn It tht 

tho HfflO 

attenuation of th• contamination can bt •••n. 

I• al•o a secondary pollut i on of ch l orides , 

coinciding with high ltuet• of conc•ntratlon I n the more 

4> , wh I ch respond• to th• 

• u b•equent cleaning and development procc••• wl th acid• u•td 

In the 111111. Such contamination I• t11nporaly In character and 

oo-• back to normal In tlmt 1 until the well r1cov•r• It• 
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initial lev•ls. 

6.- CCNCLUSl~S 

Th• disp•rslon of pollutants In th• aqui f•r is strictly 

can provoke a. lap•• of contam ination from a long distanc• and 

I n a short period of tlmt. Such hydrog•ologic f•ature• confer 

a high cont.amlnatlon vulntrabil ity to th• karstlc aquif•r of 

Apodaca, and in this way , the indicated heterogen i t y he lp• to 

Cf'tat• a gr•at amount of local situations . 

The focus and process,, of tht contamination d•ttchd in 

the groud-wat•r art local character and dtriu•d from urb&n 1 

farming, l ivestock &cti11iti•s , with a. •xceptlon to that, which 

In this case the contamination ha• an lndu•tr l.-.1 origin 

which In the study p•riod <t.982- 1.987> p.-.rt l&ll y at t •nuates. 

Ne111rtheless 1 the &bs•nce o f a p•rlodlc control on t h• w•l 1 

prtv•nts u s from •stlmatlng whither th• plu11 lan. trlc 

c ontributions or addl t lonal grad ient created once tht w•l I is 

pumped agaln 1 can mobll l :ze pollutants that may h&vt bttn kept 

on tht 'lurface or In the unsaturated area of the aquifer. 

Al 1 In tht water• of the a.qu I fer art pot&bl • for human 

u sage 1 but in som• ca•e'I they demand normal treatments 

Cclorlnation> in order to warrant the biolog ic potabll I ty. 

Th•s• waters art •qually suitable for lf'rlgatlon, For l ndu•try 

U'lagt and dut to tht lr carbonat•d condit l on 1 th•Y usually nttd 

may result in lndu•try proct•s and circuits. 

Finally th• high vuln•rablllty of this aquifer to 



contamination and th• n••d of an eff•ctlve prot•ctlon of th• 

oround-,,.,at•r bas•d an • pr-event Iv• str-ateoy fr-om a suf table 

ar-r-ano•rn•nt of th• t•r-r-1 tor-y should b• under I lned . 
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A SEDIMENTAL STUDY OF DETRITAL MATERIALS IN THE HAYAL DE PONATA S YS TEM, 
SIERRA SAL VADA, NORTH SPAIN 

PINE DO, Rober to 

RES~EN 

La S1•rra S•lvada se tncutntra s1 tuada al N.J, d• la 

prov1ncla dt Aiava <Nort• dt Espa1h,) )' tst& constitu1da por 

c al iza• y dolomias d• ed&d Coniacitnst. L& s1ma dtl Ha.yal de 

Pon ah, con 40 Km. dt gal tr I as con st i tuyt t I pr Inc I p a I con due to de 

drtnaJt subhrrinto d• la Sltrra. Los rtsultadot. dt los an'-1 is1s 

std1mtntol6oicos y mintra.l601cos han dtmostrado la tx1shnc1a 

dt dos fasts tvolutluas bltn diftrtnc,ad .. s, rtprtstntadas por; 

un con Jun to 

••oundo nlvtl d• menor oranulometr(a, Ent-sh a.rticulo •• anal i

za la ua.rlaci6n dt ta.Its conJuntos en un tramo dt la sima. 

GEOLOGICAL SETT I NO 

Since a llthologlca.l vltwpolnt this Ranot is pu·t of tht SublJana 

l lmestont formation dating from the upp•r-medlum Conia.cien, with 

oyer on of a.bout 20 sq. km, The I I tho I OOY is 

th• pres.enc• of detrlh.1 quarz , plrlh er-Isla.ls .1.nd .t.UtlQ•nlc 

Ql.t.uconlte as chert nodes o f varyino dimension. 

Tectonlca.lt y this region is l oc&ted between the bls.cay&n 

an t i cl lnorlum and the Hlr•nd& sync I lne, formlno a monocl lnal •re.a 

of slfoht dip <109 S) , The direction of the packet coinciding 

wl th the t.tf"•at s.tructures. of the 8&sque-Cantabrl.1.n basin Is 

Nt OO-t 3,9E. Joints are t h • most outstanding structur•I fea t ure. 

Pie. l 
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Sl.tt1ARY 

S1•rr• Salvada 1s loca.t•d a.t N.J, of th, Aiav a province 

<North•rn lb•r i •n peninsula) a.nd is constituhd by 1 ,mestont$ a.nd 

dolom,t•s of con1a.c1en <I.Qt, The HAYAL DE PCNiATA SYSTEM , wi t h & 

ga.l lery length of up 40 kl lomehrs. 1s th• ma,n draynaoe chiinn•I 

o f the range. The rtsut ts obta1nntd f rom sedimentolo91c a.nd m1-

nera.lo91c ana.lyses indicate the existence of two well d1s

t1nou1shed evolutive stages, repr•senta.ted by : • basa l 

conglom•r•hd ens•mble over la.y•d b y an upper un,t with a sm•ller 

gra1n-s1z•. In this work, t he variations of such two ensembles ,s 

ana.lyz•d 1n .a. pass .a.oe of the system. 

dispos i tion of th• intern.1I karstlc apparatus. 

I , CIWE HORPHOLOOY 

m. and a. drop at about 400 m. Up to now thre• entrances have be•n 

found, two In the area &round the head of the head of the 

principal ri ver and one •round Its ffilddle area. The S-Yshm show a 

great morphological variety, from meander-forms to sections In pin 

form In the h I ghest a.re.as. , 

prop or t Ions < 20 ,c 30 m. > • One pa.rt of the total deve I opm•n t 

has • subterr11nea.n riv•r wl th a 1ow water at 10 1/s , The ar•a 

wl th the he11d of this river .and th• ••dlmen tsma.k• up h.anglng 

t..-•rac•• • st tuat ed at 11ppro>clmately 4 m, abov• th• level of the 

galleries adJ11cent to the principals system. 

3. OETRITAL SEOIHENTATI~ 

In carrying out this study 93 samples. w•r• taken from the 

S-YS-hm and S-ubml t hd to granu lom•trlc and RX diffrac t ion 

The caracterlstlc detrltal hv•I• of this. cavity .area 

Botton Otposlts. ConS-ls.tino ••••ntla.lly of congl omerat e• of a 

typically 11utoctonous. calcareous composition. 

lesser quantities of Iron nodu l ••• calcite boulders coming 

from th• fr•~•nentatlon of previous spe l eoth•m•, as. w•l1 a• 

Inferior or.anulome t ry(mlcroconolom~rat•• • sands or pebbles wl th 

mud-syppor t s true tur•), the result of the ml ora t I on of tho 



Ll TOP SANOS 

~ BOTTON DEPOSITS 

1111 B.D. IIICROCONOLOIIERATES 

ffiJ B.O. SANOS 

~ SPELEOTHEIIS 

(B) 

---------~ ----------1········ .::::· --
:::::::- -------=--- -

---------/,-- ---
/ /-----,,-

i...e:==->--· 
(A) 

principal channel from the sediment level or b•ca.us e of tho 

formation of curr•n t structures, such a.s ripples,para.lhl 

m•Y bf composed of up to 40% of iron nodules, Anoth•r of the 

ca.ra.cteristic structures is the imbrication of- cantos-, which 

indicates a. flow direction concorda.nt whit the present . On 

occasion , these sotton deposits a.re cemented whit a thin sheet of 

carbonate. 

Top Sands. The average granu 1 ome try is sand and grave 1 gr a.de. 

As reo.t.rds the composl tion, It diff.r•s from th• Bot-ton----0..pe-s-tt~ 

In the geahr abund•nce of grains of quarz, in the ab-.ence of 

Iron nodul•s and in the presence of thin needles of gypsu'!'. The 

th I cl<ness Is never more than 30 cm. as di -st inc t from the 

bot ton depo•i ts which c1.n extend up to 200 cm, 

In th• highest part of the princlp1.I axis of the $yshm < the 

head of the prlnclp1.I r-lv.r·) the botton deposits are laid on a. 

rest of th• cavity. 1n th• same Wf.Y, there f.r• b•d s of lesser 

relevance among the bot ton d•posi ts, b•tter conserved than the 

On oth•r hand, b•twe•n the basal l•vel and that of th• top 

thtr-e Isa lack of conformltywhlch c t e.a.ry llmlt<aone stack 

fr-om anoth•r. 

3 . 2 Form and dl$tr-lbutlon of th• particles 

ln general, grain-size Is r•lated with the form of 

partlcl••· so , the biooe•t particles, a.lwa.ys of a calcareou-. 

cha.racter, show a tow spheric I ty (squased forms) and a hlgt 

degree of rcundn•ss: on the contrary, as the grain-size deer-ease 

1 both sph•rlci ty •nd •noul•rl ty Iner•••• · 

The sh•p• of the blgest cl•st (squa•hed) Is condl tioned by 

the Jointed network of the R•noe, We find lnl t l&I blocks in the 

form of match boxes, the edges of which rapidly wear off 

during transporta.tlon. As distinct fromthe••• the Mnallest 

monocrlstaline particles. have Initially a more rounded for-m a.nd 

co,n. from a sourc• closer to the ca.vlty , The ch•rt gra.ins found 
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(C) 

The bl o 1 imestone c I a.st 

provoked by the action of Ice In the ext er I or of the Range. 

into the 

the close re lat ion between the head, the median and the sorting. 

both tor the bot ton deposl ts and for the top sands . 

Sk•wn•ss valuts a.re fairly con5tant ( between -0,5 an'd 0.25 

phi) and Kur-tosls <b•tw•en 0.20 and 0.35 phi). 

4. STAGES IN THE EVOLUTION OF THE SYSTEt1. 

The evolu tion of the Hayal de Pana.ta S1-. tem falls into 

preferential conduct of the dralnag• ior the zone, first by 

m•ans or forced, and later .fr•• circulation, which gave rise to 

Just the typ• of morphology that w• see today , At a second stag• 

the basal bed was formed, ln It we f ind som• limestone P•bbles, 

iron and chert nodu I es wh I ch are qu I te rounded and are proba.&I y 

the rtmains of the previous stag,. On this bed 1 aft•r the erosion 

bot ton deposits •r• laid. Th••• are 

characterlstd by an alttrna.tlon In different tpisodts , some In 

which mechanical trosion Is dominant and others In which chemical 

erosion dominates, This fact is supported by the presence of , 

9reahr perc•ntao• of iron nodules at c•rtain ltvels , I. •· of 

inso luble limes ton• products , On certain occasions this stage Is 

cementtd with • thin coat of colada 1 never greater than 2 nm. 

This Is followed by th• s.•dlmentatlon of the top sand deposits , 

characteristic of a calm current. This l•tttr d•trl tal 

s•dimentatlon Is foll01,r,,11d by the next to presen l•yer In which 

both coladas a.nd cl•s.tlc sedimentation are p,-.oduced, d•pendlno on 

the sptclfic place. 



not been possible up to now. 

5.CONCLUSIONS. 

Ponata Systtm lead to the followlno conclusions: 

<BOROZKA tt a.I , 1983) , both as rtoards orain-sizt and a.s reoards 

th• structurt of th• s•dimtnts such as ripples, dune s And 

lmbr icat ion. 

b.- Tht source of th• ••dlmtnt m1,ttr-ial is t wofold1 on, 

consist ing of fr-agments of calcu·tous btds or gypsum ntedlts . 

c.- tt is possiblt to dlftrenclatt t wo difftrtnt typts of 

chtmical stdlmtnt, an Initial carbonated typt and a lat,r gypsum 
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columns, i t Is pos9.ibh to glYt a rtlat lvt dating for tht ch.ino•• 

that havt t aktn plact In tht Sisttm. Roughly sptakln9 thtse ar• 

thret: th• open i no of a dra i na.o• cha.n• 1 in the a.rt a, th• 

stdlmtntat ion of the bot ton dtposi ts accomp.in i td by carbonattd 

prtcipitation and tht sedimentation of tht top sands a.ccompanltd 

b y OYP-SUm prtcipltation. 
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INVES·TIGATION ON THE OLD V ARIA TIO NS OF THE CLIMATE AND SOLAR ACTIVITY 
BY A NEW METHOD - LLMZA OF CA VE FLOWSTONE FROM BULGARIA 

SH OPOV, ravor - DERMBNDJIEV, Vlad1m1r - BUYX:LJEV, Georgy 

fU.oa-oz.onlli,r ot luaineac■nc• of flawet.onaa la th• obJact of 

1awaaUgaUona -11.h LH■r Lu■in .. cant flicroa.onel Analya1a (UJU:A). 

A urz.alaUon ia foYid IN'-'taan th• inbnait.y of I.ha ring■ of luai

n■acance of th■ cava rlowatonaa end th■ aolar acUvi\.y durina the 

fonaUon or corca■ponding la.yu or tha tlo.,.t.ona. Ma ■uv.aa-U \hat 

I.ha int■n■it.y of l~in■acwica of •ina,a 1n flMfat4ftaa can be ue■d aa 

appcopriaU indirect index of aolu acUvity. It waa otJ\.einad U■a 

aad.aa ot thh ind■x doua'\warda \.o 25000 y■ara (wi\h ra■oluUen to 

yaara) in which llalM"ld• -,d Spo■ru lliniaa. ■a■ ■■■nL A UN ■aria■ 

of thia index do-,\larda to 8000 yaar■ ••• obt.ein■d wit.h a H■olu

Uon about 2 ■ontha inda.p■ndant or what Uta abaoluta a.a• of \ha 

zona 1■• Tha pDlll■r ap■cU:al enalyai■ or a per\. at thie U•• ••riH 

•howe per.iode ot 1 • 11-u and 2A r•er• aolar eoU.vity oycl••• Lea

u•r pei:iod• ai:a ■lao ••en• A U• · ••riea at \he 1.nd•• vi\h • r.■eo

lution or 3 deya ( 150 px/e) wee o"-ainad in which tha ••••on c:yelici

ty end th• aolal' ecUvu., ,.•rieUona c:an be Uaced. 

1 NTROOVCTKlN 

The Laeer Luminescent Analysis of Speleothems wae proposed 

as a method for investigation of mineral forming conditions in 

(1.21 .The VJsuaJ Luminescence ~nalya:i:, woo u:scd in (3) a.o a. method 

for 1nvestigat.ions of climate changes during Quaternary. But those 

methods have a resolution which is insufficient to clarify the cy

clisity of the short-time variations of the climate and solar ac

tivity (SA) which have caused them.For this purpose woe proposed 

the method Loser Luminescent MicroZonal Analysis (LLMZA) with very 

hight resolution (41 ,whi ch was applied in the present work. 

The luminescence of the calcite spe leothems is activated 

mainly by molecular admixtures 13.5). which are introduced by 

dissolving from ploing soils and sediments.Principal role in their 

dissolving is ployed by organic acids and the soi l CO2 ol l of them 

products of the life processes in plants {6) .which are determined 

from the solar activity (71. Thi s quantity depends strongly o n the 

solar activity and determines intensity of luminescence of the 

rings in spe leothems. There fore. curves ot changes of the intenei ty 

o f luminescence of flows tones along the axis of their growth 

present curves of changes of the SA versus the age of rings in the 

flowstone .Vt to now exist information for cycles of solar activity 

from direct measurements for 240 years and dota from 

dendrochronology from 7400 years ago wi th resolution 1 yr. After 

cal ibrotion with thie data. the method can be used for obtaining 

such informatioi:' with higher resolution (up to 3daye) from UP to 

several mi 1 ions years ago (the age of the oldest flow-stones). The 

experimental set-up used (scheme 1) is presented in (4) . 

The aim of this work is to study a new indirect index of the 

solar activity- the Intensity of Luminescence of the Microzones of 

Cave Flowstones. A time serio of this index can be obtained tor a 

long period with high resolution(up to 125 px/yr). which al lows re-

search of either long or short time minima and maxima of the SA 

and general statistical conformities of the cyclicity of the S_A 

(for which there are no time serio with sufficiently duration and 

good resolution). 

11 Cvcucffv OF Tl£ SoLAR AC TMTY 

The main cycle of t he SA. which waa found as cyc le of aun 

spots number. is 11-annual cycle. It ia named solar cycle.because 

it le habl tua 1 for a 11 phenomena of tho SA I 14) . All indexes o f tho 

solar activity which affect on the frequency ot solar phenOCDeno 

show 11-annuol cycle. Jndexee of the solar activity which characte-
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HCC.nE)t:)BAHHR )lPEBHHI HSIIJll!EHl!H K.'IHMATA H COJIIE'IJIOII AKTIIBROCTH 

HOBlll! IIETO)lOII .;-IAIISA llEllll!PHIIJ: HATBKOB. 

IIOnOB R~°" JIEPIIEll,IIIHEB x B•an-v,n 60IJKJ!IIEI' ~ ren""' 
' ' /C0Ar1t-p~11/ ' 

YJnm030HRJIJ.1,fOCTlt n,VWll'ecnePoJfW PRTelfOB IIB•IUtTCR of't1teP'TO'I 
wcc.11e•ouffJ1U1w .naaspH11w Jmww11ecu,eHTH■M Ns1tpo3oHa.a•a■w: AHa.a•aow 
/JllaM.SA/. Ha•.l,eaa xoppe.UUlHII w.ea.-..v HHTeHIKTe'fOM IOH JlllllOIHecneK 
~-· ne.epHYX R&TeKOB a CO.IHeqeoa &XT■BHOC~K BO •peNII o6paaoaa 
HBII COOTBeTROro C.11011 H&Texa. 'fH DpeA•o••.a• ■cno.a•aoaaT• •HT8R 
311Te1' .unmHecueHitaB aoH 8 Hatexax Kalt nOAXOA.1101 BR.l■P8Jt'fR■I 

■RAexc COJIHeQHOI &XT■BHOCT■• no.Q'qeaa apeweBRU cepBII •Toro 
■H.texca AO 25000 ~eT Ha:ta.t /c paapeaenew 10 .11eT/ a xoTopol 

BX.tH• MayeHAepoaa l ■ mabopepoa■I 1111uxwyw. no.ayqeHa apewe&RU: 
cepR11 aToro ■B.texca AO 8000 .aeT aaaa,l c paapeaea■ew: 2 wec.1111.a 

Heaaa&CMNO OT 803p8CTH 30H. qacTOTHO-apeweeR■• &Jta.1111 ~&CTR 
oToA apeweeHoil cepH■ noxaaw:aamT nep■op 1, 11-12 ■ 2 4 .11eTawx 
Q■X.108 co.aeeqeo• 8XTXBBOCTM. PerHCTpapys>TCR B ,l.ORROBpeweR

HKe nepao.ta. OoiyqeHa apeweRHa11 cepHR oToro ■a.teKca c paape
■ea•ew 3 AHII /150 TOQeX a TOA/ a KOTOpOI BM.lHW Ce30HB119 aa
p2&1UIK X.UU&a.Ta B COJIHe~aoa &XTltBHOCTH . 

rize power ot the solar phenomena have double-peak.strongly 

deformed cyclic structure {151. 

The discovery ot the law of the changing o f the polarity of 

the magnetic fields ot the spots (16) allows physical interpreta

tion of 22-yeora cycle.At transition of one 11-years cycle to the 

next.polarity of leading spots in the group in both hemispheres ot 

the sun changes its sign. 

The secular cycle was determined by (171 . Accordingly (18) 

its mean duration is 79 years. in the boundaries between 30 and 120 

years and is always multiple to 11-annual cycle.but not always to 

22-annual. 

Hypotesia of existance of double secular (189-yra) cycle was 

proposed by 1191 .The possibility tor existance ot cycle with 

period ot fifteen 11- annual cyc les (165 yrs) was shown by (20). 

Schove 112) confirmed this long cycle and discovered h igh a ctivity 

in even centuries and low in odd.A cycle with duration ot 600 yrs 

was determined (not very surely) on the base ot Schove 'a time 

series and on eome characteristics ot 11-annual cycle 121.22).lts 

probable mean duration is 554 yrs (12). 

It is difficult to determine convincingly exietance ot cycle 

ot some centures only on the base of the data tor the SA. which is 

measured on ly since 240 years.But using this cycles tor prognosis 

19.23] is very successful. 

Long cycles o f 600.900 and more years waa confidently deter

mined on the base of indirect Indexes o f tho SA 124. 25. 261. 

2. Tl£ ZONAUTY OF L~SCENCE OF CAVE fLOWSTONES AS INDEX OF 

TI£ SoLAR ACTIVITY 

The method LLMZA and some its appl ica.tions ore given in (4 .. 

8) . Molecular admixtures in the flowstone luminesce at Laser 

irradiation of its polished section (scheme 1) . If the growth r ote 

of the flowstone is known .. the curve of intensity of its l uminesce

nce in dependence o f the distance from the surface wi 11 presen t a 

time series of the zona lity of its luminescence.The time serio 

obtained are result ot SA and Poleoclimatic variations.The 

intensity of the l uminescence is determined mainly from the 

SA.because luminescent centres in tloWBtones are formed mainly on 

action ot the solar radiation (4) penetrated through the earth 

atmosphere. Quantity of thia radiation is strongly and directly 

corre lated with the solar activity . The Paleoclimate determines 

mainly the width of the zones.After formation o t the corresponding 



zone it is &a.fed from furth,!r actions and safes information for 

the SA during its forma.ti,,n. Jt is confirmed by the series wilh 

1 "':lolution of 5 PX/yr which show wel 1 pronounced 11-yrs cycles 

(f19.l) by which form can be obtained general prvpert1e~ of the 

ll-yrs c ycle of the SA.This can be better seen at places with 

highest dynamics of the intensjty of luminescence.As can be seen 

l n fig. 1 i ncreae i ng part o f 11-years r,eak is shorter than the 

,7.ar1easing: a critical point exists in the increeising part and 

<'YCles with highPr maxirwi are shorter. Other known properties of 
th.,. ~olrn cycl,. (4.91 can be s-een too. 

Examples of time S':!:ria of the zonal jty of luminescence with 

resvlution of 125 px/y1 ffig.2}.4.7yr/px(f1g.J} .J.lnd 9.3 yr/px(f.4) 

ar~ shown.Density of blackening of the emulsion of the negative. 

which is proportiontd to the intensity of luminescence is placed 

on the axis of ordinates. and the nwnber of the measurements (p1 -

xels. by which can be d13:term1ned age. because distance from the 

eurface is proportional tc, the age of the flowstones and 1 pixel 

is a time step of the series) is placed on the abc1ssa axis.Al I 

t 1me seria a1 ~ vbta1ned from a caw• flowstone from Bulgaria. 

2. t SPECTRAL ANALYSIS or TIME SERIA or LUMINESCENT ZONAUTV. 

To determine the periods of this climatic changes reliably 

"lnd W"tl'l t:1.;: p1·,"":per slat1stl.cal accmracy,we regard the series of 

image ,\er,..i;ity estin1at,..s 11ei ,. time SPries (time dependent process) 

,1111 1:se •h,.. mt>ft,011s of rnatht?'rMtical spectro.1 analysis.The normali

z..-i ~n,o-)lh•d ~etinl6.tes of the spectral density are c alculated ac
,...'11. :1:,g t.,· the formula: 

S(vl•U(l+ZI:~=~ r(k}w(k}cca-"~!L 6). v•0.1. .... F (1) 

wh➔re rn-..1 i9 dUt-hor-orrelatk•~ functl.on.w(k)- the spec-tral window. 

t\-diacret- 1::td i•)n step. L- r:-ut- .,Cf point. F 1s a number being 2-3 

tirr,e!=': 9c'"l:'all",~r th'!n L. and v the fr;a.quency (irt Hoi:rtz) .Th~ inverse 

, .. g-ivP.s ttn est- i,,i~te fvr lh"l period T- of the pei iOOic process. We 

hav~ us~d l,i' B~1t:if'tl 3 spe.:t1ai window: 

1- ls. . -,, k < L 
W{k ,- ( I - - (2) 

O. k > L 

which is a I-'• ..:,pe1 window hc.,ing c-c.nfflt)n)y use,t in Slmi lar research. 

Fig 7 ,~hc,wH thF- $p~c-trwn r.orrPspond1ng to the SC'"1n shown in 

F'1g.9. It 1s 5..-1-n from th.:,t figure that the maxtm.31 value of t;h,:, 

spe.-·tti\l d~ns1~y 1i:t abc,uth z~ro and .. he ~ongest fr~quencei:1. which 

c-orre!!ir-,-.nr;~ t,;. very larg.,. p~1·.ods. nvt acc-uratt-lY determ1nable at 

: : "'" --tu.,nt 1zt1L 1,.,r, step ch<,R~n (5 px/yr .,,t L•300l. Ther ~ ca.n be seen 

also lwo n11cl1 1 ·,r.g~1 pe,aks <1t 120 px (•24 yrs) and 60 px (-12 yrs) 

in .:,rd~r to 1nvest1gate still shvrt,..1 peric,dicities. we ho.ve fil

terei tl,e s,:,u1ce timo: series using a high-frequencies f1lter.name

iy t: .... t ,:.,f th"' first differences: 

Yi-xi-xi- 1 (3) 

The resultant spectrum is shown 1n Fig.8. 

71is latter. r~sult 1s rather interesting. It shows that we 

can r-?liably determine the annual rings in the SdlllPle using the 

i,n;,pos~d meth,xi at euch magnificance 141. 

Th'! splitting-a of the 11-ainnual S~ peak. observed in Fig.3. 

arf: due to U ,e availability of btnar. singular-. three- and four

cyclic 11-years cycles with different length [41. 

The time series from fig.3 hae duration of 8000 yrs and 

resolution 5 yrs/px.As it is seen (fig.3) this index is 1n 

-,,n;: H"OI 1·~iat 1,.Jn with the index •·rate v f increasing of 14c '' and in 

d1rect correlation with the SA.as in thermolumineecent time seria 

of sea e'?diment cores (28.29).but with possibilities for higher 

t .;~olut ion {8). tn this time se1-11?-s cain be seen very good long mi

nima of Maunder and Spoerer. Medieval maximum and others. The 

F-ower spectra Cfig .5.a .b) of timt? series from fig.3 shows cycles 

with periods of 1180.590,425.310 and 22 years. 

Power spectra from fig.6,7.8 demonstrate possibilities of 

the time eeria of luminescent zonal i ty for research of long and 

short time cyclis1ty o f the SA.The spectra from fig.6.a.b was 

obtained for a time series with duration 35000 years (fig.4) and 

r"soJution 9.34yre/px. It shows convincingly the reality of cycl i

c1ty will, penr,ds of 55.95,180,275.390.550.930.1170, 2340 and 3350 

years. For ex1stance of some of th~m there ore data 1n time seria 

,.,f •..ther 1r1d1rect indexes too 124.251. 

Ana 1 ys is of the thermo I umi nescence of the recent sediment 

cores shown fc,ur mc,in periods: 137.7: 59: 12.06: and 10.08 yrs. 

Accc,rdingly to f28J the beating of the too high-frequency 

cnmponents pr<,d,uce modulated wavetrain with carrier wave 11.4 yrs 

and amplitude modulation with period 206 y_rs. Periods o f 24. 12 

r13.'3: 10.4 .and 8.8). 1 and 2 yrs were determined by power spectra 

((19.7.8) of time ser1a wHh 5 px/yr (f19.9). and o.5,1 and 2 yrs 

1n power spectrum (flg.10) of time seria with 125 px/yr (fig.2). 
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2.2. FLOWSTONES fOR LLMZA INVESllOATIONS 

Most suitable for dating by this method are the calcite po

i y1;r 1st a 1 ine spe leot hem'3 hav1 ng strong I y prC\nounced zonal 1 tY of 

th1:1r lumine9r:enc<? Best results are obtained from flowstones from 

the l-""IC••J."tesl to the surface parts of tt,e caves with c.\Ct1ve air ex

ch.,119~.her411e;~ climatic variations influence mostly on them. In 

SF-~:iaoth-ecns from big depth only 350 years cycles of the solar ac

t iv1ty and sl,:,w climat 1c variations could be traced.because clima

tic variations in depth are small and influence very weak on the 

! 1 owstone growth ( 4 l . The syng le crysta I • the macrocrysta I . the lake 

and aragonite spelettthems are not suitable for the mt>thod for the 

st\me reasons.Fl c-wston~!5 with admixtures of luminescent metal 1ons 

,. ... 190 

FJG.1. LLMZA. curve with l'<t"!'IOlut 1c,n 2. 4 n.onths (5 px/yr) obtained 

fr.-.,,1l photo 1. 

FIG.2. LLMZA cu,·v.; of the sec,son clin.at1c variations with resolu

t inn "l ,-!•W!" ( 125 px/yr) (8). 

.,, 
.. ~ 

FiG.3. Curves of SA:-a.Lum1nescent curve 181. b-Persistent 14c de

viations by (27) .c.-interpretation of (b) as SA envelope (of sun

srol cy,-lel.T-me-,n annual temperature in £ng l and.w-W1nter severity 

index 1n London.G
1 

-times o f advance and retreat of Alpine Glaciers 

G
2
- san1~ f,:.,1 w•)r lJwj~e !:Jluicier fluctuations. 

(Mn
2
+. Sn

2
+ and rare earth elements ions) are not suitable for 

application o f this method.but they are exceptional lY rare in 

spe l eothems. because they lumineece only in hydrothermal calcite 

(51.Calcite with luminescence of uranil ion are also not 

suitable.Therefore it is necessary to indentify the spectra of 

luminescence of the sample according to (2,3,5) .before applying 

this method.Taking in account.that the period of cyclicity of the 

solar act1vity is constant if the growth of the formation has been 

persistent from a certain period till now.this method can be used 

as method for dating from the number of rings due to cycles of the 

same type (as the dendrochronology) in this interval .However the 

accuracy of such dating is yeair. independent from the 

aige. Interruptions of the growth reflect in the curves as sharp 

places in the intensity of the lwninescence of the sample(4J 

3. CONCLUSIONS 

Created method can be used for investigation of Climatic and 

Solar- Activity Changes during Quaternary with high resolution (up 

to 3 days} and ae method for dating of flowstones w1th accuracy of 

1 year.This metho<l aillow preparation of time seria with different 

step 6t (time resolution) .M1nimal obtained til 1 now step is 125 

px/yr (less than 3 days) .This resolution 1s unattainable for other 

applicable 1n caves methods.Another advantage of the method is 

that it do not need big quantities of matherial from the flowstone 

Cycles of the Solar Activity with periods of 0.5: 1.2.11-12. 

22. 55. 95. 180. JOO. 400. 600. 900. 1200. 2300 and 3350 years are 

determined by LLMZA of Cave Flowstone. 
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t INTROOUC'TION 

Visual Luminescent Analysis (VLA) is the most coa:monly used 

in caves method (1) . But accordingly to the most perfect monography 
of luminescence (L) of minerals (21. almost al l data which can be 

studed with this method were obtained 30 yers ago in [31 .when se

veral ten thousants mineral samples from nearly al 1 mineral depo

sits of the world has been investigated. 

Some disadvantages of this method a re. that: 

-obtained data are subjective (they are not measured with appa

ratus) 

-determination of the activators of the luminescence is not pos

sible. AttemP.tB to determine activators of the luminescence with 

VLA and chemical analysis leads to erroneous results.The s tatement 

that Sr causes violet luminescence of carbonates and Cu- ca.uses 

pale-green and blue luminescence of calcite and aragonite quoted 

in (41 are mistaken.because Sr-ions have not electron transitions 

in visible region and can not activate the luminescence of the car 

bonates,but Cu is known as quencher of luminescence of cations (21 

Cu2+ can excite only infrared luminescence o f some sulphides. 

Slacik 15) has u s ed simple apparatus with registration of 

total emitted light by photo cell with galvanometer. for quantita

tive evaluation of the intensity of luminescence at VLA (due to 

absence of necessary apparata). 

The investigations o f the spectra of luminescence according

ly to (21 reveals new possibilitie s for luminescent research in 

mineralogy:- for determination of the character of isomorphic sub

stitution. the structural characteristics of the admixtures and de

fect centres and the typomorphycal peculiarity of minerals. 

The conventional Luminescent Spectral Analysis (I.SA) of mi

nerals (2,6I needs expensive and complicated apparata and high-

qualified spectroscopist. therefore it can be used only in large 

spectral laboratories. Therefore it has limited app 1 ication in the 

Speleology. The lum.inescence of cave minerals (CM) of Caco3 at exi

tation with electron beem 171 . N2- LASER (8.9). Xe and Ilg-lamp (10. 

11) ie measured with LSA. A disadvantage of this method is that it 

ie destructive method and gives total spectra of luminescence of 

all sample and is inapplicable for research of fine mixed aggrega

tes as moonmi lk. 
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OCHOBH II CTPYJ<TYPA lffllt)lYIIAPO,aHOl! ItPOrPAr.!KII " JllY.,'JlllECUEIIUllll 

IIIIJIEPAJIOB nEIIU!P• J<O~Cc:1111 WS11KO-DIIIIIII II l'IIJl.POrronor1111 DIC. 

lll>nOB, IIBOp 

/Bo~rapu/ 

Paapa60TaHR 3 HOBlle CR811K8 .. bR■e weTOAM H ~ Me'fOAIIKH .l.J.11 BC
c•e.lOB8Blfll &NBHecu,eHIUIB ne•epRtilX MJlHepa.aOB. OnacaHB OCHOIIB 
Mea.-yaapO.lHOI nporpallMII "bWJ1RecueR~11 ne•epelOC VBRepa~o11 

wapa" • wexaHaaw ee pa60TH. 
JlOCTOIBCTB&MX nporpa1nn1 1111 .. 11.l)TCJI B031W.OS&OCTR ,l.JIIJ: 

- aerxoro HeAeCTPYKTMBROro no.wyqe■Hll o6beKT2BROI XHcf)opwa
u■w O IOlnep&•bROII COCT&ae II .JIDM11BecueHUJIB BTOP~QRRX oOpatCHI 

11aol ae•ep. 

- aerxoro coO■paHM BR4)oplil3Ullll o ne•apHY% a:Hepa.a:oa ■ yc
•011e11x ax 06paaoaaa■11 a ue•epa.x ue•oro wapa ■e1taa.D1t'RU111PO

aaeuu ne•epnxaWK. 
- aerxoro .lOCTyna .a:1)6oao cneaeoaora K AOporgA a c.a:osaol 

annapaType. 
fiOK&S&HH npK.JIOS8'RHft GTOll nporpava,m A.all no_.yqeHHII npHRUB

n■a.a•ao eoaoa su4M>pwa[1Jla a 06.aacTH reo.a:orn, 1taaepaaorHa, 

naaeOKAHMaTO.JIOraa, 8CTpO~H3HKB H taaHKR. 
nolt&S&HB coapeweauoe COCTOIIRBe. nepcneKTKBB BCCAeAOBaHHM 

imlOIHecneeCUtH ne•epaw:x MBRepaaoe. 

Convent iona 1 method for photography of luminescence CPL} is 

not adaptable for photography in caves .because it needs long expo

sition time (30-60 min} and a permanent electric sourse.The main 

disadvantage of this method is.that it always distores the colour 

of luminescence.because it is impossible to choose a pair filters 

which can absorb whole emi ss i on of the W-lamp,without to absorb 

luminescence of the sample. Some photographers even don't use fil 

ters at al 1 to absorb lamp emission. thus producing UV photos (as 

that shown in (41) instead photos of fluorescence. 

2.SPECIAL SPELEOLOGICAL METHODS ANO METHOOICS FOR 

LUMINESCENT RES£ARCH 
Described conventional methods and methodics for research 

of luminescence of minerals are proposed for work in laboratory 

conditions and are not adapted especially for the speleothems and 

for work in caves. This facts compel ed the collective of sect ion 

speleology of Sofia University to elaborate 3 methods (table 1 ) ,4 

methodics (tabl e 2) for research of speleothems and 3 apparata for 

their using directly in caves.They allows considerable enlargement 

of kinds and quality of the obtainable information and decrease to 

minimum of quantity of the samples necessary for laboratory measu

rements. 
The most simple method for luminescent research.which can be 

used by every caver is IPP. 51 ides obtained by using this method 

can be developed by CSS for preparation of spectra of phosphores

cence.CSS method was elaborated for determination of s pectra of 

quick processes in astrophysics and spectraphysics. In speleology 

CSS ts applied for preparation of spectra of diffuse reflectance 

and luminescence (at developing of slides obtained by IPL method) 

(18). It is intended for research of wide lines spectra.such as the 

luminescence of all speleothems formed at normal cave conditions 

(at temperature below 40° C). Only the L of the rare earth ions 

(which is observed exceptionally rare in the caves and occure only 

in some hydrothermal minerals as the fluorite) have sharp lines. 

which are broadened by the slide emulsion and are not reproduced 

realy at CSS. 

This methods are foundations of the International Prograirme 

tor research of "Ltainescence ot Cave Minerals of" t.he World" of 



the Cvrrvniss1,,n Qf Physical Chemistry and Hydrogeology of U I S. 

The ain, uf this prll~ramoe i.o: th~ dlc\bvtation vf a sy~tem for 

n,:,11-,J~struct ive expr?.s s diagnost 1cs of the Luminescent Cave Mine

rals with LSPA.by photographing its luminescence with IPP and ob

t.Jining the spectt·a with CSS.The determination of the spectra of L 

of all luminesc-ent CM (which is the object o f this progran'llle) is 

11ecessary for this purpose .Thd LLMZA invest igat 1ons are object of 

this prograrrwne too. 

Advantages of th1s pragrarrme are possibilities for: 

-e,1sy nvn-dest1·uct ive determina.t ion of objective infonnotion for 

mineral composition and huninescence of speleothems. 

- ~asy r◊l lo?ction of information for CM and conditions of its 

format ion 1n caves around the world from non-skilled cavers and 

central development of the information w1th standartized technics. 

-easy acCJ!SS of every speleologist to expensive and complicated 

anal yt 1 ca 1 methods. 

3.STRUCTUR£ OF THE PROGRAMME 

First stage of the Prograrrme is the preparation of s1 ides of 

phosphorescence (P) o f the CM (with IPP) in the caves. Every caver 

can partic ipate in this stage, if he prepares slides of phosphores

cence of speleothems (accordingly to applied instruction for IPP) 

dire:_tly in caves.Determination of typomorphic types o f luminesce

nce the of CM in caves wi 11 be produced. 

Second stage- l .Spectral development of slides by CSS method 

-2. lndentification of obtained spectra by comparison wi th known 

spectra of luminescence. 
-3.Receiving of sample of the mineral from the author. if the 

spectrum isn 't known.Preparation of spectra of luminescence of the 

CM with different excitation and ESR spectra for determination of 

the luminescent centre. 
-4.Perfect phase d iagnostics of the mineral with X-ra.y diffrac

tion and OTA. DTG and TG analysis. Al 1 data obtained from the 

samples sended from the speleologists will be mailed to them and 

they can publ i she it with the he 1 p of the Leader of the Prograame. 

-5.Laboratory investigations on the changes of mineral forming 

cond itions, climate and solar activity with LLMZA will be produced 

paral lely. 
Third stage- 1.Preparation of " Atlas of Luminescence of Cave 

Minerals" (similar to [61) for diagnostics of CM with LSPA. 

-2. Edit ion of the book "Luminescence of Cave Miner a 1 s of the 

World" including this Atlas.This book will containe Search Manual 

for diagnostics of cave minerals and reviews o f investigations o f 

the luminescence of the CM. In this book al 1 materials wi 11 be 

clearly refered to their authors. 

4. CoNcl.USIONS 
It is known that 49 from the 225 known CM tuminesce in the 

mines. but 1 uminescence of only 14 CM is observed in caves unti 11 

now.The determination of the luminescence spectra o f al 1 lumines

cent CM is necessary for the aim o f this Progranme. Therefore par

ticipation of as much as possible speleologists from al 1 countries 

o f the world in this Prograrrme is desirable. It is especially impor 

tant for countries where this minerals have already been observed: 

- USA.South Africa. Australia. Italy and USSR. 
Application of IPL and LSPA al lowed to detennine one New 

Mineral. finding of which by an1/ other method was impossible {111. 

Therefore probably some new minerals wi 11 be found in result of 

this programne. 

5. SPECTRA OF LUMNESCENCE OF CAVE MINERALS 

Minerals are not pure chemical substances and containe many 

admixtures.Usually some ions activate luminescence of the sample 

and the measured spectrum is a sum of the spectra of two or more 

ions.At excitation with UV-la.mps,flashes,X-./3- or y rays all this 

ions in the mineral 1 urninesce. To determine the spectra of l umines

cence o f each ion monochromatic exciting light is necessary. It ca.n 

be obtained with double monochromator.or better with LASER (8,9.10 

111 .At First spectra of excitation of the CM must be prepared us

ing an exciting monochromator with standart UV- lamp.The sample 

must be excited with monochromatic light in its different bands of 

excitation.If this bands are due to different ions different spec

tra of L will be obtained (table 3). Some ions can luminesce at 

concentrations up to 10-5% in the mineral. The determination of ac

tivating cations can be made by comparison of £SR and luminescent 

spectra of t he ion in the sample (11]. Comparison with known data 

for electron levels of the ion in crystal field with the same sym

metry is applicable too.Activating cations can also be determined 

by synthes1s of mineral with admixture of investigated ion and 
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d.-!t~i·mination of its spectra of luminescence [111. 

Luminescence is the property of the CM most sens1t1ve to the 

conditions of mineral forming (2) .Therefore it can be used for ty

r,omorphic indicator of this conditions.Lunlinescence of minerals 

formed at normal cave temperatures C0-40° Cl is due to molecular 

ions and sorbated organic molecules.because their luminescence is 

n1o\ 11 f t i •,1E-s str,, nger than this of cations and covers their bands. 

Lun11nescen.:1=: o ! the hydrothermal minerals is due mainly to 

cat ions because molecular ions and molecules are destructed at 

high tempetotures.Luminescencf!' of cat ions can be used as an indi

tor of hydrvtherm.al formation ot the CM. Minerals formed by low

r "'rr,p,;>1 ;,, t m ·p h',<tro t_ "lermai :3olutions have short-life fluo1·escence(F) 

duf' to cat i o ns and l o ng ph,-ispt,orescenc e (Pl of molec:ulu1· ions.For 

exdmple llu:· o t.i,ige r e d L c., f Mn2+ in calcite sensitized by Pb
2

+ can 

;,.-, uh~Prv;:.d on;y in hyd1·ol hennal ,:-alc1te.because Mn
2

+has no strong 

t,.-.nds v f e-..c Jtat1un and can luminesce only at availab1lity of Pb
2

+ 

whicl, al.Jso1bs Ultn1 V2. c-:>?t light and give up its energy c,f excita

tion to Mn2+which luminesc "!.But Pb2+ have very big ion radius and 

c an substi t ut~ Ci!i2 + only at high tempe1·atures.If calcite has only 

o range-red short-t ime P it is formed by high-temperature hydrothe

nna 1 s o lut i oris { >300°c l . If 1 t has l or,g-t ime phosphorescence too. 1 t 

i -'I jnw- tempPrature hydr ,>thermal calcite. 

T ABL£ 1. NEW METHODS FOR RESEARCH OF THE LUMINESCENCE OF CM 
M~thod 

I. Impulse Pho t ography 
,:, f i.1u11ines ct:nc e (IPL) 
1 . Pho t1..lgraphy c, f 
phosphorescence ( IPP} 
2.Photography of flu-
1.ll ~ .. c ence & phospho 
rescence ( lPFPl. 

Authors 

Shopo v. 
Tflankov 

(1984) 

Sho
0

pov. 
Grynberg 

I 1985) 

obtainable informal ion 

determination of minerals.registra
tio n of colour & zonality o f fluo
rescence & phosphorescence and its 
spectra. UV-photography. extract ion 
of single mineral samples. changes 
of chemism of the mineral forming so 
lotion.Climate and Solar Activities 
Vd.riations during Quaternary. 

II.Colour Slide Spec- Staopov. widelines spectra of phosphorescen
tr·vphotometry (CSS) Georgiev ce. fluorescence and diffuse reflec-

(1986) ta.nee of m1nerals.spectra of quick 

1 I I. LASER Lllllli nescent Shopov Y 
Ml c r o Zvnal Analysts (1987) 
(LLMZA) 

processes. 

Microzonal1ty of luminescence.chan
ges of minera If ot·ming cond 1 t ions. 
Climate & Solar Activuty variations 
during Quaternai·y (with resolution 
up to 3 days). Speleothem dat1ng 
(with accuracy 1 year). Interrupti
ons of speleothem growth. 

TABLE 2. NEW METHOOtCS FOR RESEARCH OF THE L UMNESCENCE OF CM 
Mt=l11odics 
1. LASER Lu.mi nescent 
Zonal ~nalysis (LLZA) 

Authors 
Ugumori 

(1980) 

2. Direct Spectroscopy Shopov. 
of Luminescence (DSL) Spasov 

(1983) 

3. Direct Spect r ograp- Shopov. 
lly of Luminescence Tsankov 
(DSGLJ ( 19841 

4. Lwnl nesc ent spec t
ral Phllse Analysis 
(LSPA) 

5.LASER Lu.i11nesce11l 
Syectral Am'1ys1s of 
Powders 

Shopov. 
et al . 

( 1985) 

Shopov. 
Kostov 

( 1985) 

9bta.inable ipfonnation 
Quantity of activating ion.zonality 
of luminescence of the speleothem 

Kind of luminescent ion. changes of 
chemism of mineral forming solutions 
determination of genetic type of 
the deposit. selection of samp les. 

Registration of spectra of fluores
cence &. phosphorescence directly in 
caves. luminescent ion and its val en 
cy.coordination and local synmetry. 
diagnost i cs of CM & all from DSL. 

Determina.t ion of phase composition 
of the speleothem by spectra of its 
1 umi nescence. 

Suc h as DSGL for col lomorphyc ag
gregates o f minerals and powders. 

APPLICATION t I NSTRUCTION FOR PREPARATION OF SLIDES OF 

f'HosPHORESCENCE OF CAVE MINERALS. 

l . Ref"l ex can-era wi t.h "M'' or '"FP" synhroni zer f"or negnesi an 

f"l ash and cu.rt.at n shut.t.er is necessary t.o o bt.al n sl l des of" phospho 

:rescence of" CM. Modern came,ras have not. such synchronizer and need 

addlLiona.l shut.t.er delaler wit.h delay of" 0,003- O.Ot sec. 

I I . El ect.:ron n ash(cs> ,ri t.h l eadl nc nurrber higher t.han 25 are 

necessary for t.he excl t.at.l on of phosphorescence. T he power of' f"l ash 

es has t.o be as ht gh as possible. Several synchronized f"1 ashes can 

be used t.o i n,crease 11 ght. eni. ssi on. 

11 I . Col our sl 1 de dayl 1 ght. f"1 1 rTB wt t.h a speed as high as possl b

l e is necessary ror t.hi s. Best. fl 1 ns are sl xcrn.tl si on s l 1 des or KO

DAC, FUDJI, or AOFA wt t.h speed 400-1000 ISO. 

How TO TAKE THE SLOES OF PHOSPHORESCENCE 

1. Put. t,he canera on a t.ri pod 

2. Make usual phot.o or t.he sa.,,,1 e , so t,hat, 1 t. n 11 1 n rrane. Macro

phot.o wt t.h sma.11 exchanee is prererabl e. 

3. Put. shut.t.er rat.e 1 n "B'". 
4. Connect, fl ashes wt t.h synchroni zaU on jack "M'" ("'FP">. 

5. Put. n ash<es) as c lose as possible t.o t.he spel eat.hem. but. so t.hat. 

lt. will be ru11y llght.ed. 

6. Set. the lens st.op t.o t.he openest. possl t.1 on and brl nc t.he nean 



part. of" an l mace l nt.o f"ocus. 

7. S.t t.ch al I t.ho 11 cht. of'f". 

e . Make a cont.rol burs t. at. closed eyes and af't.er t.hat. qui ckly open 

eyes. Correct. post t.l on of' f'l ashes l f' It. I s necessary f"or ol,t..ai ni ng 

hi cher phos phorescence. 

9. Exposure unt..i 11 f'u.1 1 ext.I nct.l on of' l i cht. eni s:sl on at. f"ul I Y open

ed 1 ens st.op and at. 1 ens st.op ◄ and 9 . 

tO. Devel ope n 1 m 1 n bl c phot.ol aborat.ory wi t.h aut.horret..t c mashl ne 

development. l n bl c volume of developer. 

t t. Cut. out. ◄ cm of' black not.-exposured end of" t.he fi 1 m and one 

,;ooc:1-e>cposured <nwrbered f'or each sanple) sJ lde of phosphorescence 

(over-exposured st l des ls not. usef"ul f"or apect.ral processl nc> and 

one usual sl l de of' each phot.ocraphed sanpl e . 

T ASL£ 3. SPECTRA a. Lur-w-,csccNCE Of' CAVE MNERAL.s 
Minecal e2Siit-i20 ,21our P!,!a}s{nml ll§f. O[:ig:in 
CaJ. cl t.e: co

3 blue 430 (8) inti ltration 

Rl blue 450,470 (10) inf i l trat 10n 

R2 blue 475 (10) inf i 1 trAt ion 

R3 blue 4 90 (10) inti ltration 

R4 blue-green 500 (10) infiltration 

R5 2+ 
blue-green 518.471 (15) infiltration 

uo2 green 515.535.560 (20) 1nfiltration 
uo

2 
2+ (ma.gu.rs i l i te? l green 517 .551. 597 (20) infiltration 

PO/- ye 11 o w-green 525 (10) infiltration 

R6 ye 11 ow-green 470.560 (20) inf1 ltrat1on 

R7 yellow 560. 510 (20) infiltration 

R82+ 
yellow 595 (21) infiltratio n 

Mn orange-red 630 (7. 11) hydrot.herrm.1 
Araconi t.e: R blue 450 (20) infiltrat i on 
Rl blue- green 440.508 (20) inf1 ltration 

R2 blue-green 485 (20) infiltration 

R3 green 520 (201 infiltration 

R4 yet low 562 (20) infiltration 

Vat.er! t.e: R blue-green 515 (20) infiltration 
Hunt.lt.e: R blue 480.510 C 15) inti I tration 
Rl ye 11 ow-green 530 (15) infiltration 

Hydro11'9Cnesl t..e: R green 460. 520. 550 (20) infiltration 
Rl Ye 11 ow-green 540 (20) infiltration 
Druci t.e ye 11 ow-green 540 (20) infiltration 
Oypswn R ye 11 o w-green 540 (20) infiltration 

R12+ 
yeJ low 590 (20) infiltration 

MnJ+ red 640 (21) hydrot.hernnl 
Fe ti. dark red 700 (21) hydrot.hernal 
Purpuri t.e: ~+ green-yet low 520 (20) infill. (guano) 
eaco

3
-[ I : Pb ul lro. violet 370 (ZO) hydrot.herfflU 

R 2+ violet 400 (20) 1 ow-,t.enper. h- t. 
Mn3+ dark red 660 (11) hydrot.herna.1 
Fe fl. 4 _ dark red-IR 710 (20) hydrot.herma.1 
~t.z:AJ04 blue 470 (20) hydrot.herma..l 

O Fe yellow 550 (21 l hydrot.herrna.l 

Fe3+ t I. dork red 685 (21 l hydrot.hermd 
Hydrozl ncl t.e: R yellow-green 550 (20) wet1thering 
Rl yellow 540.590 (20) weathering 

·12. Make a 1 i st. of" st I des <accordl ngl y applied f"o:rm) and mu 1 t.hem 

t..ocet.her t..o: 

Y.Y.SHoPov- 8'.\.0ARIA 1408. Sof-lA. DMTAR MANov 74 B. 

FORM TO BE FULLFILLED FOR EACH CAVE. 

1. Pholographar• < name and tul 1 adress) 

2. Pholographlc ca.-ra 

3. Used film. and speedy 

,. Sa-.,le local ions Colmlry. Cave 

5. Rock in which lhe cave is placed 

6. Kind of cave aineralizalion <accordingly lhe Genelic Classl

ticalion of Cave Minerals>. 

7. TelllJ)erat.ure in t.he cave c 0 c > 
8,Nineral COIIIJ)OSit.ion of each sa-.,le (if il is known) 

9. Type of lhe speleolhe• tor each sa1111ple 

10. Possible addilional dala 
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GENETIC CLASSIFICATION OF CA VE MINERALS 

SHOPOV, Yav or 

A chec:kllat. or ell 225 kno...., ao tar Cave flln•rala J.a prepuallll. A 

aucce aalva gan1Uc clauiticaUon of cave ■lnarala ia propoaad. It 

haa folln1lng a\ruct.ur•• - t . TYPE of country rocka wh■r■ cav■ ••• 

plec■d, 1. 1. Cl■■•- ven■Uc typ■ or occuranc■ of th■ ■ln■ral, 1,1.1. 

Subcl■••- chaaical ol■•• or th■ ■inaral, 1. 1.1.a. ayaU■(H■ociaUon) 

- phyaic:o-chaeic■l concUUona ■'- ■in■ral tor■at.ion. Arrang■Nnt of 

ch■■ical cl■•••• and of llinarala in uch a■■ociaUon wa■ ■ad■ in 

d■ptindanc■ or tr■qu■ncy of occuranc■ of Ula ■ain lona containe.d 1n 

th■ ain■ral fomula in t.ha cav■■• 

Thia clas alfication allollf vary •••Y diagno■Uca and pro§tflo•l• of 

caw■ ain■ral ■uoci■tiona. Th■ cl1■ai f1cation allo. •••Y dat.enina

Uon of "1■ t.ypo■orphlc lndlcato1:a of \ha ain■raltora.ing condiU.ona 

or en• ■inerda. Therefor• it 1111111 be the 1111orking cleuiticaUon 

or the lnt•anaUonal Prograa•• •Luaineacanc• of Cav■ "inerala!I of 

the co-iaeion of Phyaicel-Cheai■Uy and Hydrogeology or kal'at of 

UIS. 

AL t.he work i nc of Lhe J nLernat.l onal Programre of" Lurri nescence 

of' Cave Ml neral s or t.he Comri. ssi on o r Physl cal Cheml st.ry o:uid Hy dro 

ceol ocy of Karst. of UIS arose t.he necess:i Ly of a perrect. cenet.i c 

c l assi fi cat.I on or Cave Mineral s <CH>, because t.ho I uni nescence is 

t.he n-ost. sensi Live Lo coodl t.l oos of rorn-et.l o n or CM propert.y. 

Tharef'ore t.he cl assi Ci cat.l on of t.he t.ypes of l uni noscence or t.he 

CM shou.1 d be based on i t,s cenesl s. 

The usi nc of t.he rrorphol ogy of t.he spel eot.herns ror c l assl rt -

cat.I on or CM Is unsuccessful , because spel eat.hems and CM are abso-

1 ut.el y dl frerent. aiK.I in nnst. cases independent. object.s. Sorre spel co 

t.herns can be forrred by CM rrom a l 1 cherri. cal c l asses a types of ce
nesi s <see appl i cat.1 on 1 >. The rTOrphol ogy or orl gin of ni neral ag

rogat.es < 1.aned spel eot.herrs in caves> are not. usc."C'.l in any or t.he 

25- t.h known c l nssi fi cat.ions of rri neral s /2, 3/. Unfort.unat..el y t.he 

c l asst f"i cat.Ions of t.he C M known so f"ar are schenut.i c, un.successl ve 

a nd l ocorrpl et.e <In t.he last. cl asst f'i cat.l on /1 / I 2 " of t.he descri -

bed CM are not. cl asst fi ed and 2 0 " o r t.he CM known up t.o now are 

not. desert bed). Accardi ngl y Lo /1,/ every good cl asst rt cat.ton of" In -

neral s nust. be successt ve <t.o be based on pri net p l es uni versa! f"or 

al l cl asst f"1 ed n'i neral s>. 

PRINCIPLES OF TH£ CiEHET[C CLASSIFICATION Of" CAVE MINERALS 

T he aim of t.hl s work ts an e l aborat.i on o r coni,l et.e and suc

cess( ve Genet.I cal Cl asst f"l cat.ion of CM. Such c l o.ssi f l c.at.i on "'1 11 

nake east er fi tic::11 ng and di ar;nost.l cs of CM by prognosi s of a.ssoci a

t.ions of t.he CH t n any cavl!'s and rocks This ol m 1 s solved by el o

borat.i on of a Ocnet..1 c Cl assi fl cat.I on i nproved wt Lh accordance t.o 

t.he cave condl Lt ons aud processes < t.abl e 1 > of t.he t.ype of t.he fa

nous cl asst f"1 caLt on of ni neral s of /2/. In t.hi s c l asst fl Ciit.i on < t.a

bl e 2> are pol nt.ed nt neral s-1 ndi cot.ors < I > of t.he genet.l c t.ype of 

t.he ni nerai deposl t.. If son-e of t.hem are det.•rM ned t n a cave, l t. 

can be det.erni. ned using t.he c l &s:.sl fl cat.I on. whl ch known CM can be 

a1 so round and should be searched in t.hi s cave. 1 n t.hi s cl asul fl ca

Li on we use tJef"l nit.tons of /I/ ror "Cave" a "Cave Mineral". 

All t.ypes, c l asses, subcl asses and st.ruct.uraJ Ions of t.he CM 

are pl aced t n row by t.he frequency of" t.hel r occurance in Lh6t caves 

Therefore rrust. connon CM .:.'.Ire pl aced at. t.he beet noi nc and m::,st. rare 

l n t.he end of t.he Cl asst fl c:at.i on. 

The Cl asst fl cat.l on has fol I owt ng st.rue Lure : 

The fl rst. st gn of t.he Cl assl rt cat.I on Is TYPE of count.ry 

rocks. 1 t. is subdevl dtc,d Lo fol I o wing Lypes In dependence of t.he 

processes or t.he forrrot.l on of t.he CM in different. rocks by: 

l. KARST ROCKS (Ii rresLones, m.trbl es. dol off'i Les, gypsum &: hill I Les>-
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rDi a'TY.<J,;CKA!I KJL\CCH<l>Y.KAl1)1l! MH~EPAJIOB OE!I!EP . 

EOOOOB, Heop 

/SouapMR/ 

CocTaBJleH cnY.COK acex M39eCTHYX /1,.0 1988-MON roAY/ 2~5 

MHHepa.,oa ne3;ep. CAeJlaHa noc.11eAOBaTeJ11hHaJ1 reHeT11P1ecttaA K.11ac

CH¢,KKaUHA: WHHepaioa ne.ep. 0Ha RMeeT CJle,lHVJ) CTpyKT_ypy: 

-1. THTI B1'eI1.&1Dt1eA nopO.lY, 

-1. t . KAacc- reHeTH'IHHI THn wecTopos,aeHHR w11Hepa11a, 

- 1. I . 1 . no,lx.1acc- XHXY.'lecxv.A x•acc WHHepa.11a, 

-1.I .1.a. CHC-rewa /acconHaua11/- ¢,H3HKO-XY.VM'lecxHe yc.110-

BHA o6pa30BaHHA MHHepa.11a. noc.1e.1oeaTeJ1hHOCTL XHMHqeCKRX 

K.Kaccoe H WRHepaioa B XS.X.lOd SCCOUH&I.OIH C.leJlaHa B 3&8HCR

WOCTM OT BCTpeqaeNOCTH 8 ne•epax llOHOB axo,1- -,.x 8 XJl:MH\fec

K.Y)') ¢1opwy.-y MMHepa.lA . 

3Ta KJ13CCB!l>HK3UHJI n0380JIReT 0\4.eHh .11erxoH AR8rHOCTMKH R 

nporH03 acCOUIISURH ne~epHUX WHHepaJIIOB. K.11aCCR~MK8UHR 00380.IIA

eT J1erxoe onpe.a,e.teHHe TMTIOWOJ>1IHHX HHAHK&TOpoa yc.tOBHH llMHe

paJ1ootipa.3yaa1n111 . TT03TOM;I! OH& 6y.-eT pa60THOK KJ18CCH~l'-K3UNelt 

s(es,ayHapo.1.Holl nporpawwoH "filDMHHecue■u)tR MMHepa.1oa ne■ep" 

KOMHCCHV. 41H3V.KO-X1!VMH H ra.a,poreo.1orHH r.Hc . 

part.i c ul ar redeposl t.i on of t.he rock Crom t.h.:t soi l wat.ers & orcani c 

processes at. t.errperat.ure 0-30° C. - forn-ed · tOO CM. 

2 . KARST ROCKS WITH HYDROTHERMAL VEINS <rocks & cav es cont.al ned 

ore>-hydrot.hermal processes or by weat.heri ng of hydrot.hernul nt ne

ral s . -86/104/CM 

3. ZONE Of" THE CC>Kf ACT OF KARST AND NONK.UcST C 1 NSOLUBLE> ROCKS 

<bau,d Les, Ii nonl t.es , shale & coal>- by react.l on of t.he karst. sol u

t.t ons a ,ri neral s wt t.h mi neral s of t.he nonkarst. rocks. - 7 /8 / CM. 

4 . VOLCANIC ROCKS- by condensat.1 on or react.Ions of erupt.Ive ne

t.er! al s or weat.herl ng or vol c anic rocks. - t 8/47 /CM 

5 . SHALES-by weat.herl nc wt t.h t.he h,ol p of soi I sol ut.l ons and gu

ano l n t.ropl cal zone- I 2/l B / CM. 

6. QUARTZITES & SANDSTONES-by -weat.herl nc in t.ropi cal zone. -2/6/ 

The nni n Lypes processes of rormat.i on of Lhe CM can be c l as

sl fl ed. as resul t. of": 

t . I Nf'I LTRATI ON <hydrocarbonat.e and sot l-acl di c forne.t.l on and 

ovaporat.t on)-act.i ng: of soil sol ut.i ons over karst. rocks. -34 CM. 

2 . Bl OO£N I c Cant.hropoeenl c, b act..erl oeeni c, cuanocenl c a ost.eoge

ni c)-11 vi ng p rocesses of orc:anl SJ'l"B or by h u.rrens acU vi Ly. They are 

nost. t nt.ensl ve l n t.ropi c ::zone. - 77 /88/ CM. 

3. HYPERGENI C < weat.heri nc a met.asorret.o-ze>-weat.hvrl nc or smbst.1-

t.ut.1 on or det.rt al ni neral s by act.ion or i norcani c f"act.ors-86/99/'CJot 

4. HYDROTHERMAL-deposit.ion from hydrot.herrrel solut.tons--26/31/'CM 

s . ERUPTI VE <ful'T'6roltc a necmat.t c>-rec!ICt.lon or det.rial rir.rals 

and sol ut.1 ons wl t.h t.he cases and subl I mat.I on of" t.he erupted subs

t.ance:s. 11 /22/ CM. 

CLASS-cenet.l c t.ypo o r t.he CM in dependence or processes I ea

di nc t.o t.001 r format.I on, whi c:h are: 

I . HYDROCAR80NATE DEPOSITION of CM wit.h part.icl pat.ton of co2- t 7 . 

I I. SOIL- ACI DIC R£D£POS1 Tl ON wt t.h part.l ct pat.I o n of t.ho sol ul.itd 

in wat.er acids. It. is f"avoured by hot. c l 1 mat.e- 7 CM. 

11 I . EYAPORATI ON - supersat.urat.l on of sol ut.t ons of high sol ubl • 

ni neral s. I t. occures I n dry caves. - i O CM. 

JV. W:ATHERJ NO-oxl dat.l on, carbonat.i :zat.l o n and hydrat.at.l on of t.tw 

d e t.ri al rri rwral s- 69/87 / CM. 

Y. ANTHROPOOENJC-fo rnut.lon of CM in resuJt. of' t.he hurrnn act.lvl

t.y. - I /2/CM. 

VI. BACTERIOOENIC-result. of living processes of bact.erio- 9/19/ 

YI I . OUANOOENI C - aL react.I on of" t.he &nl nal excre.,.nt.s "'1. t.h t.he 

sol ut.i ons &: ni neral s i n caves. - 6!}/73/ CM. 

VJ 1 1. OSTEOOENI C - at. react.l ons of' t.he sol ut.l ons wl t.h bones l n 

caves- 2/11 / CM. 



IX. HYDROTHERMAL -deposi t,i on or ore-assocl at.cd CM by t.he1•1nal su

l ull ons- 26/31/ CH. 

X. )1£THASOMATI C -at. rooct.l 0 11 of karst. sol ut.i ons & rri. nera.l s wi t.h 

nonkarst.i c. - 7 /14/ 

XI. FIJMAROLI C-at. roact.l on of fumarole gases wi t.h m. nera1 s in t.ha 

cave. Can be formod l II caves l n any rocks. but. al ways ar~ deal wi t.h 

volcanic act.ivit.y. - 7/13/ CM. 

Xl I . MAOMATI C -by condensot.l on, hydrat.at.1 011 & rocri st.al i zaLi on o f 

11'8Cfl'0t.1 c subst.ances. - 4/S/ CM. 

In some- cases one CM are rorrred by dohydrat.at.l 011 of at.hers, 

but,. t.hi s c l ass has not. t.ypi cal represent.at.i ve a1,d t.h~rofo1•e l sn' t. 

1 ncl uded in t.he cl assi fi cat.ion. 

Subclass-chen"i. cal cl ass <:tni on, group> uf mi nornl s Accardi ng-

1 y LO Lhe frequoncy uf furmat.1 on of CM { wt t.h correspond! ni;- gr .. •up) 

Lhey are: - t . Co1rbo11at.es. 2. Oxides & hydro,-:i dos. 3 Sul plwt.cs, 4. Chl u

ri des , 5. Sul phi des. 6 . Phosphat..es. 7. Ni LrJLCS, 8. 01•g ... mi c, 9 . S1 Ii ,.;at.es. 

10 .. Arsenat.os und Vanadat..es, 11 . Fluorides and Broni des. 

Association (syst.cm> - · rri neral associ at.ion in dependence of 

t.he physl co -cheni cal condl Lions of" i t.s forrre.t.l on. For exan-pl e at. 

t . I . t. a. deposi Li on of arag:onl Le 1 ead Lo I ncreasi ng of" t.he rat.1 o 

J.1t;/Ca and t.o format.I on of t.he at.her m neral s of t.he assocl at.I on. 

At. 1 . J . t . b aval 1 abi 11 t.y of" ice keeps up 1 ow t.errperat.ures and ensu

red exi st.ance of" t.he W'ISt.eady aL posi t.1 ve Lenporat.ures ,ri neral s of" 

t.he associ at.ion. 

J nsl de t.he subclasses and associ at.l ons rri nera1 s are pl aced 

accordl ngl y t.o t.hel r st.ruct,ural cat.ions l n t.he row: - Karst.agent c 

cat.Ions: -Ca, Mg, Fe, Mn, Na, LI, bl ogenl c-K, NH
4

, Si, ore-Ba, Sr, Cu, 21'1, Pb, 

U~ Ht, A«, Sb and shl st.e-Nt . The hydrat.es wi t.h I ess not ecul es wat.er 

•are pl aced aft.er t.hose wi t.h nore cryst.al l zat.l on wat.er, because usu

al I y are forned by t.hel r dehydrat.at.l on. 

102 CH f"ormed coat.i ngs & crust.s, 52<57>-st.al act.I Les, 23-n"DOn

nt 1 k , 15-ant.hodl t.es, t ◄-hel I ct.t t.es, 7-coral I oi des a pearls, 6-bal ouns. 
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APPLICATION t SPELEOTHEM-BUILDINO MINERALS 

A.Minerals of coatings and cruets:-l.l.l .a-calc1te.aragonite.dolo-

mi te. hunt i te,magnesi te. hydromagnes i te. 1. b-1ce. monohydroea lei te. 

nesquehoni te. 11 .-pyrolusi te. raneei te. romaneehi te. todorok1 te. I I I .1 -

gypsum. bassan1 te. anhyd.r l te. epsom1 te. hexahydri te. bloed i te .mi rabi Ii

te. 2-ha lite. Vt. 1 .a .-goeth1te.maghem1 te, 1. b-b1rnessi te. 2 .sulfur, py

rite.VI I . 2-areani te. apht 1 ta 1 i te. 4- monet i te. F-apat 1 te. OH-apatite. 

co
3
-F-apat i te. whit lock i te. newberyi te. varishi te. streng 1 te, archer 1 te 

mi tr idati te. niahi te. scherte l l 1 te. bi phosphanm1 te. 5-ni trat i te .darap

sk i te. n1 ter. 6-urea, 2.1.1-caco
3

-1 t .siderite, rhodochrosite.stronlia

ni te. 3-bari te. ce lest i te. 4-cinnaba r .meta.cinnabar. 5-opa 1 . 6-f l uor1 te 

11 .1- dypingi te. 91orgiosi te. art ini te. pyroaur1 te. wi theri te. azuri te. 

malachite. giorge1 te. nacauri te . smi thsoni te, hydroz1nci te. cerussi te 

hydrocerussi te. rutherfo rdine. sharpi te. ze 11 er1 te. schroecki ngeri te, 

2-wy-art i te. 3-me 1 anteri le. ha lotrichi te. jaros i te. cha 1 cant1 te. posnja

ki te. brochant i te. 4-arsenios ideri te. ol i veni te. coni cha l cite. hewett i

te. ca lciovol bort i te. vanadi ni te. desc loi z 1 te, tyuyamun 1 te. 5-chryso-

co~ la.hemimorphyte.1 JI- tintikite. leucophosphite.sampleite, 3.1.1-

a 1 u nite. 4 . l . 1-mi seni te. vol t a i le. pot tasium-a 1 um, 11. 1-natron, thermo

natr1 te. 111 .1-a lunogen. 5. I I. 2-niekela lumi le .6. 1-svei te. 11-evansite 

B. Minerals of slalacliles: -1.l.1.a- calcite,aragonite (saponite). 

1 . b-iee ( lansf ord ite l . I 1 . 1-1 i thiophori te. romanechi te. I I l. 1-gypsum. 

epsomi te. mi r abi l i le. 2-ha Ii te. Vt . 1-goethi te. 2-sul phur .marcasi le. VI I 

2-apht i ta 1 i te. 4-brushi te. monet 1 te .OH-apat i le. co
3
-0H-apat i te. co

3
-F

apat i te. varisc i te. archeri te. biphospharmn te (wave 11 i te. diadochi te}. 

5-ni tromagnesi te. ni trat i te. darapsk 1 te. 6 - urea. 2. I .1-s ider1 te. rhodo

chros1 te. 2-hemat i te ,3-bar i le. 4-ga 1 ena. 5-qualz. opal. I l . 1- art 101 te. 

ma lachi le. smi thson1 te. hydrazine i te. rosasi te. cerrusi te. 2-cha l copha

ni le. alacami te. 3-me lanteri te. cha 1 c ant i le. beudant 1 te. 4-arsenale- be

lovi te .spenceri te,ol iveni te .desc loizi te. 5-hemimorphyte. JV-scholzi

te. 3. 1-sphalerite (gibbsiteJ .4. I I I-al lophane,6.11-evansite. 

C. Minerals o f #IOOn.llkt -1. l. l .a-calcite.aragonite.vaterite,dolomi

te. hunti te. magnesite. hydromagnes i te. bayl issi te. bruci te. saponi le. 1. 

b- monohydroca lei le. 1 ans(ord i le, nesquehoni le. barr 1 ngtoni te. I I I .1-

gypsum. Vt. 2-sul fur. VI J-monet i te. F-apat i te. taranaki le. 2. t. 2-hemat i 

te. I I .1-hydr ozinci te ,4. J l I. 2-a l lophane. 5. I. 2 - aluminile. 

O. Minerals or anlhodl les :-1. I .1.a-calei te .a.ragoni le. 1. b-ice. l J l .1-

gypsum. bassani te. epsorni le. mi rabi 1 i le. 2- ha 1 i te. VI I- d1adochi te. da

rapsk 1 te. 2. I -opa. l. I l -ma 1 ach1 le .me lanlher 1 te·.4. 1-tamarugi le .K-a 1 um. 

£.Minerals or hellcll les :-1. l .1 .a-ca lei te .aragonite .1. b-ice. 111 . 1-

anhydr 1 te. epsomi te. 2. ha l 1 te. VI .1-goethite. 2-marcas i te. 2. I. 3-bari te 
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4-galena.5-quatrz.opal. IJ-ma.l11ch1te.3. I .2-sPhalerite. 

F . Miner-als of Angel halr :-l.tl l.l-gypsum.epsonute.hexahydrite .m1ra 

bi 1 ite. 2-ha 1 i te. VI i .5-ni troealci te. ni trat i te .darapskite. 2 . I .5-pa

l ygorskite. l I. l-ma lachi te .melantherite .4. l l. 2-thenardite. 

o . Mine,·al s of coral loi Jes: -1. I . l . a-cal c 1 te. aragon1 te . hvdromagnes 1-

te. I I I-gypsum. V I I .4-streng1 te. 2. I. 5-quartz.opa 1 . 

H. Kl nerals of pearl s-1. J • 1. -ca 1 cite. aragon1 te. VI. 1-goethi te. Vt I .4-

co3- hydrox1 Japat 1 te. whit locki te. 2. 11 .1- sm1 thsQni te. hydro z1ne1 te. 

J . Hi neral s of r.av~ bal oum. : -1 . l .1-ca lei te .a.ragon1 te. hydroma,Jnes1 tic' 

-JYf-91.Liu. 2. i . ~. '-iUOr t::.. c,pa 1 • 

lab I€' 1 GEKE:l ;c CLI.SSi:i:·:cATiON f.Y:TTEM OF CAVE MINZ:RALS by i . Shopov 
~"'YPE ,-1 ASS SIJBCLA.SS ASSOCIATJ IJU tf.YSTEM) 
(c,:,un::..!..Y._!ocks, ,qt-n'- t 1c ...!..Y..£!} 1.,_Jchcn11r.~~~-chem. C'•-~~ 
, .KA!?ST :; .nvr.~C<:"A~OO-• t. ,~arlx>nat. .. .:i -1. arago nne <1ssoc. 

NATE C•C:Pl•517E~1 < Ca-M.g-('()2-vii :-;yst , 

l; .soa. A<'iDIC i.Oxides 
III . EVAPORATED l Sulphat<"'S 

2. Ch 1 c.r ides 
IV. WEA7JlER ING 
V . ANfHrtOPC"-'ENI C 
VI. BACTER10,-;C:N .1 (r: 1Ues & 

Hy:JJ .·,....-:ides 

2 Zu1 phides 
).Sil 1c-otes 

VI. Gi:AJ-;OGElZJC l .Carbonates 
2.Su1ph,'ltes 
3.Chlo1·:ides 
4. p;,osr,t,-1te s 
5. N1 u·ates 
6.01 gan1c-

Vi!; .OSTE(»lj£NJC 

b. ice assoc1aled 
fCa M9-C0

2
-tt

2
0 syst) 

a. Fe-,,z ,dPs < f..,-(,-·Oft I 
b.Mn--,..:11J-:-s Mn-O-H2o 

,! • HYDRi'•7HE~YlA: : .Hi~-ROTHE:-'-'4AL l .C.'1 t,,.,n,,t~s 
2.0:.ntles & OH Vi:INS 
3. Sul phr,teeo 
4 Sulr,hides 
5.Si l icdlc:::. 
6.Fluor1des & Br 

It .WEATriERiUG l .C::.:it bvna tes 
2.0x1des & OH-
3.Sulphates 
4. F04 . As04 6. vo4 
5.Silica.tes 

I 11.GUANOGEUJC 1 Pho"pi,ates 

3 co:TTACT 
i V. QS7EOGENIC 
I ViET A SOMA Tl C l .Hydroxides 

2.SUl?hldes 
3. Si 11cates 
l .Sulphates 
2. Sulphides 

4 vc,:..cAIIIC 

5.SIIALES 

F1,1'fAROLl C 

I I MAGMATIC 

i; I .WEATHERING 

i'.J .GUANOGENI<' 
I. WEATHER INS 
I I . GUANOGEJI IC 

6.QvAR-:-ZITES 6. I. WEATHERING 
SANDSTONES I I . GUANOGEN IC 

1 .Corbonotes 
2.Sulphates 
1.Sulphates 
2. Sil 1cates 
1. Phosphates 
1.Sulphates 
I .Sulphates 
2.Nitrates 

GENETIC CLASSFICATIONS OF CAVE MI-ERALS Cev Y.Y.SHOPov) 

1. KARST ~RALS 

I. HYOR:OCARBONATE DEPOSITED MINERALS 
1 . Carbonates 
d. Areld'on( te assoc (ated ( Ca-Hg- co

3
-ott system) 

123 4 5 6 7 8 9 10 11 
I calcite CaC0

3 
(U.1609) 2.1.1.4 .III, 11.111.1). Karlovy Varv.Cz 

aragonite Caco
3 

Chromy(l927) 2. I .1.4. I I I. ( 1. I 11 .1 J Aragonite .Cz 

vaterile caco
3 

Baron( 1959) 1.V. (2. I .1). (1.111. l )La Cl amouse.Fr 

dolomite CaMg(C03 >2 Pobeguin(l960) 2.l.1.Il.lil.1.21 ,Fr 

i huntite CaMg
3

(c0
3

)
4 

Baron(l957} (1.Ill.l) de l'Herault.F'r 

magnesite MgC0
3 

Pobegu in (1960) I 1 . I I I . 1 J , ( 2. I . 1 • 4 . I I I) , Fr 

hydromagnesi te Mg
5 

tC0
3

J 
4 

(OH) 
2

.4H
2

0 Davis(l957J 11. I I I .1 IC .C .• US 

brucite Mg(OH>
2 

Filipov(l980)(2.l.2} Ouhlata ! ,Bg 

i baylissite K~g (C0
3

J
2

.4H
2
o Shopov(l984) (1.111 .lJ ShCS ! .Bg 

1 saponi te Ca (Mg. Fe) 
3

s1
4

o
10

(0H)
2

.xH
2

o Fi 1 ipov ( 1979) Pepelyanka ! Bg 

lbarri ngton i te. lansfordi te. nesquehoni te ( rhodohros 1 te. mangani te. 
pyrolusite) J 
b. Ice a.ssoctated (Ca-Mg-C0

3
-tt

2
o system) 

1 ice H
2

o Kittara(1850} Kungur cave USSR 

pi ikaite• Caco
3

. flf{) Maxi inovich (1953) Aggte lk cave, H 

P i pentahydroca lei te - CaC03 . 5H20-? "Strubel ( 1982 >" 
p i monohydrocaleite Caco

3
.tt

2
o Fischbeck(l97l)Frank.1she Schwein.WG 

p lansfordite• MgC0
3

.stt
2

o Harmon(l981J(l.1.1).Castleguard cave.C 

P nesquehonite MgC0
3

.JH
2

0 Fischbeck(l971)(1.I.l)Fran.kishe Sch.WG 

p barringtonite MgC0
3

.2H
2

o "'Hill .Forti(1986)" (l.l.1).(4.111) ? 

(aragoni te. calcite. hydrornagnesi te. (hunt i le) J 



II.SOIL ACIDIC- DEPOSITED HI NER.A.LS 
l. Oxides 

p manga.n1te MnOOH Kash1ma(1976) l .Vl. l .b. l .VI I (1. I. lJNa1dena J. Yu 
p pyrolus1te o-Mn0

2 
Brag1ntsev( 1963) l .V I . l .b. l. VI 1 ( 1.1. l)K. USSR 

p rance1te (Ca.Mn)Mn
4

o
9

.3tt
2
o R1chmond(1969)1.VI.l.b.1.V1I.Mam.US 

p l1thiophor1te CL1. Al)Mn0
2

(0H)
2 

Urban1(1976)1.Vl.l.b,1.Vll.SM.V 

P romanechlte BoMn
9
o

16
cOH)

4 
Bridge(l968)1.Vl.1.b.l.VJJ.2.ll.2 .A 

p hollond1te (Bo.K
2

1MnMn7o
16

.2H
2
0 R1chmond(l969)1.Vl.l.b.l.VIJUS 

p todorok1te (Mn.Co.Bo)
3
0

6
_7'1-2H

2
0 F1sher(l96611.Vl.l.bl.VII US 

I I l • EVAPORATED Ml HERA.LS 

I . S u l phat.es 

gypsum Coso
2

. 2H
2
0 (u.2200B.CJ 1. VI. 3. VI I :2. 1.11 ;3.1 .2. 4.111 .• US 

p 1 bassan1te Ca
2

cso
4

i
2

.H
2
0 Jude(l972l . R 

anhydr1te CaS0
4 

01aconu(l974) (2. 1.3) Diana cave. R 

p epsomi te MgSO 
4

. 7H20 Lagn 1 ( 1806 I 1. VI. 3 . It 

p 1 hexahydr1te MgS0
4

.6tt
2
o Wh1te(1961 ) Wyandotte cave.US 

p 1 k1eser1te MgS04 .H
2
o Bernascon1(1962)Tana d1 Val Sera.ta cave. It 

P 1 bloedite Na
2
Mg(S0

4
> 

2
.4H

2
o Freeman(1973) Lee cave.US 

mirabillle Na
2
so

4
.1DH

2
0 (u.2200 B.Cl4.Jll.1(4.Jl..4.IVJSalt.US 

( aragoni te. bay l 1ss 1 te. calcite. dolomite. hunt 1 te. hydrornagnesi te, 
magnes1te.vaterite (glauberite) I 

2. Ch.I orl des 
halite NaCl Hovey(1896) l.Vll.3 (4. 1) Salzburg cave.Au 

1 carna 111 te KMgCt
3

. 6H
2

o Bel tyukov( 1969) Verhnekamsk.USSR 

{dolom1 le. hydroxvlapat i te(chloromagnes1 te. svlv1 te) l 
I V. WEATHERING HI HERA.LS 

P chloroma9nes1te M9C1 2 Cervel lall ( 1976) ( 1.111. 2,4. I JPeloga.l. ! It 

f1broferr1te Fe(OH)S0
4

.5tt
2
o Forti (1987) (I.VI .3)Ferrata cave! It 

st1 lpnomelane (K. Fe ,Mg) 
6 

(S1 .Al) 
8

0
19 

(OH)
9 

Forti ( 1986)Ferra.ta ! l t 

V. ANTHROPOOEHI C Ml NER.ALS 
1 mell1te C

6
(C00)

6
A1

2
.10H

2
o Garavel11(1974) Romanelli cave !. It 

vat er 1 te Cbuetschl i te. fa 1 rchi ld 1 te. para hope 1 te) 
VI. 8 ACTERIOGEN1C KINER.A.LS 

l . Oxl des and hydroxt des 
a.iron-oxLCies (Fe-0-0H system)-by iron bocter1a 

goethite o-FeOOH Tower(1899) 2.I.2.2.11.2 Tint1c Mine ca.ve US 
1 ep1docroc1 te r-FeOOH Seeman ( 1979) 2. I I . 2Dochste1n- MOJmK>thoh. Au 
maghemi le r -re

2
o

3 
Urbani (1977) 2. 11. 2. Cueva. la M1 lagrosa. V 

magnetite Fe
3

o
4 

Seeman( 1979) 2. I I. 2.4. 11 I. Oochste1n-Monmoth .. Au 

(hemat1te) 
b.~,.ano-oxtdes (No-Mn-O-tt

2
o system) -by m1neraloz1ng bact. 

b1rness1 le Na
4

Mn
14

o
27

. 9H
2

o Moore C 1964) 1. VJ I. (2. 1 I. 2) Weber .US 

hol 1 and 1 te. 11 thiophor1 te ,mangan1 te. pyrolusi te. rance1 te. romone
c hi te. tod.oroki te. 

2. Sul p hJ des -by anaerobic suphur bacteria. 
sulfur o-S Bielz(1884)4.I.2 Grotto della Zolfo.It 
pyrite FeS2 Tort(1964)2.l.4.3.t .2. Laubach cave.US 

marcasite FeS
2 

Max1mov1 c h(1969) 3. I .2. (2. 1 .4) Mag1ana .USSR 

(hydrotro1 l 1 te > 
3. Sil I c4t.es -by sulphuric a c1d bacteria 

7 I endellite At 2Si 20
5

(0H) 4 .2H20 Oavis(l957) Carlsbad Cavern.US 

epsom1te. gypsum Columinite. bar1te.f1broferr1te,hototrichite, 
111 ite. st1 Jpnomelane) 

VII .GUAIIOGENJC MINERALS 
l . Carbonat.es 

P corbobonte Co~gC0
3

.e
2

o
5

. lOH
2
o Pajon(l986) C. de Ambrosio .Cu 

P teschemacherite NH
4

ttco
3 

Dana(l868J SA 

2. SuJ phat.es 
L orcanite K

2
so

4 
Mort1n1 (1984) T1mbavat1 cave ! .SA 

P syngen1te K
2
Ca(S0

4
) 

2
.H

2
o Dunkley(l967)4. I. l .Murra-el-elevyn! .A 

P 1 aphthitallle K~acso
4

,
2 

Bridge(l973) Murro-el-e levyn , A 

P 1 taylorite CK.NH4 )
2
so

4 
Bridge(l973) Murra-el- elevyn !. A 

p! i lecontite (K.NH4 )Na.S0
4

.2tt
2
o Taylor(1858) ! .Hon 

3. Ch l ort des 
sylvite KCl Croissa.nt(1972)4.Jl 4 .IV(l. 111 .2) c ave 1n Etna . It 

(ho! Itel 
4. Phosphat.es 

P brushite CaHP0
4

.2H
2

0 von Rath(1879)1V.4. Skipton lava tube • A 

p!1 monetite CaHP0
4 

Shepard (1882) Islands of Moneta and Mono.PR 

1 fluorapatite Ca
5
F(P0

4
)

3 
Hill(1972) New cove.US 

P hydroxyl-apatite Ca5 cP04 J 3(0Hl Duhn(l95711. I I I. Windsor Gr .. Ja 

C03-hydroxy Jopot i te Ca 
10

(P04 J 
3

1co
3

> 
3

cOHJ 
2 

Ouponi (1913) !. VJ 11 .M 

carbonate-f Juorapat i to Ca 10cPO 4 > 5co3 F l. 
5 

(OH) 
0

. 
5

Haornen C 195 6) Co 

P ardealite Ca
2
H(P0

4
)(S0

4
).4H

2
o Schodler(1931) Cioclovina cave.R 

L wh1tlock1te CCa.MgJ
3

(P0
4

J
2 

Hortinez(l953ll.VJJI El Chapote . Mex 

P bobierr1te Mg
3

(P0
4

)
2

.8H
2
0 Ulrich(l870)4.VI.Sk1pton lava tube.A 

newberv1te MgHP04 .3H
2
o von Rath(1879) 4.IV.Skipton lava tube.A 

P varisc1te AlP04 .2H2o Machatschki(l929) l.VIII. Drachenhohle. H 

wave! 11 te Al 3 CP04 J 
2

cOHJ 
3

.5H
2
0 "Hax,movi ch(l976)" (2. 11. 4)W.F . • US 

P!l aasaite At
14

cP0
4

J
11

(S0
4

)COH)7'84H
2
0 Martini(l978)West Oriet.SA 

P c rondallite CaAL
3

CP0
4

)
2

(0H)
5

.H
2
0 Koye(l95911.Vlll. Butler.US 

P 1 wood.house1te CaAt
3

(P0
4

) (S0
4

) (OH)
6 

Wang (l982)Jade Lotus cave!Ch 

phosphosidente FeP04 .2Hp Axelrod(l952)2.111(2.ll.4JBoou H .. L 

streng1te FeP0
4

.2H
2
o Axelrod(l952J(2.III) Bom1 Hill cave .L 

vivionite Fe
3

(P0
4

) 
2

.eH
2
0 Ba l enzano(l974J2 . 11 .4 (3. I .1 )Castel. It 

diodochite Fe
2

(P0
4

) (50
4

) (OH) .5H
2
o Becker(l925 ) (2.11.4. 11 IJ .DOR 

mitridat1te Ca
3
re

4
<P0

4
)

4
COH>

6
.Jtt

2
o Mart1n1(1978)8oons cave!.SA 

- 1 koninckite (Fe.Al)(P04 ).3H70 K1zaki(l983) ! .J 
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purpur1te(Mn.fe)P0
4 

Jones(1965) 4. IV. Gunong Ker1ang cave.M 

p!i archer1te KH2P04 Bridge(1977) Petrogale cave.A 

P 1 taranakite H6K
3

A1
5

cP0
4

)
8

. 1eH
2
o Gaut1er(1894} Minerva cave ,Fr 

P ! i francoone 11 i te H6K
3

Al 5 <P04 ) 
8

13H
2
o Ba lenzano (1974) Caste la.na . It 

Pi minyulite KAI
2

CP0
4

>
2

(0H.F) . 4H
2
o Martini(1978) Boons cave ! .SA 

p!i phosphanmite (NH
4

)
2

HP04 Bridge(l973) Toppin Hill cove. A 

P!i.n1ahite NH4CaP04 . H2o Brigde(l983) N1ah Grote cave !.M 

P! 1 .mundrabi l loite <NH
4

> 
2

Ca(HP0
4

)
2

.H
2
o Br1dge(1983) Petrogo)e ! .A 

P schertelllte Hg (NH4 t 2H2 (P04 J 2 . 4H
2
0 Haclvor(l902)4 .IV Skipton.A 

P i sterco r1te NaNH4HP04 .4tt2o Br1dge(1977J. Petrogale cave ! .A 

P i biphosphaDrnite (NH
4

.K)H
2
Po

4 
Dunkley(1967) Murra-el-elevyn,A 

5. Nl t.rat.es 
p 1 nitrocalcite Ca(N0

3
)

2
.4H

2
0 Mitchell (1806) US 

p 1 n1troma9nesite Mg(N0
3

1
2

.6H
2

o Cutbush(l825) US 

P nitrotite NaN0
3 

Bailey(l902) (4.IV) US 

P i doropskite Na
3

(N0
3

) (50
4

) . H
2
o Eriksen(l970J US 

P 1 niter KN0
3 

Davy( 1821) Ce 

P 1 nitrarmute NH
4

No
3 

Shepard(1857) NickaJack ca.ve.US 

6. Orcanic 
P i weddel I 1te c2cao4 .2tt2o Br1dge(1973) Toppin H111 cave ! .A 

?! 1 uricite CO<NH
2
>2 Bridge(l974) Dingo Donga cave ! .A 

? i a.cetamide CH3CONH2 Shopov(l987> Pr1 lepnata cave ! .Bg 

7! 1 urea C4 CNH> 20 2C(NH) 20 Br1dge(1973) W1lg1e Mia cave .A 

?!1 oxarmute c 2H
8

N
2
o 4 .H

2
o Bridge(l977) Petrogale c ave! .A 

7! 1 guanine C4 <NH> 30CHNNH Br1d9e(l974) Murra.-el -elevyn cave . A 

b1rness1te.gypsum.hol tand1te. l ith1ophor1te.man9an1te ,pyrolu
s 1 te. ranee i te. romanechi te. tod.oroki te (d 1 ttmar 1 te. ha 1 i te) 

VJ I I .OSTEOGENIC MINERALS 
P 1 montgomeryite Ca

4
MgAJ4 (P0

4
J
6

COH>
4

. 12H
2

0 Goldberg(l975Jet-T .• ls 

ardea I 1 te. carbonate-hydrox1 la pat 1 te. cranda 111 te. varisc 1 te. 
whitlockite 

2. Mi-ERALS Of' CAVES ""TH HYDROTHERMAL VENS 
I .HYDROTHERMAL MINERALS 

1 . Carbon.at.es 
1 ! 1 Caco3-J I Caco3 Shopov(1984) Shopovs cove system ! .Bg 

- 1 sider1te Feco
3 

Foster(1952) Poorfarm cave.US 

ankente Ca(Hg0 _67Fe0 _33) (C0
3

J
2 

Maximov1ch(l970)3. I .2.0ht.A.Cz 

rhodochrosite Mnco
3 

Shaub(1962l (l.I.l) !.Ar 

1 strontian1te SrC0
3 

Shepard(1835l US 

2. OHi des and HydroxJ des 
hematite o-Fe

2
o

3 
Wh1te(l962)2.ll .2,4 . lll(l.VI.l.a)Wind cave.US 

- !1 H.T. FeOOH-? FeOOH Shopov(l984) Shopovs cave system !,Bg 
- 1 tenorite CuO Ransome(1904) Copper Queen Hine cave ! .US 

plattnerite Pb0
2 

Graeme(l981) Bisbee Mine cave.US 

rut_1le Ti0
2 

Ma.x1mov1ch(l969) Magiana cave,U!'.iOR 

3 . Sul phatres 
barite Beso

4 
Wolker ( l91913.l.2.(1.Vl .3l Ma.doc cave. C 

i celestite SrS0
4 

Wright(1898) 

4 . Sul phi des 
- 1 pyrrhot1te Fe7'

8 
Broughton(l972) 

- 1 born i te Cu 
5
FeS 

4 
Shopov ( 1985 J 

- i golena PbS Peck(1979J 
? c innobar HgS Lazarev( 1976) (4. I I) 
? metac1nnabar HgS Lazarev(1976) ( 4.11) 
? 1 stlbnile Sb

2
s

3 
Maximovich(1969) 

.us 

Playa Payaro cave.PR 

Shopovs cave system ! . 8g 

.us 
Guada.kskaya cave ! • USSR 
Guadakskaya cave ? • USSR 

Mag1ano cave.USSR 

5. Si l 1 cat.es 
quartz o-Si0

2 
Caublengh(1829) 6 . 1 . .Br 

J opal• s;o
2

.nH
2
o OavyC182113.J.3.4.Jll.2.6.I. Ooombera cave.Ce 

? sep1ol1te Mg
4

S1
6
0

15
(0H)

2
.6H

2
0 Ka.spor(l945) Zbrasovska cove .Cz 

paJygorskite MgAJS1
4

0
10

(0HJ .4H
2
0 3. I. 3.4. I 11 . 2 .5. I .1. 6 . I. LS.NZ 

montmori J Jonite Al 
2
s;

4
o

10
(0Hl 

2
.4H

2
0 Bradlury(l959J (4. 111. 21 .US 

i II ite KAI 
2

(Si 
3

AJ0
10

J (OH) 
2 

Laza rev( 1976) ( 1. VI .3 )Gaudaksk .. USSR 

• E 
6. F l uor l des and Brorri d ea 

1 fluorite Caf2 HoveyC1896) 

L 1 brocnargyrite AgBr Graeme(1981) Bisbee Mine cave ! .US 
aragonite. calc1te. dolomite. goeth1te. gypsum (akaganei~e. 
angles 1 te. anhvdr i te. boehmi te. bruc i te. cerussi te. cha l copyr~ te. 
dicki te ,gibbsi te. hemimorphi le .ep1dote. l ithiophor1 te.ma9nes1 te. 

marcas 1 te. spha. l er1 te. vateri te. wi ther1 tel 
I I. WEATIIERING MINERALS 

1 . Carbon.at.es 
i dyping1te Mg

5
(co

3
J

4
(0H)

2
.5tt

2
o Shopov(1984)Shopovs cave svst!8g 

i gionJ1os1te Mg
5

(c0
3

>
4

(0H)
2
. sH

2
o Shopov(l984)Shopovs cave s. !89 

1 artin1te Mg
2
co

3
cOH)

2
. JH

2
o Shopov(1984)Shopovs cave system ! .89 

- 1 pyroour1te Mg
6
re

2
co

3
(0H) 

16
.4tt

2
o Shopov(l985)Shopovs cave s. !89 

wither1te Boco
3 

Rogers(l982) (2.1. l) Lilburn ca.ve.US 

molachite cu
2
co

3
coHt 

2 
Tower(l899)5. 1.1 .US 

1 azurite Cu (CO ) (OH) Ransome(1904) Copper Queen Mine cave.US 
- , 2 3 2 2 
- i gionreite cu

5
cco

3
,

3
coH)

4
.6tt

2
o ShopovU984)Shopovs coves.! ,89 

- i nakaur1te cu
8

cso
4

)
4

cco
3

J(OH>
6

.48H2o Shopov(l985)Shopova c.s!B9 

i sm1thsonite Znco
3 

Whitney(l858) Hudson Ba.y Mine. C 

hydrozincite zn
5

(c0
3

)
2

(0H)
6 

Oetr1ch(l960)Island Ford cave .US 

- i roaas1te (Cu.Zn)
2
co

3
coH)

2 
Graeme(1981) Busbee Mine cave.US 

- i aurichalc ite (Zn.Cu)
5

cco
3

)
2

(0H)
6 

Northrop(1959)8lanchard m .. US 

ceruss1 te PbC0
3 

Spencer ( 1908) ( 2. J • 1) Broken Hi 11 mine cave. Rh 

pi hydroceruss1te Pb
3

cco
3

J
2

(0H)
2 

Shopov(1985)Shopova cave syat!B9' 



rutherfordine uo2co3 Shopov(l9851 Shopovs cav~ system! .Bg 

Pi sharpite CU02 >6 cco3 ) 5 COH) 2 .rn
2
o Shopov(!985)Shopovs cave s.!Bg 

Pi zellerite Cauo2 cco3 12 .SH
2
o Shopov(l965)Shopovs cave s vstem!.Bg 

i schroeckingerite tlaca3 cuo2) (C0
3

) 
3

cS0
4

>F. lOH
2
o Shopov( 1985)s! Bg 

2. (bd d es and Hydroxides 
a.kaganeite (1-FeOOH Shopov(l983) (2 . J .2)Shopovs C'ave system ! .Sg 
cuprite Cu2o Graeme{J.98j)(2.I.2l Bisbee Mine cave! .US 

a.tacamite Cu2Ct(OH) 3 Brid~e(1978J4.I .. 5.l.l . 2 Jingem1a C'dve. A 

? chalcophani t" ZnMn30,-3H2o Graeme(198l)Bisbee Mine cave .US 

P i wvartite Ca3u7c2o22 cOHl 16 Shopov( 1985) Shopovs cave system ! . 8g 

3. Sul phat.es 

melanterit& FeS04 . 7H2o Young(l915l3. I . 2.Wi lson cave .US 

o pickerin~nte MgA1 2 cso4 14 . 22H20 FrancoC 1961J4 . I.IiI.d. Zolfo.It 

holotrichite FeAl 2 cso4 ) 4 . 22H20 Bel 1 ini C 1901)4.1. 111 Cl. VI .)> . It 

Pi kal1nite KA1CS04 ) 2 .11H20 Bielz(l884l Turia cave!. R 

jar os ile KFe3 (S04 ) 2 cOH) 
6 

Stringham(1946 J 3. ! . 2 .5. i .1. 4. l ! I. l . lJS 

- i cha1canthittt CuS0
4

.sH
2
0 Mitchel 1 (1921 l .US 

- i posnJakite Cu4so4 cOHl 6 . tt2o Shopov(l985lShopov.s cave system! ,Bg 

- i brochantite Cu4so4 10H1
6 

Northrop(1959lBlanchard mi ne c a ve .US 

- i devilline Cu4Ca(S04 )
2

(0H>
6

.3tt
2
o Fort1(1985).,1onte Rosso . ft 

- i cyanotr1ch1te Cu4 A1 2so4 {0H1
12

.2H
2
0 No rhrop(l959)Blanr.hard m.US 

- i spangol ite C1.16At (S04 JC1 COH I 
12

. 3H
2
0 Northrop ( l959 ) 8Janchard !US 

anglee:Jte PbS04 f<:j ckard( l924) (2. I .1JAhwnada mine cave .Mex 

- i beuda,ntite PbFe
3

CAs0
4

1(S0
4

)(0HJ
6 

iHetrich (l960>Island f o rd~.US 

4 . Phosp hat.es, A.rs enat.es a.nd YanadaLes 

P hoveite Zn3 tP04 >2 .4HiO Spencerll908)2.lJ I.Broken Hill mine .Rh 

P parahopeJte zn3 cP04 ) 2 .4H2o Spencer(l908)2. tVU.V>Broken H .. Rh 

P! spencerite Zn4 (P04 l 2 (0HJ 2 .3H2o Walker (l918)2.IV.Hudson Bay m.C 

P tarbutt1te Zn2 CP04 HOHl SpF-ncer(l908)2.IV.Broken Hill mine .Rh 

? i ~rs"!nate-belr.vite Ca.iM-1(As04 l
2

. 2tt
2
o feraud(1976l .F'r 

- 1 nn,enios1der ite Ca
3

Fe
4

tAs0
4

)
4

(0H)
6

.JH
2

0 Smol 1anin1va(l970)USSR 

-'. 1 strashuniri te cu8 (As04 ) 4 (OHJ 6 . 5HiO Mincheva ( 1968)Zapachi tsa ! Bg 

- i olivenite Cu 2 As04 (0HJ Tower(l899)Tint ic mining distr. cave!.US 

- i conichalc1te CaCuAs0 4 (0HJ Graeme(l98ll Bi sbee Mine cave ! .US 
7 1 mimet1te Pb5 (As04 ) 3Cl Graeme(l981) Bisbee Mine cave !.US 

P 1 hewettite
1 

Ca V6o16.9H20 Nenodkevich(l909)Tuya-Muyun cave! .USSR 

- i calc1ovolborth1te CaCuV0
4

(0Hl Nenadkevichfl909)Tuya -Muyur,.USSR 

I i va.nadinite Pb5 cvo4 ,
3
c1 Spencer(l908) Broken Hill mi ne cave .US 

Pi descloizlte CZn.Cu)PbV04 <0H) Smolian1nova(1970Jluya-Muyur..USSR 

i tyuya.mur,1te C<'\(U.J2 >2v 2o8 .ett
2
o llenadkevich(191 2 >Tuya- Muyun.USSR 

5. Si l i cat.es 

i c1 inocl"tlore Mg5 Al (S1 3AtJ0
10

,ott,
8 

Fort1 (1985)Monte Rosso . . it 

- i fthattuckit~ Cu5 (Si03 ) 4 (0H>
2 

Graerno(l981> Biobe,e M,n~ c-ove ! .US 

- i chrysoc<.,lla Cu 2_xSi
2
0

5
(0H)

3
.xH

2
0 Smc.l1an1r,ova(l970)TyuyaM!USSN 

hem1morphyce Zn4s1 20 7 (0H> 2 .H
2
o 5pencerflQ08) 2. IVC2. I .S)B.H, US 

goethite. gypsum. hematite. iepidocroc1te.maghemite,magnetite. 
rc,m~r+ech1 te , Vl vian1 t e (ail ophanti. bit ness i te. r,hn I coa J umi te. d 1a
doch i te. g ibbs 1 te. ha l otr i chi te. I onecreeki te. natr0Jaros1 te. phos
phos 1der 1 te .wave} lite) 

II I.GUANOGENIC MINERALS 
1 t 1nr 1k1te Fe6 (P04 14 COH) 6 . 78.zO S t ringham( 1946)T1nt1c m.cave! .US 

- 1 leucophosphite KFe2 (P04 ) 2 COH).2H
2

o Axelrod(l952) Bomi H1ll, L 

1 a~mple1te NaCaCu5 cPo4 , 4c1 ,HzO Simpson( 1952)5.1.1. J 1ngemia. A 

hope i le. phosphos ideri te. stercor i te (d iadoch1 te. strengi teJ 
I V .OSTEOGENIC MINERALS 

P 1 scholz1te CaZn2 <P04 >2 .2H2o Dietr1 c h(l960> Island Ford c ave ! .US 

hemunorph1 te. parahopei le. spencer 1 t e. tarbutt i te 
3. MINERALS or CAVES AT CONTACT BETWEEN l<ARST At-0 OTHER ROCl<S 

I .METASOMATIC MINERALS 
l . Hydroxl des(at contact o f limestones wi th baux1t. or lJmon.) 

glbbsite AI COH) 3 White ( l 959)4.IVC2.I.2.2. ll. 2)Hinemon cove. US 

boehmite AlOOH SeemanC1973l (2. I .2) Dachstein-Manmonthohle ! Au 
p aJ 1.Jn1te KJ.J 3 (0H) 6 (S0

4
)

2 
BoyP(l977)5. J .1. 6.J(4.lll .2J Fourgas.FG 

(mi tr idat 1 le. viv1an1 te) 
2. S ul phi des - (at contact of coa 1 with I imesto ne rocksJ 

chalc(.lpyr1te CuFeS
2 

Max1mov1 ch(l969} f2. I .4)Ma91ana cave. USSR 

sphaler1te ZnS Orlovfl972) (2 i.4J . USSR 
~r,i<:~r l l 11::. bar 1 te. gypsum. jaros 1 tP .rr111rcas i te .me 1 ant er 1 te. pyr 1 te 

3. Si licaLes - (at contact of llm'!!stones w1th sh1ste rocks) 
dick1le At 2s1 2o5 tOH) 4 W1ehmon(l981 ) f2. J.5l Jza cave R 

? i ben1tc,Jte BaTiSi
3
o9 W1ehmar1(1981 ) Jza cave .. R 

lopol I 
4. MINERALS 0.- VOLCANIC CAVES 

1 Sul phaLe!.1 
I . FUMAROLE MINERALS 

9lt.iuber1t~ ~:a 2Ca(S04 >2 Andre1chuk(l988) fl.lil.llKungur !.USSR 

P tamarui11to11:: Na Al fS04 J 2 .6H20 z.,mhon1r,1fl907J4.IJJ .l.G.d.Zolfo! lt 

ffil$'J:r.Jte H6K8 fS04 J 7 Be111n111901>4.111.l.Grotta delta ZoUo!l t 

- 1 vr.,Jta1r.~ Ki·e5 f,..4 (Sr)4 >
12

.18H
2

0 Sc-ach1(l850)Grotta d~l.Zolfo.lt 

f' pottas1um alum KA1lS04 12 .12tt
2
o Davy'1821) 4.JI I.l. 5.l.l .Jt 

met.,vi:,l t 1 ne N,.. 6K2FP7 ,so
4

, 
12

0
2

. 18H
2

0 8':! 111ni ( I 9n1 J4. 1 J IZol fo! It 

2 S ul phl des 
i.~ 1 o ldham1te C".a3 Ct.1rv1nskey( j947) Syuks"3evski'1Ya cave .USSR 

hydrc.tn.,,~1t ... - r'e5.nll20 An-:Jrei chu~(l'='88J ll.Vl.2JKor1gur : .USSR 

t1a),.Jtr1cl-11t#-. p1rk,;r1 n91t~. potass.1um-altun. syr.g1;:n1t~. s1Jlfur 
~- -,c-,,-,r.u •-, f chlorom-,9r1e~1 te. n-,,tr-:•Jaros1 te) 

104 

It .MAGMATIC MINERALS 
1 . Ca1•bonat.us 

natron Na
2
co

3
. 1ou2o H5rterrl973> 4.1!1. Pisgah }4va tube .US 

p thermonatritc- No 2co3 .H20 SeenY1n(l979i4.1; J .SaizOUrgerscha.:htAu 

p trona Ua;yi<C03>2 .2H2o Harter(l973J4. ilL P1sg~h lava tube.US 

2. Sul phat.es 
t h enardite N" 2so4 Sertolard(l958> 4.JII.l.Gr. deile ArgiJle.lt 

sylv1te (cinnab-at .h-1lite .metac1nnaDar.mirab1l1 te> 
111 . WEATIIERING MINERALS 

1. SuJ ph.,i,Lt'!'S 
pi alunogen A1~tso4 , 1 .17Hi"' B~li1n1(190l' Gtotto <io>i;,"1 z.,Jf,·,.it 

p J W.solumirHr~ A.i
4

S.)
4

(r:i-u
10

5Hz'"• C~GXJ(:9~1) 7"lt':'1.=-:h1 3y.,nyn r.,:, . .. 1 

2. Si I i c...-Les 

allc,p},.:in.a-
1 

Ai
2
Si tt)Hl l O B,;,,·t11lm(l9'30i C2: .ii.~ l . tlZ 

ep1d(.lt.~ C.:,,
2

( A;.r ... 1
3

::::,
3
,j

12
(f.1iiJ D➔ l M,'"lnt-~{l9A31{2.l.51 f;-u1r,:,.;c 

aragoni te. c~; c- it"!". gyr•sun1. hc.'i I ,;,tr ich 1 te. h-:mat 1 tt>-. Jen •JS 1 t1:'. nklg
r.t>t l t_..- .ln~tdVO it 1 r,e .n,11 dbl i. 1 te. ni i sen 1 :.e. n.i}tl ,.Jr,. pa I yg?rsk i te. pi
C'i-:.E-r ir,g it<'!. p<.Jt tasiw11-a ~ wu. tama1 ug it e. tt.-eno.t di te. thermonat1· 1 te. 
:-1 .,.-:, .. 3, r,-=-1·mig1 te ca J ,.·.,1 n 1 te.-, i ,.nit~. barr ing ll,n It e. hydr OtD4gne-

ai le. ma-i1n~s1 tt- .montmor 1 11,,n 1 te) 
IV .GUAIIOGENIC MINERALS 

l . PhosphaL@s 
p 1 struv1te h'H4Mg?0

4
.6H

2
0 Ult 1ch0870) .A 

p d1ttmar1t~ NH4"'lgP0
4

.4H
2
0 Mdclv,:>1 Cl887J(l.Vil. 4 JS,opto n lava !A 

pi honnayte i-tg 3 (NH4 ) 2H4 (Pi)4 ) 4 Haclvort1887) SA.Jpton i ava t ube. A 

bob1 er 1 t e . brushi lE-. g1bbs1 te. newberyte. purpur 1 te. schP.rte l lte. 
sylv1te(m1tabi l 1te . n1trat1te) 

1 . Sul phat.es 

5 . MINERALS o.- SHALE CAVES 

I .WEATIIERING MINERALS 

P olumiri1te Al 2 <S04 HOHJ 4 .711
2
0 Martin1(1980J (l.Vl.J.4.Illl !,SA 

P 1 4PJ<'hnite MnAj 2 cso4 14 .22H
2
0 .. Bauer(l985J". Alum cave ~.US 

natrojdros1 te NdFe 3 tSv4 ) 2 M~rt 1n1 ( 1984 > (2. 11. 3.4. I. l )Jungle .SA 

cha l coa tu.mi te- CuAi 4so4 (C,ii) 
12

. 3H
2

0 Martini ( 1980) l2. I I. '3)Mb.M!SA 

a l u n i te. e1taca11n lE-. Jdl os1te .malach1 te. pa lygo1 ski tt:: 
11 .GUANOGENIC MINERALS 

1 . Sul phat.es 

P tscermig1te NH4 AlCS0
4

>2 .12H20 Cody(l97814.Ill.l.Ruataru cave.R 

-! i lonecreekite+ FeNH4 (S04 )
2

.12H
2
o Mart1ni (l983)Lone Creak Fal !SA 

-!i sabieite+ N"ri4Fe<S04 >2 Mart1ni(l983l Lone Creak Fall cave ! . SA 

-! i clairite-+ Fe 3 olH4 > 2 tso4 ,
4

tOHl 
3

. 3H
2

0 Martini C1983>Lone Cr . F. !SA 

2. Nl Lr,oLe-::, 
-! i hydrombombomkul i te + N1Al

4
(N0

3
J 

2
cOH) 

12
. 13-14H

2
0 Martini ( 1980)5A 

- ! 1 mbombomkul i te • W1.CulA1
4 

I !N0
3

) 
2

. (50
4

1 J !OH) 
12

. 3H
2

0 Mor ( 1980) !SA 

-! i n1cke l a lumite +{Ni. Cu 1At
4 

[ (N0
3

) 
2

,S0
4

) 1 COH) 
12

. 3H
2

0 Mart ( 1980J !SA 

a tacami te . sample 1 te 
6 . MINERALS 0.- 0uARTZITIC AND SANDSTONE CAVES 

I • WEATI!ERING MINERALS 

p!i sveite+ KAt
7

ttm
3

1
4
c1

2
cott)

16
.ett

2
o Urbani(l977)Autana cave . V 

al unite. opo 1. pal ygorsk i te. quartz 

11.GUANOGENIC MINERALS 

p 1 evansite• Al 3Po 4 cOHJ
6

.6H
2
o Van der Harrment l956) ,Ce 

TABLE 2. GENETIC C!.ASS..-ICATION 0.- CAVE MINcRALS (BY Y.YSHoPov) 

Each CM is placed in the group corres po nding t o the most corrmon 

origin of occurance of this mineral in caves. The other origins of 

the mi neral are pointed by the number of the corresponding group. 

CM which occured with the miner als of the present g r oup. but have 

other origin are placed in I J .CM which are formed at such cond iti 

ons inside o f caves .but 1n caves have other origin are placed inf) 

The names &. t he chemical formula of minerals are 91ven accordingly 

The names (. the chemi cal (ormulo of m111erals a.re g1ven occord1ngly 

/--ii .Th o: amo1phous 6 the r,tw minerals are given accordingly:-"•"/7/ 

.. -"-/6/ ... +"-/l/."•··-;s;.Thl! ciatd cc.ntained in the table c;ffe:-l.Lu

m11u:::SCE:nce-the mtr,P1~a1s with known lumtnesc~nce are pointed by " l ·· 

CM w1th lum1n-:-sr:en.:-t- c,t,s~rbed 1')r,ly 1n syr,thet1cal sampJ ,:s- ·'L". CM 

wh,\.·h probably lom1neace- •t' ·• . CM whi ch may be can lum1r1esce- "?" .CM 

wh1ch can·t lunnnesce- "- . 2 M1nP.rais found f or th~ f1rst t ime 1n 

rave- ·•: .'3.CM-1ndi cators.whic>-i h~ve only one poss1ble or19 1n- ·0 1". 

4.Hineral name.5 ChP.m1c:al fnrmul11.6.author who first f ound the mi

, ... ,-,,J :.n the r,1vw:,_..,. v•.,.r.$J paragienes1s.9.cave of the first f1nd

H1~ c..r th.- CM.i.O. C~ found c.nly in one c,1v~.ll.Count1y:- A-Austra

lM .. At-Arg.-nt1na.1'u-Austr1a.Bg-8uJgar1a. Br- Brazile. C- C;,.nada. Ce

Ceylc•n.<.:"h-Ch1n-..1. C,,-Colomb1a. Cu-Cuba. Cz-Czechoslovak1a. DDR-East 

1;Pffnl\nY. E-Eng l 11nd. FG Fr~nch Gu 1an,1. Fr-franc'3. H-Hungary. Hon-Hondu

ras. lt-ltalY. ls-Jsrael. J-Japan.Ja-Jama.1ca.L-L1be• 1a.M MaJays1a. 

Mex-M,..x1i:o. NZ-New Zeeland. ?R-!'uerto Rico. R-Ruman1a.Rh-Rhodesia. 

SA- s,.,uth Africa. V- Vt"-nezu"la. Yu- Yugoslav1a. WG- West Germany. 
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EVOLUTION OF TROPICAL KARST AND CAVES IN THE RED RIVER DELTA REGION 

SZENTES, George 

~ 

The tropical cone and tow~r kacst nearby the Red River Delta 
Ln Vietnam is closely connected to the vast kacst regions of 
SB Asia. 'the neolectonlc activity from Lhe Plcisluccnc t o Lhc 
recent days affects Rlainly the kac1>tJfication. 

To the east and southeast of the delta a comperatively recent 
lowt1rinQ can be observed, which hos resul tcd a low elevated cone 
and tower karst landscape and the archipelago of Ha Lon9 Bay. 
Several hundred fossil caves appear in the l lmstone cliffs . 

To the west of the delta a 9eneral uplift formed continuous 
cone and tower karst ranges. Blind valleys, dolJnes, sinkholes 
and remains of old phreatic caves arc marking the karst rejuve
nation in response to the uplift. 

1. GENERAL CONDITIONS Of' THE KARS'r AND CAVE OEVELOPHENT 

The karst that, surrounds the Red River Delta (f'ig . 1. } is an 
integral part of the Vietnamese karst, which is closely connected 
to the karst o.f Soth China, North Laos, ·rhat l and ond Burma, and 
forms one of the largest and most spectacular tropical karst re
gJon of the world. In addition to the othl!r landscapes the area 
comprises some special and exeptional phenomena due to its pecul
iar r;aeologic and tectonic situation. 

In the Red River Delta reqlon, as in Vietnam generally, the 
tho tropical humid climate is characteristic, which 1.s strongly 
influenced by the 1nteractions of the monsoons. This. so called 
Indochinese Intertropical Climate hos creotccl the conditions of 
the tropical karstiflcatlon. 

Paleocllmotological studies proved thill, those ,!ondi tions 
were more favourable duclnq the .t.nltlal phase of t he karsl.lflca
tion in the Tertiary and early Pleistocene times, when the tropiCdl 
climate oxtnndod in larger oroa. L."lt~r the cl lmet:e chonqcd, sc, 
that at present the tower karst occurs outside thnt climatic 
zone, too. 

The karstic limestone was dePOsited almost continuously in the 
large Lao - VletnamesP. Geosyncline durln9 the Devont.an - Permian 
period. The qeosyncline took place ln the northern reglo11 of_ the 
country and ls noted for its nWDerous, very typical lJ1nestone 
sedi•ents, which ace found together with cunlomerales, schists and 
coal bearin9 stC'ara. 

The Devonian limestone is thickly bt=dded, well crystallized 
and qray lo dark oray in colouC'. It ls overlaJn by the conformable, 
dark Ca.cboniferous - Permian Pusulina 1.1,aestone se.ctcs. The forma

"tlon varies from beingi ll'ledlum bedded t o thinly laminated, with 
frequent lntercnlations of llmy shale. The whole St=ries ls covered 
occasionally by the l lght gray to pink uricon[ormed Permian liens tone. 

Following a short Triassic sedimentation since lho Upper Norlun 
staqe the country was under the contlnentoJ regime. 111 this time 
elastic sediments in the limited continental basln were depaslted. 

The l lmestone series has undergone several phases of tectonic 
defon,,attons. NumerOU!i f}'r.nernt1ons of foldlno and fnultino appear 
as u.bundont evidtmce of the oro9cnies. Tho youngier tectonic activity 
exerts important influence on the karstlfication, particularly on 
the karsts around the Red River Delta. The fault system of the Red 
River Valle~ and Delta marks a JK>bile, repeteadly reactivated tecton
ic belt alono tho bordfor roQlon of tho Inclochlnese Geosyncline and 
the South Ch.Ina Plateau. 

The formation of the Red River Delta can be traced st.nee the 
Tertiary throuqh the several hundred muter thic k. loose sediment:i;, 
which have accumulated in the time of the sinkino. Concurrently 
·with tho lowering an intenso karstiflcat.ton occured along the rim 
of the delta. The for111er continuous limestone plateaux underwent a 
strong tropical karstic denudation, which resulted scattered groups 
of karat cones all over the region. 

Several phases of cave development can be found in the cones, 
which aru 9.lvlnq proof of the various stages of l:he kacst evolution. 

The roc-ent feature of the karst is the consequence of the ntOd.1-
fyino effect of the neotectonlc activity from the Pleistocene to 
the recent days. Eost and southeast of the tlP.) la a compcratlvely 
recent lowering can be observed, while to the west c1nd southwest 
of the delta a gcner.'.ll uplift a"pcars (Pig. 2.). 

2. TH§ LOMERJNG MR.ST LAlfOSCAPP. 1'0 "fHP. 1-: ANO SE 91-· 'fHP. DEl,TA 

a. t The karat between the towns Chl l,inh and Uong Bi 

Obvious evidence of the lowering the cone and tower karst along 
the ea.stern rJ■ of the delta between the towns Chi Linh and Uong Bl. 
In a lcngth of 40 kDI the extensive karat erosion has resulted in 
150 - 200 • hiqh cones or cone groups, which are separated by inter
aontane plain•. These alluvial plains represent the erosion base 
level, whJc:h 1M unly 1 - l • nbuve tho ~cu. Tidal waves £.r:Oftt Lho 
sea, and rrequent Clooda from the ,aainland have causfld a brackish 
SWIUIP, which Js 2:io.e:099ed by a.ctlficial dykes and c.:inals. 

ZUSAHHENPASSUNC 

Der trop.lsche Kegel- und Turmkarst in der Umgebung des Hcd -
Rlver - Deltas 1st eng verbunden mlt den ausqedohnlen Karstqcbiclcu 
SUdostasions. Die Vcrkarstunq wurde be~lnt iuOt. duu:h dlt! von dum 
Plelstozain bis hP.utc 5tattflndenc1P.n nootckt.ontsr.hc-n Aklivt.tH.t.1?n. 

Ostlich und sUdOstl t.ch vom Delta zcigt sich cine vcrhal tnt.sm:i.Blq 
rezente Senkung, die elne abgesunkenu Karsl1andschaft und den 
Karstorchlpe l der Ha Lon9 Bucht geh lldet hat. Z:ah l re i~he fos.s i 1 c: 
HOhlon beflndeta slch .in den Kurs tkt=-,e ln und TU£mcn . 

Westllch vom Delta focmten slch durch die allgcmt!ine Anhebung 
zusamrnenh.lingende Gebleroszilqe aus KarstkP.QP.ln und KarsttlirmP.n. 
lnfoloe der Hebung eine Rejuvenation der Korst landschaft, ml t 

blinden Tiilern, Dolinen, Wassocschlingcrn und Rcsten alter 
phreatlscher HOhlf!n zu erkennen. 

LAOS 
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·"---✓--•---·1 

r-' 
°'·\ 

i. ..... ·, 

GULF OF TONKIN 

,, 
,,,' fault y limestone-oranite contact 

·· boundary of the karst and the delta 

A --8 section line(see fig.2) 

l Red River delta 

2 Ha Long Bay 

The karst between the towns of Chi Linh 

and Uong Bi 

4 Huong tich (Perfume Pagoda) 

5 Cuc Phuong (Ancient Forest)National Park 

fiA. l Location of the studv area 
Caves are appt:aring ln aJmost each cone, but their length rearly 

exceed the 10 m. They are the rcmaJns of an early stage of cave 
develoPIQent. 

Granite mountains have tectonic contact in the noC'th and east 
with the limestone. Geoelectrical investiqations have lM!en carried 
out in the area ln order to study th~ deep aquifer. The resistivity 
soundinqs show the presence of saline water us deep as 2000 m 
benoath the kr:u::st surCace, whl le under the granite ronge, fresh 
water bearing aquifer appears. The intecpretation sug9ests that, 
the fresh water recharge Js block~d by the faulty qranlte - lime
stone contact and deep percolation of sea water occurs in the 
cavernous karst aquifer. 

2.2 The Jcarst archipelago of Ha Long Bay 

The continuation of the Jcarst ranq,e southeastvard focm.s a karstic 
shore l lne and the large karst archipelaqo of the Ha Long Bay. 

The karat archlpelaoo occupies a 2500 square kllometer area 
between the towns Halphon9 and Hon9ai. Hore than 4000 1 irastone 
cliffs of varyinq heights rise from SO to 150 m above the sea, 
forming the most spectacular karst island sea of the world. Some 
of the islands appear as a cluster of cones, whilst others culmi
nate in a sin9le sulllffllt. Between the islands the sea ts S - 40 m 
deep. 
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General uplift 

Huong Tich(Perfu11e Pagoda)area 
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Ha Long Bay 200 
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drainage system 
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Fig.2.Geological section through the Red River Delta showing theoretically the main phases of 

karst and cave develop11ent.Clhe horizontal and vertical scales are not applicable for 

the projected caves and karst formations) 

The islands arn composed chiefly of medium bedded. dark orey 
to Qt:CY Carboniferous F'u sullna lJmestone, whlch is occasionally 

evolution. The submecgcnf"e of the c:onc kurst, wh1c:h t;as a long 
time development since the •rcrtiury pe['jod, ls cectalnl)· related 
to the ncolcctonlr. movements ,"llong the Red Rlvcr and tts dclt,,, 
whlch hnve caused tho general lowt:rjuq of lhls rc9\on. overlain by the thi n lamino:1tcd Vermi.:tn llml!stone. ln somr. places 

Lhe underlaylnq Devonlan llmcstonc ccops out. The gt:nccal dip ls 
~0 - 60U. 

The r.U ffs a['e undeccut by .:.bcaslon 2 - 4 m ln heiqht and 
3 - 4 m in depth. This hclght cocr.esponds with t.hc avecagc 2,5-3,0 m 
height of the rcolonal tide. N:ccent landslides ilLt! abundant along 
the dip slopes o( the limestone. where Lhlu clayey shale lnlcr
colotes. 

The archlpelaqo hos underqone i'I complex qcologlcal - lE>ctont.cal 

NW 

Howevo r tho rocont baio:o of th~ towurs:, on ~vorage -20 m, .1s 

the cesult of the- complicatetl ['fslng .and falling changes of the 
base level. Foe instance , marine tcrr,accs oppour up to + 15 m. on 
lhe mainland shore and in some caves. Jt ls also thought that during 
the formation of this extensive orchJp~lago glaclocustatlc 
fluctuntton n( the sea levPl ocPured, whl r.h rould expl~in those 
phenomena with lc:1s tectonic dt~formotion . 

. ~ 
sea level~ ::::.:~:::::::::::.:::·:.:~I::::::::·::.::~:::::.:~:::.:····~ 

1
· 

--- ---------- --==-

0 

0 100 200 m 

\ 
25 50 m 

• slope direction 

1. Trinh Nu Cave 
2. a. nameless cave 
3. supposed ~ncient conecticin Surveyed byjG. Szentes 

1986. 

T enninal 41s===;;:;::::::::::::::::::;:::..
collappse 

0 •--~,.._--'1100 m Surveyed by; C. Szentes 
1986. 

Fig. 3.; Trinh Nu /Vir'i,)n/ Cave in the Ha Long Bay. The map of the .:ave and Fig. 4.; Map and longitudinal seCtion of the Hang Tie~ Su/Pr ehistoric Cave 
a longitudinal section along the supposed ancient connection. in the Cuc Phuong / Ancient Forest/ National Park. 

107 



Scver.l.l hundred cnvr.s exist in the isJ.'lncts. Thc: m:ijor1 Ly are 
only a few mclets ln l<•ngth, though same large r.ham.bcr-s and pas
snqes hundreds of meter:;; lo11q whlch lend through lhc 1sl.-,11d <:i111 
also be fuund. 

Two types of caves can be distinguished from Lhcir development, 
abrasion caves, dnd fo!:lsll caves which Conned c:onr.urrcntly w1lh 
lhc Lroplcdl kacstlfic ... Lion. /\tJraslon r..lvcs ,lrt! ll•s~; .:,;Jgnjfir...anl, 
a,oinly hollows ,1 {ew m lunq l11 the ...anci.c•nl ,1111I ,nodc-rr. Jbr.,slon 
lcvc ls. Some tmprcss l vc uaturtt 1 br id~l'S r epcc's<:1tl sp,:cl.:icu 1a.r: 
phenomcnd of this ty}'.tc of cav~ <levclopmcnt. The remain~ o[ the 
large underground drainage system on this once continuou!i karst 
plateau whlch h..as grudually been dissected from the Ucgining of 
the lroplca l kursl l f lcat lon until the recent. submcrgr.nce, appear in 
the different levels of the islanrl cones . There art! also C"xtenslve 
underwater caves. 

The Trinh Nu (Vlrgtn) CJve ls an interestlm.t tunnel like 
passaQ"e. This passage ts J - 5 m wide and S - 10 m hiqh, ls deco
rated with flowstone, and marks an ancienl stream bed with erosion 
levels. It ends ln a chamber, which opens at sea level on the other 
sldo of the islond. Or, another island, 600 ra ~•way , nnd faclno the 
entrance of Trtnh Nu Cave Is a 100 m lonq c.ivr. p,'lss.ing throuqh a 
small cone. The slml larity bctweeu the two caves sugqests that thts 
is the sua,c system which has becumt! ~eparaled (f'iq. 3.). 

A few km to the west ls an island contalntnq tho Bo Nau C.1vc. 
The tufo curtain decocatcd entnmcc ls a 20 m wide crnr'I 10 m high 
arch. Buhlnd I.his lays n slnCJJ<' .JO m diamt!ter chamlJcr. 'l'h<• 
Surprise Cave has nearly Lhc samP- size and nppcarrncf" on a nciqh
bourinCJ island . 

On Lhe western end of t.he island sea, the Hang O,m Go (Peli
can Cave) ls a 100 m Jong chamber divided Into sever,"11 sections 
by la eye col lapses. From this c:hamber shot t, f l~wstone c.lccoralc:d 
passages form a 1,1byrint.h. On ,1 Ul"'u,by isl.ind is lhr. much smaller 

Oluh Cd\.'(!. 

On Lhe easlurn cdqr of lh11 bay, the ulccly r!cC"or.ilccJ Cia11 Go 
Cave contaln.s a :.,?ries uE l.:1cqc c-h,irnOcrs, whjc•h '''" ;1lso lt1C" rl'Sl 
of a Jar,.,cc, anclc•nt. cavv, system. 

3. UPl~tF"f Pffl,UENCEU K/\RST L>l:::Vt!L.OVHf:N'l' '1'0 ·rut:. W J\fil> S\i OF •1·11P. llt-:1,T/\ 

3.1 The Huong Tich (Perfume Pagoda) rtcea 

Jn the western part of the delta ni.eonderlng slrenms c~ut into 
the al luvinl pluln~ leaving c.Jclt:cl..iblc tecrdet:; which mJrk a Qt.."ncr
al uplift. Further lo the Wf"St of the delta continuous ranqes of 
cone karst c\omlnate lhc landscc.1.pr.. This ruqqed terrain shows kal'.'st 
rejuvenation In rcspon.:s:r to lhr. intense, uplift. Ollnd valleys with 
dolines and sinkholes huve been formed which drain tht• WJtec to 
the lntecmontdne plain. 

As a result of the uplift the remaJns of old phre ,"llic caves 
are abund..inl from the base level to thP. summt l of the cones Ht 
650 - 100 m above the sea lcvl'l. These phrentic ch,,mh e c ~ 11nd t ube.,:-; 
vary from 10 r.:11 to several hundreds of meters J n length. The longest 
1s the lluong ·rtch (Perfume Pagot.ln). Al about 600 m above the sea 
l~vel ,1 large r.ollapsed dollne opens 1ust n ft'!w mcl,•cs below th~ 
peak of the cones. lt is !JO m in diameter • about 10 m det•p and 
leads to a larqc phreat.lc chamber, frota where a 200 m long passage 
which gr...adudlly 11<1ccows can be followed. Mosslve, ma1nly ae.io 
stal1:tcltles dnd columns decorntc the cave. In the large charnbe[' 
Buddhist aJtars have been erected. 

unexplored actJvc sys~, ar,d Is terminate,1 by flowstone cemented 
collapse blocks. 

The described karst areas around the Red River Del t;l, l lk<! the 
other vast karst regions of Vietnam, hide Lemcndou3 vossibl 11 t Les 
for: fuclher spolco log it:a 1 cxplocal iu11. 

3. 2 Cuc Phuong (/\ncicnL t"oCt!Sl) Naliomll Pack 

One hundred kllometers southwest. of the Red River Delta ext, nsivc 
ranges of Ocvonion limestone form clusters of karst cones and tow
ers along the NW - SE trending geosyncl lnc axes. Th~ area is known 
as Cuc Phuong (/\nctent Forest) National Park. The name derives fro;n 
the dense raln forest 1,Jro'4inq on the cont-s, some part of which a1 c 
primeval focesl. 

From the delta a gradually ascend! ng londscapc rcachPs lhe 
local erosion ba::.,i level, which is ::oitunted on Lhe base level of 
the wide, olluvjum cuvcced volleys between the cone rilnqr>:s ~orne 
JOO m ubove the sen levt~l. This height of the korst r:-lses qc-'3iclu,ll
ly '/00 - 800 rn above the sen level. lHssected plateaux ilnd bl in,I 
valleys have been devt'llopcd between lhc <:()nc:,;, sugqcsting an clt?
vatcd karst landscape. The water :;ink~ tnto wcl l developed sinkholes 
and there ts no cloubt that lart,ie, sl.i 11 1mdlscovercd caves hav<." 
been formed. The averaqe hciqht of the cone!. ,~ 7 - 300 ra ,"Ind 
above the sinkholf•S dry c,1vc passages <"An be (ouud. 

The longest dry cave is the ',00 m llanq Tien Su (rrchlst.ort<· 

Cave) {f'Jc.,. 4.1. The cave ent rnnce ls !> m wide ,tnd 1 m high arJ 
Js 50 m above a large sinkhole. (n the cnll'.'oncc chambf"r:- the rem.iln..; 
of preh.1slorlc tnnn have been exc..iv..ated. /\ ◄ m wide ..and 10 m hJqh 
passage l~aJs furlhec 1n and is dccorate:d by brl l llurit. flowslonus. 
Jt marks an inactive river bed, which is the uppermost part of the 
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A TYPE OF VERTICAL CA VE CONSIDERED AS A "VERY DEEP KARRENFELD" 

. 
KOSA, Al\1la 

The exploration of a Hun9ar1an-Czechoslnvak1an karst p)ateau 

(Ua11:1e,Hungarian:Als6-he!)y,r.1ech:Oolny Vrch) has hcen carried 

on br a1riost eighty years.Vertical cavPs (potholes) discove

rect and .. anperJ during that per1C111 nm• or!cr an insiol'lt of 

about 'J.S kilo1111eters to the l<arst in .1 rather srnall arr.a or 
only sr.ven square k i l n •etc rs.The oriqin and hydroJo

gic role of the unique pheno■enon has been discussed during 

the niany years by contradictory theories.all of thPln hold,ng 

so■c pieces of the truth.The Ji9sa1t puzzle •ay flt together 

no.,,.It can be surprjsinA that these potholes - thetr averaQe 

depth }O m, 24 of thein deener than that, the decpes t of the• 

240 11 - can not be considered Plse ttlan a very deer, karren

feld.Hore exactly their rnle in the karstic drainage equals 

that of toe surface in ■agnitude,they Jar:k any direct rela

tionship to any speci fic: karst spring.StjJJ - obvinu!'ily 

these potholes were •ade hy the percolating karst water. 

V RELATED DEPRESSION 

A typical part of the A)s6-hegy plateau and hil l s 1de 
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Az Alsd-hegyi zsoabolyok ,■ int "nagyon ■dly 

Ordiigszcintcis". 

A Magyar-rsehszlovclk hat.iron fekvO alsd-hegyl fennsfk kuta

t4sa csakne• nyolcvan the fo lyik.Az id6kiizbcn felt4rt t!s 

fe) t~rkl!pezett 89 1so■boly •lntcgy 2,5 km Ossz-■t!lysl!gCi be

tekintest enged a karsztba nl!h.iny nl!nyzetkilo■iternyi terii

leten.A klilOnOs Jelensdg keletkezl!sl!t,hidroldglai szerept!t 

sok cllent■ond.isos eh1t!let taglal ta a sok ev sor.in,■in~egyik 

az lgazs.ig nt!h4ny elc■et ■agdban hordozva.A kdp tal.in ■os

tanra Ossze.illt.HeglcpO,hogy hidroltigiai szerepi.iket tekintve 

ezck a barlangok - 4tlagos adlyst!gilk JO sa,ennt!l ■l!lyebb 24, 

a lcg■t!lyebb 240 • - ■ indOssze igen •dly OrdHgsz.lnt.isnak 

tek i nthet6k. Pontosabban vhsz.11 l f tdsuk nagysdgrendjdben 

a karsztos felszin b.ir■ely helyt!vel egyenlO,kdzvetJen kap

csolatuk vala11ely kt tiintetett forr.issal nines. Ter■t!szetesen 

lt!trejOtti..iket a leszlv4rg6 karsztvfz okozza. 

LOCATION 

The "potholes" or the vertical caves in subject are located on 

the Alsd-hegy plateau,North-East Hungary,South East Czechoslo

vakia at a distance of about 20 kllo•eters East of Aggtelek. 

(48°)5'N 20°4D'E) 

FACTS TO THE POTHOLES 

The potholes of theAls6-hegy plateau ( Made of Triassic li ■estone) 

represent a very special type of vertical caves that haven't been 

reported fro■ elsewhere their character ls as listed: 

- They occur Jn a very dense concentration ,88 of the■(ln 

1989 and that's a growing nu■ber) and ■any depressions probab-

ly related to the potholes occur confined to only about J.O k■sq, 

a relatively sinall area. 

- All o f the• follow a tectonic pattern in shape,they consist 

or one or 11ore joint controlled pl ts 

- They have no any known conttnuation,■ost are choked by deb

ris,but those pits that have no opening to the surface have ■ud

dy bot\011. 

None of the■ function as 1i1ater swallows but the deeper 

they a re the wetter they beco■e with depth. 

- Al■ost all potholes open 1n the upper parts of doline-fun

nels. 

THEORIES or ORIGIII 

There wer:: ■any theories discussing the origin of the Alsd-hegy 

potholes since their exploration began in 19ll .Here we describe 

the ■ost i■portant theories in brief: 

- H.kessler stated 1n 1931 after several years of exploring 

the deepest Als6-hegy potholes that these vertical caves were 

avens developed by the cave-in o! large cha■bers or horizontal 

caves the■selves choked by the debris when the aven finally 

reached the surface.He based his theory on such a well known 

exa■ple as the Pad1rac 1n France .His theory was strongly opposed 

even tn the days of its blrth.So■e said (e.g.L.Schonviszky) that 

the potholes Mere a result or pure corrosion. 



- The Author wl th the ■ellbers of the Budapest METEOR caving 

club has conducted an extensive ■apping actlvi ty fro■ the l ate 
fifties.By the late sixties evidences strongly contradicted 

the "mechanical theory" of pothole development. The emerging big 

nu■ber of discoveries and depths varying fro■ several to 245 • 

excluded the logical existence of a "■other cave". 

Based on facts of cartography,11orphology and hydrology the au

thor said (1968) that the potholes were a product of the solu

tion or infiltrating water that was drained by the vertical fis

sures.The infiltrating water broadened the fissure,until it was 

wide enough that mechanical forces take over and open up the ca

vity to the surface.Discoveries of fissures that had no surface 

entrances and had ■uddy botto■s with no debris,potholes that 

were dug out on the surface in the bottoms of small depressions 

seemed to support the idea.Once open the potholes slowly fill 

up their entrances ever broadening. 

- I.S4rv~ry suggested it 1970 and worked out a theory with 

P .HUller in 197J that the potholes were a product of pure cor

rosion and they developed in unision with the dol ines that 

they have their entrances in. They offer convincing calculations 

that the solution effect of the infiltrating rainfall only was 

enough to be responsible for the "missing limestone mass", the 

cave volume. The dubious part of their theory is the e■phasized 

doline-pothole relation because there wasn't ever discovered 

an example that would support it and the si11ile of the high 

mountain karst is not convincing. 

- I.Szenthe stated in a lecture (1971) that the potholes 
were ancient water swallows developed at the retreating edges 

of a now completely missing impervious pyroclastic cover .Nothing 

but Minute allounts of these pyroclastlcs found in pothole and 

doline fllls support the idea that has never been published in 

detail 

MORE FACTS TO THE POTHOLES 

P .MUller found based on his stratigraphic studies on the sur

face and in the potholes of the Als6-hegy that the beds of 1 i11e

s tone stand on their edges due to a fold and thus the bedding 
planes are vertical. 

Four water tracings were performed,two in Hungary in 1969(S~r

viry 1971) and two In Czechoslovakia (VITUK I /Maucha,1976) at 
the ■iddle of the plateau including the deepest of the potholes, 

the Vecse11bUkki-zsoaboly. The tracing was made by water transpor

ted in tnks to the plateau. The results were curious because the 

tracers emerged in ■ore than one karst springs at the hillfoot 

fro• each source and iwo of the potholes distributed the traced 

water brotherly to Hungarian and Czechoslovak springs prooving 

that the potholes have no hydrologiGal relations to any one par

ticular karst spring. 

Paleoaagnetic tests of SOile pothole fills proved that these caves 

are the earliest ones in the Aggtelek karst having been there in 

the Pliocene. 

WHAT THE POTHOLES ARE NOT? 

Facing the above facts and theories it 11ust be screened out what 

the potholes are not thus to get a clearer picture of what they 

really aay be. 

The potholes are not 11ade by the cave-in of any deep horizontal 

~ by a purely •echanical way. The shape of the cross sections 
of the potholes is not round but elongated,fissure shaped.Also 

the potholes are too deep to have been developed the way rock 

mechanics describes - details oinitted here.On the other hand 1f 

there was a "mother cave" some traces of 1 t would have been dis
covered,but all efforts to find it were 1n vain. 

The potholes are not ancient water swallows because ■any or them 

have .)ust recently opened up,11any pi ts that have access frorit neigh• 

bouring shafts are not and have never been open to the surface. 

Host 1aportant of all clues are the results of the water tracings. 

Any sinkhole, that ever sinks concentrated quantities of runoff 

is related to one and only one karst spring . The potholes conduc 

ted water to two•three springs thus they can not be any swal lets 
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ancient or other. 

The Alsd-hegy•type potholes are closely related to dolines as are 

aany vertical alpine caves. The cliaate of the Als6-hegy ls a re
latively ■ild continental cli ■ate,there are no great accu■ulati

ons of snow the ■el ting of what is responsible for the origin of 

alpine dolines and caves that also function as true swallets. 

The potholes are in no way kin to the alpine caves . 

WHAT ARE THE POTHOLES? 

It must be einphas i zed again I that here we talk about the potholes 

of the Alsd-hegy and not about those anywhere else.Also it is 

not excluded that so■ewhere else the sa11e type of cave exists. 

The described theories in spite of so■e wild assumptions hold the 
seed of truth in parts of the• . 

H.Kesslerwas right that it is the inechani cal forces that finally 
open the potholes to the surface. 

Mi.iller ard5~rv41ry were right with their computation prooving that 

concentrated runoff was not needed to the development of potholes 

but seepage was enough through about two mi 11 ion years. 

I .Szenthe was right to put in the element of hitherto flissing 
surface denudation. 

And the Author was right in his theory of 1968 because the follo

wing water tracings,coaputations and continued exploration proved 
what he said but he was wrong putting together some fact s and 

mi ss ing the ele11ent of surface denudation. 

let hi ■ try it again . 

On the figure a sequence of sketches illustrate the inost im

portant phases of pothole development. 

J---- cca. 2 million vears 

A B C D E F 

A. shows a fissure under an original surface that is reduced to 

a lower elevation by each sequence. 

8. Descending waters drained by the fissure s tarting at a depth 

of about S0-60 •eters develop an initial slot of a cave. The 

suggested de;>tn c.011es from observations 1 potholes start to 

conduct considerable amounts or seepage not above this depth. 

C. Solution widens the fissure and clay is deposited to the bot

toa. Thts state of developaient can be observed at the bot to■ 

of the lower levels of ■ultilevelled potholes. The potholes 

develop not only in width but ln the length of the fissure 

too thus separate fi ssures ■eet in llany cases. These are usu• 

ally not exatly in the sa1ne phase of develop111ent.At phase C. 



the fissure may stop draining enough seepage to further deve

lopment being not deep enough any more under a denuding sur

face. 
0 . Denudation brings down the surface close enough to the pot

hole that mechanical forces brake up the top of the fissure 

and debris start to fall on the bot tom until 

E. the plug in the entrance falls completely in,debris cobers 

the original mud deposit completely and the entrance beco11es 

larger - the cave is now bisected by the lowering surface at 

a lower,wider section . 
F. Denudation fills the pothole,that is now a gaping shallow 

depression. 

This is the story of a single pothole.Until the final peneple

nization of the limestone plateau the show will go on initial 

cavities developing in the deep,gaining size,joining others 

to make multi 1 eve 11 ed systems of fissures, going dry, open up 

and fill in. 
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Surface denudation is quickest at the dolines and no wonder, 

that almost all pothole entrances can be found in the doline

slopes. The dolines and the potholes may not aore relations 

than that since the majority of dolines do not contain 

potholes.Quite possibly the relation is a more intricate one 

and other than very syste inatic geodesic and hydrologic su r vey 

and data processing will not reveal more than we know nm•. 

CONCLUSION 

The Alsd-hegy type potholes are made solely by the solution 

of of infiltrating water. They a re deep and numerous thanks 

to the very accented vertical fracturing that was hel ped by 

the limestone beds standing on their edges. They are deep 

but speaking in the terms of hydrogeology they play as much 

role in karstic runoff as any point of the karstic surface. 

Deep the potholes are but in one respect we can consider 

them as only very deeply developed grooves of a karrenfeld. 
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HOW DO BATS RESPOND THE ENVIRONMENT AL FACTORS? 

t::OV ATS, Nora 

Tt-e &nn effort of this research was to state ~ich environEntal 

factors ..,re crucial for cave-o,elling bats and to study how the aniaals resporded 

to thelt. It priMrily had a nature conservancy purpose: protection of the biotop 

(here caves providing the requirements of bats) is reeded to conserve the 

particular species. 

Of environrental factors tf!n1)erature, relative hl.aidity and lllrlevel 

were measured. Other, not aeasurable factors. e.g. shape of the roost and position 

of bats Mere investigated as well. 

Bats turred to be ouch mre •-ptable" than they had been SUWosed 
before. It can be caused hy bro reasons: first, no enviI'Ol'lllefltal factor has an 

effect by itself. A given set of 11- detenoines the occurre,-ce (or absence) of 

the aniaal, so a ''111ore adequate" factor can fNldify the effect of a "less ade<f.J3te" 

one. Secondly. tt-e species could develop certain behaviour 1118Chanism that ensures 

better capacity for survival than it would be expected considering ..arely 

physiological prll!"'rties. 

lt.lal disturbarce, being a rew envlromental factor, is the ,aost 

crucial , as no defensive ..echanisa has been develcped by bats. 

l. IHTRm.cTICJi 

-t European coontries, including ttrgary, strive to protect bats aoo 

their habitat or certain details of It. First of all it would require to oet 

mre lntonoation anout the habitat (e.g. roost, feeding habitat) itself. 

Studying the ecological ~irBlleflts ot bats we can understaoo how they choose 

their roosts, so places providing these requirements can be protected oore 

efflciently. 

Aggregates of cave-o,el ling bats have been investigated for ti ve years 

(aggregate of every bat of a cave referred to as ~ation; that of irdividuals 

belonging to the sane species referred to as colony). 

Here I mainly deal with hibernation as it is the flOSt crucial period for 

survival of the loolvi~als. Species occurring ""'51 frequently or being the ""51 

abundant in indiviciJal l'IU'lber were as follows: 

Rhirolophus fer"-"""lUilllll (Greater horseshoe bat) 

Rl\lrolophus hipposideros (Lesser horseshoe bat) 

'¥>tis '"'l'Otis (House-eared bat) 

f¥)tis blythi (Lesser ...,se-eared bat) 

2. SO£ CU:511116 I»' E1£RGHICS I»' BATS 

~t of the recent bat species are tropical. tblber of species decreases 

towards ~ rorth, as the circunstances ~ Jess favourable. Several 

RIOChanlSIIIS had been evolved by teq,erate bats enabling then to survive under 

relatively extreme circt.aStances. One of these adaptation mechanisms is their 

special theraoreg..ilation, that differs froa that of other aamal taxa. Bats are 

hetero~ra. It means that they are norwally able to raaintain constant body 

temperature tut in ISlfavourable parts of the day or even season their body 

~rature falls to that of the .nbient, by a slOMing down of breathirlQ, heart

·beat and other hody systms. 

T~rate bats can becme torpid in both Sl.ffll'er and winter. "inter torpor 

is referred to as hibernation. It 1s caused by lack of food, its length depends 

aainly on the species itself ar-1 the weather. 

&.1ner torpor ( referred to as daily torpor) is different. These species 

encounter a constant P.nergy deficit, as food intake ( insects available) does not 

nrovute enotql enerny for bats to remain continuously at hi~ body te:i:perature 

(4O-4l"r.). Peak deficits ""'Y occur ruring pregnancy and lactation. f,oing to the 

Wie rea91eren die Fledelllause auf die Ua,,elteinflusse? 

Uie Zielsetz~ der Forsctulg war erstens die Bestilnalll{} der krl tischen 

t.nwel te infliisse auf die twihlenbefi.-.j} ichen Fledet'8iause, zvei tens die Lntersuchung 

der Reaktion von Tieren auf diese faktoren. Die hat einen wichtigen 

Naturschutzaspekt: 11c110 -.iss das Biotop (h1er: di e gee1gneten Hohlen fur d1e 

flederaause) behi.iten, WCl'V'I wir die Art scn.itzen wllen. 

lrlter CEf1 Urwelteinflijssen ootersuc:hten wir die folgenden: Teq-,eratur. 

relative Luftfeuchtig<elt un1 COrGchalt. IJareben studierten ~ir auch solche 

tnDeSsbaren faktoren, wie die forsi der t«llestatte, d1e Lage der Fledermaus usw. 
Die fledenn.iuse hatten eine gri>ssere Afl)assu,gsfahi~eit gezeigt, als es 

fruher angenor;men wurde. Oas hat zwei Griinde. Erstens: die Lm,,,elteinfli.isse wirken 

nicht selbst. Oas Vorlc.amen (oder der Mangel) eines Tieres vird Wrch eine 

gegebene ~ der faktoren bestilrnt, also die faktorcn ki:irren einander 

gegenseitig aodifilieren. Ztieitens: die Art kam einen Verhaltoogsmechanismus 

entwickeln, ...as eine grOSsere Aussic:ht fur die fortctauer s1chert, wie man aus 

physiologisdlen Kemzeidlen erwarten kam. 

Die menschliche Storung 1st ein neuer, oleic:hzei tig der gefahrhdlste 

Urweltfaktor, weil dagenen die Fledenl'lause noch keiren ScnJtzr,echani Sf'l!IUS 

entwickeln komten. 
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rorth difference bet...en body t,q,erature and that of the -ient grows, thus 

energy deficit wruld increase as well. 

Bats can rot raise the food intal<e: first, tlying (thus l>.Jnting itself) is 

very energy consuning. Secondly, -tity of insects depends on the ""ather . In 

cold, rainy days there is a food shortage, so food intake of favourable days has 

to oover the energy costs of unfavourable periods. In addition, bats have to 

prepare for hibernation. -t ...,,..1 can do it by increasing the food intake in 

auh•l, but bats can rot, as it follovs fraA the above. 

It is clear that there is only one possibility to reruce this energy 

deficit, """"'ly to reruce the energy costs. By becolllng torpid bats can save 

energy, because they do not need to maintain contin.JOUSly hi171 body t""""rature. 

This dally torpor -es ii possiblle to survive unfavourable periods, to build 

up energy reserve for hibernation and to give birth to the babies. Mlatever 

energy-saving solution this is1 nost of the t~rate bats can bring up only one 

yoong. 

J. VU.1£RABILITY 

We can see that energy stor-ed as fat is very limited, that is why these 

ani..als can be especially vulnerable. In winter fat deposit is .)ust enoug, to 

-e it passible tor the aniaal to respond to the changes in environrenta1 

factors (e.g. decrease in te11perature). In these cases the bat can wake up and 

look for other, rDOre appropriate roost. This respo'lSe is very ~rgy-consta1ng: 

on me hand, hody teraperature raises fron that of the surrounding (e.g. a cave) 

to 40-41°1::, causing significant loss of energy. On the other hand, rer.aaining at 

this higl body temperature requires extra energy as well. 

lt'8se avakenings seea to be calculated evolutimary, mder noraal 

cirCUl6tarces tM fat reserve lasts till the end of winter, when insects appear. 

Problem can arise if scnething l.l"IJSual happens to the population, for ex~le a 

too long and cold winter. It May also occur that bats have to wake up too often 

(especially because of hunan disturbance). In lx>th cases they use '-" the fat 

deposit too early and die ot starvation. 

Tt-e other reason of vulnerability of these animals is their rather narrow 

ecologir:al tolerance. First, 11105t of the insectivorous bat species feeds 

exclusively m given taxa of insects. Secc:>RUy, hats rrust select their roosts 



very carefully. (Int this point of view tt.?re is a quite s1r,niflcant differercc 

between the so-calle<t "tree-hats" and "cave- bats": the fnrner group CR\ nlerate 

greater extrBl'les. "'1ilc tte latter one requires more constant environ"eOt.) 

Purpose of this studv vas to find wt IYlw hats dloose their roosts: khat 

enviromental factors could be the nost crucial; between tinat PxtreraP. values of 

these factors the given colony or nopulatlon ocurred and, finally, 1t was 

expecially interesting to investigate how the ammal itself reacted 1~ its 

envircnnent. Optinll't values of the erwironnental factors were detcooined as 

well, on the basis or {fJantitatn·e occurrence. 

4. ENVIROlt-£NTAl FACTOOS 

In rur case, as well as m course or any other ecological fieldiirori<, the 

riarn rh fficul ty was to ans.icr the first question, namely to finc1 enviromiental 

factors haviOA the rrost significant effects oo the aooregates. Both reasurablc 

and rot reasurable factors were investigatPd. The first groun of the factors 

tnvolvert for exaq,le ter-perature, relati"e tuiid1 ty and COrlevel. ~pe aM 

location of the roost hcloncJ:!'(I to the seccn:1 qroup. 

Here we deal "'ith t8"1)erature aOO relative h.nid1ty, both were chosen en 

the base of physiological respects. 

lB'lf}erature of the roost should be sui tahle for SDaintaining the slowed rlowo 

rretahol isrn. Trerefore there 1s a (theoretical) cptinun, Mhcre the retaho) 1c rate 

is the r.-ost favourable, aod there are a lower and an l.1)Per limits. Of course, 

tt-ese values differ a little bit in case of each species. 

The other factor being crucial considering the rretabolism is the relative 

hl.nidity. This, as well as tmperaturc, especially concerns the period of 

hibernation. If relative hlnidity is very low at a certain place, water loss can 

be very significant. It means that tre animal has to wake ~ to drin< very 

often, causing considerable loss of energy in case of each awakenings. 

Relationship between these factors is very close: on one hand, ~rature 

has a direct eftect on relative htnidity and, on the other hand, they have 

indirect effect on each other. For instance, rrctabolisr:1 and water loss may grow 

"'1en t811)erature ircreases. If relah~e ht•1dit} l'i loif' at the sa;re time, 111tter 

loss can be more crucial aro dehydration can be faster Ulan they .. ooto be 

considering ret"eh one uofavourablP tactnr. 

tren: are two pnssibili ties to study the role of these envirorJT'e1tal 

factors and to d2tet"Qine the tolerance of a given aggregate. First, rreasuranent!i 

can be made in 01,e cave and theo we can ca-pare the spatial aro tEr(}Cral 

distribution of bats to values r.easurcd. Secor,Hy, investigation can be earned 

rut 1n several caves and we can COOl)are these ~lts. The latter ,ethod can be 

advantageous ""1en values of a certain factor 00 not shm.: significant variation 

within one cave. 

Cave used as a sa,rple 1s the Letr~si-Vues Cave (Biild< t-'ountains). Results 

of rreasuranents made here are COT'Bred w1 th those of other Hungarian and Polish 

caves. 
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On the basis of observation made in the L~trasi-Vizes Cave it can be said 

that tenperature preferenc:P.s of the investigated species have showed clear 

rtlffererces. (Here ecolo01cal requirements of t+(otis myotis and H. blythi are 

discussed together, since they usually fonoed oraups together and identification 

could not have tef'O ,:,ade withwt disturbing the oats.) 

T~rature preference was detemined on the base of t~ral (Fig. 1.) and 

spatial (Fig. 2.) distritl.ltion of bats. Greater horseshoe bats preferred the 

warmest places, occurred most f~tly at ter.cerature of 6.4 - 8 .00c. Ch::e I 

ctiserved a specimen at extreaely low terrperature O.aoC) as lifell. t.q>er extrerre 

value agreed with that of the optif!U'3 (8. D°C) as it was near to the maxiffl.a 

te,rperature of the cave (8.2"C). 

Q:>timun of Lesser horseshoe bats was bet\llOOn 5.5 - 7.5. Extrene values of 

its occurrence were 3. 2 and A.lOc. 

!-ruse-eared and Lesser mouse-eared bats were the r.ost abundant in 

indiviOJal l"I.Rler at tesr()erature of J,O - 7.00C. lowest aro hi{tlest extreme 

values were 2.2 and R.OOc. 

There is a significant difference between values flleasured in ttus cave am 
those or rentioned in literature. For ••8""1• -r ard Gri1t11Eerger (1987) 

gn-e the following dlaracteristic value5 or winter roosts: 

Greater horseshoe bat: 7.0 - 10.0 "c 
Lesser horseshoe bat: 6.0 - 9.0 "c 
Mouse-eared bat: 7.0 - 12.0 "c /!/ 

Lesser rouse-eared bat: 6.0 - 12.0 "c /!/ 
Furthennore

1 
in course of nost or rrry measurements made in other caves the 

two horseshoo species were found at h1{tler terl)erature, between 8.0 - 10.00C. 

1-'easuring the rel:itne tuii1dity such a sign1f1cant variation could not be 

observed. Ol the basis of 'lalues measured in ooth tt,e l~tr~si-Vizcs Cave af'd 

other caves bats can he sald to prefer hi~1 relative t-unicHty, rear 100 S. 

G. COUUSIDIS 

This s1g11ficant difference between thennoprcferenduzls of 3ggregatcs of the 

sar.-c snec1es wn be cxola1ned act fflllows: flrst, certain behevic...ir patterns mat 

help th'! aiit"'~l to c..,t trr.e '"Dte or lPss fro, .rbient tE!f!'()erature. In case of 

•tAJse-e:irt:11 and Lesser roose-eared bats the rtOSt irrportant behaviour pattern i s 

to form c.ol<Y11es: the lowr.r the ta-pF-:rature, tie rore individual burch together 

~fig. 3 . ). ln this "8Y ~~-~t::irs is RJct1 rrore advantagerus, making it possible 

for the colcny to recur at SULa a ·1ow to-perature that woold be iffl)Ossibile fer 

a sinQjc inch victual, rei:Jardirg merely physifllogical respects . This pattern can 

be l~erved in hor5f'<;OD; C?tS dS. ..r.11 . 

Sec:n11y, m .,~v:n:n~"l:: l ? ·t.:.tor can be studied in itself. Interactions 

re•""·~n ~ factor~ , ~\'en X't .. ~n the anir-ial and its environnent should be taken 

:nto cm:1ioeration to ctit,1in .-e]iablr. ard useful data. 
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Each ca•,e has its own "individuality", possesses given set of environnental 

factors. It is very illlportant to lr<lerstard: a certain population has adopted to 

a certain cave, to certain set of the eovi['ormental factors, not to caves in 

general. That Is .tiy It Is essential In bat conservation to protect the 

accustaned roost or each population. 

I. RACEY, P.A. - SPEAKMAN, J.R.: Energetics of preg,arcy ard lactation In 

heterothermlc bats 

Fourth European Bat Research S_I ... , 19117, Praha 
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hlbernal plplstrelles ard the firction of winter """rgency 

rui,,ts 

Four th European Bat Research Syq,oslun, 1987, Praha 
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Franck! tsche Verlagshardl l.Wl!J , 1987 , Stuttgart 
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PURPOSES AND NECESSITY OF GRID MAPPING 

DEVAI, Gyorgy - KOVATS, Nora 

The first (and so far very often neglected) step of nature conservation 

11.1st be to estimate lillat we possess (nall'ely the recent status of natural 

resoorces). for ex~le, having exact fatllistical data there i5 a possibihty to 
state any manges In plight of the oiven taxon. lhese manges probably indicate 

envlronnental probleas , so QRttlng exact lnfor...tlon about the SY"')t .. (e.g. 

decrease in indiviB.lal rurber or even disappearance of a whole populatiT) can 

h!lp to reveal the reascns. 

Grid mappinp, as a oethod, enahles an up-to-r1ate data processing to be 

-· Usually ID x IU ka sized squares are used, but they can be olvided Into 

subsquares. Each square has a cone cxrislshng of 2 letters am 2 ruabers. To 

<leloonstrate how data collection and data processing sho.Jld be made In a particular 

case -.e surveyed caves used by hiberoatmg bats in M given S x 5 kll sized 

S<Jbsq.,are In the lkikk M<ultalns. 

We sho.Jld like to call attention to the dlfficul ties or grid Npping of 

.iuratory species (bats are involved here as the winter and SUtmP.r roosts of a 

colony are different). In these cases tvo esti.Nhons of the PQllUlatlon ..st he 

.. de. 

I. Pl.fl POSES CY GR ID HAPP It£. 

The first an::t ll'OSt l~rtant step of any kind of nature conservatiM should 

be to estlo,ate ,nat "" possess (nanely the recent s tatus or nature). Ne!)lectlnp 

this step we can not follDlif with attention to ""3t extent certain plant am 

anlffi8l pop1latlons are rlalllaged by different problens or envlrornental 

protection. This (1-JeStion can be approached fron the other side as well. Az 

OCC".Urrerce (or abserce) of living ornani5n15 always indicate sonethlng, decr-eaSP. 

in lndiviOJal rurber of a given population or even disafl)earance of the whole 

rq1ulation can be regarded as a S',ffPtcn, that presuaably inUcates a certain 

reflltlve effect. Albeit rot often, hut its opposite can also occur: re

appearance of a population or increase in its i,._,ividual l"Ulher may indicate 

post tive alteration in envirormental factors. 

Ne have to thiri< of that the later such a data-hase ts created to estieate 

the status of natural resources the smaller charce we have to solve the problem 

by recognizing the 5Y"l)too. 

Grid 1181)Plng accepted In ohole Europe ...,.. to be the ""'5t adequate rethod 

to collect, to process and lo publish data. lie ""'1ld eq,haslze that grM _. In 

themselves provide rather little lnforaation, so a ~tational data processing 

sho.Jld CO'l)lete It. o, one hand, ctJrlng grid 1181)Ping there ls no -siblllty to 

record certain . elerents of data (lcx:ali ty and date of collection, nanw, of the 

collector). These are all essential eleaents of any faoolstic/floristic r1ata. 

Exact record of the locality Is needed ,1>en certain locall ties have to be 

arranged by different -lnistratlve uni ts or topographical lot rulbers. Date of 

collection is prinarily i"flOrtant because of seasonal hahavlour of the species. 

Finally, knowing the ,_ or collector -es It possibile to control the data 

and IJJarantees their authenticity. 

Cn the other hiwlrl , grin NPS 00 not strive for (Jlantitative representation. 

Classical form of grid ""'l'Plno enabled only a nm molce selection to be lllade 

(the species occurred or rot). It has turned out that presentation or 

(1.Jantl tative properties should be necessary I that requires a suwlementary data

base. 

2. PRACTICAL APl'I. ICA Tirn rF r.Rin ~APPit.C 

Grid used in European survey is of UTM (li,iversal Transverse ~rcator) sys

tea. It consists of .. in sq.,ares or 100 x 100 1ao2. These are encoded 
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Ziele und No~i~el t der Rasterl<artierung 

Iler erste Sehr! tt des NaturschJtzes 1st not....oolge,,..,lse eire Abinessung 

der Kostbarl<eiten, die zur Beurtelll#lg des urspriingllchen UnoeltzustandeS roch 

heutzutage zur VerllJ!PllQ stehen. Bloher war das zun Tell vemachlassigt. Wern wlr 

belspielswelse genauere faunistische Oaten haben, darn gibt es eine Mdglichkeit 

zur Bestumi,61Q .)eder Veranderung iJo Status elres gegebenen Taxons. Wahrscheinlldl 

zelgen dlese Veranderungen die Uiwel tprobleme an, so tragen die genauen 

Inro ... tionen von Ersclielrungen (z.U. d1e Veralnderung der Exeoplare, -r die 

VerschNin<ulQ der ganzen Population) zu der Aulded<ung der Ursachen be!. 

Ole Hasteri<artleru'lg, als eine Methode, sichert die ),tjglichkeit einer 

zel tlllilsslgen Dalenverarbeitung. Man braucht ge,,ot-nlich die l)Jadrate IB!l IDxlU ka, 

aber die kann welterleilen (sag. Subquadrate). Jedes l)Jadrat hat elren ~ mlt 

zwei Buchstaben und zwel lunem. Zur Omonstratlon des Sameln von "'1Jaben und 

der Oatenverart>el tung zelgen wlr In el,- Subquadrat 11i t SxS kill aul den Bul<k

Gelnrge die Hohlen, ""lche eine Aulenthaltsstelle !Ur Fledenoiiuse la Wlnterschlar 
geben. 

Wlr verweisen darauf I Biss die Rasterkartlerung YOO Zugtieren auf 

Schwlerl~ei ten stossen kam. (Zu den Zugtieren kam die Flederaause auch 

elngeteil t werden, well das l)Jarlier I• Somer und Winter ge,,ot-nlldl 

1nterschiedllch 1st.) Gegebenenfalls 11\issen zwel Aufnat-, 11Jn:hgeliru"t werden. 

alJnabetlcally, 2 letters fora the code of each inain SQUare. It results fnn the 

peculiarity of this projection that at every shth long! tudinal circle a so

called convergent zone can be found to eQ.Jalize area di.111lnution caused by 

spherical shape or the Earth. 

National surveys ronnal ly use squares of 10 xlO ,a.2. These are en:oded by 

rullbers fro,, 0 lo '19, within each ,..In square of 100 x 100 1<a2• In this way each 

sq.,are has an alphanu,-erical code consisting or two letters and two rullbers. The 

letters refer to the 1111in square, the IU!lbers to the S(JJ8re itself. 

To survey snaller areas within the ccuntry (e .g. co1.mties 1 natural 

reserves, national perks, etc.) further division 1s needed. Two possibilities 

are avllable, both are wide-spread. First of U'ell ls -.hen the square of 10 ,c 10 

1<a2 Is divided Into subsq.,ares or 5 x 5 1<a2 ard they are encoded alphabetically. 

Then each subsq.,are is divided Into l our parts >!l'lln. Suhsqares of 2. 5 x 2.5 1o112 

f~,-o In this way are encoded ruaerlcally. The secom possibili t y Is to divide 

the square of 10 x 10 1o112 Into subsquares of I x I '""2, they are encoded 

,._rlcally from O to '19. lhls procedire agrees with dividing the aain square or 

100 x 100 1oi12 into squares of IO x ID 1oo2 . 

In eadl square occurrence of the species ls shawl, using certain syllbols 

(here • l Separate lllilPS sho.Jld bo lllade for each species, for the sake or 

clearness. 

To "'8ke the foreoolng lucid, a factual exaffl)le is to 00 described here. In 

the l!ukk ltlunlolns (lulgary) a ~are or 5 x 5 1on2 or the square or 10 x 10 

1oo2 was chosen for tills survey (Fig. I.). Taxon Investigated was Ollroptera 

(bats). These anl.Jlals have special seasonal hehavlour: ......,r and winter roosts 

or the same colony are different. As this survey was especially - to 

defticnstrate the practical application of grid NPJ>ing, species hibernating ln 

caves wero lnvestipated, 11Jrlng the perlnd of hlhemation (5"'ject of our paper 

agrees with that or the con[ererce at this paint). 

Square Investigated is s ituated at the edoe or the lliikk Plateau. !\Jr molce 

was lllade by the facts that It could be easily "ll!lroached and ,.._r of caves of 

this area was quite hig,, according to the register or the Ministry for 

Envlr..-.otal Protection and Manage,lent of Water Supplies was as ouch as 62 

(Fig. 2. ). The Investigation was carried out In the winter of 1788-87. 

lulgarlan bats belong to 5'border Microchlroptera, to the f aallles 

Vespertlllonidae and Rhinnlophldae. Aaong the 24 species occurring here the 

folloving ones were observed: 

Rhirolophus h1pposlderos (Lesser horseshoe bat) 
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Fig. I. The investigated subsquare or2sxs km
2 (Ol.1620) 

within the square of lOxlO kin 

Fig. 2. Distribution or caves In the Ol.1620 subsquare 

Fig. J. Distribution or Rhlrolophus hipposlderos in 
the OU62D subsquare 
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Fig. 4. Oi strihuhoo or Rhinol ophus fernnequiflU'II in the 
Ol.1620 subsquare 

fig. S. Distribution of Hyotls ll)'Otls in the IJU620 
subsquare 

Fig. 6. Distribution or Hyotis blythi in the OU62D 
subsquare 

Fig. 7. Oistrib.Jtion of Myotis nattereri in the OU620 
subsQuare 

Fig. 8. Distribution or Hyotis lll)'stacinus in the Ol.1620 
subsQuarc 



fig. 'I. Olstr!rution of Rarbastella barbastellus In the 
00620 su1t5quare 

fig. IO. a1str1rut1on of Piplstrellus p1p!s· rellus In 
the 00620 ..-iuare 

Rhlrol~s ler-inuo (Greater ml'SP.Shoe bat) 

Hyol!s '")'Oils (Mouse-eared ball 

l'yotls blythi (Lesser IDJse-cared bat) 

Hyotis nattererl (Natterer's bat) 

Hyoth aystacin.,:a (Whiskered hat) 

8arbastella barbastellus (Barbaslelle) 

Plplstrellus piplstrellus (Plp!strelle) 
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Dccurrence of these species are shown on grid 11181)9 (fig. )-10). The 

Sdlsquare of S x S 1,ca2 is 11ivided in two ways, for the sake of coq:aarlson. It 

can re seen that the two t1111erenl .. thods (n!vldlng Into ~res or 2. S x 

2. 5 or I x I 1ao2) a,ay Ol\'1! different pictures. As it can be expected, the latter 

provides acre exact result, hut re(Jllres better aaps and ftlllDre precise held

wnrk. 

). Olff!C\A.TIES Of GRIO MAPPII(; 

Experiences or al11105t JO years or European grid ""'l'Plng she,, that In case 

or both collecting ant1 processing data several dllflcul ties can arise. ~ 

~ 01ly NO are rtescribed here, we have en::ot.11tered Ulell aost fN!qUently 

rurlng our Investigation. 

0-.. of the ..,.1 loportant probleas results from the ..,thod l tsell, Essence 

of grid aoppmg Is a continuous ob5ervatlon or the status or the objects or 

nature, here specie,, so data collect1119 can never he finished. Old data can be 

11sec1 only to CQ11J1are the fomer ard present status. 

In case ot hats the sea50lll bdlavlour .entioned above, ~ly different 

su.er and winter roosts of a-e colony, enlarges this difficulty. for these 

species t-..o grid fftaPS sho.Jld he made, one would show the winter, the other the 

sumner nccurrence. 

II ...,,.,1 ts rroa thP. foregoing that the other aaln problea or both grid 

""Piling ant1 creating a "°""'lallonal data-hase ls "1ether an appropriate network 

Is avaihble for SUAJlying of data. This network should rot be based exclusively 

01 specialists: role of amateurs and aateur g~ in nature anservatloi is 

growing as the prohlems increase. 
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SHEAR, TENSION OR BOTH -
A CRITICAL VIEW ON THE PREDICTION POTENTIAL FOR CA YES 

LAURITZEN, S te1n- Er1k 

~bstrat:t 
There are general probJe11J, of dJstlngu1.sh1ng between ten.sJon 
and sbear pJ11.ne3 on t/Je collecCJve a nd JndlvJdua.J level . In 
many cases. real dJ.strJbutJons of tension and shear fractures 
cannot be dJ.stJngulshed. In these ca,es, general a.ssu.mptJon.J 
that eJt/Jer of the two types of fracture excJu:,JveJy controJ.s 

INTRODUCTION 
From the theory of speleogenesls it follows that cave 
conduits are formed from pre- e1r:1stin9 fractures. Therefore, 
the history of brittle deformation ts essential for 
determining the geometry of a karst system. Generally, 
fractures can be of two basic types, shear or tension, 
depending on their angle With the principal axe, of stress, 
Figure Sa . A widely held vtew, which often occur in 
textbooks, 1S that tenston fractures are better conveyors for 
groundwater than other fractures . This view might seem 
lntutttvely conceivable, but as we shall see later, a unique 
distinction ls difficult to prove. 

In the following we s hall use the term Tension Plane 
about fractures generated by tension, and S/Jear Plane 
about all fractures generated by shear forces, Le bot/J 
true faults and incipient faults (Shear Joints,. 

As brittle shear zones evolve, they will distort the stress 
field in their vicinity. Secondary shearplanes may therefore 
develop at acute angles to the primary shearplanes; these 
secondary shearplanes may further develop a new set of 
tertiary shears, Figure lb. Such multiple generations of 
shear planes are often named Riedel shears, and it follows 
immediatel y that the scale al abserraCiaa ls 
important for the identification of the stress field. A 
stress field which ls •unimodal• on a larger scale would 
de•elop into several sub-sets with decreasing scale of 
observation. In some cases, the regional stress fJ.eld may be 
deduced from small scale slip-vectors by means of statistical 
analysis of a taro~ $Ample IAngeller 1975). 

a, 

a, 

a, 

r.1.11ure /. 
•I Sbe•rplaaes aod teas1oo :lracCures relaCed co C:be pr1ac1pal 
azes ol stre.s.-, ,,., .. u3. bJ Distortlon of the ,tress field 
around fractures. u 1 and u 3 may rotate up to 90'. From BJe.s 
ant1 Feuga l9a6. 

JfOlt- Dr••crrO.NAL DAT"' 
•e.so1u1Joa al sbear aad ceasioa planes 
There are several problem., connected to the analysts of the 
collective properties of shear and tension fractures , i.e. 
when they occur in populations. First, when we try to 
decompose slip- vector data of the scale of cave passages 
into principal stress axe.s , we will almost always get 
multtmodal dlstrtbutlons. Second, the ma1:lmum available angle 
for the distinction between tension and shear fractures ls 
the angle of failure, 8, which is dependent on the .strain 
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cave.s on t/Je collective level become meaningless. Stlear 
fracture.$ are most often recognized individually a.s guiding 
fractures, and cave pas.sage trend.s often correlate we11 wit/I 
thelD. Beta analy.sis flnter.sectlon/ of bedding pJ11.ne.s and 
fracture.s see11J.s like • proJDislng dlrectJonal approach for the 
analysis of .structural contro l Jn cave.s. 

rate and the internal friction in the ma terlal. 8 ls commonly 
in the range of 20 - 40•. In practice, each set of fractures 
display a distribution around a mean, which may .,ometlmes 
exceed t 30•. Therefore, genetically related sets of 
shearplanes and tenstonplane.s may overlap , and a distinction 
between them on the collective level may become difficult. 
From thl.s, we Will also realize that there 1., an upper Hmlt 
to the number of clusters that can be re.,olved on a sphere: 
the number depends on the relative position and the 
distribution of each cluster. 
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FJgure 2. 
Tile stri•e ol slle•rplaae.s co•pared wJCII c•'P'e .11aea•eat 
trends. Tbe derJ•Uoa obserred ••T be eJCplaJoed bT the p1tcb 
ol tlJe ca'P'e passage Jo tbe guldlag lracture. 

Fracture planes as such are non-vectorial, Le. they are 
trends. It ls common practice to constrain the statistical 
treatment of planes to their proJection Sn the horizontal 
plane (the strike). Being trends, they can only be resolved 
within the range of o-1ao• . With a .,lip angle of about 301 

and a dispersion of 30' !Fisher distribution), more than two 
sets of stress axes (four sets of .shearplanesJ can hardly be 
resolved with confidence on a semicircle. The corresponding 
tension planes would bisect the angles between each conJugate 
set of shearplanes, and the que.,tlon 1., whether they can be 
resolved from them a., a separate population. 

These problems of resolution can be demon.strated on samples 
where the association of shearplanes. tenstonplanes, or both 
allows determination of the slip- vector, and sub.,equently, 
the stre.,s azes fsee general texts like Davl.s 1984, Ragan 
1968, Ramsay and Huber 19811. These techniques can easily be 
implemented on a microcomputer which allows the processing of 
large amounts of real and simulated data set.,. For the 
purpo.se of further research into the 3- dimensional analysts 
of caves and fracture.s, a menu- oriented program: •s1gaa 
123•, has been written in Turbo-Pascal code {Borland 
1988, Lauritz.en 1968). Several approaches have been appUed 
to the problem of comparing samples of spherical data ffisher 
et al. 1981,. An annoying problem is that we have no good 

method for statistical testing of multlmodal dl.strlbuttons on 
a sphere; lt ls suggested to carry out the tests ln the 
horizontal and 1n the vertical plane separately. Several 
approaches may be tar.en, either a direct comparison of rose 
diagrams by means of non-parametric statistics l~olmogorov
Smlrnov, J::uiper), or by a Quantile-Quantile plot which is 
sensitive both to the shape of cUstrlbution and to the 
position of the means {Fisher et al. 19&T). For the .,ar.e of 
brevity, we shall only con.sider tr1e application of the 
~olmogorov- Smlrnov statistic here. 



So far, more than ten samples of conjugate shearplanes (n: 25 
- 100) have been analyzed and compared with the corresponding 
tension planes and with axes of cave systems in their 
immediate vicinity. All data sets were also tested for 
randomness and uniformity; data sets which could not be 
distinguished from random or uniform distributions were 
reJected . 

Tenslon planes rlc. S hear Planes In most cases. the 
Xolmogorov- Smirnov test was unable to distinguish between 
the distribution of tension planes and the distribution of 
the corresponding shear planes. 

Ten,1on plane, vJc. CaYe Pa,,age Trends In some cases the 
test reJected the null hypothesis that the caves could be 
explained by the distribution of tension planes, in other 
cases not. 

S/Jearplane, rJc. Cave Passage Trends In most cases, cave 
trends and shearplanes could not be distinguished. Moreover, 
it was usually possible to explain the slight mismatch 
between two maxima by the fact that a cave passage would 
represent a pitch in the plane of the guiding fracture, a nd 
thus deviate from the strike of that plane (Figure 2). 

It is generally difficult to suggest unique solutions to the 
problem, simply because lac• ol difference Js not • 
sufflcJenc crJCerloa lor unique Jdentltr. For example, it 
is possible to "predict'" the distribution of lineament trends 
of the Pierre St. Martin System from a set of shearpl anes 
(faults) that can be extracted from geol ogical maps of the 
area. Using a sample of about 100 lineaments in each group, 
the two sets cannot be distinguished as different by the 
l:olmogorov- Smirnov statistic, Figure 3. This result is 
obtained by using the opposJCe null brpoCIJesJs of 
Eraso U9&6). Based on the assumption that caves are guided 
by tension planes alon e, he predicted the PSM system from 
synthetic tension planes. 

Direct Observations Accepting that the collective 
treatment Of potential guiding fractures do not always yield 
unique solutions, we may turn to th~ indi.-idual level of 
Conduit/guiding fracture association and try to iden tify 
their origin . In most of the cases that have been 
investigated, the guiding planes that allowed analysis were 
shearplanes. Other guiding fractures which could not be 
a n alyzed with confidence, were h owever, often parallel wlth 
other shearplanes. Generally, larger elements of conduits 
seemed controlled by shears, Whilst some of the most 
effective shortcu ts, could be tension planes. The most 
striking example is perhaps Castteguard Cave in the Canadian 
Rockies, where most •bedding planes" turned out to be low 
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Figure 3. 
LJaea•enCs 1n Cbe Plerre SC. llarCln Syste• •predJcCed• fro• 
.slJearpJaae3, aea.sured as •apped :laulC.s of Cbe •rea. TIJe two 
dJ3CrlbuCJons caaaoc be regarded as dllfereac. 

,111ure •· 
C•re c oaduJts are coatrolled bT planes, or bT CIJe lJaes ol 
Jaterse.:Uon beCweea fbe•. TIie dJp dJrecUoa ol care c oaduJC3 
aar be •odelled b T beta analrsJs of plaae s u,ac .supp osedlT 
control Cbe• . Ira• LaurJC•ea iv••· 
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angle thrusts. and many of the vertical elements fshaftsl 
were guided by fa ults. We may, however identify tension 
fractures as guiding fractures in the case that fractures may 
experience secondary tension from geomorphological rea.sons, 
Le. loading and exfollation close to steep surface 
gradient.s. 

A possible explanation for the observed preference of 
shearplanes as guiding fractures may be that shearptane.s 
(faults) tend to be more e:a:ten.sive than tension planes, which 
also tend to De mineralized. The more ex tensive a fracture 
plane, the higher ls the probability for intersecting other 
fractures, thus allowing throughflow. 

Dr••crroN~L D~rA 
Beta L1araC1oa ~na1r.s1.s 
The problem of fracture genests may be avoided 1f we consider 
the general observation that cave passages are almost always 
guided by the line of intersection between two planes, 
Figure♦. Using this approach , we may try to predict caves by 
constructing lines of intersection (beta analysis) between 
bedding plane/fracture, or fracture/ fracture !Lauritzen 1986, 
198&b). The resulting lines are trends in space, but as they 
possess a dip direction, t h ey are directional in the two
dimensional domain. we therefore nave the possibility to 
consider the dip dlrectJon of cave conduits, and utilize 
the full circle in our analysis. For vadose conduits, the dip 
direction would also be the direction of flow. In most cases, 
it was possible to model the axial trends of cave surveys by 
beta analysis of fractures and bedding planes, and the 
goodne.ss of fit between the observed and predicted dlp 
dJrecCJons were in some cases highly acceptable, Figure 
5. The corresponding beta- plot of fracture/fracture 
intersections do not explain much of the cave pattern . In 
contrast, dolines are often believed to be controlled by 
fracture intersections. 

CONCLUSIONS 
11 It is difficult to make general distinctions between 
tension and shear planes on the collective level. 

21 The trends of cave passages may be predicted from tension 
planes and from shear planes. This investigation 
suggest that shearplanes often give the best goodness Of flt 
of the two. Small deviations between the modes of shearplane 
strike and cave lineaments may sometimes be ascribed to the 
fact that the cave often represent a pitch in the guiding 
plane. 

31 Close inspection and analysts of individual guiding 
fractures in caves most frequently reveal them as shear 
planes . Tension planes are much less common as guiding 
fractures. 

♦) A non-genetic, directional model for ca.-e lineation dip 
direction is suggested. It models the lines of intersection 
between bedding planes and fractures. In .some cases, this 
approach may produce highly acceptable results. 
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,111ure 5. 
DJp dlrecClon o:I • care coapared wJCIJ beCa analysJs o:I 
1raccure.s of beddJng pJaae.s. r111s approaclJ allow.s Cesua11 Ja 
a full cJrc le. dJrecClonal do•aJn. 

51 These conclusions need further testing before genera l 
validity can be claimed. Future studies .should follow this 
approach: 

al Sufficiently large (N ; 50- 1001, non-random and non
uniform samples should be used. 

bl The null hypothests must be tested against all 
alternative hypotheses before we can make inferences 
about unique identity. 

c ) To r e veal the true structural control of a cave, the 
origin of single guiding fractures should be 
investigated and analyzed statistically and compared to 
the collective properties of other structures. 
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THE SIRIJORDA KARST AQUIFER, NORDLAND, NORTHERN NORWAY 

OV~Tl-.:l)At, Ja1·1 - LAIIH ITZt:N, S leJn- t:, IJ\ 

A.b.stracr:The S1r1Jorda karst aquifer ls an allogentc 
multi-input sy;item recharging into one main spring. 
Connections between 3 maJor inlets and the spring were proven 
uu•ough qualitative dye tracing. Flood respon.1es are found 
o•er a range of 100 time:,: baseflow, lndicattng well developed 
conduits. Conductivity ranges from 34-.3 to tt9.2 JJScm-2 and 

INTRODUCTION : 
The purpose of this work ls to study the mechanl.1ms of 
response on a t7pical conduit aquifer in a stripe karst 
setting. This study ls still in progress; we will present 
only tentative and general results here. 

Geograph1c and GeoJoglcal SeU1ng: 
The study area is situated in Eiterldalen, North Norway, 
Figure t. The karst is developed in a bana of almost 
Terttcally dipping calcite marbles. The carbonate strata are 
approzimately too m thick, and the underground drainage 
routes are strongly strike- controlled. Allogenic water sinks 
at 3 discrete inlets fA a s, Figure ti, of which one fB) is 
an intermittent oYerflow from a small polJe west of the 
border of Figure t. There is only one resurgence (C). The 
cave fBFGc, constitute a va dose streamway between the spring 
and the main sump (E,. An inf11trauon-fed tributary (B, 
•Twin Ducks•) enter the upstream part of the cave. 

Qualitative dye tracing proved the connection ABC. Moreover, 
the underground streamway was found through a small cave in 
the SE edge of the main depression, indicati ng that the 
conduits follow a marble/mica schist contact fro1n A to B. 

In,scru.,entatlon and Sa.,pllng: 
Discharge ls gauged in all inlets by fliigel or salt 
dllution techniques, v - notch veirs are mounted in A, B and c 
and monitored by means of pres:sure transaucers and data 

F Jgure J . 
Locauon of Slr1Jorda. A,B : lnlet.s; C: re.surgence; D,E, F ,G : 
.sa11JpJ1ng .J1te.s wlthJn tbe care. D Js an JnfJJtratJon- fed 
tr1butarr rrw1n Duc•.s pa.ssage•J. Care .surrer a,cer Faul•ner 
(J9T9J. 

logger (Cl, chart recorder (Al, or manual records fBt. 
Temperature and conductance is monitored continuously in the 
resurgence (Cl, as well as a ir temperature and local 
precipitation. 

water samples were drawn bf a water ,ampler at 2♦ h lntervau 
at (Cl; in periods of field attendance, •simultaneous• ,er1e1 
of samples were drawn from A, B, c, D, B, F, o in order to 
map the hydrochemical state of the ayatem at dJ.fferent water 
stages. All samples of water and precipitation will later be 
analyzed for :stable isotopes. 

conducUYltY, temperature, pH and alkalinity was determined 
either immediately or within a few hours of sampling, other 
main constituents were subsequently determined t1t1metrically 
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total hardness fro■ 5.6 to 2t.9 ppm ca2•. one inf1ltratton
fed conduU displayed very little variation in discharge (0.3 
L/sec), conductivity U90 µScm-2 1 and total hardness (39 ppm 
ca2•l The aquifer was further characterized though recession 
analysts, hydrochemistry and water tracing. 

(total hardness), by ICP 1ca,Ng,Na,K:,Fe,AI) 
chroaatography cci-,s04 2 -,. 

and ion 

The work was commenced by July t98&, and ls still in 
progress. A programme of quant1tat1Te dye traces will be 
carried out in the 1989 season. 

... 

.. , 

., '1f7~~ 
-· 

F lgure 2. 
Yar1atlons Jn dJ.sc!Jarge, water teJDperature and conduct.lrlcy 
Jn t/le re,$urgence during 60 day.s lroJD July 11th, 194&. 

PRELI/II/NARY RESULTS 

:~:ecf~::gtn t.he re1urgence 1c, ts about 3.5 L sec-t. very 
rapid flood responses attain up to 5t2 L sec- 1, i.e. about 
UO times baseflow (Figure 2). The rapid peak response to 
recharge confirm the obserTationa of large vadose conduits, 
t- 2 m diameter, ln the cave. 

Receasion ana1y,1.s is not yet completed, but tong-term 
baseftow recession yielded a decay constant of '1.3t 1 10-T 
sec-f. The corresponding flood and baseflow volume• durlnl 
the large flood (Figure 21 were 36,500 m3 and t,5♦0 m , 
respect! vely. 

Te.m peracure and condu<:tl'P' lty: 
Temperature responses in the resurgence are rapid and 
parallel discharge and conductivity. The abrupt changes 
represent the arrival tlme.s for high temperature, low 
conductiTity aurface waters at the resurgence. Conductivity 
and temperature are therefore Jntrlnsic tracer, which reflect 
piston- flow and exchange between storage of dl<fferent type• 
within the aquifer. The e•enta of august- septeaber 1988 do 
not ,now any pul,e of increased in conduct1•1ty at the 
commencement of floods,- Which might represent the fissure 
storage eJected by piaton flow. This ob,erYation aeea• to 
harmony with the extremely low recea,ion 1'oluae representing 
baseflow (see aboYe), suggesting that fissure storage la low, 

We would espect rapJd ezchange of thermal energy between the 
allos,enlc water and the <:ondutt wuu. From these reaaons, we 
, nould expect the ther1Dal wa.-e to be delayed relatil'e to the 
conductance wal'ei i.e. temperature would display a shorter 
penetration length than solute concentrations lXo of Wigley 
and Brown t9Tfl. According to Wigley and Brown U9'1t); 
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where x0 • and Xo are the relaxation length• <for solute• 
and te■perature. 

The arriY&l time of temperature at the large flood of Figure 
2 waa toe ■inutes, wh1l1t conduc\ance ~ ropped after only 30 
■tnutes. This correspond1 to a piston t'Olu■e of T,'180 ■3 andi 
t,350 ID3, reapect1Yely. In both cases, the storage ts 
apparently flushed out of the aystem before peak discharge is 
reached. 



These preliminary results needs to be teste d for 
reproducibility in future flood events. Nore studie s of this 
kind is in progress where we shall compare traYel times of 
different types of tracers Cdyes, stable isotopes) with the 
response characteristics of the system. 

•stJaates of x 0 for teaperature 
Teaperature ■easurements in A .. a, (Figure ii, may help u s to 
eati■ate x 0 (tempi of the conduit .1ystem. According to the 
theory of Wigley and Brown U9Tt) water temperature of a 
tubular conduit will decay eKponentially with traYel length: 

I 2 I 

where TL and To are water temperatures at l e ngth Land at 
the entrance; Ta is the asymptotic teaperature of the 
surrounding rock walls, L is the traYel length and It is a 
decay constant. Analogous witb the concept of half- life, we 
aay introduce a length constant, x0 , that is the length aft.er 
which the original temperature difference is reduced by t / e . 
The eKpre.ssion of z 0 in Wigley and Brown Ct9Tl) can J>e 
rewritten: 

lo :: UT .a ■ qO. IT • r0,83 I 3 I 

where Q is in m3sec-1 and r (conduit radius) is in mete rs. 
lo was deter■ined •• the slope of L CmJ Yic. lnUTL-Tal/lTo
TaU , 0 c1. Knowing Xo and Q , we may estimate r, according to 
(3) . 

lo depend on the Ta used. Using the temperature of the 
infiltration- fed inlet (D in Figure O as Ta, discharges in 
the range of 3.6 - ♦.T L•ec-i , yield Xo :: 2000 t 400 •• 
corresponding to &Terage passage radll of appr0Ki■ate17 o.t 
•· Xo ls longer than the underground conduits (about 950 IDJ, 
which ls conce1Yable with the fact that diurnal input 
Yartatlon,1 (of Toi penetrate the system at moderate and low 
discharges (Figure 21. Exploration has reTealed the 
streaacourae as essentially Yadose, interrupted by shorter 
phreat1c loop.1. At a discharge as low as 3 L sec-•, an 
&Terage radius of about 0 .1 • ,seem concel•able. At thia 
di.1charge, the water would twinkle lnbetween gra•el and 
boulders in the streambed. If we use the conduit Yolume at 
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high discharge, as determine d from conduc tivity travel time , 
we ■ay calculate a flood radius of 0 .67 m , which, as 
eapected , for v a dose transit, ls large r than th e low 
discharge radius. 

rater Cbe• Jstry 
Conduct1Ylty ranges fro m 3♦ . 3 to 119.2 vscm - 2 a nd t o tal 
hardne.1s from 5 .6 t o 2t.9 ppm ca2•. The infiltration- fed 
conduit CD: Figure I), displayed almost invariable discharge 
(0,3 L / secJ, c onductiYlty (l90 vscm- 21, and total hardness 
C39 PP• ca2 •1. 

C ONCLU S IONS 
Our prel11Dinary .study suggest that the Sir1Jorda karst 
comprise a conduit- do1Dinated, allogenic aquifer. Groundwater 
storage appears to be relatiYely minor, as most of the 
aY&ll&ble fissure water ls flushed out before flash floods 
reach peak dlacharge. Penetration distances for temperatures 
and for solutes appear longer than the conduit system. 
Further work Will test the reproducibility of the reported 
obser•ations and eatend the s t udies to dye tracer 
eaperiments. 

References : 
Faulkner, T . L. 1940: SlriJordgrotten and other caves in 

Eiteraadal, Vefan , Norway . Trans. BrJCJsh CaYe 
Researcb A.ISOC. T , pp, 5 3 - 69. 

Wi9ley, T .N.L. and Brown, N.c . t9Tt : Geophysical appUcations 
of heat and 1Das,1 transfer in turbulent flow. 
Boundarr- L•r er Meteorology I pp. 300- 320. 

J'arl 9Yatedal 
and 

Stein- Erik Lauritzen 

Departaent of Geology, Section B 
Uni•erslt.y of Bergen 

Allegt. 41, 500T Bergen 
NORWAY 



SCALLOP DOMINANT DISCHARGE 

LAURITZ.EN, S tein- Erik 

Ab.1Cract. The problem of scallop dominant discharge 
relative to seasonal f l ow var1at1ons and long-term duration 
ls 1n•est19aled. Hydrochemical process studies in a cave 
conduit .suggest that the highest rates of wall retreat occur 
at flood discharges of a duration of 20 z or less. Scallop 
dominant discharges determined by cave diving and combined 
with up to 50 years• hydrograph records, reveal that the 

Introduction . 
There ls a well establhhed relationship between morphometric 
properties Of scallops, the flow direction and the velocity 
of the corrosive fluid that formed them tCurl t9T4, Blumberg 
and Curl l9T4, Lauritzen t98t, 1986&). This relationship ha:s 
wide 1mpl1catlons for pa l eocurrent reconstruction& 
(Pizarowicz and Naslyn 1981, Lauritzen 19&2, 19&&b). Scallops 
usually form unimodal, well sorted log- normal diatributions 
(Lauritzen 19&2), and therefore allude to a constant rate of 
flow , or that one discharge is dominant. Howe.-er, in nature, 
the discharges in springs and in cave conduits varies with 
the recharge of the aquifer. We should expect scallops to 
represent the discharges that proYide the most effectiYe 
rates of wall retreat. Corrosion rates are generally 
proportional with flow rate tDreybrodt 1988), and hence the 
highest discharges sbould intuitively become the •scallop 
Dominant Discharges•. 

Dur•t.Jon of flow •nd corro.sJon. 
continuous runoff data and .systematic hydrochemical data have 
been gathered from the natural laboratory (J'ordtulla) o f the 
underground outlet of Lake 0 l omdal, Northern Norway I.see 
detailed description in Lauritzen et al. 19851. solute 
concentrattons were measured practically simultaneously in 
the inlet and outlet of the 5&0 m long phreauc system. 
Suffic.ient data were gathered. to est.lmat.e a transfer func.t.ion 
between discharge and rate of wall retreat. The transfer 
function used was of the type : 
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Where k and Rmax was estimated to - 0 .52 • I- 0,31 and t.'76 
(+4.65/-L2T)•B- 0 mNoles cm- 2 sec-1 respectively. The rate 
estimate U done by assuming the cave's inner surface as a 
straight, smooth cylinder. 
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FJgur" I . RrlaUre duration of flow r11te and rate ol wall 
retreat for two rears Jn the .Jordtulla sr.ste•, North Norw•r• 

The •true• estimate of wall retreat rates are dependent of an 
accurate estimate of the reactive surface area of the cave 
walls. This is a fractal problem and may be solved as such. 
Measurements in dry phreatic caYe galleries reTeal the ratio:s 
between A.(6:10° c■)/A(&:103 c■J for marble ca•es to be in the 
range of 2 -10. The fractal dimension of conduit surface 
area:s are ln the range of D = t.OT - t.25 (Lauritzen in prep). 
Howeyer, when di:scussing the duration of rates relatiYe to 
the duration of flow , the surface area becomes a constant 
which we do not need to know. 
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scallop dominant discharge occur at the highest discharges of 
2· 157. duration. There appears to be a linear relationship 
between the scallop dominant discharge and drainage area, 
which raises the prospect of reconstructing not onl y paleo
discharge, but also paleo- watersheds from foasu :scalloped 
conduits. 

In Figure I the normalized duration of now vie. duration of 
wall retreat rates are shown for two years of observations in 
Jordtulla, From the graph we may infer that 80 7. of the 
aolutional work is performed by the highest discharges which 
occur only at Jess than 25 1. of the time. 

Hence, wall retreat rates appear more effecUTe at the higher 
than the lower flow regimes, and hence we should expect 
scallops to reflect the highest rates of flow. 

Direct e.st.J•ate.s ol sc•JJop do•Jn•nt dJ.scharge. 
we may now turn to catchments which drain through phreatic 
caves and try to estimate scallop discharges from in situ 
measurements and compare them with long- term hydro9raph 
records . The requirements for this analysis is: 

FJqure 2. Long-ter• flow dur•tJon lor two allogenJc 
.sprJngs Jn Norway. Sc•llop do•Jn•n« dJsclJ•rge •.s deter•Jned 
bT sc•llop •orpbo•etrr •nd c•re dJrJng J.s .shown. rhe .sc•llop.s 
correspond co the 2 - 15 X upper flow regJ•es. 

O The catchments au.st have been stable for a time long 
enough to allow equlllbriu• between scallop size and tbe 
existing flow regi•es. A scallop reUef of say, 2 cm would 
then require so•e 20 -200 years to be completely replaced by 

another pattern, assuming a maximum attainable rate of wall 
retreat of LO- 0 .1 m■/a. 

21 Hydrological records should cover as long tiae as 
possible, preferably 30 years or aore. 

3) All water from the catchment must drain through the 
spring, or the gauging station itself muat be placed into the 
spring. 

♦I The spring au.st be accessible by di•ers and preferably 
consist. of a 1,ingle conduit with a sufficiently simple 
(circular or elliptical) geoaetry. 

Fortunately, we haTe numerous water stage stations in Norway 
which haTe almost continuou• discharge records fro■ the 
1930~s and ear11er, proTiding excellent data bases for 
duration curves (DJ rector ace of water Jre.source.s). 
Moreover, at least 4 of them represent ri•ers which drain 
through allogenic cave .sy.steas, of whic h 2 haYe been 



1nvesUgated so far. Scallop discharg es represent the upper 
2- 15 "/. of duration for them, Figure 2 . A third conduit, 
Fosshelet, which haTe only two year's of dUcharge records, 
gave the same result. Direct morphometry of scallops ln 
active springs do therefore support the process observations, 
that a scallop pattern represent the upper 2 - tS :t. of flow . 

Dra1n•ge Are• and Scallop Doainant D1.scharg~. 
Scallop dominant discharge and the corresponding drainage 
area of four scalloped, active phreattc conduits are shown 1n 
Tabl e I and plotted 10 Figure 3 . 

Table I 
Scallop Dominant Discharge and Drainage Area. 

Location 

Fosshelet 
Jordtulla 
Landbru 
Plura 

Drainage Area, km2 

2 
2'1 .T (UO) 
59.a 

Discharge, m3s - l 

o . 3 a 
2 6 . 2 
a . a 

42 .a 

The yet limited data set suggests a linear relaUonship 
between scallop dominant discharge and the corresponding 
drainage area. 
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F1gure 3 . scaJJop dominant dJ.scbarge vie. catchment area 
for 4 •cUt'e pbreauc conduit.s in Norway. The JordtuJJ• data 
(.see Table II are sbown for non-glac1al and glac1al 
ca t cJJaents. The .scallops represent perJods of glacial 
1nfJuence in tbe sr.stem. The re.ma1nder of the data a re fro• 
non-glacierl.sed catchments. 
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The Jordtulla data are ambiguous for two reasons. First, from 
historical records, we know that the Jordtulla drainage area 
has changed dramatically during the last 30 -50 years because 
of retract.ion of the nearby Svartlsen icefletd. Second, the 
glacial drainage into the sy.Uem was dlTerted by a tunnel in 
1959. To-day, the extent of the glaciers are such that the 
tunnel would not affect the drainage area of Jordtulla , which 
therefore ls 1n its •natural• state of an ice-free period, 
but the scallop distribution of the conduits, would then 
correspond to discharges that were affected by glaclal 
drainage (Lauritzen et al. 19&61. Correcting for thts, the 
Jordtulla data fit well Into the remainder of the data of 
Figure 3. 

The apparent linear relationship suggests an area- specific 
scallop dominant discharge. Each of the areas of Figure 3 
possess rather different specific mean runoff. The scallop 
data then suggest that long-te'r'm area-specific flood 
discharges may be regionally less variable than the 
corresponding mean specific runoff. 

ProTided that this trend can be verified or aodlfled through 
aore obser•ations, we may haTe a· powerful tool for 
reconstructing not onl y paleodischaroe, but &ISO paleo
watersheds fro• scalloped fossil conduit fragments . Please 
note that the data are from a rather restricted climatic 
region; 1t ls therefore eTldent that future studies 1n other 
cll■auc zones would be extremely •aJuable . 
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THE SEDIMENTOLOGY OF SIRIJORDA CA VE, NORDLAND, NORTHERN NORWAY 

VAl.l::f\, \ 11l a 1 • LAl- H)TZEN, S t e 1n - E11t 

A.bstr•ct S1r1Jorda Cl.Ye is approx1JD&tely t ♦OO a long 
wttn a Yertlcal range of 90 a. The cave ls situated in a 
glacial 11 sculptured valley. The ca.,e has been the obJect tor 
exca•ation, which bas revealed a.n interesting 1>1ostrat1 -
graphy. It was therefore of interest to investigate o ther 
sedimentotogtcal facies in the ca•e , and to relate these to 
external conditions. The sediments were studied through 
seettons , cores, paleoma gnettsm and other general sedlmento-
1og1ca1 •ethods. StrlJorda c:a•e exhibit a cocpltcated 
m1i:ture o f factes : fluvtal, bac kfloodlng/ stagnation, 
slumping, eolian, scree. Flu'l'i&l sequences are dominated by 
erosive blattl ; cut and fill structure.s are ofte n as large a s 
the passage itself, ma.lune lateral correlation difficult. 
Sediment structures 1n a side annes, wlth 25- 30 degrees floor 
dip, are strongly disrupted by slumping. This phenomenon ls 
not found ln a.nneses/ ga11er1es wltb tower floor gra dients. 

FJgure I : LocatJon ol Che ca're. S.1rJJorda Js s.1 cu•ced Jn 
EJter•daJen south ol JlosJ•en, Horth Norw•r. 
-- -------------------- ------ -------- ------------ -------------
1'"7IO«ICTI-
Tbe Sir1Jorda ca•e 1s situated 1n Nordland, northern Nor-way , 
(Fig, t 1. Systematic esca.-attona of a bcme - baring talu.s 
deposit of the Nooae Shaft CFigure 21 was performed in the 
years" t9&5 -1911 CLauritzeo and Sstbye, unpublisbedl- A 
large amount of bones ha•e ?teen extracted; the o l dest 14c 
dating of bOne so fa.r ts about I, ooo years B. P. Jt was of 
interest to 1n•est19ate the total sedlmentologr of the ca•e 
systea and try to correlate the deposits with surface e•ents. 

T111s paper consider the different sedlaentologic al facles of 
the ca•e , Which ls found throughout the ca•e, and present 
tentative concluslona on tile tla.1.nSJ of deposition and 
relation to external condl'tions. 

_.,r,o«s 
Ol•!CJbUCJoa ol ~tc•t1~ l>olllder• 
Erratic boulders IJ••I see.a to l>e a facles that can 
be found widely spread throughout tile ca•e. The deposits 
display a wtde range of graln ,1zea. we aar bYPotbe1tze tbat 
tile mean size of sucb clasts along tile ca•e passage would 
decrease downstre .. of tbe points of inJectlon. 4 sudden 
increase in size of al logenic clasts would then indicate the 
position of a paleolnlet . Tbe measurements were done on the 
la.r9est, rounded to sUl)rounded erratic boulders, found tn 
separate locations. Tbe measures of l>Oulders > 60cm are n o t 
as accurate as the other.s because there are l e ss s tone s t o 
mea s u r e , and the po s s lbi 11 ty of a lsint e r preting l s g reater. 
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p1e SedJ,wat91oeJe Hr SJr1Jor@ Bf,,p1e, flOr,IIADd, lford
llOnnu,ea. Die Slr1Jorda Hobie 1 s t c a . t4-00 • lang und 
besltzt eine •ertllale Hone •on 90 11- Die Hon.le lleet in 
etneJD 91az1a1 gepr&gten Oellnde. 4u19ra.bungen in der 
Honie baben tnteressante blostratlgraflsche Ergebnlsse 
ergeben, daher wa.r es •on lnteresse andere sedlaentolo911cne 
Fac:tea zu unterauchen, und dtese zu ausseren Bedlngungen zu 
bezieben, Die Sedimente wurden an Hand •on Sekttonen, 
l:ernen, Paleomagnettsau und andere generel Je sedi-
mentologtsche Nethoden untersucht. Die SiriJorda H0n.1e 

::!:!at:!~~ :!!~:cn:~n ::c::::bu~:~1es•~~!ur:~~.r!~~!:! e , 
Sequensen siod durcb erosl•e H.1at11 ausgezeJclmet ; die •cut 
and fll l• Strultureo slnd n.luflg so gross wte den 
H01eo9ang und eracbweren dabtr dte laterale &:orrelation. 
Die aedimentatrukturen lo einer seitllche Oallerie ■it 25 bis 
30 Grad Oefil le sind star& cturch Rutsbungeo gest~rt. 
Rutschungen a ind nicht in anderen Set ten Oal lerle und annesen 
gefunden, die 9er1ngeres aef&l le aufwelsen. 

00-,---- - - ---------------~ 

Distance from me, rising 

FJgure 2: Top : GraJn sJ•e• of large, •rrat.1~ bouJder1 a1 • 
lu.nccJon ol tbe borJ•oncaJ dJ1tance wJSh.1n Che ~•"•· 
Below: NMHS of pJ•ce,1 1n S.1r.1Jorda , • ., • . Surrey lroa rauJkattr 
(l9aO/ 

cut -d IJ I J l•cJ•• 
Arctic A.Yen CP1gure 21 contain a atdUNnt depo111. Which 
display a C0111Ples history of erosion and depoa11.1on 
(J' 19',lre. 3) . It ta pos.stble to separate ft•• ••ent• of ero11on 
and deposition Chiat11J, wttere the grain size 1, cban9tn9 
from clay to gra•et. Laterally, the flUY1&1 / 9l&alfluY1&1 sud 
diaappea.rs further up Arctic pa.••••• and ls replaced by a 
more or leas luaioated clay sedt .. nt and a dlaalctic 
sedlllent. 

OUutr #JarJ•I/Rl••JIJarJ•I ·-- l4£J•· 
P'lu•lal sand faciea a.re 110at COalOD in the inner part oC u,e 
ca•e, upstre.,. of tbe to ■ pitch, lloat frequent.tr, C.be su4• 
dlsplaf borlzontal IU11D&i croa, laatnat.ton baa been detect.•• 
In one section at Twin Duc&s CFlgure 2) . Tbe cro,, 
laalnatlons are of a coarser aaterial and are depoatt.ed 111 a 
re•eraed direction CupatreaaJ . 

Plu•lal ,and with cross laalnatton• waa alao fovnCI, oa. a 
ledge on tbe top of u,e to a pltcb cr1c,vre 21 . Tb• cro•• 
laatnattons corre1pond to a dowastreaa pal • ocurrent 
directio n. Tile top le•el o f Use depoalt can be t raced 
through se•eral erratic 1and deposit• wbicll are at.ill in 
place on led9es fur t her upstre .. 1n the pasaa9e. 



St•m,•tJag l•c1e.6 aad .6llllp l•c1e.6 
The occurrence of laminated clay ls restricted to the upper 
part of Arctic Passage. The clay strata display internal 
disturbances due to slum,plng. The slumping has al.so caused 
faulting and folding of the deposit; less disturbed sections 
ls found where the slope of the cave floor ls less than about 
25 degrees. In some Instances the clays are brecciated and 
deposited as clasts in a coarser comples: of gravel and sand. 

In Arctic Aven, it is possible to identify four 2-♦ cm thick 
clay beds, Which can be traced laterally for 2-2. s m. They 
are separated by t -3 cm thick layers of sand I Figure. 2): the 
deposit is truncated in both ends by erosion. 

»>l.laa l•c.le.6. 
In the inner part of the cave, at Twin Ducks , there is a 
thin, dark brown, si 1 ty sediment without a ny internal 
structure. The sediment veneer is laterally very extensive 
and envelopes other sediments and rock .surface.s. The deposit 
do not .seem to have any distinct upper l eve l of deposition, 
but it can be seen sticking to the cave wal 1 s, making 
horizontal lines and vermiculations. We therefore interpret 
this deposit as eol tan : further investigations wt 11 reveal 
whether it ts a chemical deposit or a corrosional residue. 

Scree l•c.1 es 
The only location Where scree material can be formed today is 
in the Noose Shaft, and such material has on ly been found 
here. The shaft is a vertical fissure with a vertical drop of 
30 • from the surface. It continues as a large paragenetlc 
gallery partially fll led with scree and diamicti c sediments. 
The .section has a top layer of angular boulders, then a layer 
of .soil, bones and blocks. In the soil layer and between the 
boulders there are literally tens of thousands of bones from 
moose, wolf, wolverine, goats, birds, rodents and amphibia n s. 
Ezcept for scattered, recent casu al ties of starved rodents 
around in the cave, this is the only deposit known so far 
with a distinct btostratigraphy. 

CJ•re,: Dlaa.lcton 
Underneath the scree layer of the Moose shaft there ls a 
sharp contact to a clayey dlamlctic sediment with occasional 
sapprollthic boulders. The diamicton ls more than 3 m thick 
and rests on the bedrock f toor. The dlamicton appears 
absolutely devoid of bones. 

Just upstream of the Moose shaft ls a large phreatic -or 
possibly paragenettc- gallery that is choked wtth sediment 
(White Arch Passage, Figure 2~ . The choke is located only a 
few meters away from the Moose shaft deposl t. and further 
excavations may show whether they are continuous. The White 
Arch fill ls post-dated by speleothem deposits. 

TllNTATIV. CONCLUSIONS 
ltrr•t.lc boulder6: 
Figure 2 shows the grain size distribution of la.rge clasts 
along the cave. When considering the largest observed clast 
in each section, there ls a main peak Just downstream of the 
large ceiling shafts fEt I in the upstream part Of the cave, 
a.nd another peak at the Noose Shaft IE21, The clasts decrease 
in diameter downstream of the two pal eoinlets. From the 
present data, neither Arctic Passage (E3) nor the lower 
entrance (E41 can be identified as paleoinlets for large 
c I asts. 

In detail, clasts with diameters > 40-50 cm disappear when 
the Noose Shaft ls approached and reappear after the Moose 
Shaft entrance, so there must nave been a new input from 
somewhere. The Elk shaft would have been an obvious choice, 
but we must also consider the possibility of a. connection 
from White Arch trough to the bottom of Moose shaft. As 
discussed above, sediments and close location could hint at a 
connection. In this case we need on l y to infer one paleolnput 
for the clasts; the high level galleries I Eccles Oal lery) at 
the very back of the cave. This is fully compatible with the 
general topographic setting of the karst system. 

In order to move these large boulders (up to tm in diam. J we 
must infer extremely high discharges at least over shorter 
time intervals. One obvious condition for such a hydraulic 
facies is the • flushing lavatory• facies that are associated 
with deglactattons (Ford, t9T9) . 

Hl.storr 01 Depa.6.1 tloa: 
Uctlc ,,.,.,.•11e: 
The magnitude of erosion as displayed in the sections in 
Arctic Aven is often of the same magnitude as the passage 
itself. Sediment deposits are therefore rarely extensive, 
making lateral corre l ation difficult. However, large changes 
in the hydrological regime must nave ocurred, from the 
depositional environment of clay Un stagnant water), to the 
deposition of graTel accompanied with erosion In older 
deposl ts. 

Higher up in the passage the typical fluvial sediment 
disappears and is replaced by more or less disturbed 
laminated clay and gravel layers. The extensive slumping is 
also eTident from the surface of the deposits, which display 
depressions and miniature landslides. 
The la.mlnated clay must ha'Ye been deposited when the ca.Te was 
filled wtth water: the slumping occurred some time after a 
fall in the water table , when the water l ogged deposits were 
ezposed to air. Later, seepage water could possibly trigger 
SIUJD.plng. 

The sedi 1Dents were probably deposited through a passage 
eztendlng southwards behind Arctic Aven, now filled with 
sediments. The proxlml ty of glaciers on the outside would 
provide an on and off signal of daaning effect.s (clayl and 
increased hydraul le gradients f cut and f 111 a.nd depost t ion of 
sand and graTel) . Such oscillations could well ex.1st within 
one cycle of deglaciatlon. 

so far, we nave no cnronologlcal control of the sedimentation 
IPaleotDagnetic measurements are in progress). we may 
tentatively associate the sediment sequences tn Arctic 
pa.ssage with the last glacial cycle, possibly the last 
deglaclatlon. 
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Flgure 3: Sediment .secuons 1n different locations of the 
ca.ve. The four first coJWG11s represent the Inner pa.rt..s of t/Je 
ca.ve, the fifth is the dilUIJictic deposit In The Jtoo.se Shaft, 
a.nd the last three are from Arctic P•.ssa.ge. 

lloose sb•lt: 
So far, the bone material in the talus deposit have given 
Holocene dates. Since we have a sharp, possibly erosional 
boundary towards the c layey diamicton, whic:h is devoid of 
bones, we tend to believe that the Moose Shaft did not exist 
as an open shaft which could trap c:onte111porary fauna when the 
diamicton was deposited. The shaft shows uphill scalloping, 
demonstrating that water flow was reversed up through the 

shaft at some tl111e. This c:orresponds wel I with a paragenetlc 
enlargement of the passage above the dlamicton. The high c:lay 
c:ontent and fabric suggests that the dJa.micton ls an tnJected 
till, and the sapprolithic state of the clasts within the 
dlamlcton suggests a considerable age. 

We may therefore suggest that White Arch passage and the 
bottom of Moose shaft was lnitlallY continuous with no 
surface connection. The diamicton was then inJec:ted from a 
gtacter (either from upstream or through Arctic Passage) . The 
paragenesis and subsequent reversal of flow may have opened 
the incipient Moose Shaft under ice- contact conditions. If 
this sequence took place during the la.st glaciation, it would 
explain the restricted range of Holocene dates we have 
obtained from the bone deposit. 

ID.Der part ol c•re (1ns1de tbe Jt,_ pit.cbJ: 
One section of the fluvtal sands in Twin Ducks passage 
display reversed c:ross laminations. This cou ld indicate a 
gross reversal of flow, or a local eddy. A gross reversal of 
flow would be compatible with lee contact, where englacial 
hydraulic gradients were superimposed onto the cave conduits 
(Lauritzen 198♦). The reversed scallops in the Moose shaft 
supports this view. 

The top level of several sand deposits allude 
deposition under a coa:mon watertabl e. The 
watertable would 100st likely be control l ed 
conditions, 1. e. ice contact. 

to synchronous 
level of this 

by surface 

The brown, silty sedl111ent covering the other sediments in 
Twin Ducks strongly suggest an eolian origin. The thickness 
increases towards Eccles gallery, making this a possible 
point of input for the material. Fur ther studies (SEM, XRD, 
etc. ) are in progress. 

In general we can say there are much more sediments in the 
upstream parts of the cave than elsewhere. This may be due to 
a prosimlty to the s ource (the s e diment-filled depression 
above the cave1 or that this part of the cave has been less 
susceptible to f 1 ushlng events. 
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VLF METHOD FOR S URVEYING CA YES 

FICSOR, LaJOS - MAJOROS, Zsuzsan na - PETH O, Gabor 

After numerical flodel ing Vlf ,aeasure11ents were 

made 1n an open pit or limestone over a known cave and 

its environment. The applicability of the 11ethod was 

tested by drillings. It can be stated that applicability 

depends on 

the angle between the structural and the 

trans■i tter direction 

the geological situation determined by the 

depth, height and width of the cave and the 

apparent resistivity contrast between the 

cave and its environment. 

I. !IHROOUCT!Otl 

The increasing need for protecting our environment has led to 

the application of geophysical methods. The given problell'I 

determines what geophysical methods are suggested to solve it. 

Cave surveying requires various methods depending upon the 

yt::uluyii.;ctl 51luctliun. The appU.r.;ctlulily uf the VLF ( very luw 

fre quency ) e lectromagnetic method for surveying caves is analyzed 

1n this paper. After numerical modeling VLF measurements were made 

in an open pit of limestone at the surface over a known cave and 

its environment. The results of numerical modeling have to be 

taken into consideration for practical use. 

2. THE ESSEllCE OF THE VLF MET HOO 

It is a passive method in the sense that a distant power source 

- not under the control of the person making measurements - is 

used as a transmitter. This transmitter station is a vertical 

electric di pol or monopol carrying alternating current. 

Transmitters are operating in the 15- 25 KHz frequency range. The 

electromagnetic energy is propagated between the earth's surface 

and the lower ionosphere ( sky wave), and along the earth's surface 

( ground wave ) . In the place of the measurement this primary field 

can be treated as plane wave because of the large distance from 

the transmitter. The primary magnetic field lines from the 

transmitter are at right angles to the direction of the station. 

The primary field penetrates into the ground and if there are 

inhomogeneities within the penetration depth there will be 

secondary fields radiating from them. For this reason the super

position of the primary and secondary fields can be measured at 

the surface. Because of the penetration the electric field 

component of radial direction (ER ) can be detected. The higher 

frequency 1s used the shallower the penetration depth will be 

( skin effect ). A commercial instrument Geonics EM-16 registers 

the secondary vertical magnetic field component ( Hz ) to the 

horizontal azimuthal magnetic field component (H1 ) and Geonics 

EM-16R measures the apparent resistivity (fa) from the ratio of 

the radial horizontal electric field caniponent (ER ) ta the 

azimuthal magnetic field component (H1) and their phase angle 

(fER,Hf) as well. The earlier field studies suggested that the 

VLF method can be used as a fast not too expensive measurement for 

gaining geologic information or for geologic mapping from the 

depth not greater than the penetration of the electromagnetic 

wave [1]. It can neither be used if there is a transnnssion line 
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VLF-Methode zur Hbhl enerfor schung 

Nach numerischer Model l ierung haben wir VLF -Mes

sungen Uber einer bekannten Hcihle und ihre r un■i t tel

baren Hi:ihe in einer Tageskalksteingrube durchgefiihrt. 

Zur Kontrol l ierung der Anwendbarkei t der Met hode wurden 

Bohrungen abgeteuft . Die Anwendbarkei t der Methode 

hangt von 
der relativen Position der Struktur und der 

Richtung des Senders 

- der gegebenen geologischen U11gebun9, die 

durch die Tief e unter der Oberfli:iche 1 die 

Brei te und die Hcihe der HOhle, sowie durch 

den spezifischen Widerstandskontrast zwischen 

der HOhle und ihrer unmi ttelbaren U• gebung 

bestimmt wi rd I ab. 

in or close to the exploration area (which can be treated as a 

" secondary" transmitter ) , nor in the case of surface or buried 

metal objects near the surface (their effects are stronger than 

the geologic response). 
At the :se ine time VLF mce::;urcd dota arc affected by the 

topography of the e xploration area and the topographical effect 

appears first of all in Hz response. 

J . VLF NUMERICAL HOOELING FOR CAVE SURVEYING 

It is obvious that a cave has a three-dimensional extension. 

However, 1f a cave has a structural direction which coincides 

with its length the cave can be approximated by a two-dimensional 

geologic structure. The longitudinal direction of the cave is 

called the strike direction . In every two-dimensional medium any 

linearly polarized wave independent of its angle of incidence at 

the surface can be decomposed into two waves having purely E or 

purely H polarization. The most important equation governing this 

elect ro11agnetic phenomenon is the ti1De independent Helmholtz I s 

partial differential equation which can be derived from the 

Maxwell's equations [2] . For example E polarization Helmholtz's 

equation has the following form ( similar to H polac-ization): 

lE a2E 
-:;--½ , --:--1 a k 2E 

) X ) z y 

where y denotes the structural strike direction and k denotes the 

wavenumber. In this case EY, Hx, Hz components exist in contrast 

with the H polarization case where the components are Hy' Ex, Ez. 

Discretization of (1) over a rectangular net covering the two

dimensional structure containing the cave results in a linear 

finite difference equation systefl for both polarizations. Although 

the two polarizations have similar forms of Helmholtz's equation, 

the finite difference equations are different because the E 

polarization differs from H polarization 1n boundary conditions. 

In our numerical modeling the number of complex unknowns was 2000 

for each polarization because the grid used cons i sted of 40 

columns and 50 rows. 

The linear system was solved with iterative 11ethod ( successive 

overrelaxation). The questions to be ans wered by the numerical 

modeling for VLF are as follows: 



E polaraation f:16 kHz - which polarization will bring a better response to the same 

geologic si tuetion, l'o191 •PP<I""' , ........ ,, 1 

\o+--------------------~---~-~--2,3 
Ycove"S 1o'otmn 

- what effect does the apparent resistivity contrast between 

the cave and its environment have, 

- whet is the depth fro11 which a cave can be located at the 

surrace. 

Our numerical experience is sumnaarized in the first four 

figures. figure 1. illustrates VLF re~istivity responses over 

caves which are weak conductors for H polarization. In this case 

the electric field (the direction of the VLF transmitter) is at 

right angles to the strike di rec ti on of the cave which has a 

height of S III and a width of 20 • and the cave 1s situated in 

different depth. Figure 3. shows VLF resistivity responses over 

strong and weak conductors for E polar ization. ln contrast to the 

H polarization the sute caves with low conductivity do not show 

effect. If the conductivity of the cave is r1uch higher then that 

of its environment the co■puted apparent resistivity does not 
result in such strong response which was experienced in the case 

o f H polarization (figure 2.). Using a VLF resistivity equipment 

for surveying caves the greatest anomaly can be registered if the 

cave is at right angles to the di rec ti on of the transmitter. 
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figure 1. VLF resistivity responses for H polarization over a 

cave of loM conductivity situated in different depths 
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fi9ure 2. VLF resistivity responses for H polarization over a 

cave of high conductivity situated 1n different 
depths 
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Figure }. VLF resistivity resoonses for E polarization over a 
cave of }OM and over a cave of high conductivity 1n 

different depths 

Airi' IHzl E potonzahon h16 kHz 

0,1 

33 

JJ 

128 

absotutt valut of vtrhcal 1109n,t1c held coaponent 

10 

9t•estone =S·lOJohlllffi 

JO 31 

9cove =Soma 

station 

32 

Figure 4. VLF magnetic responses for E polarization over a cave 
of high conductivity situated in different depths 

33 

Figure 4. shoMS the co■puted secondary vertical ■agnetic field 

over the cave. This component does not exist over a homogeneous 

and horizontally stratified half-space. The surface projection of 

the cave center can be located on the ground if the cave has a 

regular shape like in Figure •· lt can be stated that the 

appl icabi 1 i ty of the VLF method depends on the angle bet Me en the 

structural and the transaitter directions and for resistivity 

■easure■ent H polarization should be preferred to E polarization. 

At the same ti11e the ■ore perpendicular the strike to the 

transmitter direction is the less Hz response can be expected. 

4. A CASE HISTORY 

There is an open pit of limestone not far fro• Aggtelek, 

Hungary. The hill is called Esztra■os. In the course of 

mining activity caves, holes, slits can be found and •ay 

s111u l teneously be destroyed. The cave na■ed after prof. FOldvc1ri 

is close to the exploration area. There was a little cave (with 

a length 15 in, a width of 10 •• a height of 2 • and its distance 

fro■ the surface is l 3 •· 

The question originating fro■ the Programoffice belonging to 

the Ministry of Environ11entprotection and Water Econo■ ics (in the 

fra1111e of G-10 proora11) was the following: has the 1/1988 cave any 

continuation or are there any other caves in the exploration 

area [s]. We tried to solve the proble• using VLF EH 16/EH 16R. 

Hz coaiponent could not be ■easured because of pylons and aetal 

o~jects. Figure S. shows the VLF apparent resistivity ■ap over 

the 1/1988. cave. In order to get H polarization case the 

trans■1tter used by us was GBR (Rugby, England). The VLF apparent 

res1 st 1 v 1 ty response over the cave is greater than anywhere ( the 



cave d1d not contain clay or water, 1t can be treated as non

conductor, 1t 15 1n agreement with our nuraerical modeling, see 

Figure l.) The rtaximum and 1nini11u11 zones were drilled 

(Fl,f2, ... 1 FlO see Figure 5.) 1 so■e of them crossed holes, but 

there ls no connected cave near the surface wl thin the depth of 

12 •· Radio frequency experience gained by us over known caves 

showed that there is an indirect relationship between the 

measured coaponents and caves [l], ~]: the fault zone along which 

the cave foraed can be located instead of having a direct effect 
of the cave. 

5. RECOHHEIIOA TION FOR FUTURE WORK 

[n order to get •ore infor■ation about the structural 

direction or directions the 11easure11ent of the electromagnetic 

Vlf GR)Gl'tnt ~s1d1W1ty aap If,. lohaall 
at tN s11tou obovt tht 111981. covt 

Tr11ns•tttr'.RUG8Y f.16kHz 

fields or other VLF stations can be suggested. They are as 

follows: UHS (Moscow, U.S.S.R.), FUO (Bordeaux, France), NAA 

(Cutler, U.S.A.), JXZ (Helgeland, Norway). The frequency range 

of this kind of measurement can be enlarged as well [1]. In this 

manner the exploration (or penetration) depth can be controlled. 

This is only one geophysical 11ethod and it can be co11pleted by 

other geophysical methods like ,nagnetic surveying, gravitational 

method, direct current electrical t1ethods with different 

electrode arrangeeents, reflection and refraction ■ethod of 

seis111c prospecting. It is obvious fro• the above that cave 

surveying is a compleceted problem. Taking into consideration 

both all geological information and the interpretation of the 

r.:eophysical aeasure■ents we can ■eke progress in cave surveying. 

[SZTRANOS LIHESTON[ PIT, LEVELJIO• 

I 
the dlf'f<lte>n of tN entranu 
of R:ild'I&, CO'tt • 10lpyton 

Figure 5. VLF resistivity aap over a cave 
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EXPERIMENTS IN TRACING KARST UNDERGROUND WATERS WITH BROMINE 
USING NEUTRON ACTIVATION ANALYSIS 

BURI N, Kllment - KOLEV. Dl mlta r - S PASSOV, Kon stantin 

Broaine ••• u..a •• Mater tr.acar ana 1t was quant1ta t1vely deter

•ined oy -an• of t.ne 1ns tr-uaental n.uu•·on ac"t.1v a't.ion analysis.20 

■1 of N&tar- froa each ..-pl• ...,... evaporateo 1n cups • •ta by fol

aed thin <•Dout 10 •icrona> •lu.inua foil.Then tne cups were furthe, 

foldM to for■ --..11 saaples for 1rradiat1CN'\ 1n a nuclear l"'■act.or. 

Our group, united around the speleological club "Akademic". 

Sofia has beeng develOPJng during the recent years water tracing 

in karst regions using quantitative determination of the tracers 

by means of neutron activation analysis (l)The advantages and dif

ficul t ies of this method as well as it's area o f application are 

discussed elsewhere and we wi 11 not discusse them now. We give the 

resu l ts of an experiment. carri ed out in a Bulgarian cave putting 

an emphacise on some developments of the methods. 

A cave river was traced using KBr in amount about 4-5 kg for 

o flow of severa I tens o f liters per second. At severo I points 

a l ong the stream samples were collected each omounting to 180 ml. 

The time intervals varied f r om 1/2 to 1 hour. About 250 samples 

total l y wer e collected and brought to the loboratory. Then from 

each sample 20 ml. were evaporated in smal I cup made of folded 

a luminium foil 15 µrn thick which o r iginal dimensions were 8x7 cm2 . 

The evaporation was performed in laboratory driers at 

temperatures be low the boi 1 i ng poi nt of the wa.ter. It took usua 11 y 

6 to 10 hours. A.long with the sa.mples sta.ndArd samples with 

dif fent concentrations were prepared by adding appropriate amount 

of KBr into dist i I led water. 

The foi 1 with the dry remnant on it was folded further to 

tonne a specimen lx2 cm2 and 1.5 a:wn thick.Up to 60 such spec i mens 

were sealed in a polythene penal and put into the nuclear reaictor 

f or irr adiation during 6 hours at a thermal neutron f l ux of 5. 10 12 

n /cm
2

.sec. After 3 doys cooling the so called i n strumental neutron 

a.c t ivat ion a nalysis wos performed. The y-ra y spectrum o f e a ch 

specimen was taken without any pr e I imi nary chemica 1 or other 

t r e a t ment. We used a h igh-resolution and high ef f iciency semi con

duct or y-ray spectrometer.Five mi nutes were e nough to obtain good 

statistica l accuracy- the s t andart deviation beeing equal to 5 % 

f o r the lowest bromide concentra tions measured and equal to 0,6 % 

for the highest concentrations. We sunwned the intensit i es of the 

four of the most intensive y-1 i nes o f bromine (with energ ies from 

554 t o 828 KeVJ and also the intensities of two lines of Ga72 with 

e nergies 630 and 834 KeV. Galium cont aminates in sma l l amounts 

aluminium.being chemically analogous with it. Th i s fact gives us a 

chanse to use it as internal standord to monitor for the neu tron 

f l uence that has been irradiating each specimen. Our Al-foils 

weighte d around 24 0 mg. The ha 1 f l ife of Ga 72 is 14 . I hour s and of 

e r
82 

-35.5 hours. After 3 days of cooling we obtain for 5 mi nu tes 

tor the sum of the t wo Gay- lines 12000 counts +_ 1.5 %. For the 

b r omine we have from 4000 to 100000 counts. These figures show 

t h a t Ga standard c a n be ut i 1 i zed i n our case . We cou Id not extract 

a l 1 the advant a ges out o f i t. because we d id n ot know the exa ct 

we i ght o f each Al-cup.but our measurements show that their weigh ts 

d if fer wi t h in 4 % a nd t h e Ga intensities differ within 11%. This 

resul t indicates that an ununiformity of the neutron flux field 

exi ets with in several percents. The proper use of Ga internal 

standard could reduce an additional sprread of the results.due to 
t hat ununiformi t y. 

All the results were obtained us i ng least squar es f itting 

progra ms .Using IBM-PC-type computer it t akes less tha.n 5 minutes 

to f i t all 6 lines for o specimen. which penn1 t s to do simulta

niously mea surement and f1tting. 

;;: 
r 
C 

!l ., 
; 
C : 
C . . 

;;: 

... 1.conduct.or g....,-ray spectroaet.,- without any ch-1cal or oth.,

praparat.1on.For each sa.aple four · oroain• a .nd on• 9all1u■ 9•---

1 tn•• .....-e r-ec:Of"ded for furth.,- coeput.,- proc■ss1ng. G•l l i ua, b■1n9 

uni for■ly ■ix•d in alw111nua served •• an i nternal st.andar-t for th■ 

neutron -flux.An ■xpar1 ■-nt was carried out in . a BulQ&rl&n cav• and 

conclusions ...,.. • ..,d• about th■ aov ... nt. of th• Natar 1n that. cave. 

The results. shown at the (lg. I point out how the tracers 

passes through two measuring points. Along y-axis we have pointed 

the concentration of KBr in the water at given point. The squares 

are for a spring .appearing beneath a rock. ond the crosses are for 

the main river.coming out through the cave entronce. The spec1-

mens were not thrown oway after the measurements, but saved althow 

rather carelesly: they were janrned into a lead contojner and left 

to themselves. Four years later the same specimens were irradiated 

in the reactor ogain and al I the measuring and fitting procedure 

was repeated. Fig.2 shows the results. It deals with the spr i ng 

under t h e rock. The solid line is the same as in fig.l. left. and 

the tr iang I es ore the resu 1 ts of the I a test measurements Two 
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cone 1 us ions can be made: 

1. After 4 years the specimen still-keep the inf".>rmation. 

2. Add1ti\)nal measures must be taken for proper storage of the 

specimen; otherwise some of the bromide is: Jost and deposited on 

other specimens. 
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CARE OF ASTHMATIC CHILDREN IN THE HOSPITAL CAVE IN TAPOLCA 

NUCSI , Janos - HORVATH, Tibor 

We have dealt with treatment of chronic obstructive pulmonary 

diseases in children since 1983, Our intention was to educate the 
ohildren suffering frOQl a paychoaOQl&tic disease with a strong 
aooial b.andicapp, help them to become healtb,y adults, How our 
group consists ot JS patients, 

Their therapy is a oompex propb,ylactio-rehabilitating care 
progr811111e inoluding the following, 

l, elimination of allergens that are responsible tor the hn>er-
sena1t1v1ty of children 

2, correct administration of propb,ylactic drugs 

J, pb,ysical therapy /kinesitherapy and sport activities/ 

4, olimatotherapy 

5, psychoeooiothorapy 

The regular progr&111111e: on Tuesdays they perform complex act1-
v1t:, in the oave utilizing its special climatic condition, Thia 
progr-o involves exercising of breathing rb,ythm, expiration and 

relaxation train1tl8, vertebral- and chest wall correction g;ymnas

tioa, etc, all of these in pla:,tul form, On Saturdays they do 
swimming, 

In every SU111Der they talte part in a au1111er caaq, in the mountains, 
We are in close oonnootion with their tamil:, and school, so we oan 
control all of momenta ot their private lite, 

The7 produce a aubstancial improvement, Their clinical statu,, 
general condition, pb,yeical and ps7chic tolerance are improving, 
while tho number of days spending in hospital or absent from 
sohool aa well as the request tor medicines are decreasi.Dg, 

•ccordingly, this 1a a comi,,,x programme tor influencing their 

wa7 of life, The cave is a var:, illlj)ortant apace in this activity, 
its special microclimate improves the effect of several non
specific respiratory rehabilitation method, what is more, it is 
a vsr1 strong positive helping us in the psychosomatic control 
ot these ver1 problematio patients, 

!he nUllber o! ohronic aspec1!1c reopiratory dieea.eee 

abova a aulted increa.ee, There 1• the Belle tendanc7 in 

ohildllood, ODl.7 the ol.oee unity ct the proph)'lane, treat

unt 11114 rwbilitation can be euccuatul on a fight 

apinat the■- pe:,cbosomatic diseases, 

lure 11 a curative cave 1:1nder the Municipal Bcapitel 

. ot !apoloa. Ve h&Te dealt vith treatmmt of ohronio obatrue>

Uve pll].aoury disea.eH !or 16 7eero, Ve had colleotell the 

uthaa1c ch1ldr&ll in Tapolca 1111d 1.n the neighbourhood o! 

th■ to,a 6 7ee.ra ago a.enring tha the medical tnat,unt 

a1Aoa then, 

OUr 1.ntent1on vaa· educata the children aut!erin& 

hoa p•Jollo•ou.t1c dia..,,e with a etron& hlllldicap, help 

th• to bHOM health)' adults vitbin the boun4o ot poeai

lUUr, 

OU , .. in,iol-nll , dootor■, l am, .. tic trainer 11114 

I ~H atmlla to the childzc, •o• our poup ocnliota 

ot ,e ,-U&h, 

tMU IUNPJ h a eoapUx pmph71aot1c-rehabilltat1n1 

Xrtzliche Betreuung Cler an ASli'.nmo. 1e1.aena.ttu A.U.W.~J; .1.ut A..1.·tu.1.6.ttu

baus-Hijhle von Tapolca 
Wucsi, Janos, Dr, 
Hospital , '?apolca, Ungarn 

Wir beachKttigen una seit dem Jahre l98J mit an obstructive 
chronieche •tllllllgsorgane Kranken Kindern, Unser Ziel war, dass 
wir von den psyohosozial und pb,yaikalisch gesohadigten Kindern 
gesunde Xrwacbaenen erziechen kHnnen. Unaere Gruppe ateht von 
38 Personnen zusammen. 

Wir m!Schten eine protilaktieche Therapie tortsetzen, die die 

Polgenden in sich taasen sollen1 
l, Die ilimination doren &llergenen, daran die Kinder emptind
lich sind, 

2, Riclltige Betreuung von protilalttiechen !.ledikamenten, 

J, Pb,yeische Therapie /Bewegungatherapie und Sportt~tigkeit/ 

4, Klimatherapie 

5, Pe:,choaoziale Therapie 

Wir tretten mit den Kindern wochentlich z,,simal, Am Disnstag 
leisten wir &tmungeUbungen im Hllhlenklima, Die asthmatischen 
Kinder erlernen leibverbeesernden Ub@6en und an Blaamusikinstru
menten zu spielen, Je am Samstag werden sie schwi111111on mitgebracht, 

Wir eind ait den iltern und den Schulen in einem engen Kontakt 
und kontrollieren wir die Sporttlitigkeit und das b.&ueliche Ver

halten von Kindern, 
Die Iii tglieder der Gruppe nehmen 1,. SOQlmer an einem zweiwochent

lioben Leger untttr Bttrgun teil. Sie bekoumen eine erhebliche phy

aische Belaatung, versohatten eic)l Selbstbeherrachung und gewobnen 
sie an den geaunden Rhytmus des monscblichen Lebens, 

Unsere Kinder haben nur e1n1ge Tage 1m Krankenhaus verbracht, 

Sie blieben nicht so oft von der Schule tern, wie es trUher war. 
81e verbraucben weniger Uedikamenten. 

Wir sind der Meinung, dase eine Grotte !Ur die Betreuung der 

aethmatischen Kinder ein optimaler Ort 1st, Die Be1lwirksBlllke1 t 
seines Klimas kann die Wirlcung der konventionellen Beb.andlung 
der chronischen an der Atmungeorgane Krankheiten zu verbessern. 

care programme including the tollo><ing: 

l, elillination o! allergens that are responsible tor the 

h7PU8&11Sit1V1t7 of children. 

2, correct adainistration o! proph)'lactio drugs 

}, phyaical therapy /k1nes1therap7 and sport a.ct1V1tiee/ 

4, clima.totherap7 

5, peychoeociotherap7 

Ve keep 1n pexmanent touch 'Id.th the families, Ve 

gue.rantH tha the aa.t1s!y1.ng medical background and lreat

aant a.a wall as help them to ton, a. nol'll&l relation be

tween the children 1111d the parents, 

We are 1n close connect.ion vi th tbe schools, The 

tea.chars aid ve diecuaa ell o! the problem& connected 

with the childxen, Our a.1A is - among others - to avoid 

their rel.ease troa phJsicel eduoa.tion u wall a.a to an

aun the regular, intensive and adel{U&t pbJaioel tra1.nin& 

to thea, 

Once a. wok our uthmatio cbildxen per!on, coaplex 

act1V1t7 1n the cave utiliaing ite special climatic con-
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dition, Thia programae involves exercising ot breathing 

rhythm, expiration and relaxation training, vertebral 

and chest wall correction gymnastics, etc. all ot these 

in playtul. tor,o, 

Once a week they do swimming, It is ot importanos to 

pi ck up the correct :dlythll ot breathing and the owl.aaing 

helps on development ot the cheat wall and the breathing 

muscles. The trash, humid and clear air above the water 

aurtace io similar to the air in the cave aid usetul. tor 

the puritying ot the respiratory tracts. 

Every summer they take part in a summer camp in the 

11ountains.'l'he ..,odland air, walking tours and the intanai ve 

sporting program.11e improve their pbyaical condition. Puz-

thezmore tho camping can enhance the tum spirit and decrease 

the aenso ot illness , 

Before the beginning ot our care programme every child -a in hospital on the average once a year. In the last six 

years al together four obildren spent a few days in hospital. 

Before 1983 16 children took regularly bronchodilatatore, 

antibiotics or corticosteroids besides protective medicines. 

9 children received corticosteroid adlll.Diatration. And now 

6 obildran take regularly bronchoproteoti ve drugs and nai

tber ot tbea took babi tually bronchodilatatora and none of 
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them received any corticosteroid in the cue l>t the last 

six years. 

The incidence rate and the tel'II of the absence fro■ 

school decreased aigniticantly. The average in tho earlier 

years ~ 17, 5 daye a year individually and now it ia j ust 

7, 3 days tor a child. 

!bur phyaical condition improved reaazi<ably. Before 

the taking care the half ot the children was exempted tro■ 

pbyaical aducation and now none ot them, in tact, 12 are 

registered players. 

considerable impronment can be observed in their 

poychical condition as -11 u in the dovelopaent ot the 

tamiliar and school relations. Their senso of illneaa de

creased and the social integration pertormed in perfect 

order. 

Our obatrYations abov that a complex propbylaotio

-rababilitating progr.-1 can a1p1!1cantly improve tho 

condition of astbaatic children. !he cue ia the opti

opaoe in this activity, its apeoial ■1crool111ate t.prove• 

the effect of several non-specific respiratory rtbah1li

tation method, what 1a .,re, it ia a very strong positive 

helping us in the payohoooaatio control of theae very 

pro blamatic patient a. 

BORVAm, Tibor u . o. 
IIUCSI, Ji!noa K.D. 
8301 Tapoloa 

P . O.B. lJ6 
IIUIIGARY 



UNDERWATER EXPLORATION OF DRAGON'S BREATH LAKE (1987) 

MAXWELL, Charlt'3 

In July 1986 a tea.rt of speleolog:ists !ro:n the Soutn African 
3peleological Association (SnSA) discovered a large under9round 
lake in the dolo.'tlite reg:ion of northern Uamibia (approxir-ataly 
19,0 de9. S. and 17,5 de9. E. J 

The lake was reached via a number of pitches with a final 2 0 
etetre drop into the ::- iddlE: of the lak~. Tt.e s u rface of the lake 
was surveyed and found to have an area o f 1,9 hect.ir >:! s (18984 
s.:iuare cetres J . AccordinQ to the Guinness Boo k o f P.ecords . thi~ 
is the largest underground lake in the world. 

The cave was na~ed "Drachenhauchloch" or "Ora9onsbreath Cav~" du~ 
to the fact that warm air flowed from t.he ::ave entranc e.. 

As no cavi; diving equipment •,1as available dur!.ng the initiai. 
expedition and in view of the rE:rroteness of the cav~ sito:, no 
di vino was done :iurin9 1986. In 1987 a teatt of 40 cavt! -J.iv t=-rs and 
speleologists returned to Dragonsbreath to explore and surv ey 
~he lake ..inderwater. The cave di vino team ,.,as • o:ad t-y the '\tttho t. 
The proble:ris (:-Ocour.tered in gettino the d i ving ,mJ safe ty 
ii!quipment to the lake ,3nd details of the underwater survey 
:net hods and results are discussed in this pap~r. 

1 . INTRODUCTION 

In July 1986 a teaa of speleologists from the South African 
Speleological Association (SA.SA) discovered a laroe underoround 
lake in the dolomite region of northern Namibia (approximately 
19,0 deg. S. and 17,5 deg. E.). At the entrance to the cave a 
strono, hwaid updraft could be felt, caused by the imnense mass 
of warm water and air that lay silently beneath the oround. The 
cave was therefore named .. Drachenhauchloch" or "Dragon• s Breath 
Lake". 

The water was reached via a number of pitches with a final 20 
metre drop, through a tissure in the roof of a huge chamber, into 
the middle of the lake, 60 metres below oround level. The 
entrance and upper levels of the cave consisted of dolomite 
breccia and chert fragments while the final pitch and main 
chamber occurred in massive dolomite. The surface of the lake 
was surveyed and found to be just over 200 metres long and 
between 80 and 105 metres wide. having an area of 1,9 hectares 
(18984 square metres} (1) . 

According to the Guinness Book of Records. the laroest 
known underground lake in the world prior to 1986 was the Lost 
Lake of Tennessee, with a surface area of 1,8 hectares (2). The 
1986 survey therefore suogested that Draoon's Breath Lake is the 
new world record holder in this category. As no cave di vino 
equipment was available durino the initial expedition and in view 
of the remoteness of the cave site. no divinq was performed in 
the lake during 1986. However. the slope of the walls at water 
level indicated that the lake was far larger underwater and it 
was therefore decided that an underwater survey should be 
conducted. 

The Author, in his capacity as Cave Divino Officer for SA.SA, was 
responsible for leading a diving team to explore and survey the 
lake underwater in July of the following year. Besides the 
exploration and survey of the lake underwater , the other 
objectives of the 1987 expedition were to ascertain whether the 
cave contained any cave dwelling aquatic fauna, to estimate the 
volume of water, to investigate the underwater geology, to find 
any indication of previous water level fluctuations. to 
investioate the cave's potential for tourism and to locate a 
suitable place f or the land owner to sink a bore hole for 
irrioation purposes. A documentary film was also to be made of 
the expedition. 

2. PREPARATION 

A team of experienced divers was picked and given training in 
specific caving techniques, ~pecialised equipment was collected, 

a quick and efficient method of underwater cave survey was 
devised and sponsors were sought. The traditional method of cave 
survey, using a survey tape for distance measurement, was 
dispensed with and a special combination flow meter, compass 
and depth oauoe swilD board, of a similar desion to that commonly 
used in scuba competitions. was built and calibrated (3). 

The possible existence of further chambers, either water-filled 
or with air spaces. leading off from the main lake, was added 
incentive to explore the cave in a methodical manner. As the 
di vin9 work would be predominantly deep and would be done in 
total darkness. each diver needed helmet-mounted diving lights. 
All dives would be done on life lines, using specially 
constructed li9ht-wei9ht divin9 reels. A team of film makers. 
led by Swiss speleologist Gerald Favre. was invited to make a 
documentary television film of the expedition. While the diving 
plans were being formulated, the non-diving speleolooists were 
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L' EXPLORhTIOJI OE LA GROTTE DE L' H.\LE-:UE D'J DRftGOU 

£n JUl.llet 1986 des spe1&o log1stes de l '.\sso c1at1or. Sp~:eolog1qu"' 
de 1 · Afr1quE du Sud ent tro uve' un grand ~ac soutE:rrair. par:ri i la 
re'g1on dolcmitique du nord de llaoibia (app. 19 , 0 S., 11 , 5 E. 

On a atteindu le lac par quelques d e or~s a·,~c une derni'er1:: 20 
:r.etre chutt! dans le m~lit!u 1'un lac. On a ar·pt:ntl 1 ·tftc nduc: du 
lac. Et s 'est assure uni" ete nd1.1 de 1, 8984 hectarE:s. Sel on lE: 
Guinness Livre des Re::o rds. c·est lo::: plus c;,ran.1 lac s-:.un.rrain de 
la .~onde. 

On a appel: la orotte " Dragons Breath" ou " Orachenhauchlo ch" ou 
"de l 'Hale,ine du Oraoion .. parct: que de l 'haleine chaudt: a souffl~ 
de i. 'en tree. do:!, la 9ro tte. 

Paree qu ' il r.•y ava1t pas de. l 'e'°quipagt! d o plo noeur spe1eoloo i qU t!' 
pendant la pemi'ere expl?dition, et parc E: quc, la situation de la 
orotte est e1oi9ne'e, on n · a pas plcno~ pendant l '386. En l 9 87 40 
plongeurs spe'.le'ologiques o nt rE:venus a la orotte de l "HaleirE: du 
Drogon pour ! 'exploration 1:-t l 'arpLntage :iu lac s01.as 1 · ~ au. 
L'auteur a dirige' l'expt:ditio n. On discute l es probll:rres 
rtncont{e'es pendant le transport des e'quipagE:s des pl o n9eurs e t 
de la surete' au lac., et les d&tails des 9lthodes de l 'arp1:ntaOt" 
s c us 1 ·eau, et les resultats. dans cc:tte etutio::. 

DRAWINGS OF DRAGON'S BREATH LAKE 

COPYRIGHT S ,A, SPELEOLOGICAL ASSOCIATION 

1986 AND 1987 

CROSS SBCTIOH OF LAKE 

DRACHENHAUCHLOCH 

I Oro,p, 8r"'h Hcl&e I 

PLAN OF LAgB SHOWING BOTTOH CONTOURS BVBRY 5 HKTRBS 

busy planning the rigging of the cave above the water, desi9nino 
the three diving platforms and oroanising the caterino and other 
campsite 11atters. 

Shortly after arrivino- at the farm the cave was rigged and the 
diving rafts, telephones. oxyoen resuscitators, divino equipment 
and inflatable boats were lowered to the lake and assembled. As 
the expedition consisted of nearly. 40 cave divers and 



speleolooists, it was important that the cave was suitably rigged 
to allow for the smooth flow of people continuously moving in 
and out of the cave. Therefore. both SkT (Single Rope Technique) 
and conventional caving ladders were rigged on all the pitches 
and telephones were installed at various levels. In spite of the 
enormous aiaount of equipment that had to be lowered through 60 
metres of near-vertical shafts . the operation went comparatively 
smoothly due to the well thought out syste• of pulleys, hoists 
and Tyrolean cables installed especially for this purpose. 

One of the most i mportant items of equipment that was at our 
disposal was a 150 metre length of high pressure hose. complete 
with fittings and pressure gauge , that enabled the divers to fill 
the diving- cylinders on the rafts from the two divin9 compressors 
outside the cave. This avoided the itDJ11ense task of taking the 
cylinders to the surface after each dive. Four powerful 
surface liQhts and a submersible mercury vapour l~g~t \lere 
insta lled , illuminating the entire cave and thereby g1v1ng the 
divers a better idea of the inuaens i ty of the subterranean 
chamber. ~ 

3. THE UNDERWATER ENVIRONMENT 

The roof of the chamber under which the lake lay was magnificent; 
a near perfect unsupported dome of massive dolo11ite, g1v1ng one 
the impression of being in a Gothic cathedral. The walls carried 
on down into the blue-tinted water. In some places there were 
crevices and fiss ures , in other places extensive overhanos 
awaited exploration. At one end of the lake there was a steeply 
sloping beach. decorated with calcite formations. A paddle around 
the lake gave one a feeling of isolation and tranquility. 

The first dive in Draoon's Breath was a aemorable occasion. There 
wa s a weighted SRT rope hanging into the water from the top of 
the final pitch but it was impossible to see where the air oave 
way to water. so still and clear was the water. Even during 
dives in excess of 80 metres, the submerged mercury vapour light 
could be clearly seen through some 200 metres of water. The water 
temperature was 24 deorees centigrade all the way to the bottom 
of the lake. affording the divers adequate thermal protection, 
even in 3mm surfino wetsuits. 

The bot toa of the lake sloped fro• the beach o n the southern end 
of the chamber towards the north, where the deepest point reached 
by the divers was 90 metres below the water surface , or 150 
metres underground. At the Northern end of the lake the divers 
discovered an i mpressive overhang where the domed roof continued 
to sweep below the water. With horizontal penetrations of over 
100 metres, the survey showed that the divers were working 
directly under a nearby cave. This cave was aptly named "Small 
Beginnings '" as it was explored first, the day before Dragon's 
Breath was discovered. In speleological terms , this was very 
exciting as the overhang could lead into another laroe cave 
system. 

One o f the a ost interesting areas that was explo red underwater 
was situated near to the beach , where the suba erged roof was 
covered by s mall stalactites. As these formations can only for11 
in air, their presence was a good indication of previous water 
levels in the cave. These particular for11ations were found as 
deep as 15 metres below the surrace or the water. In this area 
the bottom of the lake was strewn with broken formations, the 
pure white calcite contrasting with the dark . silt-laden 
background. The resulting effect was to give one the i mpression 
of a strange and alien l a ndsc ape in this crystal-clear water. 

The bottom of the lake was littered with massive dolomite 
boulders, measuring as much as 5 1:1.etres across. that had fallen 
from the rcof of the chamber. These boulders were covered by a 
thick layer of fine silt in which a new species of subterranean 
freshwater a mphipod was discovered. This a a phipod has been named 
Trogl9leleupia dracospiritus ( 4), after the lake itself {draco = 
dragon. spiritus breath). This crustacean is laroe for the 
9enus , being up to 20 millimetres long, white, totally blind and 
well equipped with sensory hairs. A colony of Sundevalle's Leaf
Nose bats (Hipposideros caffer> frequented the cave and the guano 
from these animals, tooether with debris washed into the cave 
during the rainy season. supplies the arnphipods with their 
required organic food input (5). 

4. UNDSRWATER SURVEY EQUIPMENT AND TECHNIQUES 

Due to the large proportions of the lake. a method of underwater 
survey had to be devised, which was accurate to within reasonable 
limits while remaining both quick and safe to use. Furthermore, 

it had to be borne in aind that the divers would be working at 
depths in excess of 50 metres, at which depth nitrogen narcosis 
would become a complicating factor. As the days progressed, it 
became apparent that the underwater survey would end with some 
unsurveyed areas, due to the excessive depths and horizontal 
distances under the overhang which were beinQ encountered at 
many of the underwater profiles surveyed. 

The flow meter used to measure distance consisted of a plastic 
four-digit counter. sia ilar to that used in a tape recorder, 
attached directly to a four bladed pla stic propeller taken from 
an anemometer. Once assembled , the device was calibrated by a 
diver in a swimmino pool under controlled conditions and over a 
known distance. During extensive testing of the instrument . the 
accuracy was found to be better than 5,. The counter was mounted 
between two "wings" cut from plastic shee ting, joined by two 
wooden handles. On the bottom wing were mounted an accurated 
oil-filled yacht navioational compass and a depth gauge. The top 
wino was used to hold sheets of plastic drafting paper suitable 
for making notes underwater with a pencil. The complete syste11 
looked rather like an olden days bi-plane but it proved to be 
very stable and maneuverable in the hands of a diver. 

During a survey of the lake perimeter. the walls of the lake were 
premarked with biodegradable paste at 20 i:i.etre intervals at water 
level. The divers were split into two teams. each with their own 
raft. and the cave was sytematically surveyed underwater, one 
point at a ti11e. Each team was again split into pairs consisting 
of a "lead diver" and a "survey diver" . The lead diver would 
attach the life line to a weighted decompression line, hanging 
beneath the diving raft. and swim under the overhang in a pre
arranged direction, while the survey diver would clip his buddy 
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line onto the life line and follow, taking note of any change iO 
direction, depth and distance. 

To enable the divers to concentrate on surveying the cave walls 
and overhangs. an echo sounder was used to perform a bathyaetric 
survey of the lake floor. The resulting- contoured plan of the 
lake floor proved useful in understanding the formation of the 
cave. The echo sounder transducer was also aimed horizontally in 
an attempt to ascertain the extent of the overhanging areas, but 
this aethod proved unsuccessful due to the wide beam angle of the 
transducer. 

While the divers worked below, a surface gravin1etric survey was 
conducted to ascertain the extent of the cave where the divers 
could not venture. The results of this survey did not indicate 
that the cave system extended past the point to which the divers 
had penetrated but, as the instrWltent was working through solid 
rock of up to 150 metres in thickness, the possibility of the 
system carryinQ on could not be overlooked. However, no evidence 
was found to substantiate the theory that the nu..erous known 
water-filled caves in the area are inter-connected, althou9h 
there may be a very slow percolation of water between some of 
them. The positive identification of identical cave dwelling 

aquatic fauna in two adjacent cave systel'ls would have been an 
indication of a hydrol09ical connection. but such a discovery has 
not been aade to date. 

5. SAFBTY PRECAUTIONS AND EMERGENCY CONTINGENCY PLANS 

As it was impossible to 9et the decompression chaaber near to the 
lake and the divers were perfor111ing deep repetitive dives, 
extreme care was taken to keep the chances of the divers getting 
decompression sickness to a minimum. Lifting a bent diver throuoh 
60 metres of sheer drops and tight cracks before oettinQ him to 
the decompression chamber may well have caused more har111 than 
good. Even if a diver surfaced and felt fine, what adv7rse effect 
would the heavy exertion of the climb out of the cave 1.n the hot, 
humid environment have on him? As hard work and dehydration 
after a deep dive can encourage the onset of decompression 
sickness. the divers were required to relax on the raft for at 
least an hour before cliabino out. 

In accordance with Carl Edmonds' Australian wet therapeutic 
oxygen tables (6). a diver showing any signs of decompression 
sickness upon surfacing would be sent straight down to 9 metres 
on pure oxygen for 30 minutes (60 ■inutes for more severe cases) 
and would then be brought up very slowly at a rate of 12 a inutes 
per metre. switching to compressed air for 5 a inutes every 30 
minutes. This was quicker and safer than trying to oet the diver 
to the decompression chamber at ground level. Two large oxygen 
cylinders were therefore riooed on the main divinQ raft with 
reducers and hoses to a boatswain• s chair at 9 metres, where a 
second diver, breathing coapressed air could keep a careful 
watch on the patient. Thanks to the generosity of one of the 
sponsors, an unlimited supply df oxyoen was on hand. Also on the 
raft were an oxygen resuscitator and a diving First Aid kit that 
included a number of the standard diving emeroency drug packs 
(Valium 10 mo.. soluble asprin 600 mo., ascorbic acid 500mo. and 
Medrol 32 mg) . 

Thankfully, the one-a an portable decompression chamber was never 
used "in anger" but it was re-assuring to know that it was there 
as, while wet treataent would have been used in the event of any 
sympto• s having becoa e apparent before the diver left the lake 
for ground level, the decompression chamber was _ equally 
i mportant in the event of the symptoms only man1.fest~n9 
themselves once the diver was outside the cave. The decompression 
chamber could also have been used to transport a patient. under 
pressure. by helicopter to the closest therapeutic decompression 
chamber with lock-on facilities that was situated on the Atlantic 
coast. soa e 650 kiloaetres away. During the entire diving 
operation, a helicopter and a medical practitioner. tra~ned in 
the treat■ent of decompression sickness, were on standby 1.n the 
closest town. 

The use of life lines was mandatory at all times. as well as the 
standard cave diving rule of 1/3 air in, 1/3 air out and 1/3 air 
for reserve. All the main diving cylinders were fitted with 

separate bail-out cylinders with their own regulators and 
contents gauges. It is accepted practice in cave diving circles 
to give preference to self-help in an emeroency rather than to 
place too 111uch reliance on the buddy system. Nonetheless, both 
divers were at all times connected to the surface of the water as 
the lead diver's life line reel was clipped onto his arm and the 
survey diver was clipped onto the life line by a buddy line. The 
divers could therefore easily locate each other or the first 
decompression stop under the raft. 

6. DECOMPRESSION METHODS 

As the surface of the lake was at an altitude of 1550 metres 
above sea level, the standard decompression tables had to be 
adjusted using the Cross Correction Method (7). For example. the 
deepest dive done on coJ1pressed air in Draoon' s Breath wa! to a 
depth of 81 metres but this dive had to be treated as if lt were 
to a depth of 101 metres at sea level, increasing the 
decompression ti■e considerably. Stage decompression. using 
either the U S Navy Air Decompression Tables, or diving 
computers based on the Swiss tables calculated by Professor ~- A. 
Bohlmann of the University of Zurich (8). was used. Specially 
devised decompression tables were used for the tri-aix dives. 

It was found that, by usino diving computers in preference to 
decompression tables for di vino on compressed air, the ti•e spent 
decompressing could be safely shortened when complex dive 
profiles were used. This was particularly apparent when 
diving beneath an overhang when a large percentage of the dive 
ti■e was spent in a gradual descent and ascent with a sudden 
drop-off to the maxi11u■ depth (9). Two large oxygen cylinders. 
equipped with reducers and low-pressure hoses were connected to 
regulators and were available for decompression after long or 
extra deep dives or in case of an einergency. Spare compressed air 
cylinders were hung below the raft in case they were required to 
complete the deco■pression schedule. 



7 · CONCLUSION 

The ■erging of two apeciali■ed di■cipline■, that of vertical 
■peleology and deep diving. waa done to obviou• advantage. A• 
far •• the future of Dragon'• Breath ia concerned, a good 
relationahip has been established with the land owner who is 
fully aware of the danger• of allowing inexperienced people into 
his cave. Perhapa one day the cave will be opened to touri■ t■ and 
the echo of excited voice■ will again reverberate froa the very 
heart of thi• subterranean world or perhaps the cave will be left 
unsPoilt, viaited occa1ionally by the privileged few. In the 
■eanti■e, a controlled voluae of tbe valuable water will be 
puaped to the ■urface to irrigate the crop■ on the dry and dusty 
land above, but alway■ with the conaervation of the cave in ■ind. 

The surface area of Dragon' a Breath Lake is only 1000 square 
aetr•• greater than that of the Lost Lake of Tenneaaee. Due to 
the cross section of Dragon's Breath Lake, i-ediately above and 
below the pre■ent water level, the surface area could increa■e or 
decreaae aignificantly with a few aetrea fluctuation in the water 
level. Speleologist■, faailiar with the hydrology of the area, 
have reported fluctuation■ in the water level in other caves of 
over 20 ■etrea in the apace of 7 years (10). If, for exa■ple, the 
water level in Dragon'• Breath wa■ to drop, the aurface area of 
the lake would increaae in the area■ where the roof overhang• but 
decrease in the beach area. An interesting pbeno■enon ■ay 
therefore occur, whereby these two underground lakes alternate as 
the largest in the world, depending on long-ter■ weather cycles. 

A■ for the ■atbod u■ed for the underwater survey, ■o■e proble .. 
were experienced with the handling of the ■urvey equip■ent 
underwater and with the interpretation of the result■• When 
working at depth, in total darkne■■, in a large void with little 
to use for orientation, the diver• experienced difficulty in 
holding the flow-■eter perpendicular to the line of the survey. 
Thia ••• partly due to the lack of a auitable local training 
venue for the diver■ prior to departure for Dragon• a Breath. The 
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reaultino survey waa therefore graded as a British Cave Research 
Organisation (BCU) grade 2B inatead of the anticipated 3C. While 
the accuracy of the underwater ■u.rvey was disapPointing. it 
aerved aa a aaana of exploring the cave in a aethodical •anner 
and a worthwhile aurvey drawing of the cave waa produced. 

Considering the fact that tbe 3 week expedition waa done on the 
low budget of approxi.aately $200 per person, including equip■ent, 
transport, food and acco-odation, the operation can be 
considered a great succea■, all the objective■ having been 
achieved. 
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LEAD MINING OF CAVES IN THE DRIFTLESS AREA OF 
SOUTHWEST WISCONSIN AND NORTHWEST ILLINOIS, U.S.A. 

REEDER, Phlllp P. - DAY, MlCha~I J , 

During the Wi'mconsinan stage of the Pleistocene in North 
America, lh!it "'Driftlest. Area" of the Upper Midwest probably 
wa5 not glaciated , hence preserving the pre-e:<iAting geology, 
including the thddle Ordovician Galena Dolomite , which was a 
host rock for paragenesis of lead deposits. From 
hydrothermal solut ions mixing with groundwater, crevico lead 
sulfide ores were deposited along linas of weakn11ss resulting 
from bedding, col laplie of breccias , a nd preferential 
dissolution of Joints . Lead ha& been mined in the l>r • ft les s 
Area since antiquity, with greate•t activi t y in the m1d-
n i neteenth century . Tho ear liest yatheri ng of surf d<..e 

, ( f 1 oat) c..loposi tti progressed lo shall ow di ygi ng and to rel'llovaJ 
· of ore from caves which were uncovered during excavation or 

which had natu,-al entrance&. Historical records shuw that 
several Driftless Area caves, including Lhose in the Cave 
Lead Dis.trict of Illinois., were mined &Klensively. ll1e 
Atkinson Hine Cave, in Grant County, Wisconsin, was entered 
in 185b and was mined through 1880, with about 40,000 tons o.f 
ore removed. Remnant evidence of mining includes tlr111 
holes, mining tools, spoil piles .:\nd modified pa&sage1o. 

BLEIABBAU IN HOEHLEU 111 PLEISTOZAEN-EISFREIEN GEBIET 
SUEDOESTLICHES WISCONSIN LIND NORDWESTLICHES ILLINOIS, U.S.A. 

W•ehr•nd dl!r Wisconsin (Wuer•> Vereisung in Nord Amerika 
war das sogenannte pleistozaen-eisfraie Gebiet ('"Driftless 
Area") im nordoastlichen Mittelwest•n aller Wahrschein-

Iotroductloo 

Mining of lead in the Opper Nl••h•lppi Valley began 
around 1815 aud induced per■anent ae ttle■ent lo the resloo 
(Figure 1). Lead ore wa• &•thered fro• realdual •urface 
depoait• or waa re■o'f'ed fro■ shallow excavation• that often 
encountered joint-like fissures or crevices lo the bedrock 
filled to varying extents vlth galena (the predo■ ioant lead 
ore of the area), These galena- lined caves were the ■aln 
• ource of ■1neable ore ln the regloo. 

Ore-be•rin& creYlces 
•o■eti ■es extended to the 
■ urface aod natural cave 
entrances were utili2ed to ga in 
access to depo• l ts. Ore vas 
gathered to caves fro■ re ■ ldual 

deposit s ■lxed with sedl■ent , 
predo■ioaotly lo••• transported 
into the crevice by descending 
■eteoric water or clays 
re•ulting fro■ weathering of 
the boat Tock. Soaetl■ea l ead 
depo■ it• llotoc the cave vall• 
vera re■oT&d with pri■itive 

■ining toola. Once the ■oat 0, 
&ccaaaible deposits were w,1a1111aM•D•btct 

re■oved, lnter••ct lng trlbutar) 
Cl'evlcea were exc■Tat&d. 
Eventually labyrinth• of 
in te rconnec tad c r evices , both Figure 1 - Location of the 
natural aod tboae aodi fled by Upper Ml11111lppl Yaney Lead 
excavation I were developed. Dlatrlct. 

The aiolng of l ead ■oat prevalent in the Opper 
Kiasisalppl Valley fro■ 1825 to 1870, with peak production 
occur ring lo the 1840'•· An alaoat unlnterTUpt&d decline ln 
lead production occurred fro• 18SO to the pres ent, and no 
active lead ■lnea currently operate ln the region . 

Geolosy of th& Upper Kisaisalppi Valley Lead DlstTlct 

Cove ring ■uch of 
layer of glacial drift 
ceotiaetera to aeveral 

t he north•central United Stat•• la a 
varylo& in tblckn••• froa • few 

hundred aatara. Thh drift l a • 

■ lxture of s trati fied &od un•tratlfied ailt, clay, a raval and 
boulder• (ICnox, 1985) . Glacial traoaport and d epo•ltloo of 
thia aaterial in the Plei a toceo& obliterated ■nd/or buTied the 
foT■er landacap•. 

Lyin& vell north of drift coTered area• (which extend•• 
far aouth •• the Kla■ouri and Ohio •tvara) , and •urrouoded by 
glaciated t&Tr&ne , ia a region which differ■ ■arkadly fTo■ th• 
aurrouodioc land•c•P•• Thia "Driftl••• Are•" co■pl'l••• 
approxi■ate ly 16 , 000 aquara kilo■atar• of the Opper 
Miaaiaaippl Valley , ■o•tly vithin Southwaat Vlacoo1ln, but 
iocludio& portion• of Nlnna•ota, Iowa , aod llliaoia, The 
Opper Hiaalaaippi Valley Lead Kloioc District la entirely 
within thia Driftleaa Area. 
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lichkeit nach nicht vergl etschert. Oa• hat dementsprechand die 
vor -ple~stozaenen 9eo l o9ischen Verh•el tnisse pr,a.eserviert, 
einschh.esslich des Mittel Ordovicium Galena Dolo•its, 
we l char als: Gast9estein fuer d ie Paragenese von Ble1.vor
komman bekannt ist. Spalten-Blai Sulfiderze (crevice lead 
su lfide o re-::.> wurden vorw1.egend durch Mischun9 hydrotherataler 
l oesungen mi t dem jewei 1 s vorhandenen Gr undwasser trans
portiert und entlang von Schwaeche- und Bruchlinien bzw. 
Spal ten abgelager t , die wicderwn entweder durch 
Brecchienkol l •ps oder dur ch praefe renzie l le Loesung 
schwacher geol ogischer Schweisszonen entst•nd•n waren. 
BleJ. ist in dem Untarsuchungsgebi et schon in vorkoluinbianischen 
Zeiten abgebaut worden. Der frueheste Abbau erfolgte durch 
Sa .. eln exponierter Erze, spaeter dur ch Graben in leichter 
T1.efe SO\li• 1.n Hoehlen, deren Eingan9 kuenstlich oder •uf 
natuerliche■ Wege fr&i9ele9t waren. Seit europaeischer 
Besiedlung zeigen historJ.sche Dokumente, dass mehrere 
Hoe-hlen i• Unt•rsuchun9sgebJ.et (Driftl ••• Area> 
e 1.nschliesshch des Hoehlen Blei Distrikts von Illinois 
<C•ve l ead District of I 1 l inois) systematisch ausgebeutet 
wurden. Di• Atkinson Ber9werk Hoehle iM Grant County, 
W1.sconsin wurde von 1856 bis einschliess l i ch 1880 
ausgebeutet und erziel te 4 0 000 Tonnen Erz. Bohrloecher, 
zurueckg•lassenes Handwerkszeu9, Hoeh l endurchbru&che und 
andere Stol len sowie Abrau1Rhald•n zeugen noch heute von dar 
einst 1 ukrat1. ven Ber9werkstaetigke1. t 1.n d1.esen Hoeh len. 

The ■oa t widely expoa•d tock unit in 
the lead region la the Kiddle OrdiTlciao 
aced Galena Doloaite, wi th the older 
Decorah aud younc•r Kequoketa For■atloa.• 
expoaed to a l ••••r degree (Ficure 1). 
Principle lead deposits are reatricted to 
the Galena Foraatlon (Heyl and other• , 
1910). 

The carbonate rocks ln th• lead 
raglon are procre•alvely ■ore doloait l zed 
away frn• th e central portion of tha 
re1ion 1 ■alnly la. a northeasterly 
direction . Karst topography i• ■alnly 
confined to the ll■eatone uni ta , aod 
diaioishea wltb dolo■itlzatloo (Heyl and 
Other•, 1970), The Galena Dolo■ lte la 
granular, cryatalline, coarse-grained and 
porous, and vaathara into excaadlocly 
t"ouah, lrrecular for■• (Grant, 1909). 

The Galena ror■ation contaiu• 
well-developed vertical aad inclloed 
Joto.ta which are tracable for up to 3 
ltlloaete'l'.a horlaontally and 90 ■et&'l'.• 
vert.lcally, Regional tectonic 
deforaation ln the Paleozoic produced 

m
i:;i,

i:.-

F19ur• 2 - Th 9•olo9y 
of Ill• Upp•r MIHIHlppl 
V•l .. y LHd D19trtct. 

these Jolota a, ve.11 •• folds and faults, 
whi ch were later a ccantuated by diaaolution 
the beda before and during ■ia.araliaati oo 
(Agnew, 1963). 

aod alu■pioc of 
of ore depo1ite 

Lead or• bodlaa were crouped into 5 cl••••• by CalYia. and 
Balo (1899). 1) Vertical •h••t• were depo•ited betwee11 
crevic e wall• perpendicular to beddla.c. If th& bo•t rock ••• 
di••olve d by croundvater circulatia.g around the OT& dapoatt, 
the crevice vae partially open OT waa filled with ••41■e11t 
■ txed with ore ( Calvin and lain, 1899). 2) Flat dapo1tt1 were 
■beet• parallel to the beddinc, 3 ) Pitcbe1, repr-e1e11t1d 
coonectlon• between 'f'•rtical ahaeta aod flat.a. 4) 
Dia ■ e■inated depoaita ware for■ed where tb• rock ••• br9ke11 or 
rendered poroua by dlaaolution (ltar1tlflcatloa.) aod 
brecciatioo. 5) Cave dapo1it1, the l aT1e1t aa.d Tl ch,-,t 
source• of ore, waTe u ■ually abundaot bec1u11 cOllC&a.t1'&t&4 io 

ca••• ••• all the or• orlcioally depo1lt1d lo th& rock•••• 
aad later alteT&d by di1aolutioa.. to ,av11 a larce aurface 
area i• available for lateral ••cregatioa of 0Te1 aod 
accu■ulatlo11 of dl••••la.ated ore bodl•• and 11l11t dapo1Jt1. 
Cbi■o•y• (vertlc• l 1hafta for■ad by desceadlac arouafwater) 
alon& crevice caY& pa11ac•• ao■atl■•• prodi,ca4 aubataatial 
a■ouata of ore. An idealised croaa-1ectloaal dtacr•• of th• 
variou• typa1 of ore bodiea it depicted 1• rtcu,, 3. 



Origin of Ore Deposits 

Nu■erous hypotheses have 
been propoaed to account for 
the develop■ent of the Upper 
Hisaiasippi Valley Lead 
depoalta. Conaenaua dictate.a 
that theae ores vere deposited 
by rising solutlona vhlCh 
■oved laterally and chiefly 
upv ard throu&h pre • exlstlng 
dissolutlonal features vhlch 
■ay have been for■ed by an 
aggressive pre•ore phase of 
ascending hydrother■al fluids 
■oving throu&h the fracture 
syste11 (Hedges and Alexander , 
1CJ8.5). The fractures vere 
further ■odlfled vhen ■eteorlc 
vater vaa dravn into the 
syste■, diluting the solutions 
and eventually flushing the 
conceotrated brines out of the 
district to leave behind ore 
deposits (Heyl and Others 1 

1970) . 

. . . 
F'9ure 3 - Idealized cro aa- aectlon 
of • typfcal ore bearing zone In t he 
Galena Dolomite. 

Ninlng Techniques 

Early lead ■ining techniques were extre■ely crude by 
present standards. Nine.rs vould dig a pit to bedrock and then 
prospect out in all dlractlona , dragging the galena to the 
center of the excavation. If a prospect pit str uck the "soft 
ground'' of an open crevice , t h e c r evice was fol lov ed in an 
atte■pt to locate ore. Often, nu■erous shafts were aunk along 
the extent of a crevice and I lf a crevice lnteraected the baae 
of • bluff or hill, an adlt (horizontal entrance) was 
excavated Into the hlllalde. 

Figura 4 illustrates a crosa•sectlon of a lead ■ lne as 
depleted by David Dale Oven lo 1839. Nine.rs are re■oving lead 
ore fro■ a galena•llned cave and are hoisting it up a shaft to 
the surface. The pretence of cave for■atlons (stalactites) ln 
this illustration attests to the fir■ link betveen caverns and 
lead ■ laing. Oven (1844) noted t hat the ceilings of 
subterranean cha■bers were co■■only adorned vl th lara:e 
stalactites which concealed the 
lead ore which they encrusted, 
The altering of caverns by 
■la i ng lead•bearlng crevices 
expanded passage vldths and 
heights conalderablely. 

Hl nlng of Lead Ore Fro■ Caves ln 
\llaconaln 

One of the earliest known 
lead ■ lnea in the Opper 
Hlaalaalppl Valley v as Snake 
Cave (St. John's Nine), which 
has the large.at entrance of any 
eave lo Vlsconsin (Figure .5). 
Evidence of ■laing ln Snake Cave 
includes rocks excavated ln the 
pursuit of lead piled along the 
aides of the pasaages. and 
pillars and aupport valls left 
behind to buttress the celling. 
Unaltered cave passage in Snake 
Cave ls indicated by the 
presence of ■■salve flovstones 
which would have been destroyed 
if this section of the cave had 
been ■lned. 

So■e of the earliest 
■laing in Southwestern 
Vlsconaln consisted of 
Te■ovlng ore depoaita fro• 
the valla of solution cavea 
and cavities (Paull and 
Paull, 1977). Lapha■ (1846) 
noted that o r e v aa being 
re■oved fro■ crevices ranging 
fro■ 1.5 ■etera wide dovn to 
thin crack.a. Laree cha■bera 
(cave roo■s) located along 
the crevices so■eti■es had 
walls lined with lead ore in 
thicknesses ranging fro■ 
about 2 centl■eters to over 
0 • .5 eeter. 

Nany of the caves south 
of the \llsconaln River were 
lnveatlgated by 1CJth century 
lead ■ lners. The "Ilg 
Spring" at Caatle Rock in 
Gran t County flows out of a 

Figure 4 - Crcn.- MCUoa of a 
Jea d mine •• d ep tcted b y Davki 
Da le Owen In 1839. 

;:~:~e ca::d w~:~eeap!;:~!:!!: Flg11re 5 -Sn ake Cave (SL John'• Mine), 
1932). This cave , because of Gra nt Count y , W laconaln. 

the sl&e of the spring issuing fro• it. was probably 
investigated for lead deposits , although no written account of 
such an investigation exists. North of the Vlsc"onaln River, 
Bogus Blu f f Cave vas excavated in part lo aearch of lead ore, 
although the date of thla ls unknown (Oay, 1CJ86). 

The Beetown Lead District, which vaa the ■oat veaterly 
district in which any productive ■inea were worked in 
Vlsconsln , had nu■erous cave lead deposits. Around 1840, lead 
ore waa d 1 scove.red la Dudley Cave, A 1 so l n the lee tovn 
Dlatrlct, nu■erous ■ inea vere located around the Nuscalunge 
Dl1glnc•. vhere ■any of the depoalts ■ lned vere cave deposits. 
Arthur and Co■pany Nine Cave was discovered vhen a 27 ■eter 
shaft located a 20 ■eter high crevice fro■ whleh ore was 
aubaequently re■oved, About 1 klloaeter fro■ Arthur Nine Cave 
la Cherry Tree Shaft, vhlch ls one of tvo access points into 
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the aov vater•fllled Brovn and Turley Hine. fro■ vhlch crevice 
ore depoalta were removed (Anony■ous, 1966), 

The largest producer of lead ore at the Nuscalunge 
Diggings vas the Atkinson (Adkinson) Diggings. Fro■ 1862 to 
1877 over 900 ■etric tonnes were re•oved fro■ Atkinson Nine 
Cave (Figure 6), Entry to the cave vas first gained through a 
20 ■eter discovery shaft. Eventually 2 ■ore shafts vere dug 
and an adlt vas excavated as the true extent of the ore body 
vas reall&ed. This adlt can still be used to enter Atkinson 
Hine Cave, vhere over 3 kllo■eteTs of 1 to .5 aeter high 
passage co■prlse the ■ ined•out cavern. The deposits lined the 
valls of long linear crevices which existed as open caves, 
clay•fllled caves, or simply as areas of partially dissolved, 
vuggy rock. 

Fig ure 6 - Atklnaon Min• Cave . 

Source: Peteraon, 198 9 

tvldence of paaaaae 
alteration by ■ laing ls 
found throughout the cave. 
Nany passages are lined vlth 
pl les of broken rock vhlch 
was not re■oved fro■ the 
cave vlth the ore, and drill 
holes used to break this 
rock avay fro■ the valls are 
still ln evidence. 

The deposlta of the 
Atklnaon Rance (a range 
denotes a alncle or several 
aub•p■rallel crevices 
containing ore.

0

) , trended 
northeaat and vere 
frequently intersected by 
a■aller east-veat trending 
crevices (Figure 7). In 
contTaat to Atkinson Hine 
Cave, vhere crevices vere 
partially filled vlth ore. 
so■e other crevices vere 
co■pletely ore filled and 
did not take on a cave-like 
appearance until the ore vas 
re■oved. 

GALENA DOLOMrT 

Figure 7 - Main a nd tributary crevice■ 

In Atkln1on Mine Cave, Grant County, 
Wl1conaln. 

Source: Chamberlln, 18 7 7 

In a roster of caves of Vlsconaln co■plled by Cronon 
(1971), soae of the previously dlscuaaed ■ine caves v ere 
listed. In addition to logua Bluff Cave, Castle Rock Cave, 
Arthur and Co■pany Nine Cave, Atkinson Hine Cave and Dudley 
Cave, Cronon further llated Brown Tho■as and Co■pany Nine 
Cave, Buster Hine Cave, and Shullsburg Nine Cave. 

Illinois Kine Caves 

Although the laraest portion of the Upper Hlaslsalppl 
Valley Lead District is ht Vlaconaln , the •laing of lead ore 
fro■ caves vaa not exclusive to Vlaconsln, Lead deposlta were 
a lao re■oved fro• caves l o Horthvea tern Ill lnols, 

The Royal Prlaceae ■lne vas focussed upon an eaat•vest 
crevice at about the center of a series of crevices known as 
the California Dlgglnga. Theae crevices vere originally 
aedl ■ent•fllled vith the ore depoalted on the cave walls or 
■ lxed vith sedl■ents during a later episode of deposition 
(Bret& and Harris, 1961). 

The Narsden Nine vas discovered in 18.54 during excavation 
of a spring. After excavatlnc the spring for 6 ■eters , cave 
paasage 6 to 9 aetera ln dla■eter vas encountered containing 
large a■ounts of ore. Stalag■ itea, bearing galena on their 
su■•lts vere reputedly found he.Te (Cox, 1CJ14), 

S■ lth (Nount Carroll) Cave vas located vhen ■ lners 
excavated a narrow sedl ■ent•fllled joint for 6 ■eters before 
encountering cave passage that narrowed at so■e points and was 

excavated lo aearch of ore. The crevice that deteralned the 
develop■ent of the eave ls actually a co■plex of aub-parallel 
Joints whose curved course• ■■de divergence.a and convergences 
along the atrlke of the beds and therefore produced 
considerable variation ln eave vldths, 

In Her■&n S■ lth Hine Nuaber 1 ore vaa deposited lo a 3 
■eter wide &one of cloaely-spaced crevices. The crevice.a vere 
entered via an inclined adlt or a 30 ■eter shaft 1.50 ■eters 
vest of the adlt. The ore deposit vas approxl■ately 3 ■eters 
wide and 1,.5 ■etera high ; eave passage above the ore·bearlng 

was typically 1..5 ■eters high, although passage height 
as ■uch •• 15 •etera where enhanced d i ssolution carved a 

cave above the ore deposits (Bradbury, 19.59). 
Located 1 kilo■eter north of Heraan Saith Hine Nu■ber 1, 

ls Her■an Saith Hine Hu■ber 2. Originally only subordinate 
deposlta of galena were ■lned fro ■ the original crevice, but 
about 100 ■eters vest of the entrance, along the original 



crevice, a cave vaa encountered that va• lined vitb a thick 
•heet of &a l ena. Thia type of depoait vaa cited by Bradbury 
(1959) •• • type exa■ple of cryatal•lined cave depoaita. 

Pro■ 1825 to 1870 the Opper Nl•ala•ippl Valley Lead 
Di•trict va• one of the ■oat i■portant lead producin1 resiona 
in the \lorld, Originally, ore vaa re■oved fro■ cavea with 
natural entrance, or fro■ ■hallow excavation, that often 
encountei-ed creYicea in the bedrock. vhich interaected 
ore-lined cavea. Shaft• vere aunk into ■any of theae crevice, 
to further facilitate ore re■oval. 

Cavaa pi-oved to be the ■oat l ■portant aource of lead ore 
la the re1loo. Throu1hout the lead ■lnin1 period lo the Opper 
Nlaal•alppl Valley, cave lead depoalt■ au ■ taluded the 
loduatry. 01'e depoalta continued to be re■oYed fro■ cave, 
vell into the 20th century and today the cultural and pbyaical 
laudacap•• of the reclon atlll bear eYldence of the lead 
■lnln1 activity. 
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NORTH CAROLINA GRANITIC CA YES: VALUABLE SPELEOLOGICAL RESOURCES 

HOLLER. Cato - HOLLER, Margaret 

In the southern Appalachian Mountains of western Horth 

Carolina, U.S.A., a variety of granite caves have proven to be 

of value in the areas of local history, archaeoloQy. ■ineralogy. 

biology, as well as sport caving and touris■• 

fiortb carolina 1a located in the southeastern United 

States. In contrast to such neighboring states as V1rg1nla, 

lreorg1a, and Tennessee, our state lack.a an abundance of cave

torml.ng carbonate rocks. The ancient crystalline rocks, the 

granites, gneisses, and schists of North Carolina do hold 

considerable a;,eleolog1cal promise. i, fact, of the core than 

1000 caves in this state. aost are found in these older formations. 

'nle Blue P..1dge escarpment of the southern Appalachian Hount&ins 

la a particularly rich area for suchce.ves. some are extensive 

enough to be in a world claes category. The variety of cave types 

include rock. shelters, caves torl!led by water action and piping 

phenoaena. talus caves, and numerous fissure and tectono-talus caves. 

Shelter caves are fairly nwceroua in our mountains and are 

formed by a variety or processes including frost wedging and 

extoliation, honeyco:nb tlieathering producing large tafon1 pockets, 

and the abrasive cutting action ofa:reacis and waterfalls. ThoUt;h 

&enerally limited in site,orten measuring greater in width than 

1n length, many of these features nevertheless served as convenient 

caapaitea and shelters tor early noaadic Indian tribes and were 

occasionally uaed for the saoe purpose by early settlers as well. 

Today theJ are iaportant archaeological sites . 

Hiatorlcally, these caves t.a.ve been used for practically 

everything i.J:laginable. Ind.1.ana, pioneers , runaway slaves, criminals, 

war deserters, musicians. moonshiners, prostitutes, hoboes, and 

hera.1.ts have all sought refuge in them at one time or another. 

f!.any have been used to store food, building supplies. farm 

equipment. aniJlala. and one even served as the site tor local 

cburcb services. 

Running water has played an integral role in the formtion 

ot some or our granite caves. Boone ' s Cave ,for exa■ple, is a 

200' long granite-gneiss cave located on the ban.ks ot the Yadkin 

River. The cave was for:ned due to the river water enlarging a 

pre-exiatine; crack: 1n the rock. Daniel Boone, famous Crontiera

aan, reportedly hid in this cave once to escape an Indian attack. 

Granite, being cosiposed primarily of quarts, feldspars, and 

biotite mica was once considered relatively unarrected by the 

action of water. Quite the contrar)', it has been foum1 that 

mae or the feldspars are broken down into kaolin (clay)• and 

the b1ot1te 1a transformed into vermiculite. The remaining 

c_uarts la then carried away b)' the running water. 

'lvo or our state's caves.Devil's Oen and Stiller's Cave, 

were formed bJ piping phenomena 1na deconposed granite. Both 
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En el oeste de ca.rolina del Norte, £stadoa U1ndos Est!ln 

aituadoa loe Montes Apalaches y eu el sur de eetoe Montes ha)' 

una gran variedad de euevas de granite, que prueban ser de 

gran valor en las areas de hietoria, arqueogia. ■1neralog1a, 

b1olog16, ast como el deporte de ci.vernas y turla1110. 

contain snall streams flowing along several hundred feet or 

passages whose profiles strongly resemble solution caves in 

liaeatone. 

Even though 1t ls believed that the Ple1stocene 

glaciers failed to reach as far south as Horth Carolina, the 

southern Appalachians were still locally arrected by snow, ice 

packs , and frost heaving action. Thia i s evidenced today by the 

presence or many boulder tields at the base of cliffs and 1n 

strean; valleys. Block creep cavea and talus caves, soae of 

considerable extent·• are often round Jn such areas. 

'nlese are fairly abundant not only in the mountains, Out also 

1n the piedmont sections of the state. Venerally cha.racterixed 

by 1:1Ultiple entrances and small to moderate size passages, some 

of these North Carolina talus caves extend for rrany hundreds of 

l'eet beneath the boulder piles . occasionally underground streams 

along with sandbars and varves add to the interest or exploring 

these reaturea. 

Closely related to talus caves, and often found in con

,J.unction with them are the Cissure (t>ectonic) caves. An e:a:cel

lent e:umple or this relationship is the C&mpbell Cavern-A.ca.zing 

Bat cave coir;plex. ·«1th over 1000' or passage and appro:a:lma.tely 

80 1 or vertical relier, the upper portion or this cave consists 

of a talus caze coMectlng by way of a 50' drop to the lower 

fissure conponent developed along an enlarged Joint plane. This 

cave harbors five apecles of bat& in the winter months, and a 

new species or a111phipod crustacean tas been discovered 1.n one of 

its pools. 

The Rumbling Bald Mountain system 1a a similar example of' 

a tectono-talua cave 1n gneissic rocks and ls still being e:a:plored. 

Tvo of lta major entrances are located at either end or a massive 

detached flake of rock which dropped and landed against the cliff 

race forming a block-creep cavern. 'lhe passage v1th1n this block 

creep cave segment can then be followed into an 11.;>resslve fissure 

C'ave Which penetrates the mountain at right angles along an 

e:a:tenaive syatea of Joints. 'l'hese caves were reportedly used 

by Tories hiding out during the Revolutionary ifar. During the 

late l800!s a seriea or earthquakes and o:n.1.nous rumbling noises 

terrorised the local s or the area. One modern theory for the 

rumbling sounds is that of huge boulders falling within the 

caves and the sound reverberating through the large passages 

and out into the valley below. It has been said that the larbe 



:,lock-cree;, flake acteo as a sound1n& toard., a:ipl!.r;in~ the noises. 

Coven today., ex;,lorers tave to contend. with unstable rocks in tnia 

s:,ste.i.. 

Several or our Cissu:-e caves 1nclud!ng Jinsle r.ole., Ice 

S!Uft., Sir..okehole or the D!sa.als ., and'l:mbatone Drop exceed iOO' 

1:i depth and provide sporting opportu.n1t!e:s f,:,r the vertical caver. 

Tt.e i!at C=lve Syste:::i is our ;,reeler world class !"1asure cave. 

Jeveloped 1n Ca;ntrlan age augen-gnelss., the cavern 1s 192 ' in 

depth., and over a n:!le in length. The cave t.as !l rich and nriea 

hlstory.includinr h!lv!ng once been used to hide runavay Neie:ro 

slaves as part or the so-called •underttr0un<i P.allroad•. Three 

new species or invertebrates., one endan,;ered bat species (the 

In<iiana :>at)., am! the elus!.ve and unusual Crevice Sala:nnder :11aice 

these caves their ho~e. In addition to the min cave system., over 

a dozen smaller satellite caves are found on the sa:ce munta1n. 

'rbe 3at caves are under the Jurisdiction and protection or 

the ~:orth Carolina Nature ConservancJ which ir.anages a 93 acre 

preserve aurroundln~ the caves. 

Also located in the saoe Henderson granite-gneiss ronation 

ls nearby .-toonsh1ner ' s Cave. Though &:naller than the Bat caves. it 

has teen a popular tourist at traction since the turn or t?ie century. 

Recent aprovements in the cave including an all nev lighting 

system allow visitors to see aore cave than had previously been shown 

Hany or- our e:ran1t1c caves have been of interest to biologists 

1n that :i. considerable number or nev species or invertebrate& have 

been discovered within these non-carbonate void a. It ..ay be or 

interest to note that aorr.e of tbe more !ntereatlng life rorms 

have been observed 1n rather aoall caves. The state's r1rat 

subterranean water slater (an asellld 1sopod) was round in a 

cave leas than 100' in length. A half dosen new species or 

planari.ane (tla.twonna), and an cc.ual number of undescri.bed 

aaphlpods or the genus Stygobromua tave been found in caves of 

mdest length. Xew arachnids and mill1peds have also been 

discovered . 

,:ineralogy is another field of interest m our granite caves. 

Unlike the barren ugly rock passages totally devoid of rorm.t ion 

envisioned by soae individuals. man:,of our caves actually do 

contain spe leothes.a.. Gypsum deposits occur in some of the paa

sai;es developed 1n a stau.rolite-JC1ca5chist. In other caves., opal 

speleothems occur 1n a variety of forms including thin white crusts., 

sicall stalactites and draperies., flowstone with delicate aicro

gours ., helictitea., stalagmites. and several types of cave coral. 

Sooe elastic deposits such as mud and silt stalaga.ites have also 

been noted. In the winter months well-developed ice deposits 

transfor:t even the plainest of passages ~to veritable ice palaces. 

Cn a more practical note., knowledge of the presence or 

certain tectonic caves helped provent the 111-plaMed installation 

of a low level nuclear waste dU:Dp 1n one or our pseudoka.rat areas 

Just a rev years ago. 

M.ny DDre discoveries are yet to be made in tbe often over

looked granitic cave&., not only in N>rth Carolina., bu.t also 1n other 

areas or the world. Other signiticant g-anite caves have been 

documented !n the northeastern United States and in several 'ifestem 

states including Texas and C&litornia. 

Australia., Sweden., and several other countries have nuaerous 

6,ranite caves or great importance. We would encourage apeleologista 

everywhere to search beyond their 11.Jtestonea., gypsums. and lan 

fields, ror sign1ricant caves can and do occur in granitic rocks 

as well. 
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GEOCHEMISTRY OF THE S ECONDARY PHOSPHATE MINERALS FROM JAPANES E I S LANDS 

~ ASHJMA, NaruhlkO 

Abetract 

'!his paper is focussed on the gi,ochomistry of the secondary pl-osphate 

mineral s(hydroxyapatite , variscite and vashegyite) collected frcm the caver 

and insular environnents. 1be major-elements and trace-eler:mmts as Nb, Zr, 

Y, Sr, Rb , Pb, Zn , OJ, Ni, Co, Cr , Ba, V, Sand Ga were analysed. 

The differ ence of the chemical canposltion of secondary pl-osphate 

mineral s in caver and insular envirorrren.ts is related to cw factors, the 

climatlc parameters and the geochemlcal conditions. 

Introooction 

Accordlng HIIL & FCRTl(l986J , thirty-six spelean pl-osphate minerals have 

been reported in the world. In Japan, eight spelean pl-osphate minerals 

(ardealite , brushite, hydroxyapatite , koo.inckite, sasaite, caranakite, 

variscite and vashegyite) occur in calcareous and volcanic caves(KA.5HIHA, 

1987), and are usually aasocisted wlth the bat guano deposlts. 

Early geochemical analyses data of the spelean pl-osphate minerals fran 

Japan wer e glven by HAX1 & KASllIHA (1977). SAW.o\l1mA & IUOI(l983) exa:nined 

the guanos and minerals from Kyusen-oo Cave, Ose-oo Cave and Odanachi-oo Cave, 
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Flg. I, 1.Dcation map of sampllng sites. 

and per fonned cheml.cal analysea. Trsce elements of pl-osphate minerals were 

not recorded. 

On the other hand, mineraloglcal and geochemlcal studles on the lnsular 

phosphorites are quite nn,erous(e,g, ALTSCHIJUll , 1973). In Japan, YAIWWU 

(1935) described an lnsular pl-osphorites fran Klta-Daito-jima Island , actnswa 

Prefeclllre. ICAIIESHIHA(l957 ; 1964) reported that the pl-osphate orea in the 

Ryukyu l al an:la conts!n a conaiderable amount of Zinc and Strontbn and are 

aaaoc::1.ated vi.th Arsenic , organic matter and a:ni.no acid. 

In the preaent atudy, three secondary phoaphate minerals(hydraxyapatlte, 

variscl te and vaahegyite) collected from caver and insular envirormenta(Flg. 

lJ were analyzed for maj or and trace-<!lementa. 

The purpoee of the paper are 1) to report the reault of major and trace 
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In der vorliegerden Arbe:it werden die Geochemischen von se.kundir 

Phosphateminerallen(llydraxyapatlt, Varlaclt und Vashegyit) aus llohlen- und 

Insular UIJvetter. Haupl-Eleaente urd Winzig-Eleme.nte wie Nb, Zr , Y, Sr, 

Rb , Pb, Zn, OJ, Ni, Co, Cr, Ba , V, Sund Ga Analysieren wurden. 

Iler Unterschl.ed dle <llemish Kanponente van sekuroar Phosphate Hineralien 

in llohlen- und I nsular Unvelter werden durch zwel Fakoven bedlngt, Klimatisch

en und Geochemishen Bedf.ngungen. 

-elements study and 2) to bring rut the geoc}eDlcal signlflcance leadlng to 

the different environnent of mineralization. 

5-lea atudied 

The following six specimens were used In this study. 

Hydraxyapatlte 

IJ NK 385. \aute leaf-like flaky specimen from Hakusangongen-oo lime

stone cave , Oita Prefecture. 

2) NK 474. Browniah to yellowish veins or crusta fran closed lnsular 

pl-osphorlte mine In Kuta-jlma Island, Kagoshima Prefecture. 

Varlscite 

1) NK 463. Pale brown with black cuter rind scoriacerCAJS specimm fran 

KKyusen"OO l imestone cave, KLJnalIIOto Prefecture. 

2) NK 590. Brownish high grade hard specimen from Klts-Daito-jlma 

I eland, Cld.na'tia Prefecture. 

Vashegyite. 

ll NK 697 \aute, powdery and f ine-gralned specimen fran Tateiahi 

syonyu-do Cave, Fukushima Prefeclllre. 

2) NK 587 . \aute and crea,,-colrured earthy specimen from Klta-Dalto-jima 

Island, Ckinawa Prefecture. 

Experimental methods 

X-ray powder dlffractlon analysis(XRD) 

XRD was carrled rut wlth RIGAKU instrunenta under ordinary operatlng 

condltion. The < 7Jn slze fructlons collected fran each specimens were 

orlented on the glass slide wlth aceton. 

X-ray fluorescence analysis(XRFJ 

Q.lantltative bulk cheml.cal analysia of specimens waa perfomed In a 

Phlllp Pw-1450 automatic aequentW spectraneter. Hajor elementa are 

determined on fusion discus uslng the heavy absorbed fuslon technique, minor 

and trace-elements are routinnely determined on pressed powder pellets. 

Scanning electron mle<oanalysisCSElO 

SEll was carried rut wlth a ISi 00-130 research instnment equipped wlth 

!'GT EDX analyzer. The bulk specimens were mounted on brazen stub and coated 

wlth Au in a l\moer VI Sf'ltter coater. 

Electron probe mlcroanalyaisCEPHAJ 

Thin secti<XlB of hydroxyapatite specimen were analysed for Ca, P, Ba, 

Sr, Cl, F and O by JXA-8600 JEOL electron mlcroprobe. 



Results 

A detailed chemical C"""'9itioo of hydroxyapatite, variacite an:! 

vashegyite fran caver an:i insular envirormmts in Japan were detennl.ned by 

XRF(Table I). Fl:aa the data presented in Table I, it is clear that hydro

xyapatite NK 474 s,eclm?n an:! vashegyite NK 697 an:! NK 587 show extremly 

high s102 cootents. 

XRll exanination of s,eclm?n NK 474 gave strong peaks of hydroxyapatite 

and quartz. Although, at s,ecim?n NK 385 , quartz peaks cannot be observed. 

S91 image maps of ea. P and Si at specimen NK 385 and of Ca, P, Si, Fe, 

K and Al at specimen NK 474, showed the occurrence of silica minerals or clay 

minerals filling materials within the interspaces zooing platy hydroxyapatite 

crystals(NK 385) or small pockets in hydroxyapatite matrix an:! crystals(NK 

474). 

By EDX analysia, the surface of euhedral crystal of vashegyite is found 

to consist of Al, Si, P W Fe elements. 

1lle results of EDX. analysis of the eles:m?.ntal values of Ca an:i P for 

zooing hydroxyapatite crystal(NK 385) are significant vary which are the 

inside an:! the ootside of crystal. The Ca/P ratio are lo..er in the inside 

than the outside. Besides, the elemental distribution of Al and 51 are 

recognized only the outside of the section(NK 385) an:! the surface of 

s,eclmen NK 474. 

The El'l'.A data of s,ecim?n NK 385 were averaged 39.52t CaO, 32.191 P2o5 , 

0.02t SrO, 0.05t Cl and 0.42t F. S,ecim?n NK 474 ca,,position averaging 

45.061 CaO, 32.361 P2o 5, 0 .091 SrO, 0. 691 Cl and 0.72t F. The Ca0/P2o5 

ratios in s,eclm?n NK 385 varies between 1.07 and 1.34 among 39 points an:! 

averaging 1.20. The s,eclmen NK 474 have Ca0/P2o5 ratios between 1.33 and 

1.52 among 13 points an:! averaging 1.40, silich are distinctly greater than 

the NI( 385 values. 

Fifteen trace-elenents, Nb, Zr, Y, Sr, Rb, Pb, Zn, OJ, Ni, C.O, Cr, Ba, 

V, S and Ga , were determined for specimens of hydroxyapatite, variscite and 

vsshegyite . The highly coocentrated trace-elements in hydroxyapatite NI( 

385 are Y, Sr, Zn, Qi, Ba and S. VarlBcite s,ecim?n NK 590 has high Sr 

and S cootents with low Cr and V as co:npared with NI( 463. Vashegyite 

s,ecim?n NK 587 has high Sr, Zn, Qi an:! Ba cootents as canpared with s,eclm?n 

NK 697. 
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Conclusive nnults 

The present study has showen that the envirormental differences in the 

chemical <"""'9ition of secondary hydroxyapatite, variscite and vashegyite, 

within were previOJSly oot recognized, can now be revealed. 

XRll reveal that the silica mineral(quartzl and clay mineral includes 

accessory minerals of hydroxyapatite and vashegyite. The concentraction of 

S102 at XRF is essentisly due to the presence of mainly silica mineral<quartz) 

and clay mineral. llowever, the silica occurs as finely diapersed througl,cut 
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the s,eclm?n. And silica mineral occurs as infill materials within the 

interspaces an:i small pockets of hydraxyapatlte crystals and crystal surfaces 

of vsshegyite. Thia cootlllDl.nation of silica and clay minerals are gi,nerally 

due to the effect of depositional and '""'thering procesoes. 

In the c,ao hydroxyapatites , the spelesn speclmen(NK 385) and the insular 

s,eclmen(NK 474) , most interesting result of the variation of CaO and P2o5 

weight percentage, a plot of CaO vs. P2o5(Fig. 2) shows a linerly positive 

tren:I. Thia result suggests that the insular hydroxyapatite(NK 474) 

acquired highly Ca0/P2o5 ratios frao the meteoric waters ""1ch were reflect 

the terrestrial weathering of the limestone bed and the guanos in origin. 

For canparison, according to \IU'll:0976), the caver enviroment. at 

constant temperature ard invaded by percolating solutions carry various 

substances. forms an excellent environrent for the slow deposition of 

minerals . The spelean hydroxyapatite s,ecim?n NK 385 seem to precipitate 

frcm mixing two solutions, calciun-salt rich vadose-phreatlc solution ard 

phosphoric acid solution fran bat guano or urine. 

On the other han:I, F and Cl contents of the spelean(NK 385) and insular 

(NK 474) hydroxyapatites are sharply different that the latter s,ecim?n 

characterized by higher F and Cl contents can be reduced by sea-water scatter

ing or storm waves. 

Details of ere ttace-elements of varisclte and vashegyite seems to be 

different between the spelesn(NK 463 and 697) and insular(NK 590 and 587) 

envirom:ents, that is to say, the analytical results of trace-elements demon

strate that the elements Sr and S coocentrate more in insular phosphates than 

in spelean CW'le. 

Phosphorite deposits on Kits-Daito-jima Islands occur in resirual red 

clay deposits with weathered punices. Kllta-jima Island, hydroxyapatite 

occurs in the fiasuxes and bedding plains of altered-guanitized chert and 

limestone beds. The Sr and other high cootent elements probably arose fraa 

chemical weathering products, and/or frao seawater on the surface of island, 

Table I. XRF-,;1,ole mineral analysis of hydroxyapatite, varlBcite and 

vashegyite s,eclmens. 

hydroxyapatite varl.scite vsshegyite 

NK385 NK474 NK463 NK590 NK697 NK587 

Sl02 
0.18 8.96 0.67 o. 49 7. 37 3.93 (wt:'T,) 

T102 0.01 0.07 0 .05 0.12 0.16 0.49 

Al203 0.04 2.04 30.8 29.l 23.l 25.4 

Fe2o3 0 . 12 0.69 0.04 1.25 2.10 3 .86 

0 .01 0.01 0.01 0.01 0. 01 0 .07 ~ 

"° 0.01 0.72 0.01 0.28 0.13 0.16 

CaO 51.0 43.2 0.12 0.55 0.30 3.35 

0.43 0.22 0.27 0 .40 r..zo 0.12 0.16 

P205 41.4 32.5 42. 7 41.5 29.4 28. 7 

Na20 0.05 0.75 0.02 0 .40 0.01 0.42 

lDI 7. 31 10.5 25.3 25.9 36.8 32.6 

Total 100.3 99.9 100.3 99.9 99.7 99.9 

II, 5 10 3 6 3 9 (ppa) 

Zr 15 10 19 28 9 

y 18 70 9 17 20 27 

Sr 140 460 18 664 78 3159 

Rb 16 10 l 9 13 

Pb 3 12 17 1 23 

Zn 171 238 213 42 175 

Qi 48 128 138 31 123 

Ni l 6 49 

Co 5 5 5 5 16 

Cr 5 10 254 94 84 70 

Ba 65 60 3 61 71 219 

V 5 814 118 65 79 

s 612 263 1516 1240 2635 

Ga 4 l 1 
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THEORETICAL CONSIDERATIONS FOR THE ORIGIN OF EDWARDS AQUIFER CA YES 
IN THE BALCONES FAULT ZONE, TEXAS, USA 

OGDEN, Albert E. - COLLAR, Paul D. 

ABSTIIACT 

Pu.pl~ (aqu.lfer) test dau and vell log.a shov that the hlghest 
trans■lsslvlty (T) value.a and the aast cavu (intersected by velh) occur Ju.st 
inside the confioed-W'lCoofine.d boundary of the Edvard. Aqulfet due to ••ixlng 
corrosion.• Kost ground vater aoves through fault-controlled c.ves. The 
lnt:erior of t:he fault bloclu Mve lover T value• and le.sa cavern developaent:. 
Caves al.so fora above. i.apenieabl• strata ln t:ha unconfined z.one. Poe.be cavu 
fon. where evaporltic layers have been reaoved by dissolution. Tlae-a.erlu 
hydrochealcal clat.a froa the three largest springs &ad dat.a froa 90 wells show 
chat the vat:er ls usually undersaeu.rat:ed vlth respect t.o calcite except dudn.g 
severe drought: coodlclon. A three-dlaenslona.l dlagr .. of the calcite aawrat:lon 
data frot1 wells sbov lover values .a.lona the aajor faults and photo-lloeaaent:s. 
Therefore, cave grovth h occurring faster along zones of st.ruct.ural weakness 
wichln Uchologically favorable st.rat.a. 

nmtODUCTtOH 

The Edvards Plat.eau of cent.ral Te:zaa, U.S.A. can be divided lnt.o cvo 
coaponents: an uplift.ed pht.ea.u to the vest. and a dissected plateau of lover 
elevation co the ease. tbls paper vlll concent::rate on cavern de.velopaent. int.he 
lover dissected place.au which is k:novn as the S.lcone.s Fault. Zone. In the 
elevated we.stern Edwards Plateau, the vater cable la at great depth; t:hus 
nuaerous alr-fllled cave.s a.re known vithln the Cret.aceoua-aged 11.Mstones and 
doloaites (Texas Speleological Survey, 1961 to present). Hovever, ln che 

&aleones Fault Zone, ground water l• aacb closer co the surface or occurs under 
confined (arte..ian) eonditlons. 1berefore. can.a are often totally filled vlth 
water (S■lth, l96S). 

Discharge froa the Edvards Balcones Fault Zone Aqulfer occur• frc. large, 
first-order aprlnga. ltecharge t.o t.he aprlnga can occur froe over 100 ■ilea avay. 
Theoret.lcally. as llD"il!rr■atura~d v•t"•r aove■ tovard.s a discharge point:, aore and 
-,re carbonat.e rock ls dissolved 1.m.tll saturation occurs (Jacobson and Langailr, 
1970). Abbott (1977) calculated the sat:uret.lon indices of calcite (SIC) and 
doloalt.e (SID) for a one-tl.ae aa.pling of nine well■ and five sprln&s ln t::he 
Edvard.s: Aqu.lfer and concluded that. the vaura were generally underaaturat.ed. 
For t::h. spring vat.en, t.hu la ~t::rated by the lack of travertine deposits 
downstre.aa fro■ the outlets. He concluded that botb spacial and teaporal 
saturation data vere needed to a'Mq,.aately itffestlgate flov conditions ln the 
Edwards A.qui.fer and the developaent of cave ma. The. cheaical data used in tbe 
collection of uturatlon indices colluted betveen 1911 and 1985 were published 
ln reports by the £dvards Aquifer Research and Data Ce-nt.er (Ogden et al.. 1985a 
and 191Sb). This pa.per vtll aodal saturation lDdices to test whet.her t.he ground 
vat.er bee~• -,re saturated a.long lea pathway to the springs and the Bad \later 
Zone and vlll shed llgbt on so.a factors controlllng tbe ■taee of saturation. 
In addlt.ion t.o hydrocbeaical data. geological and hydrologle factors affecting 
cavern developae.nt will be discussed. 

LOCATimf, AND CF.OLOG'Y OF tllE S11JDY AR£A 

The study area ls locat.ed alon,g d,e S.lcones fault escarpaent in Hays and 
Comal counties. Tex.as (Figure 1). The Edwards Ll.aescone Aquifer b coaposed of 
a group of Cretaceous carbonates that have a tot.al c:blckness of approxl.aately 
450 feet (137 a) In the San Marcos area. the Edwards Aquifer 1s coeposed of the 
Coaanche Peak llaestone, Edwards Llaeatone, and Georgetown Liae■tone. Rose 
(1972) raised the Edwards Lt.est.one to group status ln cent.rat Tex.as and divided 
lt into the Xalner (lover) and Person (upper) aeabers. The Edvards Aqul.fer vas 
later divided into hydrost:ratlgrapblc unit..■ by Kaclay and s .. ll (1983) through 
a det.ailed analysis of cores and geophysical logs. Uthologlcally, the Edvards 
Aquifer consists of rudht llaestone.s, burroved t::ldal-Clat. vaekestones, 
gralMtones, doloalt:.e, nodular chert, solution-collapse breccias, and weathered, 
honeycoabed beds. 

DeCook (1963) perforaed the first. det.alled analysis of the ground vat.er 
resources of Hays County. The occurrence of ground veter vlthln the · 
hydrostratlgraphlc units of the Edwards Aquifer has been described by Maclay and 
S11all (1983). The differing solubilities of the hydrostratigraphic units have 
had a profound effect on trans•issivity and porosity. 

Recharge t.o the aquifer occurs t.hrough losln& streaas located prl .. rlly 
to the vest end sout.h of San Ka.rcos and Kev Braunfels. Surface vater aoves 
across the laperaeable rocks of the Glen Rose Fora■tion (Drainage Zone. Figure 
l) until the Edvar~ Aquifer Ls encouncered at the Balcones Fault. Zone. Kost 
of thls vat.er generally aoves In an e&at/nort.heast: direction, where lt discharges 
at. t.he eo.&1. Hueco, and San Karcoa sprln&s. Coe:plez •dovn-c.o-buin• faulting 
causes the Edvard.a Aquifer co lle deeper and deeper below the surface u one 
aoves in a southeast. direction. The Bad Veter Line represents the eastern edge 

of t.he aquifer ¥here poor circulation has caused the vat.er to have a high 11>S 
(>1000 ■g/1) and be non-pot.able. 

The San Marcos Spring.a are the second largest spring group ln Texas vlth 
an average hht.orlc flow of 161 cfs (4.SO •J/s■c). They are locat.ed ln the city 
of San Karcos ln Hays Count:y and are ovned and operated as a tourist attract.ion 
by Aquarena Springs. lnc. 'nle sprln& oriflcea a.re nov under up to 40 feet. of 
vat.er due to a daa originally creeted for hydroelectric pover. \later issues fro■ 
six aajor orlflcea along the base of the Balcones Escaq,aent at the San Marcos 
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RESIJ!O!:a 

Pruebas de boabeo y perflle.a lltol6glcos ind.lean que la. areas de 
trasalslvidad u..s alt.as y la aayorla de cueYas (lnteraect:.ados por pozos ) ocurren 
lnae.dlat.aaent.e 5dent.ro del 11.ait..e a.rtesl.ano del acutfero Edwards por causa de 
•corrosion de ■Lztura. • La aayor parte del agua suburrane.a fluye a travf:s de 
cavecnas cont.rolad.as for fallu. En el interior de bloques de roca separados por 
Callas, la t::rans■l.slvld&d es.._. baja y hay ae.nos Usarrolo U cavernaa. Cuevas 
taablen ocurren ~nct.aa de st:raca ~raeable en la z.ona no artesian.a.. Huecos 
pequenos Lnterconectadoa ocurren donde capu de anhldrlta han sido dbuelt.o. 
Data hydroqulalca a cravf:.s: del tie.po de los tres aanantlales ah grandes del 
area y data de 90 pozos ind.lean que. el ague e.ata debaJo de la sat:uracl6n de 
calcite excepto durance una sequ.ia severa que ocurri6 dur■nte el ano del esbldio. 
Un dlagr .... de saturacl6n de calclt..a en ague de poz.o■• elaborada en ttes 
di.aenslone•. -stta bajos indices de aaturacl6n eolnclde.nt.es con fall•• grand.es 
y fotollneaalent.os. Consecu.ent.eaent.e, el cte .. rrollo de cuevu estl: ocurrlendo 
Us r4pldaaente en z.ona de debllidad ut:."ructural dentto de sttau llt:16gica-.e.nt.e 
favorable. 

--~--~-..I' 
I 

/ 
,"-. 

I "Y,q"-i ~-,. 
I "q'. 
i 

II 
a, 

CCIUrL. St•tute MH•• .... ... 
IOlo•eter& 

, 

/ 
/ 

~! 
·~1 

Figure 1. Location of the Study Area In Texu. 

Springs aJS well u froa maerous ... 11er openings. 

The effects of t:be intense faulting on ground water -,veaent ln the Edvard.a 
Aquifer vas discussed by Maclay et. al. (l91S). Kutnl.ng (1977) studied fault.a 
and their influence on conduit enlargeaent. throughout: the Edvard.s Plat:eau., u 
vell. He found that. fault.a can have alt.her poslt:Lve or neg.at.Ive effect.a on 
cavern devalopaent. Beck. (1968) also noted that. fault~na has an effect: on cave 
develop■ent and growth ln eo..1 County, vhlch lies Ju.st: fifteen a.lles south of 
San Marcos. A coaparlson of fault., joint, and photo-line ... nt orientations 
around San Karcos vu .. de by Rotherael and Ogden (1919). A broader-scale 
analysis of photo-llneaaent• vu recently .. de by \lood.n,a.ff et. al. (1989). 

NmlODS 

\later ■a.plea vere collected cvlce • ac,nth by diverc free t.he six orlflcea 
of t:.he San Karco■ Spring■• Dlacharge vu recorded at. the tl.ae. of saaplinA. 
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Saaplu and •Utlc vater hveb froa ninety vella were collected durln& •· thr;e 
vHk period February 21, 1985, and Karch 14, 1985 (Figure 2). All ■aaplH vere 
collected in one quart. container■ fr011 the water faucet clo■eat to the vell. 
Teaperature, dluolvad oxygen, and pH were ..... ured in the field. Saaple■ ven 
then placed ln a cooler with lee and brought to the laboratory for further 
analyd■. Tiaa-aerlH plote of the cbeaical par ... cen _ .. ured van published 
pravloualy by Ogden and Qulck (198S) and Lunaford and Ogden (198S). 

11\a USCS WATEQF progr .. vaa uHd to calculate the aaturatlon indlcH of 
calcite, doloalte, and gypa1.a. ff\e input re.quire■ .... ur ... nt■ for calch•, 
bicarbonate, pH, .. gneliua, aulfata, and t~rature. Ionic s t rength vu 
calculated by the t>ebye-Huckel aethod. 

Finally, ■lngle vell puaplna tuts ••n P4rfoned utillzing th• Mthod• 
of Jacob (1963) for calculating approxlaate values of tranaaiuivity. Water vell 
logs var• obtained froa the Tex.as Departant of \later Ruourc•• to deteraine the 
•trat:igraphic occurrence of caves vithin th• hydrostrat:lgraphic unite of the 
Edvar<U Liaestone Group. 

RESULTS 

Figure 3 •~rize• the structural and strat:lgraphic occurrence of caves 
vi thin the bch&rge Zone and Artubn Zone of the Edvards Aquifer. Cavern 
fonutlon in the a.alcone• Fault Zone h cont:rolbd by a coaplex interaction of 
hydrologlc, llt.hologlc. ■tructural, and paleo-arosional fact:ors. Puapin& 

(aquifer) te■t data and well logs show that the highest: traru■iulvlty (T) values 
and the aost caves (intersected by velh) occur ju.at in.aide the confined
WK:onfined boundary of the aquifer due to ••hing corrosion• (Bogli, 1964). High 
tran,■is■lvity and sulfur values juac vithin the 1,ad Vater Zone suggut: that •oae 
caves are foraing due to •sulfuric-acid• corro■ion, slailar to the theory for 
the origin of Carhbad Cavern.a in Kev Kexico (lg ... ter, 1917). Sulfur re\lucing 
bacteria feed on hydroearbon■ found in th• kd Vat.er Zone and are responaible 
for the production of hydrogen ■ulflde ga■• 1bl■ phenoaena produce■ aureaslve 
veter vithin a cran,itlon zone between the Arte■lan and Bad Vate r zones. th• 
proce■e appears to ceaaa deeper within the Bad Vater Zone ■inc■ tram11.haivity 
value■ rapidly decreue downdip. 

Second in 1.aportance to tti.ee boundary contacu for cavern fonution are 
the abundant: fault.a that trend priaarUy in a northeast dlractlon. Ho■t ground 
water aove■ through fault-controlled cavaa with the interior of the fault block■ 
b&vina lover trans■iaalv·ity valua■ and h■e cave■• Cave■ have also foraed at 
the !dvarU Ll.11Hton&·Georgetovn U...stone unconforaity boundary where an initial 
peneabiUt:y vas fonNd by ■ubaerial erosion. 

Aho la:portant ■re Uthologic controle. Th• Regional Denae l,ed aeaber 
and chert horizorui perch vater in the unconfined :tone cauaina caves to fora in 
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Shovln& the Location of Saapled We lls. 

the overly in& bed.a. Caves also fora in the Leached and Collapsed Hellber and 
Klrshberg Heaber where evaporltlc layer■ have been reaoved by dl■solution. fllue 
caves are s-■ll •pocket cave■• that occur randoaly throughout the hydrostrati
graphic units. Another lithologlc control 1■ the pr-■ence or absence of 
honeycoal>•d bed■. The honeycoebed layer■ allov vat.er to aove in • nearly 
•ho.ogeneou.s f■shion• aiailar to porous aecdia, and thus caves are not foraed. 
The aa.nifeatation of the diuolution proceuu lo the hone.ycoabed beds la the 
occurrence of large interconnected -■gaporea. The Karine Heaber and B.asal 
Nodular Haaber of th• Edvard■ U...atone contain few caves due to the lov 
solubility of the clay and doloaita•rich bed■. 

Figure 4 ahovs a coaparlaon of discharge of the San K■rcoa Springs to 
calcite, dolomite, and gyp1ua aaturation. M dhcharge increased in 1983, the 
vatara bee ... lue saturated. Es■antlally no recharge took place during a nine 
aonth drought period in 1984. M ■ ruult, the vater■ bee ... super- saturated 
vith raspect to calcite and dol011ita, but gypsta saturation levels reaeined 
relatively con■t.ant. Thia su"Ht.s that: ■lgniflcant aaounta of local recharge 
Mtat occur froa th• Blanco River and Sinking Creek du.rin& vet ti.lie•, but during 
the drought only old wat41r vhich had aoved great dietaoce■ in the aquifer eaerged 
froa the spring■. Aho, during drought condit:lone, the ground vater aove■ ~ch 
-.ore elovly allovlng aore ti-■ for diHolution to take place. Thh vas 
deaoruitrated by two dye trace■ to the San -■rcoe Springe durlag different vater 
table conditions (Quiclt and Ogden, 198S). O\lring high flow, ground vater aoved 
at 1500 ft/day (457■/day, but during lov flov the trace becween the ■■-e aitea 
aoved at only 300 ft/day (95■/day). 

Another factor that a.ight ca..._.• underaatuzatad condition• d."rtng nonu.1 
flov periods is the pracipitation of calcite before reaching the spring■. \later 
table fluctuation■ associated vith ■ixing of ground vat.era vith differenc P<X>1 
levels could cause calcite precipitation and nev a"reuiveneu (Bogll, 1964). 
Thia poeaibility h suggested by calcite•filhd vu.gs seen in corH taken about 
two ■ilea upgradient of the springs. 

Gypsua saturation levels vere u:naffactad by the reduced voluae of vater 
du.rift& the drought. Th• lov level■ of gypaua ••tu.ration and it■ unifor■ity 
through t:1.ae euuut that anhydrite bed.a vlthin the aquifer have long since been 
reaoved by dieaolution. 

Figure 5 ahova the distribution of calculeted SIC value■ for ninety vell■. 
there h a -■rkad lack of Wliforaity of the data and no epparent evolutionary 
trend betve.en the Recharge Zone and th• kd Vat.er Un■• Th• intaraectin& •valley 
and rldge• topog-raphy of the plot 1■ tbouah,t to reflect zones of high and lov 
tran■■i■■ivity corraapondin& to solutionally enlarged faults and fractures and 
the occurrence of caves. Dua to futer ground vater fiov alon& such open 
fracture■, vater would be expected to be aon undereaturated than ■lover aovina 
vat:er in the unfractured rock. So.a lineationa of highly undereeturated vaters 
(troughs) correlate vith knovn fault■ and photo-UM ... nta. 

ZONES OF CAVERN DEVELOPMENT IN THE EDWARDS AQUIFER 
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Figure 4. Coaparhon of Dlacharge venua SIC, SID, and SIC at the San Marcos 
Spring•. 

CONCWSIOHS 

Ground vater ln Edvard.a: Aquifer velh and spring• throughout Coaal and Haya 
counties duri ng the atudy period vu alvaya underaaturated vlth respect to 
calclu, doloalu, and gypaua except during extreae drought condition,. Cyps\.a 
saturation value■ are particularly lov except ln the vaat/northveat portion of 
the study area vhere leakage acrou f aults fro■ gypaua bed.a in the Glen ROH 
Foraatlon l■ thought to occur . No evolutionary trend in saturation of vell vater 
occur. betveen the Rechuge Zone and t.he &ad \later Line, •• antlc.lpated. 
Instead, under aaturatad vat.era occur alon, faults and fractures vhara the ground 
vater aovea fast.er, l• affect.ed aor e greatly by r echarg• event•, and vhere t.here 
ls le■■ vater/vall rock cont.act. due to great.er cave devalopaent. Klxlng of l ocal 
recharga v at.en of different PC01 concentration.a and the precipitation of calcite 
befoc• r■achlng th• •prlnga are bollovod to contrlbut• to th• under■aturated 

condlt.lons, as vell. Thu., cavern devalopaent. throughout. th• Edvarcb Aqulfar 
ls act.ively occurring despite long dlst.ances becveen recharge and discharge 
areas. The growth of caves h probably grovlng fut.er along the faults vlthin 
the aore soluble hydrostrat lgraphlc .. men. •H.ixlng corroslon• appears t o be 
responalble for the high density of caves along the unconflned-confl ned boundary 
of the aquifer syate■. Finally , the •sulfuric-acid• theory o f cave origin aay 
be applicable at t.he lad Vat.er Line, but trans•J uivlty value■ and cave 
developMnt rapidly decrease in a dovn-dlp dlractlon, deeper vlthln the lad Vat.er 
Zone. 
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CA VE SALTPETRE: CHEMICAL, HISTORICAL AND MINERALOGICAL ASPECTS 

HUBBARD, Davld A . - HERMAN, Janet S. - MITCHELL, Richard S. - HAMMERSCHM I DT, Elmar 

Saltpetre caves in Spain, Prance, West Ger.any, and Virginia, 
USA vere visited to study the nature of saltpetre occurrences. The 
earliest saltpetre history is reported at SophienhOhle (West 
Geraany), vhich was visited in 1490. Porty-six efflorescent wall
and floor-crust sa■plea and 35 sedi■ent saaples were coll ected fro■ 
ten caves. Nitrate minerals , which are deliquescent, were found 
only in crust samples from Peery Saltpetre Cave, USA. Niter (KHO J 
and nitrOOlagnesite [Hg(N03 ) 2 6e,o) for■ed by the evaporation it 
leachates froa the cave sedi■~nts of Sophienh8hle and the six 
American caves. Data fro■ chemical analyses of the leachate& 
indicate that 12 speci■ens f ro■ the American caves have nitrate 
(NO;) concentrations greater than 10,000 ag/L. Pro■ cation and 
anibn co■positions it can be inferred that with lower humidity 19 
sediaen t leachate& would have yielded the highly deliquescent 

:t~~r4ai11 ~~~r~~::~ic~~t~~~(=~lt~:~i~J. Chemical evidence confiras 

1. INTRODUCTION 

Saltpetre vas obtained from caves in Europe and the southeastern 
United States of Aaerica priaarily during ti■es of war, when 
imports were restricted and there were great demands for saltpetre 
for the manufacture of gunpowder. Mining efforts were aost intense 
during the European conflicts (into the 1800s} and the American 
Revolution (1775-1783), the war of 1812, and the Civil War (1861-
1865) in the OSA. Petre dirt (saltpetre earth) was leached of its 
nitrates and the resultant leachate was titrated with a leachate 
from wood ashes. The decanted liquor was boiled until KHO 
crystallization occurred. Identifications of nitrate minerals i~ 
early reports have not been verified by modern techniques (Bill , 
1981a), because nitrate minerals are de liquescent and do not 

normally crystallize in the high-hu■idity environments found in 
most southeastern Aaerican (Bill, 1981b, p. 127) and European 
caves. The identity of the nitrates in the saltpetre earth of 
these caves is still unclear. The composition of the saltpetre in 
six of Virginia's 76 known ealtp•tre caves vao otudied by Hubbard 
and others (1986). In 1986, saltpetre caves in Spain (1), France 
(2) , and West Germany (1) were visited and samples vere collected 
to deter■ine if nitrate minerals were present and to identify the 
saltpetre constituents in leachates of the cave sediments (figure 
1). Thie paper presents a comparison of the chemical, historical, 
and mineralogical aspects of saltpetre in the six American and : four 
European saltpetre caves. 

2. CAVES SAMPLED 

Cova del Salnitre {SP) is in the province of Catalonia, Spain, 
in Paleocene to Eocene limestone pebble conglomerate. Thie 549 m 
long cave was first worked for saltpetre in the lSOOs. Hansuet 
Buxo Xalavia, a · guerrilla fighting Napoleon' s army, used the cave 
as a base of operations and producea gunpowder from the cave (Jose' 
Ma. J. RaventOs, 1988, written communications). 

Grotte d'Bnfer (GE) is near Les Eyzies, France, in Cretaceous 
limestone. It is essentially an abri (shelter cave) with a small 
streaa. The cave was worked for saltpetre in 1793 (Lartet and 
Christy, 1864, p. 242). 

Grotte de la Salpftri9re (GS) is located on the Gard ou Gardon 
within 1S0 • of Pont du Gard, Prance, in Opper Jurassic limestone 
(Cr8ac'h, 1967, p. 93). Also refered to as Abr i de Prehistorique, 
it is a shelter cave. Cave sediaents are dated 15,000 years before 
present (Belot, 1977, p . 175). No infor■ation on the saltpetre 
history of this cave was found. 

SophienhOhle (SH) is near Bayreuth, Bavaria, Nest Germany, in 
Jurassic dolomite. Although the cave is about 465 m long (Kempe 
and others, 1982, p. 102), saltpetre workings were confined to a 
■a.zy entrance area. The cave was visited in 1490 by Bans Breu in 
ae.arch of saltpetre (Cramer and others, 1935). Saltpetre was mined 
&t the cave, according to the cave manager , but the date of this 
activity vaa not determined. Evidence of the removal of saltpetre 
earth was found in small wall and ceiling alcoves. ll.tJtY.I .&PA1~211i 
remains have been reaoved fr011 the entrance area. . 

Johna Cave {Jo) is in Frederick County, Virginia, USA, in 
liaes tone and dolomite of the Rockdale Run Formation (Ordovician). 
Evidence of the mining of saltpetre earth was found throughout this 
100 a long cave and includes diggings, old sediaent levels o n 
valla, and four aounds of petre dirt thought to be the reaaina of 
l e aching vats or their spoils. A nuaber of inacribed naaes or 
initials dating fro■ the 1780s and 1790s occur in the vicinity of 
the aediaent ■ounds. The cave has been cited as •reurkable only 
foe its production of saltpetre, and preserving fresh ■eats in hot 
weather• tiercheval, 1833, p. 319). 

Madieons Saltpetre Cave (Ma) is in Augusta County, Virginia, 
USA, in limestone and dolomite of the Conococheague Formation 
(CaabrJan). The cave contains about 490 11 of passage, although 90 
• are under vatar. Diggings, naaes and dates, and old sediment 
levels on the wall ■ coapriae evidence of saltpetre mining. Wall 
inscription■ are dated aa early as the 1770& and include the name 
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HoBLEN-SALPETER: CHEMISCHE, HISTORISCHE UND MINERALOGISCHE ASPBKTE 

Salpeter-BOhlen in Spanien, Prankreich, der Bundesrepublik 
Deutschland und den OSA (Virginia) vurden hinsichtlich der Art iher 
Salpetervorkoamen untersucht. Die frUheste salpetergeschichte i st 
von der SophienhOhle (Bundesrepublik Deutechland) bekannt und 
reicht bis in das Jahr 1490 zuriick . Sechsundvierzig Proben von 
Wand- und Bodenausbliihungskrusten sowie 35 Sediaentproben aus zehn 
BOhlen wurden untersucht. Leicht zerfliessliche Nitrat•inerale 
vurden nur in Krusten aus der Peery Salpeter Cave (CSA) gefunden. 
Niter [IOi01 J und Nitr0111agnesit [Hg(N01) ,- 6H

2
~J blldeten s ich durch 

LOsungsverdunstung aus Sedi■enten aer Sopnienhijhle und der sechs 
A■erikanische eOhlen. Che■ische Analysen dieser Lt>sungen ergabsn, 

::::e;Jrap/1°obnee
0
n ~uo

6
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Ionenbilanz ergibt sich, dass bei geringerer Peuchtigkeit 19 
Sedimentwasser das leicht zerfliessliche Mineral Nitrocalcit 
I Ca ( N01 l, · 4820) geblldet hiitten. In che■ischer Hinsicht enthalten 
alle ze?irf" Hl:ihien Sal peter. 

of one known suppliec to the Continental Aray (Revolutionary Wac-}, 
two names dated 1813 (War of 1812), and an inscription by •Greenlee 
Davidson• in 1863. According to his diary , Captain Davidson 
collected samples of earth fro■ this cave for analysis of saltpetre 
in 1862. Hovey (1897, p. 291) reported Jedekiah Hotchkiss, General 
Stonewall Jackson's map maker, to have said, •Madison's Cave was 
■ined for saltpetre during the three great wars, of the revolution, 
of 1812, and of the rebellion - probably the only cave on the 
continent of which that can be said.• 

Clarks Cave (Cl) is located in Ba.th County, Virginia, USA, in 
the Devonian Licking Creek Limestone. The cave contains 9.1 k11 of 
aapped passage (Collings, 1988, p. 26), a third of which was worked 
for saltpetre. •evidence indicates that this cave was worked for 
saltpetre as early as 1740. Mr. {Grady) Clark, who ovned this 
property for ■any years, reported that his grandfather (Samuel 
Clark) vorked in the cave during the Nae of 1812• (Faust, 1964, p. 
42). Saltpetre mining occurred during the Civil War (Douglas, 
1964, p. 152) when this cave was possibly a part of Horner's niter 
works (Smith, 1987 .. p. 22). The ext•nrdve sa ltpetre workings 
contain abundant evidence of mining, including tally ■arks, 
artifacts, excavations, fills and other passage modifications. 

Witheros Cave (Wi) also is located in Bath County, Virginia, 
USA, in the Licking Creek Lia estone (Devonian). Approximately one 
third of this 3297 11 long cave (Simmons, 1981, p. 11} contains 
evidence of saltpetre mining. The ■ost recent mining activity was 
probably during the Civil War era. 

Peery& Sal tpetre Cave (Pe) is in Botetourt County, Virginia, 
USA, in limestone and dolomite mapped as the Cambrian Conococheague 
PiJrmation (Spencer, 1968} . The cave is reported to be over 400 11 

long (Douglas, 1964, p. 188) and contains evidence of mining 
activity throughout. •This cave is very likely the place where, it 
was reported in 1775 that, Charles Lynch had found 'many rocks of 
GENUINE SALTPETRE '" (Faust, 1964, p. 45). Mining operations during 
the Civil War were reported by the cave 's owner, Hrs. Mary Goodwin 
(Mansfield and Board11a.n, 1932, p . 97). 

Curve Saltpetre Cave (Cu) is located in Giles County, Virginia, 
USA, in limestone and dolomite of the Ordovician portion of the 
Knox Group. Evidence of saltpetre 11ining is found throughout this 
200 a-long cave. Workings reportedly date from the Civil War 
(Douglas, 1964, p. 226; Holsinger, 1975, p. 91), but inscribed 
dates associated with diggings indicate that some work was carried 
out before the Civil War. 

3 • ~ 

Mineral and sediment samples were collected at each of the ten 
saltpetre caves. Fourty-six mineral samples consi sting of 
efflorescent crusts were collected in vials from sediment and rock 
surfaces of the cave floors , walls, and ceilings. Thirty-five 
sediment saaples were collected from cave areas with evidence of 
saltpetre mining. Typically, well aerated, nearly dry, spongy 
sediments with little organic JDater ial were sopled. 

Sediment sa■plcs were air dried for approxi■a.tely one week until 
they attained a constant weight. A 700 g subsample, excluding 
cha rcoal and large r oc k fragments , was mixed with 500 aL of 
distill ed water in a n inverted 1000 JDL polyethylene bottle with its 

bottom removed and with a glass cotton filter in the neck of the 
bottle. After 24 hours, the subauple mixture was al lowed to drain 
through filte r paper into an Erlenmeyer flask. After an additional 
24 hours, the mixture was vacuu■ filtered for additional leachate 
yield. The leachate constituents were precipitated by allowing 
approxi■ately 10 IIL of leachate to evaporate fro■ a watch glass. 

Mineral and sediaent sa,aples and chemical compound& precipitated 
froa the leachates were identified by X-ray diffraction and optical 
■icroscopy. Sedi■ent leachate& were filtered an additional tiae 
through a 0.45 )l■ filter and then split. Half of each leachate was 
acidified with concentrated HN01 • The acidif¼id l"Achat/ was 
d!luted and analyzed by atomic atfllorption for Ca , Mg , Na , and 
K using an Instrumentation Laboratories aodel 751 dual-beam 
spectrophotometer. The unacidifi!d lea.chat, subsamples were 



Figure 1. Locations of the four European saltpetre caves discussed 
in this paper: 1. Cova del Salnitre: 2. Grotte d'Enfer; 3 . Grotte 
de la Salpftriere: 4. Sophienhllhle. Locations of the six American 
saltpetre caves can be found in Hubbard and others (1986). 

diluted and analyzed for Cl , N03 , so; , and Po; using a Dionez 
Ion Chroaatograph. 

4.~ 

The ■inerals identified from the 46 mineral sa■ples are 
sU11111arized in Table 1. Only tvo of the samples contained nitrate 
minerals . Crusts Pe 78 and Pe 7C (Peerys Saltpetre Cave) vere 
identified as niter (JtNO,). The niter occurred as vhite, kinky, 
lint-like fibers approSimately l cm. in length on the top and side 
of a s■all ledge (site Pe 78) and as white, silky, hair-like fibers 
up to 2 c■ long on the top and aides of a SJ1all ledge (site Pe 7C). 

The mineralogical co■positions of the 35 sediment sa■ples are 
sum■arized in Table 2. Only the 11ajor ■inerals were identified by 
whole-sample X-ray analysis. 

Pree i pi ta tes formed by evaporation of leachate& of the sediment 
saaples are reported in the •Evaporated Leachate• colu■n of Table 
2. Halite precipitated fro■ leachate& of sediments from the four 
European saltpeter caves, but not from the six A■erican saltpetre 
caves. Gypsua was usually the first and ■ost prevalent precipitate 
frcxa all of the leachate&. Niter precipitated fro■ leachate& of 
Sophienhohle (SB 4 and SH 5) and Curve Saltpetre Cave (Cu 2 and Cu 
3), but was conspicuously absent fro■ the precipitates of Peery 
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5
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reduced to the low-thirty to aid-forty percent range. At these 
lover hl81idities, niter and nitroaagnesite were identified fro• 16 
leachates, which include representatives of each of the six caves 
of Virginia and Sophienhijhle. 'l"lfenty-tvo leachate& did not fully 

~r~~:~=t~o:;~u~gs n!!:~c:!~~~e }p~an(N~A!ii !~t0 )e::;o~!~~~~f ioe:. f i :~ 
leachate& (GS 1, Jo 2, Jo 4, Wi 1, and Wi 5). 

Cation and anion analyses of the leachates are tabulated in 
Table 3. Nitrate (NO~) concentrations range from a high of 36,210 
mg/L, 2.6 percent by weight, (Madison& Saltpetre Cave, Ma 2) to a 
lov of 6 ■g/L (Grotte de la Salpitriere, cs l). Twenty-one 
leachate&, including representatives of all six of the caves of 
Virginia and Sophienh0hle, 3!!_ad nitrate concentrations greater than 
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the European leachates. 

Table l. Mineralogical composition of efflorescent crusts 

Sample1 Composition2 Sanple1 Composi tion2 
~e Hi!l!f 
SP lA taranaki te Ma 3A gypsum, tr. quartz 
SP 2A apatite group Ma 38 gypsum, tr. quartz 
SP 3A brushite Ma 4A apatite, tr. unknown 
SP 4A brushite 
SP SA apatite group Cl lA gypsum 

tr~ 
Cl 28 epsomite, tr. calcite 

GE l calcite, weddellite Cl 2C epsomite 
GE 2 calcite Cl 3A gypsum 
GE 3 veddellite 

WI lA epsomite 
GS 3A gypsum, muscovite, Wi 18 epsc:.ite 

kaolinite, tr. quartz Wi lC eps011ite 
GS 4A gypsua, calcite , Wi lD epsoaite 

■uscov ite, tr. calcite Wi lE epsomite 
GS SA calcite, ■in. quartz Wi 2A gypsum or brushite 

WI 28 gypsm or brushite 
SH lA gypsWI, dolomite Wi 4B calcite 
SB 2A gypsum Wi 4C gypsua, tr. quartz 
SR 6A dol011ite 

Pe 2A eps011ite 
Jo 2A calcite, dolomite Pe 3A nesquehonite 
Jo 2B calcite, dolomite Pe 78 niter 
Jo 3A calcite, dolomite Pe 7C niter 
Jo 3B calcite, doloaite 

Cu lA nesquehoni te 
Ma 2A calcite, quartz, Cu 4A gypsum 

kaolinite, chalcedony Cu 4B aaorphous powder 
Ma 2B amorphous, quartz cu 40 calcite 
!A 2t 9~R:l!Jll1 t,. 91,UUtl ~~ 

~First two letters refer to cave name 
3Identification by X-ray diffraction 
tr. indicates trace amount 

Table 2. 
leachates 

Mineralogical co■position of 
identified by X-ray diffraction 

sediments and evaporated 

Suiple1 Sediaent Evaporated Evaporation2 
HUI Ls:1,b1t1 St1ttt 
SP l qtz, tarnk, ill, ps. lcphs gyp ■oist 
SP 3 qtz, tarnk, ill, ps. lcphs gyp ■oist 

GE 4 ca.le, qtz, dtr. tour gyp, hal, calc vet 
GE 5 ca.le, qtz hal, gyp, calc ■oist 

GS l ca.le, qtz, ill, tr. kaol hal, ca.le dry 
GS 2 ca.le, qtz, ill, tr. kaol gyp ■oist 

SB 3 dol, qtz, tr. kaol gyp, nitrmag ■oist 
SB 4 qtz, dol, an . kaol gyp, nitr, hal, calc dry 
SB 5 qtz, dol, mn. kaol nitr, calc dry 

Jo l qtz, ill, tr. kaol, sp. dol gyp, nitraag vet 
Jo 2 qtz, ill, tr. kaol, sp. dol gyp, hexhyd dry 
Jo 4 qtz, ill, tr. kaol, sp. dol a■rph, calc dry 

Ma qtz, an. ill, an. kaol, ■n. ■crcl gyp vet 
Ha qtz, ■eccl, tr. ill, tr. kaol gyp, nitraag ■oist 
Ha qtz, an . kaol, an. ■crcl, tr. ill gyp, nitr■ag ■oist 
Ma qtz, an. acrcl gyp vet 

Cl I qtz, ill , sp. albt gyp vet 
Cl 3 qtz, ill, gyp, sp. albt, tr. kaol gyp, nitr■ag dry 
Cl 4 qtz, ill, tr. kaol gyp vet 
Cl 5 qtz, ill, tr. gyp, tr. kaol gyp vet 

Wi 1 qtz, gyp, tr. ill gyp, hexhyd dry 
Wi 3 qtz, ill, sp. albt gyp wet 
Wi 4 qtz, gyp, tr. ill, sp. albt gyp, nitr11ag vet 
Wi 5 qtz, ill gyp, calc dry 

Pe 1 qtz, dol, ill, tr. calc gyp, nitr■ag dry 
Pe 4 qtz, ill, kaol nitr■ag dry 
Pe 5 qtz, kaol, tr. ill nitraag dry 
Pe 6 qtz, ill, tr. kaol nitr■ag, gyp vet 
Pe 7 qtz, ill, dol, tr. kaol gyp, nitr■ag aoist 
Pe 8 qtz, ill, kaol, tr. dol gyp ■oist 
Pe 8B dol, qtz, kaol, ill, tr. calc unkn vet 

cu l qtz, ill, sp. dol, tr. kaol gyp, nitr■ag dry 
Cu 2 qtz, ill, tr. kaol aarph, nitr, eps■t dry 
cu 3 qtz, ill, tr. kaol, sp. dol nitr dry 
~y s gt11 ill, t,. k12la 11:21 d11l 9:iR ¥It 
albt: al bite, a■rpb: amorphous, calc: calcite, dtr.: detrital, 
dol: dolo■ite, epeat: bal: epeo■ite, gyp: gypsu■, halite, 
be:&byd: hexahydrite, ill: illite, kaol: kaolinite, lcpbe: 
leucophospbate, ■crcl: aicrocline, ■n.: ■inor, nitr: niter, 
nitr■ag: nitro11agnesite, pa.: possible, qta: quartz, ap.: spot 
pattern indicates specimen contained only a fev grains, tarnk: 
ta,101k.it1, tour: tour■aline, tr.: traC'e, untn: unknown 

~first two letters refer to cave naae 
Evaporation state at relative huaidi ty of aid-forties 

S. DISCUSSION 

There are considerable differences between the European and the 
American saltpetre occurrences co11pared in this paper. The 
European caves occur in younger rocks (Lower Cenozoic and 
Mesozoic), vbile the A■erican caves are in Paleozoic rocks. The 
saltpetre deposits in three of the European caves were located in 
the entrance areas whereas all of the American caves tended to 
contain more extensive distributions of saltpetre earth. The only 
nitrate mineral found in the saltpetre caves vas niter (Table 1, 
Peerys Saltpetre Cave), however, niter and nitro■agnesite did 
precipitate fro■ the lea.cha.tea of sediments of SophienbOhle and all 
six of the caves of Virginia (Table 2). Data fro■ che■ical 
analyses of the leachate& (Table 3) indicate that 12 speci■ens, all 
from American caves, have nitrate (NOi) concentrations greater than 
10,000 ag/L. 

After nitroaagnesite had precipitated fro■ a nuaber of the 
leachate&, a thick viscous slurry was observed even at relative 
hu■idities in the low-thirty to mid-forty percent range. A similar 
leachate slurry was considered a solution of calcia nitrate by 
Maxson (1932). All 15 of the A■erican leachate subsa■ples which 
did not fully evaporate (da~p or vet on Table 2) initially 
contained over 3000 ag/L of NO and high calcium concentrations 
(Table 3). These leachate& shoibd yield nitrocalcite upon coaplete 
evaporation (Hubbard and others, 1986). Six of the nine European 
leachate subsa■ples did not fully evaporate under si■ilar low 
relative hmidities. ~ive of the subsamples init1.f+Ily contained 
over 500 ag/L of NO and over 400 ag/L of Ca • The ai:&th 
subsample only containdd 14 agLL of NO-, but an Aaerican speci■en 
(Cu 3) with only 42 ag/L of NO,._ precipitated identifiable niter. A 
very small a■ount of highly ~eliquescent nitrocalcite ■ay be 
capable of bonding with enough ■oisture to ■aintain a state of 
dissolution at the relative hu■idities and te■peraturea found in 
our laboratory in Virginia. 

Bill (1981b, p. 131) ranked the nitrate ■inerals in decreaaing 
order of deliquescent stability in the cave environaent as niter, 
soda-niter (Na.NO), a■■onia-niter (NB MO), nitro■agnesite, and 
nitrocalcite. ~onaidering this rankiig ind the data presented by 
Hubbard and others (1986) and this paper, the co■position of cave 
saltpetre in the six A■erican caves la probably a ■ixture of 
nitrmagnesite and nitrocalcite with local concentrations of niter. 
Although the four European caves appear to have ■ucb lower 
concentrations of nitrates, ve believe that the co■poaition of the 
saltpetre is probably nitrocalcite. Nitroaagnesite is apparenty an 
i■portant constituent where a source of magnesiu■ is available, 
such as the dolo■ite rock at SophienhOhle. Niter is probably only 
locally concentrated in some caves in Virginia. The possibility 
that darapakite (No1 (N01 ) (S04 )• B2_0I, unranked by Bill (1981b), io 
present in saltpetre c~vea in "Europe or Virginia c•nnot ~e 
discounted. Seasonally, extended periods of cold, low-hWlidity 
weather (January-Februa ry) can result in low cave bu■iditiea, 
especially in the European abris. Ne postulate that in addition to 
niter, nitrocalcite and nitro■agnesite ■ay occur seasonally in soae 
saltpetre caves in Europe and Virginia. 
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Table 3. 

Sample1 

Cation and anion concentrations in leachate (mg/L) 

ca2+ Mg2+ Na+ K+ Cl -
1imr---8-0_6 ___ 8_8 ____ 4_0 ___ 9_9 

SP 3 636 75 18 SO 

GE 4 1141 75 667 233 
GE S 239 17 346 SI 

GS l 55 3 16 4 
GS 2 422 49 130 27 

SH 3 
SH 4 
SH S 

1806 925 163 414 
49 44 43 139 
27 41 32 145 

Jo l 
Jo 2 
Jo 3 

Ma l 
Ha 2 
Ha 3 
Ha 4 

Cl l 
Cl 3 
Cl 4 
Cl S 

Wi l 
Wi 3 
Wi 4 
Wi S 

Pe l 
Pe 4 
Pe S 
Pe 6 
Pe 7 
Pe 8 
Pe 88 

2705 
201 

24 

3926 
9345 
4246 
3224 

1712 
1118 
5350 
2713 

788 
5285 
1417 

684 

2425 
676 

43 
2925 
2265 
1561 
3102 

2315 
85 
25 

612 
1450 

857 
852 

280 
803 

1270 
706 

1783 
411 
703 

64 

1725 
1426 

78 
1725 
3130 

469 
918 

100 
10 

7 

59 
630 

60 
70 

174 
257 
620 
122 

546 
115 
299 
36 

267 
116 

28 
354 
559 

44 
79 

Cu 1 504 546 45 
Cu 2 64 41 21 
Cu 3 13 S 4 

--.C!L.s._ __ zl.§___~3_1_9 ___ 9-f~ 

183 
86 

3 

76 
2240 

279 
31 

24 
26 
89 

104 

34 
72 
58 
34 

214 
35 
22 

234 
512 

54 
118 

46 
121 

58 
42 

153 
82 

1309 
1089 

60 
294 

483 
110 

56 

222 
2 
3 

253 
195 

10 
13 

187 
178 
344 
419 

508 
83 
83 
10 

237 
236 

26 
419 
919 

81 
83 

so 
9 
3 

314 
1First two letters refer to cave name 

Noj so~-

1493 1562 
868 1644 

2220 
14 

6 
566 

7930 
290 
350 

22250 
301 

36 

12980 
36210 
19620 
15190 

4544 
4580 

25290 
11580 

3824 
18790 

4544 
67 

16430 
4652 

345 
21070 
22670 

4406 
14010 

3032 
483 

42 
3500 

141 
61 

40 
872 

2510 
206 
58 

383 
778 

32 

1037 
871 
773 
676 

924 
1780 

481 
1066 

2034 
773 

1469 
1592 

2041 
77 

164 
383 

1554 
614 
968 

735 
103 

27 
340 

This paper would not have been possible without the assistance 
of Trever R. Shaw, who provided our initial information on 
Sophienhl:Shle and Grotte d'Enfer. Nancy G. Long was instramental in 
obtaining permission to sample Cova del Salnitre and intrepreted 
all communications vith Jose Ma. J. RaventOs . A ■ap location of 
Grotte de la Salpitriere was kindly provided by Angelo I. George by 
way of Carol A. Rill. Priedhart Knolle and David K. Lasch assisted 
with the translation of the abstract . We are grateful for the many 
hours worked by Marilyn J. Bradley, Kimberly J. Hoffer-French, 
Michelle "· Lorah, Rene M. Price, and Carol M. Wicks in the 
laboratory . The assistance of John R. Holsinger, Nancy G. Long, 
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Rodney E. Morris, William 8. Murray, III , Stefan Niggemann, 
Roseanne M. Prestipino, and Marion o. Smith in the field is 
gratefully acknowleged. 
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PINLIKE "PEAS TONE"-SPELEOTHEMS AS INDICATORS OF DRAUGHT IN CAVES 

LORBERER, ArP3d - RONAKI, LA~ZIO 

The p;tper discusses on pisolitelike speleothcms devel

oped with condensation from vapour with caco
3
-aerosols of 

the way-out currents of .air in caves (Photo 1). These .. pea.s

tones'" develope 11.ostly in narrow lithoclases and in flow

-shades of jutting edges, in consequence of the local de

crease of the partial vapour-pressure of air. For the ex-

ploration works of caves these speleothems can be related 

to the existing draught of air, that can indicate the exia-

KnOp!chensinterbildungen , 813 Indikatoren 

der Lu!tstrtfr,u.ng 

Es handel t ·:on K.ncipfchensinterbildu.ngen , :'.'.1 t - von 

kal te.s Kar3twasser starr.enden - Kalzi tna teTial t die 
von - aus de~ Kor.denzuasser der von HOhlen ausstrOoenden 

Luft ausscheidenden - Caco3 Aerosolen entstehen (Abb. 1) . 
Dera.rtige Bildungen ent•nickeln sich infolge der Ver min
derung parzi ellen Dunstd.ruckes in engen HOhleng!ngen 

und an Stellen der Wirbelbildung, Diese Bildungen sind 
von Hinsicht praktischer HOhlenentschliessung d'il'll!:l in
terresant, weil ihre Vorkoncen 1n engen H0hleng8.ngen wei

sen an weitere, Wlerschliessene HOhlensystece hin . In 
Yecsek Gebirge weisen das ~ehrere erfolgreich freigelegte 

Spalten (Abb. 2) und in den engen Verbindungsgttngen der 
hohegebirgischen Schach thohlen befindliche , nadelar tige , 
kleine KnOptchcnaintcr anochaulich c.n . 

The pisolitelike carbonatic apeleothems, forming cauli

flowerlike concretions or formations similar to the clusters 

of grapes are named in general •pe:astones• in Hungary - in

dependently of mineralogical respects . The greater part of 

this speleothema are constructed from aragonite - and from 

thermalwater originated calcite- minerals, but there may be 

found concretions of coldwater calcite-minerals too. The 

single elemental sphericities can develope one by one with 

or without pinlike neck on the limestone- or dolomitewalla 

of caves, but mostly - especially in the hydrotheraal kara

tlc caverns - in greater mass, forming several pisolitic and 

pisolitellke concretions . The latter speleothems of typical 

hydrothermal origin was named by CHOLNOKY, J . (19◄◄) as 

•resostones•, however this genetic differentiation ls very 

rarely in use. Certain authors (e.g. CANTI, T . : 1957, 1962) 

put also the true pisollte (i.e. the cave-pearls) and some 

fungoidic concrecions among the peastones (after GRAmlNSKJ:,R. 

UNRUNG, R.: 1960). The present paper discusses further on 

pisolitelike speleothema of condensational origin only, de

veloped in several active stalactite- caves and shafts with 

cold karstic waters (e.g . underground streams) in close con

nection with the aerodynamic conditions of this caves . 

As it is well-known, there are two different types of 

condensational waters in the undergound holes and caves. 

(JAKUCS,L. - KESSLER,H.: 1962, KUNSKY ,J, 1960) . 

The water condensed from the air of breeze cooled W'der 

temperature adequate to the maxilllum saturation with vapour, 

into the inner parts have a corros ive effect on the surfaces 

of carbonatlc rockwalls and speleothe■s of the caves. This 

condensed wate r has not any dissolved solids, but composes 

agressive carbonic acid with the CO
2
-content of the air and 

therefore several characteristic secondary corrosive rai.kro

forms (e .g. karrlike little furrows, corroded stalactites, 
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tence of unexplored parts of caves, too . 

The successfully excavated llthoclases in the Mecsek 

Mountains (S-rn Hungary, e.g. Photo 2) and the lot■ of p i n

like "peastones• in the narrow tubelike part■ of the main 

galleries of high-mountainous shaft- caves verify the spele

ological importance of these concretions. 

!lyeles bors6k6- kepzodmenyek 1 Clint huzat-indikatorok 

A tanulmany a barlal'.'8okb61 ki!ele araml6 leveg6 kon
denzvizeb61 kival6 Caco3-aeroszolokb61 keletkez6, h.ideg

vizes kalcit- anyagu bors6k6kepzod.menyekkel !oglalkozik 
(l. abra) . A:l, ilyen kepz6dmenyek a barlal'.'8 szilk jbatai

ban es orvenykepz6desi helyeinel !ejl6dnek ki a parcialis 
p,uanyomas cso1<ken6ae kllvetkezteben. A gyakorlati barlal'.'8-
f el tbas azempontjab61 ezek a kepz6dmenyek azert erdeke
sek , mert elofordulasaik a szllk j,!.ratokban tovabbi , !el

tbatlan Uregrendazerekre utaJ.hatnal< . A Mecsek- hegys6g
ban tiibb sikeresen kibontott h&Badek (2. kep) ea a magas
hegyaegi zaombolyok azilk osazekiit6 jbataiban talalhat6 

tUszerU apr6 bors6kovek ezt szemleletesen igazoljak. 

etc.) could develop on these surfaces. The insoluble conta

minations of corroded rocks (silicates, clay-miner als,etc . ) 

could be left over some places , forming gradually thicken

ing soft platings (e.g. concretions of •e1otne za.m>c.i• -

•Muddy-castles• in the Hie tusla cave, W- rn Tatra Mountains, 

Poland). These corrosive condensatlonal waters can exert 

their effects mainly in the near- entTance parts of karstlc 

caves. 

The other type of condensational waters ls o r iginating 

fro■ the •karstwater-vapour• saturated air of currents oc

curing from the inner pants toward the entra.nces of caves . 

The vapour of karstic water have some Caco3-aerosole conten t, 

which have been getting into the air-space of caves by 

mechanical processes with the water-drops falling off the 

roof and the stalactites and being dispersed at the ground 

or stalagmites (CSER,P.-HAUCHA,L . :1968). The formation of 

the little coldwater-calcite sphericities adhered- to the 

pinlike branches is derived from that type of condensational 

waters (HURRAY ,J . W.: 195◄ , JAKUCS, L . -KESSLER, H. ; 1962) •• 

One can form a more exact idea of the developing pro

cess of these speleothems , considering the places of its 

appearance and the local aerodynamic conditions in the kars

tic caves. Namely these plnlike pisolitic speleothe■s can 

be found mostly in the narrow lithoclases or tubelike gal

leries where they are making more difficulties by 'Creeping 

through these sections of caves. Therefore there are known 

also different speleologic nicknames of thie •pinlUce · peas

tones • (e.g. in hungary : •ruhaszaggat6k • :.c dress-tearers. 

In poland: jaskiniowe jamniki • cave-dachshunds , e tc .). 

Taking into account the stable air temperatur e and sat

uration with vapour in the inner parts of caves, the air 

currents t oward the entrances may be considered as quasi

-stationary o nes. According to the BERNOULLI-equation-having 
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validity in case of stationary volume-f l ows - the decrease 

of the cross-section cause increase in the flow velocity and 

decrease in the pressure c f the flowing medium. As a con

sequence of the decrease of the partial vapour pressure in 

the air local supersaturations will occur and the surplus 

of vapour will condense together with the Caco
3
-aerosols on 

the surface of cave- galleries. The separated solid aerosols 

will develope pinlike pisolitic speleothems directed by the 

air- currents . The air flowing further into the larger cav

erns ls able to become saturated with •karstwater-vapaur• 

again. 

From the aerodynamic point of view the karstic caves 

and shafts are irregular systems with many possibilities for 

turbulent currents and forming of whirls. No wonder then that 

also in the flow-shades of jutting edges there are frequent

ly this type of little •pinlike peastones". The excentric 

stalactites (i.e. the helictites) having a similar Caco
3

-

-aerosole origin develope mainly also in the lateral, blind 

cav erns; in the vicinity of galleries with intensive air

-currents (CSER,P.-KAUCHA,L. :1968). 

From the cave-explorational point of view it is essen

tial, that these "pinlike peastones" having condensational 

origin can he related to the existing (or during a long time 

existed) draught of air. It also can indicate the existence 

of unexplored parts of cave. This connection of pinlike piso

litic speleothems with the draught was first recognized em

pirically in the course of exploration works on active caves 

of the Meese-Mountains (SE-transdanubia Hungary), it has been 

used successfully in the speleological practice for about 

two decades (RONAJ<I,L.: 1961-80). Recommendation was given 

for practical application of the phenomenon observed and 

published in 1963 (RONAJCI,L.: 1980). As an example it is 

represented by photos 1-2. These are indicators of draught 

in the •xorallzsomboly" cave. 

The clearest examples for the genetics and development 

of this pinlike speleothems are abounding in the typical al

pine (i.e. high-mountainous) shaft- caves , having otherwise 

rather few concretions. The caco
3
-aerosols originating from 

the air-space of larger caverns or shafts with very high 

•Jtarstwater-vapour• content (e.g. deeper parts with under

ground streams of waterfalls) are separating with t h e con

densed water in the narrow lithoclases or tubelUce galleries 

of the way out, as by the "great shafts• in the wysoka- and 

Ptasia-caves in the W-rn Tatra Mountains (S-rn Poland) , in 

the Spluga della Preta (N-rn Italy) or cave of Winds (Vin

tului) in the Bihar-Kir.ilyerd6 (S. Craiului) Mountains 

(Transsylvania , Rumania). 

In Hungary the average temperature in caves is + LO c 0 . 

The temperature in caves mentioned above is lower. We tried 

to observe the phenomenon in tropical karst terrain, there

fore we studied several caves in Cuba in 1988. Unfortunately 
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we have not found any aerosol formations. It does not mean 

that they cannot occure in the case of 24-26 c 0 air tempe

rature of caves, however, further examinati on is needed. 

The precipitation of peastone& in cave-basins filled with 

stagnant water was a very interesting observation {Pillar del 

Rio, Vir\ales; CUeva San Thomas). These formations on walls 

no longer covered with water were similar to peastones known 

in hydrothermal caves of Buda Mountains. 
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SCULPTURES ET GRA VURES RUPESTRES AL'ILE DE NAXOS DEPU I S 
L ' EPOQUE PREHISTORIQUE JUSQUE A NOS JOURS 

PET ROCHJLOU, Anna 

Naxos est la plus gcandc et la plus ret!'.:1rquable [le des Cycl.-:ides, 

connue pour son ?aysage, aussi quc 90ur son art (!Ui date des 1 • 

epoque neolithiGUC . 

Les habitants qui ont v~cu dans lcs grottes, ou en pleinair. 

ont laisse les traces de lcur vie, et plus tard, ces do leur civi

l isation connue sous le non de la •civilisation Cycladiquc•. 

Nous allons men tionncr ses famcuses gravures r upestres 

qui r epresenten t le zodiaque et des sc~nes de l e u r vie quotidienne, 

et aussi des statuette en marbrc, qui sont deven us cel~hrcs dans 

tout le monde. 

Des foullles realise~s .! Naxos ont mis au jour de tcmplo2s, 

des tombes, des vases ct d 'autres oeuvres d'art, parmi l~:iq11cls 

les statues des Kouroi sont les plus connucs. 

On y trouve encore auJourd'hui inachevCcs en 9leinaic, pr~s 

des carrier es de marbre, ces statues abandonn~es J. leur someil 

~t ernel . 

L' !le de Naxos est la plus vaste de l'archipel des Cyclades , et 

se pr~sente COC'!'me la plus remarquable tant en belle nature qu' en 

pr~histoirc et histoire. 

A cette Ile on ~t~ decouvertes des traces des hommes prt!histo

riques qui ant v1cu dans lPR IJCOttes ou on plcin air . Doa outilE en 

obsidicnne, deJ ·.rases, des idoles, des gravures rupestrcs, etc. 

C' est A ~;axos que parut et prospera la civilisation cycladique, 

parallelerr.ent h la clvil 1.!iation rninoenne en CrOte, depuis 40 ci~cle"i 

avant notre l!re. 

Mais tandis qu I en Crl!te la civi 11s ation ninoenne s' efface ,:11.~ 

XIVe sil!cle av . .J.C., A Naxos la civilisation cycladique continue J 

un nivcau remarquable jusque au 1100 av .J . C. 

De fouilles effectues a Naxos ont rn..ie A jour des aglanerations 

de maisons, des outils, des ustensiles, des tombeaux, des armes et 
autres oeuvres d'art. 

Les mat~riaux utilisOs Gtaient: l' obsidicnne, la pierre, la 

terre, le marbre, les metaux. 

Il est bien connu quc les plus anciens ustensiles en terre, des 

hanmes primitifs ~talent fai ts A la main et plus tard au tour. A Na

xos aussi, les ustensils en terre ~talent cults aux rayons du ooleil 

et plus tard au feu. 

Pendant la moyenne ~poque cycladique (2000-1400 av . J .c.) l 'usage 

de la terre est influenc'1 par l' art minoen tandis que plus tard (1400 

-1100 av .J.C.) par l ' art mycGnien predaninant en crate. 

Pendant la ~riode mycOnienne, la ville de Naxos, C!tait consi

der~e Comma la plus importante de la mer Eg4!e. 

L 1 honme n~olithique avait pris conscience des beaux arts. En 

utilisant pour ustensiles des pierces <lures et aigu@s a rGussi de 

graver aur les roches ou sur des blocs de pierre des sc~nes de leur 

vie quotidienne, corrme la chassc, la pature des animaux, le transport 

maritime par des barques primitives etc.Dix pierres ont Gte incorpo

rees dans lemur sur la colline "Corf! d 1 1\ronioo• . De m~me, en a.ooord 

avec leur fantaisie de pr4scnter le char du soleil, le zodiaque etc., 

ce qui prouve qu' ils avaient asscz de connaissances astronomiques, 

depuis, 6 . 000 ans av.J.C. Fig.1a, 2, 3. 

Tous ces blocs de pier re oravGs ses trouvent au musl!e d • Apiran

thos de Naxos, lequel a ~t~ crl!e par feu Michel Bardanie, membre de 

la s .s.c. 

Sur les roches ils ont grave les saisons de 1 1 annl!e: l' Gt4, le 

jour long la nuit courte, et le contraire pour l'hiver, de plus le 

solcil et toute autre figure que leur fantaisie concevalt . 

Plus tard l ' esprit artistique des Naxiens s • t!volue vers la scul-

SU M MAR Y 

Naxos is t he b i ggest a.nd most impor tan t is l a nd of t he Cycl ades famous 

for its landscape and its art. 

The prehi stori c habitation of the island y I prooved from the a r c haeo

logical survey and the excavations reconvered many elements of that 

period. The incisi on s on the rocks found near Apir anthos and repre

sen t i ng scenes of every day life, a nd a l so tools of obsidi an a r e 

a:ome o: these i ndications . 

Later the famous idols of marble arc the most lc.iportant signs of 

the so called •Cycl adic ~ilisation• whi le the big Kouroi of the 

archaic period proved t he continuity of a r t and civilisation during 

many Centuries. 

2 
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Piq. 1. Les regions ou ont OtO t....,-a.r~ de gravure• S\lr de rochcrs 
immobiles. 
1) Chimaros , 2} Panormos, 3) Amo<li, 4) Spcdou, 5) Aq-ios /\tha
nasios, 6) Agios 1'1amas, 7} Rachidi, • 7a) Dascalio, 8) Vouda, 
9} Agia Trias, 10) I,iaridla, 11} Vilanou, 12) Psili Amos, 
13) St~nou, 14) Oriti, 15) Athalasou, 16. Korfi t'Aronioy . 

Fig . 1 a. 1) Le spi ralls repr Osentent le sole 11 aux di verses saisons: 
2) Le grande avec unc petite form~e de f..,,3sot tes, c ' est l' 
6:t~, le contra.ire c ' cst l 'hivcr . 3) De dimantlons moyenncs, 
le printemps ou l 'autommc. I.c nombr e total du ccrcle dans 
lcs c.;cux spirales, 'Jue est toujours dC'luzc, rcprcsenle lcs 
douzc mois de l ' annOe. 
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pture. 

Sur le marbre blanc de 1 1 tle, ont et~ sculpt(!es unique pour les 

statues, les premil!res anthropomorphes statues de la Grl!ce. 

Il ya des idoles datant, d'aprl!s !'opinion des s~cialistes, du 

Jl!me mill@;naire av.J.C., Leur hauteur est de deux centim~tres A 1,50 

m. et leur tonne se presente raide et sans mouvement. 

Les plus anciennes statues, manquent de beaute et de sym~trie 

et leurs visages sont plats, ovales et arrondis et toujours inclinant 

vers l' arril!re. 

Il y a d ' autres tates sculptees alJ.ongees en hauteur de sorte 

que le visage prend la tonne d' une triangle. 

En g~neral les sculptures ont le cou trl!s long, petites protu

berances a la place des mains, le torse tras grand, les pieds courts 

et gros, toujou.rs unis l'un a l 1 autre, les doigts tendus, de sorte 

que la statue semble s'y appuyer. (Fig.4) 

Au fil des ann4es les statues deviennent plus artistiques avec 

une certaine syrnetrie, toujours le cou tras long, et avec les signes 

du sexe ati thorax. Les mains toujours SE- r4posent sous la poitrine, 

la main droite sous la main gauche.I! ya des statues, dont les pieds 

sont separes, mais toujours unis aux plantes et appuyes aux doigts. 

(Fig.S.). Seulement aux idoies assises les pieds sont totalement s4-

par!s. 

Et l' 6volution artistique continue dans l' ile de Naxos. 

Les statues, en marbre blanc de l'tle sont plus longues (plus qu' 

un m&tre), les analogie du corps plus symetriques. Au 7eme siecle 

.L~~
3. 

~~. 
5. 

6. 

I w 
1. 

E • 

9. 

Fiq. 2. Gravures sur les pierres mob~iles pr@sentent: 
1, 2, 6, 7 Sct!:nes de chasse. 
J, 4, 5 Sc~nes pastorales 
8 , 9 Sc~nes au barque 
10 Scl.ne de danse . 

. ' 
8. 

Ces pierres ont @:tf dicouvertes eur la col line Corfi d' Aroniou. Elles 
se trouvent actuellement au Mus~e d • Apiranthos 3. Naxos. 

av . J.C. nous rencontrons sculptes sur des 11normes blocs de marbre,les 

Xouros , · dons le corps molns raide est d 'une certaine symlitrie. 

On trouve encore aujourd' hui en plein air, pres des carril!res 

de merbre, trols Kouros du 7&me siecle av . J .c.Les spf:cialistes ont 

l'opinion que ces statues ont ete abandonn!es lnachevees. 

Le premier, se trouve a une altitude 100 m., au village Apollon, 

parce que la statue - dlt on - etalt consacrl!e au Dieu Apollon. Les 

dillensiona : 10,40 de longueur, plus qu' un metre de largeur. Les malns 

sont unies au corps jusq' aux coudes et se tournent apres verticale

raent sur une courte longueur, parce que l 'epaisseur du bloc de mar

bre, ne permettait pas plus de longueur . Les pieds sont totalement 
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Pig. ¢-5. Idoles du Jme atillena.lre a.J.C.Musee Je Naxos. 

Fig. 6. La colline •corfi d'A'tOniou• ou ont ete decouvertes dix 
pier res gravAs, incorporees dans le mure sur la col line . 

Fig. 7. J\.ouros au village Apollona, prAs de carriere de marbre 
inacheve, eat d'une longueur de 10,40m. 

fig. 8. Kouros au village Kournochori au sit"e Melanes, est d•.une 
longueur de 6, 50m . 

Fig. 9. Kouros au pied de l a colline Nyfiotissa, est d'une lorgueur 
de 5 m. 
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Pig. 3 . De rochers inunobiles et pierres mobiles gravt!es, reprt!sentent 
le soleil et les constellations. 
Les pierres mobiles se trouvent au Husl!e d' Apiranthos l Naxos. 

unis. On ne peut pas dire si l'artiste se proposait de lea separer 

aprh. (Fig. 7). 

Le deuxilme Kou.ros se trouve prl!:s de la source d'eau du village 

Kournohori, au site Me lanes. Il est long 6, 5 m.On le consid~re ina

cheve, mais pourtant 11 a plus de symetrie et les pieds sont separ@s, 

arrondis et prAsentent une souplesse en leur formation . Les mains, 

avec les coucies loin du thorax, ne touchent pas le corps. Les pieds 

sont totalem.ent sAparl!s, les plantes arrondies. On peut dire que ce 

Kouros Iaisse l 'impression qu' 11 se repose, (Fig .8). 

Le troisiame Xouros inacheve aussi, se trouve au ml!.me site,plus 

haut que le deuxi~me, pd!s de Kinidaro au pied de la colline Nyfio

tissa. Ses pieds sont amputes et la longueur actuelle de la statue 

est de 5.00 m. (Fig.9). 

Ce Kouros se presente plus artistique et moins raide que les deux 

autres. Plus caract6rlstique est la difference c\ la forrue du thorax, 

lequel prt!sente un abaissement au centre, par contre aux deux autres 

Kouros, oil le thorax se prc!sente plus presentG au centre, avec des 

leg~res sa.illies aux flancs . L' intention de l' artiste Atait, sans 

doute, de prAsenter un corps fGminin. 

On admet que cette statue reprl!sente l 'Ariadne endormie. &livant 

la mythologie, Theseus, retournant de la Crl!:.te avec Ariadne, l' aban

donna dans l'tle de Naxos. Dionysos l'y trouva endormie et d'elle fit 

son Gpouse. 
Les Kouros de l' tle de Naxos sont considerl!s comme les prAcur

seurs des fameuses anciennes statues h4lleniques, lesquelles se trou

vent actuellement tant aux musl!es grecs qu'aux mus@es d ' autres pays. 

Dans le territoire sacr6 de l' tle Delos, oil Dieu Apollon naquit, 

l' &difice des Naxiens 4!ta1t le plus ancien et le plus remarquable. 

La se trouvait la colossale statue d'Apollon, oeuvre des artistes Na

xiens du VIIA.me sU!cle av.J .c. 

La statue 4!tait 8,5m, de hauteur. Aujourd'hui 11 ne reste que 

sa base, 5,11 m. de longueur, 3,50 m.de largeur et 0,80 m. deharl:eur. 

Pr~s du sanctuaire rl 'Arte.mission se trouvent le torse et une 

pi~ce du bass in de cette statue colossale. 

Aussl remarquable tant en grandeur qu ' en symt!trie artistique est 

la statue de Hikandra (Naxiotissa) dy VII~e sU!cle av. J .C . dont la 

hauteur est de 2 1ft, , consacr~e au sanctuaire d' Art&.is. La statue se 

trouve actuellem.ent dans le Mus~e National d 'Ath@:nes. 

Les 9 lions en marbre dans le territoire de Delos, qui sont con

sideres conrne les gardiens du site sacrA, sont aussi des oeuvres des 

sculpteurs Naxiens. 

La perfection d'art glyptique des Naxiens est demontrt!e par la 

finesse de la statue •couros de Naxos• du VI~ sU!cle av.J.C.d'une 

hauteur de 1, 20m. 

La statue se trouve dans le MusAe d'Etat de Berlin EST . 

Bn r@suml\, ce bref expos@ vise a t.Mmontrer que le berceau des 

artistes grecs en sculpture et glyptique se trouve A Haxos, depuis 

l' Apoque nl!olithique avec une evolution continue et de 1a, l 'art s' 

est rl!pandu dans toute la Grl!:ce. 
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THE CAN GO CAVES OF SOUTH AFRICA: HAS GOVERNMENT CONTROL BEEN BENEFICAL? 

CRAVEN, Stephen A. 

The Cango Ct11.ves north of Oudtshoorn in the C.ape Province 
have alwaya enjoyed GovRrnment ·ownership and control &inco th~ir 
discovery in 1780 . As early as 1B21 r•gulatlons were drafted far 
their preservation, with provision for fines for offenders. 
However until 1891 the Caretaker lived three hours ride from the 
Cavea. Ther•.fore sup&rvi•ion wa.& unsati sf•ctorv, numerous 
graffiti were written •nd forfllation& removed. No one has been 
prosecuted for damaging the Caves. 

At Union in 1910, ownership of tho Caves pa11sed from the 
Cap• Colonial Gov•rmnent in Cape Town to the Union Govern111ent in 
Pretoria. The l•tter Govern..ent had no interest in tha Caves, 
•nd attempted to pass its res pontilbility to the Cape Provincial 
Ad111iniatration. Th•t Ad1ainiatration waa at firat unwilling to 
.tccept the Caves because of the expense involved. After the 
Oudtat,oorn Municipality h•d agreed to manage the C.a.ves, control 
was vested in that Municipality in 1921. Although the then 
Admlniatrator o-f the Cape st.ated clearly that the Municipality 
waa to ••ke no profit fro,a the Caves, and that any surplua was to 
be spent on the Cavas or used to reduce the entrance fee&, the 
Oudtahoorn ratepayers have, especially during the past 25 years , 
benefitted considerably. 

The Cango Caves are a well-known tourist attraction situated 
in the Swartberg foothills about 27 km . north of Oudtshoorn in 
the Cape Provinco of South Afric.a.. At the ti111e of their 
discovery, 17801 th• Caves and the surrounding land were owned by 
the Dutch East India Company". It is most uni ikely that the 
officials of the Comp.any knew about the Caves. Access was 
controlled by the surrounding t •nant farm•r. Thu road9 were 1ao 
bad, and the popul.ation of the Cape Colony so sparse, that 
visitors were few and far between. The political changes during 
the next -forty years1 

179:51 
1803 : 
1B061 

First Briti!iih Occupation; 
Bat.avian Republic; 
Second British Occupation 

had no effect on the manaoeaient of thll' Caves. Tho tenant farmer 
continued to pay hie r ent to the same local Field Cornet who 
forward•d it to the same office in Cape Town. 

During the Second Britiah Occupation the system of land 
tenur• waa changed. The aitting tenant was per111itted to buy his 
land from the Governinent. Accordingly on 10 January 1820 the 
land surrounding the Cange Cave& passed into private owners hip. 
Howavar tha Governor, Lord Ch.a.rles Somerset, had inserted into 
the title deed• a servitude reserving the Caves for the public 1n 
perpatui t y 1 

••••••••• on condition that he <var, der U•sthu,ze n) and the 
'future proprietors o'f the place Co•buis shall have no ri9ht 
Nhat•ver to that part o'f th• 9rour,d where the lfouth o'f the Grotto 
is situat•dJ that the s••• shall be le-ft per-f'•ctly -free and 
undisturbed and be consider,~d .as public property; t ha t he shall 
at •ny future period suff•r a road to be cut across the l and t o 
tl>e said Grotto •• • • • •••• • 

. On the followino day he instructed the local MagiGtrate to 
int.poet the Caves and to draft regulations for their 
preaarvat ion, then sai 1 ed for Engl and. His s.uccessor 1 51 r Ruf ane 
Donkin, had no interest in the Caves. 

It wa• a further 18 months before the Hagi strate pre pared 
his • r•9ulat,ons for the pr11s11rv•tlon of the Grotto in the 
C•ngo•. Inter a li a 1 he provided for the imposition of fine• on 

. people who might deface the c .. ves , and appointed the local Fi e ld 
Cornet ex officio Caretaker. For thi& additional duty the Field 
Cornet r•csived no e>etra salary, but wa5 pereitted to charge 
vi •i tors 10 rlx dollars (equivalent to Rl-50 or 15s . - .an 
enoreous euiii of .-.oney in those d.iy1a) for hiu own account. This 
Part-tiae minor Government offici•l therefore legally acquired a 
potentially valuable monopoly at the expense of the owner of the 
surrounding farm, whose gr•zing was eaten by the draught animal• 
of the vl•i tors•. 

For the next half century fiuccesaive Field Cornats lived 
thr•• hours ride .away fro,. the Caves which were fitted with no 
vate. Therefore vi &i tors were unwi 11 i ng to ride for a further 
she hours to request per111ission to visit. The Caves slowl y 
d•terlorated with nuaerous graffiti being written on the walls, 
and for•a t i one being removed 1 by the unsuperv1 sod vi 11i tortiii. 
Althou;h •ucc•1isive •urrounding landowners. complained to the 
M•ol•tr•t•, and reques ted that a gate be inst•lled, no action was 
tak•n by the Govern■ent3• 

By tho 1880s. CC>fflaunications had improved &ufficiently for 
there to be a noticeable increase in the number& of visitors. No 
accurate fioure la available because the Field Cornet had a 
ve•t•d interest in under-reporting the numbers of visitors . If he 
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LES GROTTES OE CAf'JGO OE L "AFRIQUE DU SUD: EST CE QUE 
LE CONTROLE DU GOlNERNEMENT ONT ETE SALUTAIRE'? 

Le Gouvernement toujours a possede I es Grottes de Cango nord 
d'Oudtshoorn dans l e oeparte.-ient du Cap depuis qu 'on les a 
trot.1Vees en 1780 . En 1821 le Gouverneur a rOgl& pour leur 
conservation, avec des amendes pour leur violations. Cependant 
Jusqu'b 1891 le Concierge demeura,t une promenade il cheval de 
trois heuras des Grottes. Done leur soi n •·etait • auvais; on a 
ecrit b0i!:ucoup des graffit i et a transporte des for•ations . On 
n ~a poursuiv1 persOnno ..en ;ustice pour endom•ager les Grottes. 

A Union en 1'91 0 , on a transf erO les Grottes du Gouvernem.ent 
Colon°ial du Cap dans la Ville du Cap au Gouverne .. ent Union dans 
Pretoria. Ce Gouvernement lane s"interessait rien aux Grottes , 
et a esgay& trans fer er son responsab1 l 1 ta au Oeparte,r,ent du Cap . 
tniti a leaient ce oepartement la s·a refuse agreer les Grottes 
parceque la d&pense. Apr&s la Municipalit& d"Oudtshoorn G'avait 
accord& JI dir1ger les Grottes, on les a inve1atues de la 
Municipalit& en 1'921. Bien que l 'Adffli nistratour du Cap a dit 
evide-ent que la Munic1palit& ne doit pas se profiter des 
Grottes, et doit depenser quelque surplus sur les Grottes ou pour 
diminuer le pri x d"entr~e, les contribuables d 'Oudtshoorn s · ont 
prof i te& bE-a.ucoup, par ti cul ierement pendant les 2 5 ans derniers. 

were seen to be maki ng a large income from the Caves, the 
Govern11ent could be e:<pectcd to appoint a Manager and to keep the 
income for itself. At that time the Outshoorn Divisional Council 
was responsible for the Maintenance of the access road, but 
received no income froa the Caves . The Councillors s.aw that the 
Field Cornet 1 who by then 1 i ved ne.arer the Caves, wa5- enjoying a 
comfortable extra inc0111e therefro111. The y therefore applied to 
the Colonial Government several tinies during the nex t 30 years 
for the servitude land therefore the income> to be vested in the 
Di vi si onal Counc1 1 4 • 

With tha PxcPpt.ionc;. nf thp MaC)istrat.e and of tho Mombor of 
the Le91ulative Assembly, the Divisional Councillort. were peasant 
farmers whose standards of education were so low that the 

Governnient believed that they were incapable of managing the 
Cango Caves. The Govern111ont did however terminate the monopoly 
of the Fi eld Cornet 1n 1091, and substituted that of the 
surrounding farmer who was appointed Carotaker. The f.armer 
recei.ved no remuneration, but was permitted to charge vt,;itors 
=»s. for his own account in lieu of salary . At the same time a 
substantial gate was. erected at the entrance to the Caves0 • The 
gate did not prevent -further dacnage to the Caves because the 
increasingly l arge numbers of vlt.itor1a could not be e ffectively 
supervised by the Guide. 

In terms of tho South Africa Act of 1909 1 at Union on 31 Hay 
1910 the servitude wa s transferred to the Union Government in 
Pretoria about 1600 km. to the north. That Government 1 

u nderstandably , was concerned with 111ore important matters than 
distant caveg 1 and asked the Cape Provincial Administration to 
assume the responsibi l 1 ty for their management . Tho Provincial 
Admlni strati on 1 having no money avai 1 able for the Caves, 
decl 1ned. The practice of paying the entrance fees to the 
Caretake r ensured that no capital was accumul atod to p a y for the 
necessary iaprovements for vi,;itor& • 

At that ti111e the only facilities at the Ca.vet. were tho gate 
and a few ledderu . Otherwiae the Caves were, apart from the 
vandali&m, moro or las& in their original i.tate. There was no 
sh&!lter 1 toilet, ablutions , reEotaurant, running water, electric 
light, easy path or other comf ort for the vjsitors . Lighting was 
by candles, flaming torches and magnesium ribbon, al l of which 
produced cloud& of srnol;:e , soot and ash to the detri111ent of the 
formations. It would require a larg& amount of money to provide 
those improveaumtG at th& Ca.vaa. In tho&e dayG before deficit 
financ1ng became fa&hionoblo 1 51uch money was unavailable froni 
Governlllent sources. ln 1911 some Oudtshoorn busi nessnien 1 l<fho 
ware aw.are of tho facilities which h ad been provided by private 
enterpriGe at the Government-owned Jenolan Caves in Australia, 
applied for a SO year lease of the Caves &o that they could 
ef f eet tho neces&ary i mprovement5. This would have required an 
Act of Parliament but, although the enabling "Cange ,Caves 
Prieservati on Act 1 191 2" was prepared 1 1 t never reached the 
Statute Book b~camn! of pressure of more important but.inass. 

It was these Oudt5hoorn bus1neasmen who reali•ed that one 
day the Cango Caves would become profitable. They were largely 
educated men , who, having reAlised that thv Government waa 
unwi 11 ing to r el lnquish control, turned thoir attention to the 
Oudtshoorn Town Counc1 l lors. These Counci 11 ors were better 
educated and ,aore a rti cul Ate than their Oivi!lional counterpart1a, 
and successfully persuaded the Provincial Administr.ation that 
they were capable of ,aanaging th• Caves at no cost to the 
Province and Union. Having received thi s assurance from the 

Municipality, the Provincial Administration accepted 
resr,onsib11ity for the Caves -from the Union GovernfflC?Jlt in 1915. 



Although the financial position o-f the Oudtshoorn t1un1cipalit.y 
was no better than that of thC!' Prov1nc1al Ad•in1strat1on, the 
latter transferred control and •anage,nent to the for•C!'r in 1921•. 
Ho"ever, the Province did retain ti'° right to approve tho 
entrance fees and all e:,penditure of the rcven11e. The 
Adininistrator stated c leoil.rly that the Oudt11hoorn l1unicipal1ty was 
to •ake no profit fro11 the Caves: i\ny surplus was to be spent on 
the Cavns and to be applied to thu reduction of the entr..J.nce -fees 
- 501. of which was paid to lhe Carotal~er in l icu of salary. 

The Oudtshoorn Munic1pal1ty acquired no land with the Caves 
- that remainod in private owner'iihip. The surrounding l andowner 
refused to S'?l l because he wished at so.-.e time 1n the future to 
erect a lea roo:n for th'-" use of visitors. ThP. Adn11 n1strator 
refused pcrnussion for- the Mun1cipalit}· to e:,propr iatc the 
required land. l11 later years the Municipality overc..ime this 
problem by building the tea room under the overhang at the 
entrc1nce - l ec;al l}· il was~ the ca.vrf7

, and by building the 
generator hou£e for the electric light5 within the proclaiMed 
road reserve. 

The 1920s. were not prO'!'iiperous years, and the inco111e froa 
the cavos wa s not n!'. l a rge as had be~n hoped. Th[' -first pr iority 
of the Municipality was the provision of electr i c lighting at a 
cost of CSOOO . Tho 11unicipalily had so ,nuch difficulty in 
ral sing this sum that the South African Rail l, ays and Harbours 
attempted to tal-:e over the Caves, arguing t11at it had tho 
necessary finance, technical experiPnce and publi c ity re"a.ources. 
Al though the Municipality uas strugyl ing on al 1 three i ssues, it 
was sufficiently well-connected politir:.:1Jly to duf eat the 
Rail"ays. It solv1c1d tho financial proble,n by borrowing froni one 
of its Councillors• The electric lights 1"1e rc.> SHitchC!'d on in 
1928.... The staffing requireiaents of the Caves by then 
nece»sitated the employment of salaric.>d 'lit.a.ff; and tho s ~rvicos 
of the surrounding farmer were ter1r1ina.ted. 

The Cange Caves continued to struogle -f1na.nc1ally during the 
Deprnssion of the 1930s. and during the 1939 - 1945 War-, though 
bu,;inesg, began to itiorove after th~ N~r . The increasl.nQ nuttbcrs 
of vi s itors were responsioie for tne l11111ted faciliti~s at the 
Cave& becoming hopelessly inadequate as EParly as 1947•. 

The Oudtshoorn Town Councillors for the next ten year11 
discussed possible iir.pr-oved facilities at the Cavc-s, but had to 
wait for the appointaent in 1956 of,..... _ M.C.T. Schultz as Town 
Clerk before the final plan was effected. The turred access road 
was financed by the State Govern.,ent. The 400000 Rand cost of 
the large car park, terainal building, "'ains electricity, 
concrete paths, passage widening and artificial entrance was 
p.artly financed by a 25-year loan. Since these facili ties were 
opened in 19b7, they have enabled up to 190000 visitors to oaee 
the Caves in a year . Despite te•porary recessions due to large 
increasas in the price of petrol and its li,nited availability, 
there has been during the past 20 years a healthy surplui. of 
i ncoma over expondi ture. 

It haoa alway& been the policy o-f successive political 
raasters of the Cape since 1820 that the Cange Cavos are a 
national at.set "hich shall b• conserved. However, s uccessive 
Governaent servants hav& b1HK1 un.abl e or unwi 11 i ng t.o enforce t.hat 
pol icy. The ■anage111ent of the Ca ves has, for reasons of 
convenience, always been in the hands of the Oudtt.hoorn loc•l 
residents who have regarded thea as a local asset to be exploitWd 
for their benefit. The Oudtshoorn t1unicipality has always b c C'f'I 
1.1:fficiently politically well-connected to persuade th• 
Provincial Adtainistration to bend, and in 1971 to chang&, t " • 
rules, and to per• it tho e>cpenditure o-f large swns of ■oney froa 
the Cave• on i te,.s unconnected with the Caves. The r•topayar• 
and trades11en of Oudtshoorn have benofi tted frDAI the Caves •• 
-fol lowsz 

1) Attraction of visitors, with their money , to Oudtshoorn. 
2> Sub .. tantial cas.h payments to General Revenue. 
3) Creation of employ■ent, both •t the Caves, and indirectly 

through the expenditure of the vi st tors· IIDOfley in the town~ 
4> Financing of •ost of the Municipal publicity expenditure. 
5> Nu1Derous •inor pay•ents which 1 by any other Hunicipality, 

would have been debited to General Revenue or not 111ada. 
6> Four tourist ca.mp& / caravan parks . 
7> Maintenance of Arbeidsgenot (a cultural •useutl'I>. 
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BJ Subst•nt1al contributions tot.he following 111ajor a 111oniti1rs t 
a> C.J. Lilngenhoven Mem.oriill Library l( Cultural Centre. 
b> Arnold do Jager indoor and outdoor sports coioplex. 
c) Ca pe Adventure Training Sc; Environmental Study Centre. 

Againt.t these benefits, a ll of which have been finilnced out 
of income or by loans, IM.ISt be debited the folloHing sub5tantial 
expend1 t.ure towards which the Municipality has bean required to 
,nal,e no contribution: 

l) Tha cost to the Province of administration and supervision 
of the Municipal ity ·s ••nagement of the Caves. 

2) The cost to the State o f construction and tnai ntenance to 
National Road standards of tho road to the Caves, less t.hat 
of constructing and maintaining a sitni lar far111 road to lower 
standards . 

tt is, unfortunatoly, impossible to quantify the total nett 
benefit which the ratepayers and t.radesmen of Oudtshoorn have 
derived frDffl the Can90 Caves. lt represents, however, an 
e x cel lent return on an undertaking which has required no capt tal 
invest•ent 1 and which has invol v ed no coawnorcial risk. 

Tha 1984/85 accounts revealed the fol lowing figur&s which 
confirat the pro fitab1 lity of the Canoo Caves: 

Tota.I incOftle 
Operating surplua for the year 
Accu•ul ated surplus 
Profit on Trading account 
Accu-.ulated surplus Cultural fund 
Book value of Ca.ngo Caves and touri • t c"inps 

R563947-68 
R 96184-99 
RI 76456-18 
R 353"0-61 
R 20698-63 
R830698-89 

Whether or not Government control of the Cango Caves t • 
considered to have been beneficial depend5 on which side of the 
fence the obs erver sits. FrDfl'I the point of vie" of the 
Oudtshoorn ratepayer it has bean an unqualified •uccess. To tha 
conservationist (and it ll'M.lst be re,oecabered that conserva.tion has 
be•n the policy of all the political master s of the Capo since 
1820> Govern,aent control haG been disappointing. ln 1972 and 197:5 
"ere discovered Cango lJ and Cange 111 respectivelyJ the 
quantity a nd quality of their foraations giv& a very good 
i IIDJ>ressl on of the condition of t.he show cave <Cange 1 > two 
centuries ago. Ho'i.t of the remaining foraations in Cange 1 are 
dead 10; many are dit.figured with graffiti and lampenflora. 
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SPELEOGENETIC AND SEDIMENTOLOGICAL INVESTIGATIONS IN BEARS CA VE 
BIHOR MOUNTAINS 

HADNAGY, Arpad 

The Deus Ca.ve,c1.1ecovercd in 1375 in ~!:Ura ~:111 , nenr Chitc-,: 
vi.lla,ee, Cecarne t:te :?lost attrgctive touristiccl noint ot t!le 3ihor 

Country throueh its ommental al:nn}e.nce/stcla~t~ ot .candle" 
t;roe, :ninute basins , aragoniticnl !1elictite/ and its bear fossil 

abundanc e . It rep!"esents the 1.nost exti::ris:!.v cavcr.1/1, 5 !11 len~t!1/ 

:from ka:rstic COLl!)lex th:rt t'Or..il-:-d 1!1 ~,hite aa1.•:1e ot Di!lor autoch-

ton. 'Z:le results or the petro.:;raphic-sed1mentolo&:1c31 3ll::ilyses 

corroborated w1t'l t:1e paleontoloeico.l,~cor.ao~·)holo.:;1:::::-). :?.r..,i ,:co

logical knorm dates d!recteG us to stabili~e the evolutive sense 

and rythn ot the cave. Tr.en it wc.s •leterui!led t":?at it tuncti'>ncd 

1n Pleistoct..-11 n.s a sitle,,ise ressour,:;ence.The nbover allged Salle-_ · 

,;ies . and undergr ound terrac~s \Tas toroed sint;enetic with the t
4

, 

t3, ! 2 and t 1 terraceo 0£ the principal collector - Crlliasa Valley

under the general tecto-cli::-.ato~enetical ett'ect ot' suiMidnnce of 

th<> 31:icl: Cr!~ basin, 

Die detrit1cal '\Utochton i:!aterie.l ot tre sl\!"~:rior :rosoilc ca
lleries presents in prc:poml'?rance carbonatically/:tlso n:ppears tri
gonolites/thc :sell corroded frnglilents being included in an resi

dual reel claye.:, :,ass , that :repr!?sents ao.-, from the cave dcro3it. 

The chelllcal nnd cineralogical ci1aracter of this clay demtnstrnt..: 

us a poseilie ;..llochton origin felrtsr,ar nica lir:iitrophe,nonkarst1-

!1cable,distribt~tive areas.The hc3V'/ ctincralosical parut,;enesis 

'-=i:rls as :-carnet , cyani te, sta.urol 1. te;-j\omblende,pyroxene, .-.yin el , 

zircone, f.188Detite seei:18 to be enou.3h convincing to sustain ti:lis 

hypothe3is. Alli tic al ooids, ana tns c, conmdw~, leuco>:cne, and::.:;ell 
rolled nttile,tou:rnoline indicctes us in cxchance an bau:xitical. 
nl.lochton source :ror the detritical =iaterial , and the r.iasnctical 

sp~erulcs - a possible 11articipation of the cos:n.ical tiatcrial. 

I n t r o d u c t i o n 
Bear s Cave accidentally di3covered in Autumn 1975, o:ffer!; 

ar. unusual ornaDental richness.But i t becoii:iP. famous tor its abun
dance ot toacil rests,eepecially ot Ursua spelaeus.that could be 

!ind 1n all the galleries known today. The cave appears thus before 

the visitors eyes like a real museum natural build and ornamented. 

1 • T h e G e n e r a l G e o g r a p h i c a 1 1 G e o -
m o r p h o l o 6 i c a l a n d il y d r o g r a p h i c 

F r a m e 
The cave is oituated at the east-so~tbeastem end of Chi:r 

c!S.u Villase, Pietroasa cour.n.me, B1.hor District, 1n the west piedmont 

hills area of the B1hor !.iountains , W:.i;ura Hill, that cantons this 

Jcai:stit cou:plu,cul.minates with the ilrueturii Peak/ +770m/and it 

is Olorpilological and tectonical limited to the west by the Pe§te

rii brook and the Spring :,,: ti.e :rzt.uc brook, to the east by Drus

turi bxvok, to the south by the Vl rtoape J.olinar valley and to the 

nath by Cr-.liasa Vr.lley, tiiat is the principal hydrograpilic collec

tor ot tl:e entire basin Jule§ti-Chi§c5u in the same ti.me. 

The active water cour:s!?,Vlhich drains the lower level ot ti1e 

cave, a~pears as a slope re3ourgence tributary to CrAiasa Valle,:.', 
U·.at is the right .e.t:Clu!?I'lt o! the Cri~ul Negru river in its turn, 

t'!le ri.ver that drains the entire 1!eogen b~sin ot Beiu§. 

The morpholoi;y of the kareti!icable area or.. the l:a{l\lra ilill 

has soce particular aspects,with a great richness of fonr~:l~pie

s ea ,do lines ,dolinar valley , ponors, ClDer6encies and dry valley .. 

SPXLEOGFllETISCHE UIID SEDIIIEtlTOLOGI 5CHE FORSCHU!IG 

IN Dill BAREtll!OHLE - Bil!OR GEBI RGE 

Die ~reni·Ohlc, cmtf1 ec:Ct i::. J:r.i,re 1975 .:=t:U io'.1s:;c des ;o;erces ...:•-· · 

cure ni'bcn Chi§c::.u Dort/Lr~is ~ihor/ erregte .:;rosse aufmer ksaQ:':ci t 

i::o;Tie turistische ru1~id~un_:;!kr<!ft durch ihre .:ierk'·,Ur diee Ornaacn
t1%: k.erzenf6 .:--Jisc Jtal3:_."Mitcn, E.leine konkretions ilecken, nrat:Oni

t.isci.le J!eli';..tite,usw. , um! tat ii1ren fo~silir.1 fuitdc.Aus kristalli

r,en wcissen }-.al kslein dss ;u-.tochton Vit!or .:;cl>iL~et repr:..scntiert 

-lie~c :rnhle einc unvergleichlic!1~ Crossr2.u1.1./l , 5 k,•, l;.i.n,:e/ :.i.us clen 

Vihor :~utochton. 

Die Resultute sejicentpetrueraphische1· J.nulysen bc::'e:Jtitc-n ..:it 

beii:anntcn eeolocischen , .:.;cooorpholccisl·l•"!n und palcontolo6isci:1en 

!>aten liessen uns liic ilicittunt; sov1ie P.h:,tais der i!Oi.11en evolution 
erkeru,en.z.an stellte aloo fe!;t dnss iu Plcistozi:n d iese 1:0~1le v1nr 

eine abhli.n~er unterirdische Lauf. Dic unterircasci1- iibercinandcrlic

.:.i:enclen aaler1ei1 und ierassen for..ttcn sich sint;c.•nctiuc!1 r.:it den Tc

rassen t 4,t3 , t 2 und t 1 des iauptsan., el~cc;~ens Cr~iaso Tnl unte1· 

Gem te:<:to- kli:.;,ntoloeischen einfluss die borlensc.'"<1..rulltJ des Cri-.ul 
i:eoru Jeckens . 

Das einhei~ische rletritische J.:ater1al der oberen fossilen Ga

lcr!en 1st hauptslici1lich Y.nrbonatisch/es konz .. an auch '1rigonol1te 

vor/die [..-Ut ;:orodi~rtcn 7raeme.c.te sind in einc toni.-;e rote resi

duale i..:Sase eingesctllossen welcj1c CC," der .,bla~enm!_;en aus~acht . 

Die 1i1ineralogische so,,ie citei1.iscitc J::i-t;:ur cier fon \1ei1t auc!l aut 
~ine :ui:scliche allochtone absta.r.D'.U?te , aus ::eldspat unc.l GliCL.ier, der 

ur;.uebenden utkarstisch vcrteilun& Gcbicte hin.Die Far~cnese dcr 
:Jchwcr~r..eralle ,l es Typus : -Cranat , Disten , staurolith;-riornblende , 

?yroxen ,Spiucll , Zirr~on,~rnctit sind L'berzcut.ende Ari_.-u,ne.r..tc !Ur 

die ·:,ahrhaftit;kcit diesc-r ;:ypvt;,ese. 

Die ullitischen Oolithcn,Anatas , Ko:a.-und , ~~oxen , eut t,erollt 

:bltil W1d Turn:alin 1'1eiscn je~'loch auf einc allochtone baux.itische 

.uelle des det.ritisci.1en ~aterials illn, und die r,1o.gr.etischen Ku::;el

c:,en sind soc3!.·cin l;eweis ni:Se;licilcr !:os~.ischer iieteili~•C• 

2 • T h e G e o l o g o-s t r u c u r a 1 F r a m e 
The north- wester,1 Vl.-ctor of the 3ihor .Lour..tains and the area 

ot Chi~c~u inclusively is characterized by an accentuated tecto

nism and a participation of two break- thrust ·,.rnits,near the Diho1· 
autochthon:Arie§eni nappe and Ferict nappe. 

The autochthon , &e a structu1·al basic unit,consists of a detri
tal Liasic on the enti re .adifice of the western part ot t :1e £1 .. 
hor i.:oULta1ns , unkarsti:C'icable in facies ot Cresten c.nd !lco-Jura

ssical cnrbon3tic forx.ations . The Ti thonic 11..I!les tones ,in which 11 

is cantoLed the karstic complex, appear ~s recrystallized under 

the therLJ.ometaru.orphic effect o! the Pictroasa &ranodioritic 

massif. The calcareous stones nutochthon, :1·0--{thc Bntsturl Uraina.

ge basin1also appeai-s as a little tectonic wh1dow in the fraJiie 

ot A.r1e;,cn1. naype for,:::;at.ivn. 

Tbe Arie~eni nappe appears ir. disjunctive relations and occu

pies considerable areas aspP.Cinlly to the east a.d south of the 
l:agura Hill karstificable area. The sedicents ot the unit are ex

clusively detritic/sandstones,UU.croconglo□eratcs,n.s.o./ot Per

oian age.The Ferice nappe occupies the wes•ern part ot the ~gu

r.e. Hill under a dolomitic tacies w-,d black calcareous stones 
with s111cious accidents. 

The ancient ot the major disjunctive systems, which appear in 
the investigated area,are faced UUtV-SSE direction, the line on 

which the Banatites/tM.g:matic rocks/were placed lenghtwise,res

i>ectively where the Dears Cave itself was torm~d. &.s a rectiline
ar cavity. 
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3 • T h c la.. o r t: h o 1 o ~ :J o f t h e D e e p k a_rst 
This cave is 1·an,;ed i.n thr~c mui11 levcls,t~c net Ue1n6 iy

pically of :1ubho1·1y.ontal one generallt loc,ced no.1:i..i1- 5outh. 

The Chi\,cl.U underlyini; ~arst cocplex cousistz of two lorge 

cavi tic-a: ~:le EeE.rs Cav~ e~:timds on. G~5w, ~r1d 1500- ion:;,.and ••r1 .... 
Chi~ciiu Cave", !.-Hi r~ locg.'i'he other cav!.tied '-=~llecl : "Tr aie:1u1 

Ca•. c" , "'!'i1r.- 11 ttlP. Covt?" , "The Cave unde:- Uroiu ., and "!'ho Cavc-

tron trusturi Vall'!y" have extents of only ~o?:ae 1!lctres. 

The -.;l:;itors ace cs l:eciu~ Ht a L.:.eCii\1:!1 lttvel ,. called "The 
Acces Galler:,~wi11cil is ,:onti!"ced ~,~tr. t:1c "lntPrs.?c tion i:oort", 

from wi,ic:'I "'.:!le Candles J nllcry" is r a,i:lifi eJ. to tilt' u.1-1.er level 

anc! f1•.J.!J .1i.,j.cll anoth~r :1r?co1.c:ary superi or ) f!vei j s ra..:1.!ied "~ile: 

T-·1:!sted C,al~cry"/+ZlI!:/.".d1e L1t<. r sectioi. li.oom is also raoified t J 

the south throur;it "E. G. kocovi·~ ~ Unller y" ro1d "The swallets :ial le

ry". ';i,e iier1or level, y ;~ tL loa~., a1lpears un~·.1511 frorr. rlacOvi\ii 

C,allr-ry/lGc. long/, :•eins in the st&!J.e tiJue 011ly activ~ level,v,ith 

;U'! t1.J1dert;rounri. dischor.s~ oi 2-10 1/:-..i t:.et ~1~1·e a sc-rics o~ sas

pc:--.:lel'\ t<J:rraces '.'Ii th e;raded h~Cding
1 

allochthon,t!EtrJ tir. • -c";..c.-:ia1 

TJli:- :Jeandred !low aueeest!l :.;. s•.t.persolicit!ltion of the permanent 

capacity o! tne wat,r , t!ie line valley int'!&sity beinr of on:iy 2-

} m/Wi:> a. 

~ • T h e ~ y p e a o f t h e C a v e s e d 1-.)nents 

Under t~tc different :-hysico-ci1ea.ictll effects e, f the exis

ting scdimcntocenetical sur1·ou~Hlinc, in ,JUaten1ary , :..~y ty;ie.3 of 

se:11..ients cou.ld a rise in the :icars Ceve. 

4 . 1 . C ale a .I.' ~ o u s - C o n c r t 1. o r:. a r y Sediment:; 

Alia1ost all tir.E active! J.r.d :casil g.alleri.:?s aiJound 1!1 f'ta

lactites anti stnlagui.tes as a result of t!~c UisJol•r..;.,ng ..md tile 
su,..,-J1·satuxation u! waters in Cncv31 tin·o.1,_;l: tilt! water o! percola

tion falla.,fro.~ the :.:-oo:f' of ti1e cavP., 1n ti,e larc,e L"..:1jority ot 
the galleries & stalagm.itic floor tens cm. ti.id:: js ion.ied . 

L"a!n,ttinjng ti1e hypo-t:hes!s .accorc:.1nt; to wi1lc..h t!Jc :ieg1·ee of 

'3?)i;1>j lity .Jf th~ ".Pri:lt1!icnbl~ rocks tt will dcpcr.ds on the p~1i

sico-ch('i...ical ch£.r:v::tcri3t1cs of ti1e alfected rock, or.. til"' C.lC;. 

l:a11t.l p.nrl the ..1.cirli tJ , te::.r. era!.cre amt the yr23sur e o:r the solveu-;, 

the richness auC:. quan-~i ty of the cobcrcti ooat y i'om::. - tor1 .. ed ·,e
r;' i~&"<>babl/ ~t the end o f the Pleiatoccne - on t:1e otuer 1-irutJ , 

sl,O¥r8 us t°'l"? cxiste,1..::c: cf an interstatlht.l epoch with a rich ve

getation and a s:r ound havin[ p: ')nty of co2 on the ~O::.gura ;1111. 

Tho c :i,·e pearls appea1.· as wflite little Ualls: li. ti1e sn:all 

or,,.;..;.entn:i lal-e..(speleocouth/arirl li'ttlc Jr,.Jins of the st.:.~3t1:!1-

t1c floo:r,~··ith a cu:...cetttric interior stroctu:i:e/bltc-1;:.atior.s o-£ 

arago:1.1 ti.: in pr-:-pou:.ieronce wj th calcite/ . li-~lictite3 appear wuch 
~ore r;n:e:y u.r:.:l tj,e.} usua.:ly a ci.ozn ttle \·,fll:s of the acti·.,,__, infe

rior r:all eries . 

4.2. L! a n g a n o - ! e r r 1 i e r o u s S e d i ~ ~ r. ts 

Zhe scJicer1t of ti1e insoluJle i.;n.0
2 

is n:1::icrved especially 

or~ fo.i:..11 .... ·ests,on brutt ci.etritic !ragueats :ow1,1 ll.,c!er the 

otalagr.:i~ic floor. Z'r.e involving of the LJ12+,Fe2+,Fe3+ ions tims 

took place more rarely !.n the evolut:!.ve t r Msition p .--riods fro::i 

a wet climate to a dr7 one.The relation Fe2+/Fe3+ is very variab-

19 and thus dittiC".J.!t "to deter.nine. Spher oidal mangunous nodules 

appear rarely anrl esi)ecially in the detritic sediments ot The Ir:
i'erior Gallery. 

4 . } .D et r 1 ta 1 Se d 1 ~en ts 

·,1!.th the view ot recognition and wishin.& to reconstitute 

the speleosediment ary environment the g r eatest attentions was 
given to the kar sti c detritus.To define this speleooedi.Dentary 

mediun. I t:ded to determine the cajori,y of physic,che:tlcal and 

bio!ogicAl chsracteristics ot the whole sedi~entary complex.our 

oamples noted on tile g/phs/!ig.1 and !ig.2/with l'l'P2 , P} and P4 
vteL''3 ccllected from the prospecting ·.•,ell nr.1. ot '.(he Acces Gal

lary. :i'he uicrol.C.ir..er3logical correspondent ot t11eue raw 3&mples 

aas nott..-d with n 1 ,m
2
.u

3
, m

4 
and the corres:pc;n,;.inc c!erths of t:1e

se sa..J1,les were:l = 0 , 0-0,25r:1 ; 2 • 0 , 25-0,45 ; 3 = 0 , 45- 0 , 75/lrom 

tt.e s-.....i:crior i·eJ cla:JfjY horizc.n/, re:;p'!Ctively ti1e saIJples c r.4 

\'13s «7athered !':-oc ti::.e ~epth of o, 75-C, 'JO-from tile Jcllowish cla,;;

ey horizon.The total mineralosical Sal1ples were thu:J noted :M1 -

The Acces Gallery,~2- The Inters~tion Rooc an~ Y.3- The Candles 

Gallery. The whole ensemble ot detrital and residual material 

was amply granulometrically,morphoscopically and mineralogica

lly analysed;the brute. fractions and the fine ones/under 2ll:m 

in ',J/ respectively those light were studied apart trom those 
heavy.The grophic aspects of the grain size curves built tor the 

brute psephito-psa::m:iitic traction and the heavy :Jinerals can be 

noticed on the !ig.1-2 • • It the simple trequency curves of t!le 

1rute detritus presents 1tsel.r with a."l obvious poly:,odality, with 

modu.lus for the sub-classes 1-2 and 32-64~,at the heavy f raction 

t hese curvrnJ pre::;ent themselves unimodally, ,;1:th the uodulus cul

cinating in the sub-class O, OG}-ql.25 mm. 
0,'ling to the closinc aspect ot t he cu.:nul.4tive curvoa t.uilt tor 

the brute traction,the Folkcl:'Nar d parameters couldn't be calcula

ted,this beine possi ble only f or t he association o~ heavy mi.ue

rals 1n the cave. SO it the values ~z, for t h e brute traction,osci · 

llate between 1,52-5,77 mm, tor the concentrates of heavy mi.:lerals 

these values were always sub-milicetrical O, G9---0,7&.un. 
Seeing the s rapb.ic aspect ot the cumulative curves of the 

heavy traction,we notice/fig. 2tthat these have two truncated 

9oints,one corresponding to the 0 ,125mm diameter, and the other to 
0 , 25~. ':he "saltation• line-sector presents a great inclination 

:70-80°,while "the rolling and traction"population line sector a 

L1Uch mor e gentle:40-50° .ThEy can deduce from these aspects the 

exclusion ot"the suspension• population existence in the heavy 

minerals field, the energy and the apeed of the transport courses 

becoming lower,and very variably,the hydroenergetic manmu.m 1..

vels being able to transport h eavy m1nera13 with the speci!ic 
weight bet· .. een 3-5 and di&JDeters b e•ween 0,125--0,25 am through 

saltation. 
According to the stH11dard deviation parameter,<,Gi/the spe-_ 

lean heavy minerals appear "poor ly" and "moderatel]", the values 

(i;i being over 1,11,from w~ich we d educe th~t the transport ot 
t his material was e!!ected in very di!ferent hydraulic conditJQ:Jo, 
that couldn ' t pe1'1!rl.t the realization o! perfect sortationa of 

this detrital material. 

Lookill8 at the s;rl!l"1etry ot grain size distribution1 through 

the skewnes -S!ci-values , especially in the situation ot drawe<l 

samples trom the well n r.I/m1 ,m2,m4f,we see the realization ot a 

perfect syometry , while at the other samples collec!ed !roe \"/eJlea 

M- Il and ~- Ill it has a weak nes:ative skeY1ed_., that p r oves a super 

domination ot a coarsely material in comparison with that tine 

one.ilavinz in vie'-V the values o! the inclusive eraphic kurtosi& 

-K
0

i -, the value ot thia parameter 1nd.1cRtea, at the resi dual and 

ligJ.t !raction1platykurtic forms ,while the heavy fraction ot!em 
lepto- and mesokurtic curves, pres'?llting a better sortation of the 

central part ot distribution .. 
The com:nonei:;t ;,eavy cinerals,net in the Bears Ca"Ye,in an or

der of the increasing dimensional f r equ~cyJ can be thus enumera

te~ : zircon, rutile, tourmaline, kyani te, :,taur ol1 te,carnets, epidote, 

psilomelane, magnetite and l1U1on1te.Carrying on it has been found 

mineralogically an enrichcaent in quartz and !el dspnth .i"rom coarse 

sandy classes to those !iLe,trom 2-3~ in the coarsely sandy class 
up to l<>--40~ in the siltic class.In coars sandy c l asses the pre

sence of the p rismatic, and h.1p1d i omorte a ra&Onite.1 becomes an ha
bit, but this autochthon mineral disappearig in the fine sandy 

class and the s11 tic one. 

The light Uetrital allochttlon t r action is -!.ominated, 1.n all 

the cases, by a concr etionary argillaceous material,having a bro-.m
reddish colour, e:cce;.,ting the sample P 

4 
,ot th'! i nferior yellowish 

cl8:{ey hor1zon 11n whi ch a calcareous autochthonous detrital and 

calc i.tic :fr ost wt;iathei·ed :..iaterial appears . L.'rom a petroorai;:1ic ;iau 

of viev,1the allochtho,1e "ilrute detr ital ele.Dents, have a certain 

source from the crystalline :,chisto a.I'd elastic sediu:.eatary :or
mations of the napi;:as,i.u karstiticable 11eii!1bourhood of t h e J.!:!.gu

ra Hill. 
4 . 4 . T h e R c s i d u a 1 S e d i It e n t 

The result ot the grain size analyses effectuated on these 

sediments indicates,rather than a pure clay/oee fig.44but a clayey 

silt,small sandy. The !recvency cu::-ve/fi5.}/appears unimodal in 

t;,e favour of the siltic sub-class 0,05-0, C25m:n. The allochthone 

nature in preponderence,ot the clayey material could be determ:ted 
through its lllineralogi c composition ir, which the illite dominates, 

being follov,ed by kaolinite and only in a tiny part by montmori llo· 

nite,:naterial resulted trom the alternation of feldspars and m.itl:ls 
urikarsti!icable rocks , s1tuated to the east from the l.iagura Hill. 

5 • Ev o 1 u t 1 v e Sense and Rhythm of 
t he Cave and of the Residual 

cietritual Sediments 
The existence o! three antithetic cai.n levels and a secon

darJ one in The Bear:, Cave, as well as o! other suspended,under

ground,olluvial terraces represent abvious argwaento that the 

evolution ot the deepkarst ,as ot s;,allow k&.rst1was dominated AD.d 

controlled by the total geolueical evolution of the entire Deiu~ 

basin. Resorting to the paleogeocrphical image of th& invcstiga-
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te<l area ~1e knot.' ·:::1.e f3ct t;,at u.:tci• t!le s11ti..."-1aent .... .:.·y 0£ tit::oni

c..il calcareous1 1n tieo-JuTPfts1c,tl:1s t=-:rritory t-oth iu C:-::?taceous 

roia ::eozoic s,t;e 1·eu.ai.Ji~i in exundation • . !..t the enc.1 or Cr9t&.ceous 

era ir:. 't~U.3 I•art "; Fllroi:;.o Ras llo:,i.1.11~ted by ::i -:1ano t:":oi,ical-sub
tropical cU.1.•~te ilhich :!avou1·ed the rer,:-atel\ anJ ~:.st . .tor.:.ation 

and ,lestruct:!.Jn of a luxuriant vei;et::i!..iJn,Y,hich tf',al.t tim.e Qbcie 

easy the .ton: . .ation o:(" a soil rich 1c co2• 

After the karstif'ic4t1on,1n the sH,all~te '3T,d lloll1..",·1s of the 

jura.Jsic roc::s , c'-l\tld :;.~.~her &n ar.tg-.;,1r~ .... Jic ·l•n::-ito3en .!laterial, 

r£;9pectively a material .result!'d. fron ~ne xes!d11es of ti1P ~ri~'>sl.c 

.;_,lcare0'1s,situated to E-.'.,~t'rom the at.:ti...&.I Padi~ a.rea/. i.:.•r.e e-:tcc
t".lated clcromineralot;ical analyses, tl"ir0-.1gh tile cle::;cribed !tineral t,

c:;ical sr,ectnw., provod tha! the siltic-cla.;,.?y-3and; .;;ediz.ent/fig., / 

and an Liiportant part of tht coars dt?trital uaterial/f'iz . 1./ ..,ave 
:rise both :from. the terrlt;:E:.llOUs ;natcrinl o: ::!bar Autoc~thon wid 

from the Arie~eni and i: e?ice nappes. 

In i'eogcn period al the IIAt:Ura atll suffer ..: an 1mpregnat1or. 

in aqtafer conditions.The galleries of the cave, belo113cd to a.11 

phreatic aquifer , submitted to a slow :lli.d per.ne.neut rlissolution. 

The i:no;119d.Ee o! the general <:uatic d~.,utlatior.. spced,in tile 01-

hor .!lOU.ntaine nrea, ti:.<? palaeonto!ogical ~ro-1fs :i"ounJ Lere iu abun

dance, a.,d not at last ti1e results of tha se<li!ll.er.t- petrograpitical 

analyses,peJUi.\;ted us to ~'= out the evoh.;.tiv'! rh:,thm .:inJ. t!"~e 

st3.3es of the cave. Zne cliwatic cha,:.ginBa of tile Pl~"lstoc:?n,as 

:1ell ns ti-.2 bala.Tlcing -rli tt. J.if:ferent 1.nte.nsi ties i.>c.,th t~1e r.:oun

te.i...c. :t':caceJand the Beiu~ basin, the creation of saille local subsi
dence area in the ba.e1n11:ltlaenced the rhyth.IJ aud the erosive 

and sedi.!ientar; intensity and they i ntervened in the same til!le 

in the r epeated changings of the granulouctrical diatribution of 
the fo=ing s edi.mer ts. 

In the cJ.ddle and superior Pleistocene 1n the Beiu9 baoin 
.iras :Conned the cedi w.i alluvial terrace - tc;-,in th~ karstic com-

plex of Ci1i~c::'.u and the 1nsourbence-rcsoureence dir~ction -,as 

es'WJliohed , ;·11th the resours:ence l~cal:!.~ed at th~ encl o! The 'i',1is-
ted Galle1-,, . ~rr1ng ;Ji.ndel- r.iss interglacial :,i;c t ;,e activ1.ty or 

another resourgence hcsan - Ti,e Candle Gal lcry, ti.Cle in ...,:ilch Th< 
Twi,sted Gallery ncti·-1otcs as superabur.".lance.In the :rur~-wU:rm2 
interstad.ia1J corres:;ond.1.ne in ti...Je ~o the for...i.at.:on of the river 

terrace - t
4

- froo t4e bnsin,another reJOUr6~nce activity will be

sin in tile L.:agura Hill- Tr~ienu\ Cnve aml t!1e Acces Gallery appe:lr. 
In the 11

2
- 71

3 
1nterstadial. the terrace -t

3
- !";·om the ~asin 

is acti.vat~ in the s;ame ti.Le with The Inferior Gallery/this r e

sOul"'g:ence locnlized iri the Ch.i~cau C3.ve/ , o.nd the superior t;allc • 

ries faos to an inacti\"e rcgi.L!e. 
Taking into accou.r..t tho fal!t ti1at the pr'ience o:r t:1e Ursus 

a:;,elaeus,apecies char ac~erices and indicates the 1..ouoterlan in 

this part o~ rllrope,anri 1n the superior red clayey horizon abound 

the fossil r ests of this 1!1Stl1Dal, this seecis to be a certain argu

~ent for tile 1~re-existence of the superior ealleries 1n t he Riss 

sta,_q;e and for the begini ng of t he sediemnt ' s tormation and espe-

cially 01 the clayey .1:esic.: .... e in the JUrw inters ladial stages• 

In iiolocene all at once with the .Ior..i..atior.a ot t he terrace

t2- 1n the karst1c complex analysed the actual capture fro~ the 

entrance 1n the Ch1§cl!.u Cave is produced and 1n the Bears ave it 

gets the actual configuration.The tact thet the ::-rost riv'iili; play

ed a less important part 1n the detritus fornat1on,1n Pleitocene 

ase, can be o.rgued first through the ir;orphoscopical aspects of the 

detri tal autochth one elenents and explained throueJl the relative 

reduced altitude of the cave/under 800 m/. 
On geological scale, the evolutive sense,from now, on will cer

t .. in l end to the total disappearance of the ca•,e, through th6 col

matage with alluv1.al deposits and heavy falls• 
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CARTOGRAPHIC REPRESENTATION OF THE EXTENSION OF KARSTIFICA TION 
- A PROPOSAL -

VERBSS, Marton - PtNTEK, K61m•n 

• produce e function which uneebigouely 

cher■cter1ze■ Karetic c■vitie■• Inv■■tlgeting the 

er■•• bordered by level lines of the c■vit iee 

eccording to depth •• cef'I get the function 1 

1 
T: x--'»· (~. th f-)w (0<. xf-L) 

K. L. M per■•■t■r• of • function ■re ch■recteri■tic 

for Ka-retie c■vitiee. ay ■t■tietical and c■rtogrophical 

dHcribing of per .. etero there lo • p.,.oibility for 

worphologicel end goneticel coaparieon of the invootigeted 

Karat le region, . 

1 • FORPIATION OF THE FUNCTION NECESSARY FOR THE PRODUCTION 
OF PARAPIETER K 

Jnfor•ations related to karstification are represented by 
dolines developed on a certain karstic area. Therefore 
representation ofpera11eter.s of dollnes denoting karstification 
enables the de11onstration of geographic extension of karstifir:ation. 
For this reason 111e deter,.ine functions of dolines as the parameters 
of th• function will indicet• the kar£tification of an area with 
dolines . 

Exa•ining karstic geomorphological units 111e find that contour 
lines representing depressions of different heights above sea 
level are of different absolute value. To avoid this karstic 
depressions are transformed to a so-ter■ed reduced O level by 
vertical translations. All contour lines of a ll karstic depq!ssions 
are deter■ined in relative values coapared to the lirdt contour 
line. 

We deter-.ine the total area of all kars tic depressions on a 
certain karstic area represented by contour lines of the sarne 
relative value. In acc9,rdaRce 1111th the above 111e try to find a 
_connection between the t,xi} let relative depth of the contour lines 
and the total areas de•arcated by locally closing contour lines. 

Our purpose is to find a proxi■ate function that is analitically 
easy to use. · tt's para11eters carry obvious geomorphologic infor
•[atlon. Th~l. curve of the function fits to points related to 

<•11 TC•1lh r with .... 11 variance. 
Let'1 descrfie T total area da•arcated by closing contour 

lines of the same value as the fulctlon of x depth related to the 
reducRd level O and the measured T(xi )J Z.1 values related to 
fx1} 1,..1 points. The localisati n of ihi! points obtained show 
~aereas ng tendency on every observed area. Looking for the 
explicit for• of function x....,. T(x) (CJ<x<l.) by exa■ining several 
possible formulas it's advisable to use the following for•: 

2 

T:x>+1J": ( •• lnf)'R (~l) (1) 

111here l means the appearing •axi111al depth related to the reduced 
level o. We 11ake the aeanlng of parameters ~ and K-'1 clear later. 
Pare,.etars L. ", K, of function x .... T(x) are deter•Aned by the 
hast square? ,uthod considering tho {(x1 , T(x1 ) lJ 1• 1 ■assured 
point■• Let s use ttia described procedure for a single karstic 
depression. Using the Cavalieri-principle let's ■aka a volu•e 
preserving topological transfor■atlon to oat an axish11111trlcal 
f i gure .tier• the T(x) area of the original and the tranaforaed 
figure ls of the aa■e value at any O(x(l dapth. We ten1ed the 
re1ult ideal karatic depression. Turning the curve of function 
x.,.t({x) around the axis we obtain the ideal karstic depression. 
The above function la teraed the characteristic function of the 
exa•ined original karstic dapreasion. The axplic1 t form of the 
characteristic function can be easily deterained since 

(2) 

when llc)CL, Uain9 ( 1): 

(3) 

According to thi■ K and " can be interpreted as a geomorphological 
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FI.IGGVE!IYT.llll IIODllLL!t ADCALIIAZASA 11'.ARSZTOS TERU!.ETEIC 

VIZSGAL.\TARA ES OOSZEHASOIILITASARA 

!Ca.rezto• mtllyedeee'ut egyertolmllon jellamz6 fUggv<lnyt 
all1tunk el6. A melyedeeek ezintvonalai altal hatarolt te

riileteket a melyetlg fUggvtlnyeben vizeg'1va kapjulc a 

alaku fUggvenyt. 

A• flluvenJ' JC, L, K parameterei a kareztoe melyedeeekre 
epecifikueak. A parameterek •tatieztikue, valamint terkepi 
ebrezoleeaval lebet6eeg nyilik a vizegalatba bevont ka.rezterll
letek /Balcony-begyetlg , BUlck-begyeeg, Ale6-hegy, Padie-fenneik/ 

morfol6gia1, ea fejl6deet!lrtenet1, ka.reztoeodeei !louehaeonli
taeara. 

parameter. . 
According to fixed L a"d K co■paring t1110 ideal karstic de

pressions with parameters M1,i2 (a.I?" ) using (3) the result 
is f(

1 
(x)>K.!Cx) from the characteristic lunctions tl. (x) and f(2 (x ) . 

Therefore pararneter flt deteratines the horizontal d'f.l.1nsion of a 
karstic depression so the closer para■eter 1'1<0 is to O the 111ider 
the object is. 

Ex.a11ining the effect o f parameter K>1 first after fixing 
L and fllJ ve deter•ine the inflectional point of characteristic 
function x ....... f((x). The locus of the inflectional point can be 
calcul,ted si•ply: 1 

•• =l•e -
1

, Its value is 1(c-. >-[~l,r 
related to the ■axi,nal depth is A ... L 

land its proportion 
eK -1 

It's clear 111hen o<.i\(1 and K ... 1 thena...1 and when K--thenl,..~ 

The value of K descibes the shape of the doline lllhen L and K are 
given. In the case of bigger K value the inflectional point o f 
the depression gets further and further from the deepest point. 

If we fix the value of !It and K and compare ideal karstic 
depressions of L1 and L2 parameters where L1> L-?0 then 
according to (3! the result 1s fC. (x)>f(1(x1 whfin o<x,L f+o11 
1(. (x) and f(: (x characteristic fOnctionl. Therefore pirameter 
l)O deterrninis the vertical diinension of the karstic depression 
so the bigger L>O is the deeper the formation is . 

fig . 1 . !'lapped areas 
1. l'lountain, 2. Explored area 

2, EXAl'IINATION OF GEOGRAPHIC EXTENSION OF PARAPIETER K 

Wa start fro■ the fact that the increase of para■eter I( -as a 
result of the increase of a karstic feature - depends on the age 
of davelop■ent or the speed of evolution in a given case. Wien 
para■eters K are obtained by using data of dolines that are 
l ocalized on a s■all area the different speeds of develop■ent are 
probably not considerable as the conditions deter■inin9 evolution 
do not sho111 notable deviation as wall. Therefore doline-spots of 
different para11eters K represent different periods of karstifica
tion. 



fig , J. 

Isoline map of parameter K of Fekete-Sar area 
1. localisation and parameter K of a karstic depression 
2 . Isoline K, Ji.Presumed i s oline K, 4. fl'lig r ation of 
karstification, S. Area of old 111reck-dolines 

lsoline map of parameters K of a Plester-Hajag area 
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Fig. 4. Isollne ■ap of parameter K of an AlsO-hegy area 

' 

1. Localisation and para .. eter K of a karstic depression 1, localist11tion and para■etar K of a karstic depression 
2. lsoline, 3. Presu■ad isolina, '-• fllioration of 
karstification, s. Direction of inclination of the 
surface, 6. Ti■ber-line, 7. Ranger's cottage 

2. Isoline K, 3. Presumed isoline K, 4. Migration of 
karstiflcation, s . Direction of inclination of the 
surface 
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In order to obtain a grac:>hic i,.age of karstification of different 
periods of an area we drew isolines using para111cters K /numerical 
value of K was related to the deepest point of the dol ine/. 

In the direction of isolines of smaller values K karstification 
is younger on a ■ao constructed by the above. In the case of un
changing conditions of karstification essentially the •ap shows 
the direction of the spread of a fe.=,ture . 

K maps / Fig.1,2,3,4/ were drawn after accurate ,napping of three 
areas characterised belov: functions and para■eters K of 46 de
pressions / 9 on lllester- Hajag, 10 on Fekete-Sar, 27 on Als6-hegy/ 
proved to be definable. 

Reliefs covered with loose sedi111ent karstificate on the lurched 
block of "'ester-Hajag /Bakony-fllountain/ . Karstification lakes place 
where protrusions of rough karstic limestone bedrock crop out or 
where top sediments are thin. 

Depressions are usually 1-2 ■etres in diaineter a nd are of 
sirdl ar depth and are karstic features often with p assages formed 
partially in the top sediment . 

On the territory of Fekete-Sa'r /OOkk-flllountain/ a bar e limestone 
surface with no outlet karsti ficates. Oolines big in diameter and 
often co■plex dolines 1uvala/ are characteristic On a bare relief. 
Actually inactive o l der dolines dominate in the central part of the 
area. Their s ide-wall is somet iraes total 1 y absent /vreck-dol ine/. 
The original surf~ce between the111 remained in the form of narrow 
ridges. 

A bare limestone relief of wavy surfaces karstificates on the 
territory of Al sO-hegy /Aggtel eki- karst/. The dolines are of a 
rather big size occasiona lly developed far fro• each other or 
side by side . 

Comparing the K ■aps of these areas we find that karsti fication 
on l'lester-Hajag is initiative and advanced on Alsci-hegy . Fekete-S1:h 
is in a transitional stage of karstification between the two areas. 
. We can see that isolines form a rough "surface". Roughness 

indicates anomalies of karstification of an area. 
In the followings we try to find a connection between isolines 

and the inclination of the surface. 
We find that direction of inclination of a surface and direction 

of karstification are usually perpendicular to each other . 
Inclination of a surface does not have •arked direction on Fekete
-S8r. 

Covered reliefs sloping tovards Nl&I and expanding towards Nltl-SE 
are characteristic on Mester-Hajag. Several rows of covered 
re!iefs can be observed from. Sbl towards NE at a greater and greater 
height. Redeposition of sed1111ents along such a relief is of such 
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an extent that knrstification cnn be9in at sorne spots where 
sediments become thinner. Erosion .:nd deposition could alternate 
corresponding to the direction !'If inclination on these reliefs. 
Therefore ,aore or less e r oded parts / othervi se the top sediment 
could thin sooner or later / can alternate in the dir1;1rtion of 
inclination. Owing lo this in the directio n of inclination the 
age of karstification / value of K / decreases then increases and 
decreases again . 

!.s erosion towards N•11 can equ;tll y proceed on covered areas of 
different heights areas by each other could becor.te uncovered at 
a similar speed. Hence the r a te of their karstification is also 
shtilar. Therefore K isol incs enclose a big angl e with the 
direction of inclination of a surface. The ,mole between the two 
directions can be smaller as well since resedi mentation can pro
ceed towards SIii too from the higher covered reliefs to the lower 
ones . 

On Als&"-hcgy the c:,use of the similarity of the two direclons 
is that the top sediment was eroded sooner fro• the higher reliefs. 
During the ascending of the area nefld and new territories have lost 
their top sediments in the direction of inclination of the lit11e
stone surface so karslification sore .rd in the same direction . 
/Fig . 4. / Therefore areas of nearly the saine height - uncovered 
simultaneously - are linked by the isolines. 

On the territory of Fekete-Sar karslification is younger and 
younger t ownrds the center of the area where the oldest dolines 
can te seen . The explanation of the above is that uncovering 
started in the center and was spre.?ding towards the edges fol lowed 
by karstification too . Isolines of the map represent recent 
condition following the a bove process. It is characterized by a 
younger karstification in the center and by an o lder one on the 
edges . Clearly karstification spreaded towards t he edges and 
fro111 here towards the central parts again . Here after recurrent 
karstification just wrecks of older dolines re•ained. 

OISCUSSTOII 
Different stages of karsti fl cation ofdi fferent areas and 

illustration or relative ages of karstificalion within an area 
is represented by a map drawn of oara11eters K of functions of 
karstic depressions . 

Shapes of K isolines represent not only the anomalies of 
karstification within an area but the characteristics of the 
erosion of top sediments . Uncovering of karstic surfaces could 
be simultaneous whe re the decrease of val ues K correspond to 
the direction of inclination of the surf ace and it is of a 
different age when values K do not correspond. 

9400 Szorabethely 
Sze bad sag ter 4, 

mmGARY 



CLIMATE AND SPELEOGENESIS IN MOUNTAINS 
(THE GREAT CAUCASUS AS AN EXAMPLE) 

TINTILOZOV, Zurab - KIPIANI, Shalva • TSlt::ARISHVILI, Kukur1 

Speleogeneeie is defined mostly by the peculiarity of phyaical 
geographical conditions and climate 1n particular 1n mountain 
calcareous regions. 

The vertical mcrphcclimatic zones are vividly singled aceor
ding to karet and apoleogeneeis conditions on tho Southern 
Slope of the Ore at Caucaeua, 1. ID"-mountain and piedmont kareUc 
maesifs "1th favourable hydroclimatic conditions for speleogene
eis ( the altitude 900-1000m)., 2. Calcareous middle mountain zone 
covering the Yaet torr1tor1ee of aUYan belt (from 900-1000m up 
to 1700-lBOOm) with abundant (4-5J moisture, J. S~balpino and 
alpine belt, the zone (from 1700-1800 up to 2750mJ of the Alpine 
bare and covered karat with severe climate and tracea of the 
late qUaternary glaciation, 

In the mentioned regions the develo111ent and intensity of karat 
speleogenesis differ from each other. Tide 1a specified by dif
ferent regimes of recent tectonic moveaenta and relief energy ae 
"•ll ae by different hydrogeological and climatic conditions. 
Variation of climatic conditions 1n Quaternary period, alterna
tion of glacial and interglacial epochs are of great importance 
for the epeleogenesis of calcareous regions of the Great Caucaeue. 

In mountainous calcareous regiona, the speleogeneeie is de
fined mostly by the peculiarities of physical geographical con-

ditions and climate in particular. Tide problem has been "idely 

considered 1n Soviet publications (Gvozdetaky, 1966,19721 Sokolov, 

1972 et al,) as well as abroad (Troobe, 19521 Corbel, 19591 Jakuce, 

19701 Pulina, 1971 et al.). 

On the Southern slope of the Great Caucasus the following ver

tical morphoclimatic zones are v1T1dly singled out according to the 

conditions of karat n.'ld epeleogeneeie, I. Lo,.-..ountain and piedmont 

kareUc massifs (up to 900-lOOOn above s.l.) with hydroclimatic 

conditions favourable for speleogeneeie all the year round. 

U.Calcareoue mid-mountain sone, covering the vast territories of 

eilvan belt (fron. 900-1000n up to 1700-lOOOn) "1th abudan~ ( 4-5) 

a,oieture and hydrometeorological condi Uons extremely favourable 

for epeleogeneeie, and Ill. Alpine bare and covered karat zone 

(from 1700-18CO up to 2750m) with severe climate and traces of the 

late quaternary glaciation w1 th irregular march of karat1f1cation 

during climatic seasons of a year, Tho intensity of karat spoleo

geneeis ie different within the mentioned regions. Thie is speci

fied by various regimes of recent tectonic movements and relief 

energy ae wall ae by different hydrogeological end climatic condi

tions 1n each of them. 

Accordine to L. Yakuch, 197), in Alpine, periglacial and moder, 

rate climatic ~ones the ratio of different aggreeive agents is 

I Alpine and Moderate 

• periglacial humid 

COz of atmospheric 
origin 45 7 

co2 of inorganic 
origin 5 9 

Biogenic co2 (in soil) JO 54 

lnorgenic acids 5 5 

Organic acids 15 25 

3.K. 'lllHTIII030:I, 11.tt.KHllllAHII, K.A,WIW'lllllllllt 

'l'tSIUHCOltHA YHKB8p0H'l8T, IIHCTHTYT reorpa~HH AH rpys■RCltOI CCP 

K.IWT II ClllUBOl'Rlli"d o rCP.U 
(118 npw11epe B. Kauase) 

Cne.1eoreH8S B ropHIIX HSB80Tlliilt0Bwt perHOH8X BO IIHOro11 Onp8.l8- . 
.lll8TCJI oco6eHHOCTilllH cj,RsHKo-reorpa~-OltHX y0.10B11A H, B 'IBCTKOOn, 
caoeo<SpasHe11 lt.llOIBTB. 

ltEI llJIHOII CIUIOHB B.KaBlt898 no YC.IOBlflll 1t8pCTO- H Cll8.1801'8118S8 
'18Tlt0 B~8.llllJTCfl B8J;.THX8UHlffl 110p~lt.lM118Tll'leCl{H8 SOHY: l. ffHSltO

ropH8JI M npe.lrOpH811 uo ado. 0'1'118TOlt 900-IW0 II), 0 d.laronpllllTHYII■ 
)I.Ill cne.1eor&H8S8 r11,Ap01t.1M118T11'18Cltllllll YO.IOBlflllll; n. llSB8CT!llllt0B09 

l
pll.llR&ro~~QL OXB~'l'YBBPIQQ oO■MpH118 fflPPHTOPr• ro~V0.18CHOI no.10011 
OT 900-1000 .lO 1700-UlW II), C HSdH'l'O'IIIHII :> 4-5) J_Bll&JIHOH11811; 
.CydannHIOKIIA H aumlllcltHA ROSIO ( OT 1700- a(X) .lO 2750 11) -

90118 BHCOKOro ro.1oro M 911.118pHOBaRHOl'O lt8pCT8, C CJPOBYII UlalHOII, 
CO C.18.lBIIH ROS,lR8'18fll8pTH'IHIIX O.IU8118Rlllf. . 

XOJl H HR'l8HCKBROCTb 1t8pCTO- H Cl18.1801'8H898 B OTll8'18HRIIX SOR8X 
OT.lll'IBIITCfl .lpJr OT .. pyre, 'ITO od7c.10B.18HO lt8X R80.llll81t0- pen-
11011 HOB8A■ HX 'l81tTOHll'l8CltllX .JIBHll8RHII H 8119pr118A pe.11,eta, T81t II 
J:89.IN'IIQIIIH rll,lPOl'80.IOr■'l8CltllllH H lt.11918Tll'l80ltllllll 10.IOBIIRIIR B ltU
.lOA HS RMX, lls118118HHIIII IUIIIIIBTH'IBCltllX 10.IOBIIII '18TB8pTll'IROro nep■o
.lB, B ooo6eRHOCTH 118 '18F9.lOBaHHIIII .IIIJIRHltOBIIX M IISJUeAHllltOBIIX 
onox, HBIIH np_11J188TCJI BIIJQl08 SH8'18KIII B Cll8.181)1'8H898 HBeCTllffltO

.BIIX paAOHOB 15.Kaausa. 

The inveetigatione carried out by the authors during many 

years confirm that the activity of karet proceeeee depends on 

the regime of atmospheric precipitations as well aa on temperature 

variation ot the air IIDd soil. Thue, the temperature regl.me of the 

air affects the hydrological regime, defines solid and liquid 

precipitations fall. influences enow cover melting, causes thawing 

and ground freHing. Thus the bare apical surfaces of the calca

reous maeeife in Georgia suffer sharp diurnal variation of hmpe

rature in early spring and late autumn, when positive day tempera

ture: 1a drastically changed by negative temperature at night. 

J).lring warm season, at the Gagra range I at 1:he absolute 

heigM of 1640,, the ground is we.med up in day time aometimee up 

to .. 50°c, while at night 1 t is eooled down to 5-7°c du,e to in-

1:eneiTe radiation. On some hot days the temperature of calcareous 

surfaces is higher than that of the air by JO-J5°(vI.19671 VI. 

19681 YII , 1969 et al.see Loladse, 1965). Under such conditions 

the mechanical "eathering beCOJle• II.~·- . · intensive- that is 

one o! the main reasons of jointing, Thus, 1n the secular 

coarse of modification ot the volume of bare karetifiable rocks 

the temperature and mechanical forces destroy easily even auch 

monomineral rock, as the limestone ie. 

The major part of surface forms distributed on the ban territory 

ie embedded and developed 1n the weathering joints. Just these 

jointe completely absorb the atmospheric precipitations and couee 

the aridity of karetified surfaces. 

In the karat belt of Georgia the precipitation amount inc

reases with the height, as at the Gagra massif. Thus, on the ter

ritory of Gagra resort the mean perennial precipitation 8UIII is 

1524 mm, lhile at the Gagra range it is 2281 mm, 1.e. up to 1~ 

tho average amount of prec1p1tat1one increases by 45 mm per 100.. 

On the slopes of eea-oriented low mountain calcareous masaila 
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precipitation increase ie the highest at JOOm, Here the annual 

value of rain-gauge gradients fluctuates from 10 to 400m, Higher, 

the precipitation amount decreaeee , while from 1000m up to 

2000:n increases again. The leveled apical surfaces of calcareous 

maseife {abe,height 1800-2000 m) are recognized ae the critical 

heights for precipitation growth and are characterized with very 

strong karetification, 

According to the obtained data the calcareous massifs of 

Georgia almost the whole year are supplied with abudant precipi-e· 

tations that is particularly noticeable in the karat belt of 

Abkhazeti, where their total annual value, at the low massifs as 

well as at the high onee is rarely below 1500mn. 
)lo sharp difference is felt in their seasonal distribution, 

with few exceptions, In the annual eum of precipitations at the 

piedmont areas the liquid precipitation prevail, in comparison 

with the apical surfaces of high meesife , 

Probably under setimation of atmospheric precipitations 

influence upon the calcareous surfaces one is to proceed not 

from the absolute value of precipitatione, but from the part that 

remains after evaporation. Ae it turns out the annual dispense 

of evaporation from the sea level up to 3000m variee from 815 to 

47Qnm, i,e , with height the evaporation decreases, Comparing the 

amount of atmospheric precipitation , with the evaporation data 

it can be concluded that the moisture balance within the karat 

belt of Georgia ie quite sufficient for the active karetification 

proceeeee during the whole year, 

X X X 

According to morphological peculiaritiee of su:rface karat 

relief on the southern slope of the Great Caucasus one can state 

that with precipitation increase the inteneity of karat procceeee 

ie rising. Cl'l the other hand the evaluation or intensity of 

karat demidation in different climatic zonee is still debat -

able problem. On thie point two main theoriee have been brought 

out and diacusaed. According to J .Korbel (1959), the denudation 

of karatified rocks is much stronger in cold climate, According 

to other authors (Lemann, 19641 Jakuce, 1970) the limestone denu

dation ie qliicker in the areas w1 th edaphic soil cover in warm 

climah, where biogenic production of carbon dioxide ie higher, 

D,J ,Smith and T,C, Atkinson {1976) tried to settle this problem 

finally, They generalized all available data in tables and schemes 

and to their great eurpl"ll.se were to agree with J,Corbel: the 

rate of Umeetone erosion in eold climate wae higher. The authors 

added, that the rate of proceee ie directly proportional to 

intensity of annual discharge, Beeidee, the eurface eroeion ie 

not the only way of rock erosion, Underground erosion of lime

etoae may amount 40.C of total erosion, 

Solid atmoepheric precipitations e,1, their volume, thickness 

of layer, duration of enow cover and condition• of its melting play 

special part in tho epeleogenoei• of subalpine and alpine regions, 

.lt certain air temperature (thawing, pereietent low temperatureal 

the enow conr me,y accelerate or impede the activity of karat pro

ceeae ■ • According to obaervationa of many years, the snow cover at 

tho Gagra calcareous maeeif gradu.ally increaees from the third de

cade of S•pt ... ber and raachee ita maximum in the third decade of 

Karch, The thickn••• of enow coTer exceede 1,5m almost in each de

oad• of• cold aeaoon with few exceptioaa; With height the thickn••• 

of anow oOT•r will incraaae and yary whi thin fairly large limi ta 

depencling on the elopes expooure and the protection of the separa-

166 

te elements of relief, Thie refers primarily to the apical levelled 

glacial-nival karat surfaces at the high calcareous massifs of 

Arabika, Bzibi, Okhachkue, Aakhi, etc. Their macro, mezo and micro 

elements of karat relief are buried during the whole winter under 

the solid snow cover. The snow cover over 1 m lasts from the first 

decade of January up to the third decade of April oven at hypso

metrical level of meteorological station (1644 m) at the Gagra 

range. At the height of 1800 m snow cover lasts 182 days I at 2200m-

196 days, while at 2500m- 222 daye, In winter the meteorological 

conditions favour the formation of steady solid snow co-.er on 

the surfaces of mountain massifs, 1,e, within the range of 1600-

1800m the air temperature of the coldest month - January is -3°, 

-5°c, while during 4 months the mean temperuture is below 0, In 

winter, during 2-) months the mean air temperature is negatiTe 

even at 13 o'clock, Within the range of 1B00-2100m in January 

the mean temperature is -5,-7°c, and for 4-5 months mean daily 
• \ . • b ·- : • • -~ 

temperaturo ie below 0, Above 210 m (the apical surfaces 

of calcareous massifs of Georgia) the mean temperature of~tbe 

temperature of the warmest months- July and August ie 7-9°, (Kor

dzakhia, 1961). 

The following important conclusion can be made on the 

bases of presented climatic data: Almost during the whole cold 

period (XI-III) at the hypeometric levels above 1600m the karsti

fioation prooeeaes almost stop and has no essential effect due 

to abeence of liquid run-off, (Tintilozov, 1976). 

It' a worth mentioning, that today the caves in zone of 

high karat are formed under the influence of the local , incide., 

ntly originated abudant dispersed run-off especially in Spring 

due to melting of the whole snow cover. On this account the 

karetification proceesee within the boundaries of high massifs 

a.re ao etrongly developed, that have no analogu111e. Ar.)()ng the 

other speleological regions of Georgia. 

Recently, in the eubal!pine and alpine zones the karat 

form• of relief are deTeloped under the influence of rain and 

snow melt water, since there are no permanent watercources 1n 

the sonee, Howenr, it doesn't mean at all, that in the past 

under tho different geomorphological and hydrographical condi

tione, the permanent water absorption didn't take place at the 

apical su:rfacee of high massife , Thus, the majority of inveeti

gated large vertical caves (Sneznaya- llesllennogo, Pantukhina, 

.lrabika etc,) were developed in former cycles end paaeed the 

long and complecated way of de-.elopment since embedding up 

today, 

X X X 

.,at are the climatic conditions and speleogenosie peculiari

tiea at the calcareous middle mountain zone on the eouthern slope 

of the Great Caucasus? 

:rorest microclimate noticably differe from the climate of eub

alpine and alpine karat regions. The fluctuation of the air and 

ground diurnal temperature• and very etrong winds at the apical 

surfaces become Tery week under the foreet cover. Therefore. the 

prcceeaes of physical weathering are practically extinguiehed at 

the depth of 10 centimetres, Beaidee, the snow cover ie evenly die

penced and lasts for a longer time in the forest zone. Snow mel

t1ng period in forest ie twice longer than in the open area■ (So

kolov, 1962), 



The precipitation amount noticeably increases in ailvan zone 

on account of fog, hoarfrost and ice atorm. Thus, the fog increases 

tho total precipitation 111110unt tor 25-~ and eomotimea oven ex

ceeds the total annual volume of precipitations. The hoar treat 

and ioe storm precipitations are also very perceptible. Th• eilvan 

zone of mountainous Crimea ac4uires 221 of the total sum of atmos

pheric precipitations (Ved, 1968). 

One can ass1m1e that in the ka.rat belt of Georgia, where 

ailvan massifs occupy larger areas, the amount of precipitations 

is much higher than in the mountainous Crimea. 

The decaying forest bedding gives riao to &g!t9B■ive waters. 

Tho role of ailvan bolt in retaining tho atmospheric precipita

tions 1111d their gradual exponao is very great. Thuo, at Gagra 

range (local meteorological station) during the third decade of 

January ( 1941) the height of anew cover in tho open 

area came to 269 cm, water resources 78Qnm while in the forest 

the same data were JJ7 cm and 977mm. D.lring the third decade of 

l'ebruary ( 1941) the data tor the open area was, 196cm and 72) .,,.1 

in the forest 259 cm and 106) mm. In some years (III-1941, n-
1945) the height of snow cover was up to J metreo and over.(I.o

ladze, 1965), lloreover, the vegetation roots and the foreot it

self play an active part in karetitication proceesee ae well as 

protect the soil and control the ground water run-off. High 

discharge karat etreeme of Georgia (llchieht~, Rechkhi, Teathkhu

ra etc.), which basins probably contain the large cave ayatems, 

exiat mainly on the account of woody meeife. 

Abudant precipitation• (vertical and horicontal) falling on 

the slopes of woody maaeita, inversed towards tbe Black Sea, 

along with favourable temperature and biochemical conditions, 

apooify the intensive karatitication proceeeeo during the whole 

year. 

The existence of comparatively low-powered carbonate rocks 

and high denei ty of karat cavoa ia common for the piedmont kar■t 

regions, ai 1:uated at the t.one of low-intenai ty late Cainozoic 

movement•. Unlike the high karat maaeifo, tho lower region• are 

characterised with large flooded cave oyetema with well developed 

stages connected with concentrated powerful water streams 

fanned by transit Ullderground run-off. Speleomorphogenetic oig

nificanc• ot th••• watercourcee ie that they favour the develop

ment of hydroatatic and hydrodynamic preeeure in karet cavu, 

which involves their intensive growth. 

X X X 

Karat relief of the southern elope of the Great Caucasus 

even before the Lato l'leietocene glaciation auftered ■trong ero

sional deatruction and , diaeection eimultaneoualy with tho ori

gin of water absorbing elements (clinte, lapie, pita, ehafte,etc). 

During glacial epoch• the intonahe march of eroeional-corroaio

nal proceeaea standing~ out against inteneive raising tectonic 

mo~ementa slowed down or even stopped, while the karatified 

surtacea were preaerYed due to the absence of the liquid run-off. 

Thus, we attain the great importance to the variation of climatic 

condition• ot Quaternary period, especially to tho aucceasion 

of glacial and interglacial epochs in tho epeleogenuia of moun

tainous calcareous regions of the Great Caucasus. The abudant 

glacial waters released during inter glacial phaaoe due to in

flow and seepage caused extensive wash-out on surface and under

ground. '!'ho uietonee of moUlltainoue deep karet oavao in the 

deptba of mountainous calcareous regions (Pantukhina- 1225 m, 

Ilukhina -1225 m, Snecnaya~uhennogo- 1370.,; Arabika-1110 m etc.) 

confirms the essential role of glacial run-off and tloode in 

the apeleogeneeie of mountainous countries. The great wash-out 

abiliy of fluvioglacial watere ia testified by molaeee depoeito 

carried down from high mountaiJl maseite by temporary and per

manent floods (rivera Bzibi, llbipeta,Aapeta etc), ouch ie 

20-JO m stratum of ealcareoue conglomerates of the Duripahi 

plate .. in Abkhueti,etc. 

Thus the proceae of ka.ratogeneeie ie greatly influenced 

by climatic conditions and ie strongly _depended on the ratio of 

heat and moisture. 
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CAVE EXPLORATION IN THE CANADIAN ROCKY MOUNTAINS 

YONG£, Charles J. 

Cave and karst exploration m the Canadian Rockies proceeds on two 
fronts; on the ~ hand , the helicopter has proved invaluable 1n reaching 
remote and/or maccesstble karst areas (see for example, volume 2, pages 
2)&.2&) of the 9th lnternauonal Congress ol Speleology, Spain 1916) and 
on the other, known are-H yield new caves or e-x1ens1ons to exisung ooe-s. 

Recently, two M'W karst areas have been mvHugaced around \4ount Ball 
(Kootenay National Park) and Mount Bastille (Caraboo land Du1r1ctl, both 
m Brmffl Columbia. Prehmmary exploration has turned up a number of 
short cans but the P'tsence of remnant large caves and unpres.Sln karst 
m each uea suggests much more remains to be found. 

Of known caves and karst, the Crow's Nest Pan (Southern Al~r1a/BC 
boundary) continues 10 yield new caves m add111on to new pasiage 1n 
ex1sttng caves. Moon River Cave (Caraboo Land 01s1r1c1) has ltnally been 
explored. D1fhculues 1here in explora11on involve following a raver that 
flows under a retM&nt glacter prior to flowing underground 1n a series of 
p11ches. In the Bow Valley ust of Banff Ha11onal Puk, the vn1.ll 
well•known Rat's Ntst Cave has been extended while under Hudy bee 
"The Rat's Nest Cave ProjKt" in these proce-edings). It 1s now placed 
among the 10 longest caves m Canada. 

I INTRODUCTION 

The Canadian Rockies con-.,ose con11derable masses of p.aleozo,c 
hmes1one that utend m&Jnly 1101\1 the conunentaJ d1v1de. The 
sphere of interest to the Alhena Speleoloa1cal Society (ASS) 
stretches from the US border m the south up into the Nor1h West 
Territories. Most act1vny 1s concentrated ,n the southern poruon 
where lfHS are accessible to the mato, population cen1res. For 
example, the Crows Nut Pass 100km nor1h of the US border has 
yielded 1,CVeral can-s, the lon.gcsi being 10km to d.lte, Acceu1b1hty 
of the kaut resulu m two te:vels of explorauon, One to the closer 
areas 1n'lfolv1ng weekend trips usYAlly on fool and occastonally wllh 
help from four•wheel drive veh1clH, and the 01her to remote kant 
terrains, uullz1ng helicopters or float planes. On the lat1er 
excun10ns1 very often the karst areas are unexplored and new cave 
d1scovtt1ts resuhi ck»er to c1v1hu11on, 11 IS 1n the known caves 
thar d1scoveraes are uiually made. However I the first exa,..»le 
below, 1s a rela11vely acceu1ble area which had been m1ued and 
where new caves have just been found. 

2 RECENTLY EXPLORED K,_RST ,_RE,_S 

2.1 The Karst of Mount &all 

This kJrtl het on the wesrern flank of M,oun1 &all (lJUm) in 
Kootenay Nauonal Park some 130km due west of C11lgary. Caves 
are developed m a hme1tone unit (Fairholme Reef C-onl>lex of 
Devon.an Age) spl11 by an unpermeable slatey/quaru111c bounduy 
at around 2,,oom ASL. Above the unpermeable boundary 50me 

horiz.on1al caves have developed alon1 the boundary and may be 
found m residual, glaciated ridges. Ren'W'lant and active vadose 
canyon cans have been found wnh d1mens10ns up to Im high by Jm 
wide m lou1l passages and ,m high by Im wide in acuve pauages. 

The 51lver Sands system (Fig 1) rece&ves water from snow fields on 
Mount Ball. The mam 1oute 1s developed along 1he strike and sumps 

~!:fo'~!~o:~~;e~:a;0 t~!r '':~~art~ r:u;1~(~~1,:e:;1~~e~a;::::t 1~ 
brea~down of which, 11 appears to continue. The sink ~trance 15 
found in a heavily glac11ted bench and the cave trends into a ridge 
where 1he water resw1es, Further along the ridge and downchp, 
Canyon fte1Mant Cave and other sections of fou1I passage can be 
found which suggests scourmg by repeated glacial advances or 
sequenual me lung back of one glacier. 

The main portion of the karst hes m a broad llat•bottomed valley 
that hanas 11 1u "downstream" end. Here the the limestone ha.s 
been eroded down below the impermeable boundary leaving an 
unpress,ve glac.ated karst pavement exh1b1t1ng numerous shafts and 
a 'tariety of karren. The upper end of the pavemen1 1s lapped by a 
text-,.book example lateral mora.1ne which dehvers sueamw•ter to 
acuve s.haft smks on the limestone. A number of the shafts around 
the perilery of the pavement appear to be sinks of this kind. 

The caves in this lower poruon of the hmestone are thus of a 
verucal nature but punctuated by horizontal sections (Fig 2) with 1 
depth potenual of ,00m. Passages are typical of alpine karst, 
ac11ve streams target on older, tou1I passages. Of interest 1s that 
poruons of these older paJ,Sages contain massive· redissolved 
speleothems and caJc1hed sediments suggesuve of an interesting 
glacial history. Perm1u1on from the Park Service 1s being sough1 to 
pursue such studies. 
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L'EXPLOR,.TlON DES CROTTES MNS LES ROCHEUSES CM,.DIENNES - RESUME 

L 'explora11on des grottes et du karst dans les Rocheuses du Canada se 
poursu11 sur deu1t fronts: d'une part, l'h~hcoptre s•est rEv~tl 1neS11mable 
pour atteindre des rlg1ons karsuqoes reculles et/ou 1naccess1ble (voir par 
exe~le, vol. 2, pages 2U-2'3 des Actes du "9e Congr).s lnternauonal de 
Se{liolog1e, E$pagne 1986") et d'autre pan, de nouYelles grottes ont It{ 
'!etcoovenes dans des regions d•ja connues, ou de nouveaux passages ont 
ete expo5's dans des g1ot1es ~;~ explor,es. 
, 

::ert7n~0:~tis~::uxal~~~:~~x ::srst:~t ::l~o(l;:c1e N~rt:=~I~ 
Kootenay) et Mont 8.asulle (Car1boo Land 01str1cd. Une premiere 
exptora11on a rivlll l1ex1stence de pet11e, grones, m~s la pr:sence de 
~::~e1:~:~~;~"c:lc:~~.r~hacune de les regions suggere qu'1I en reste 

" , 
r.r1:r~:~ r~~t~:m~:/•~SI~ ~~~o~~:~~~!~~)~ ~~~:~:~ te:; ~~t!~ 
une source de nouvelles grottes et de nouveaux pas~es. La grone \\ooo 
Raver (Cariboo Land 01s1rict) a enfm et~ rxplorCe. II s'ag1ssa11 la de 
trouver un moye-n de su1vre une rav1)re qui coule sous un reste de glacier 
avant de ~ jeter dans une su11e Ck pulls souterrains, Dans la vall~ de la 
nvl)re Bow 'a l'est ~ Pare National de Banff ~ trouve- l,1, grotte de Ru', 
Nes11 de petite d1menston ma1s bien connue Ion des ftudes qu'on y 
poursu11 (voir "Le Pro1et de la Groue Rat's Nest• dans ces Actes), on a 
fa11 la de'couverte d'autres passages. La g,one se place maintenant parm1 
les d1x grones les plus longues du Canada. 

Many of the shafts on the pavement are developed on minerahnd 
joints and m Provenance Cave (Fig 2), the first sighting 1n a 
Canadian Cave of the ubesuform mineral attapulg1te was observed 
on such ,1, ;cunt. 

2.2 Northern Karst Regions 

Some karst areas hive been investigated around 100km NW of 
Jasper in the Hart Ranges and these have yielded • number of 
s1gn1f1cant caves. 

2.2.1 Close To The Eda• 

The cave 1s named after 1u spectacular entrance shaft, remarkable 
in the Canadian Rockies (Fig l). Although presently fed by a small 
stream, the shaft 1s remnant and perched 1n a ridge 1km ,a.hove the 
main valley floor. The shah descends as a free drop for 2'3m with 
an average diameter of Um (the greatest conunuou1 drop 1n the 
Americas outside Mexico). A futher )Om drop lead, to a blocked 
rift taking a massive draft, A large sprang 700m directly below the 
cave suggests a route for the cave water although most of the 
spring water likely flows from a karst1c valley adjacent 10, but 
lo•·er than the cave. 

2.2.2 Karst of Bastille Mountain 

8ast1lle mountain straddles the con11nen1al d1v1de, flanked hf. an 
1cefield to the east and an extensive, &lac1ated karst (Ukm ) to 
the west. Karst pavements case nor1hwards with the dip from 1700m 
to 2200m and large resurgences a few kilometers 10 the south 
appear as ponds m muS,keg ,n a major valley system at 1200m. 
Other resurgences have been seen to the NW which may drain a 
small portion of the karst. 

The pavements are developed on highly foss1hferous Devonian 
limestones with some mchcauon of thrust faulting. EY1dence of 
glacial acuvny 1s very fresh, exhumed coral heads and millstones 
Inter 1he surface; some pauerned ground can also be seen. Shahs 
and shaft sinks are the most common cave feature encoun1ered1 the 
la11er dramma small, remnant 1cefields. Probably only half of the 
,00 or so shat ts (many blocked with rubble) 1n the area have been 
explored. 
Some down~1p1 canyon passage was found mcludmg a major fossil 
canyon system (Tier Duel Cave, Fig •> whose d1mens1ons reached 
,m wide and over 30m high. Mapped for 0,6km, It ha.s the potenual 
to traverse some ,km of karsl terrain. 

2.2.3 Moon River Karst 

Like a lunar crater, this area 1s marked by a 10km
2

, barren basin 
containing a unkmg lake (Moon River) on tts western s1dt and 
studded by shAfts and depreu1ons on its eastern side. It hes •Okm 
NW of the Bastille karst. The basin 1s d1v1ded north-south by a 
vertical hmestone/quartzlle contact which explains the conflurat1on 
of shafts and lake. Two principal caves are formed on the contact: 
Moon Valley Cave 1s a canyon system that trends towards the 
middle of the basin and contains some well-developed passage. 
Moon River Cave (Fig ,>, IS the sink for the o.,km diameter lake 
pe1ched on the quanz.11e. TM su'lk-hole as massive and 1s capped by 
a remnant glacier. The uver, flowing below the glacier, ent~rs the 
cave and cascades down several pitches before entering a siphon. 
An over flow1 phrea11c route above the siphon has been explored for 
several hundred meters in the d1rec11on of Jarvis Lakes, the likely 
re-su,gence point •km north-Ma.rd!. and ,,0m lower. 



) EXTENSIONS IN KNOWN CAVES 

l.l Rau Nest Cave 

Two 01her papers in these procttdmgs by Yonge de-al with specific 
aspecu of this cave; onJy a genHal description 1s given here. 

The synem 1s situated on Grouo Mountain close to the town of 
Canmore bite of the Nordic events at the 1918 Olympic 'fr'mter 
Games). The cave has btt-n well known locally for around U years 
but wu never 5ystemaucally expl«cd. Mapping and uplorat1on of 
the sysrem by the Alberta Speleological Society ha.s now ruhud 
ov~ ♦k'!' of pa.uage (before, 11 was thought to be ltts than 1km) 
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ano uplorauon 1s continuing. It 1s now the s1x1h longest cave in 
Canada. 

Con1a1~ w1th1n the l1v1ogstone formation of Devonian Age, the 
cave 1s almost Con"lpletely fossll•phreat1c 1n nature. The entrance 
was once a spring and most passageways lie below It. The system 1s 
develope-d along a major thrust fault which can be trace-d 
westwards across Grotto Mountain to Cougar Crttk ,.}km distant. 
The cave was likely fed from .subglacJal streams 1n the Cougar 
Crttk valley dur,ng glacial tunes which suggests a major portion of 
the cave remains to be found. Exploration 1s conunumg both 
westwards and eastwards along the fault; the lower, eastern section 
through siphons v,a dtvmg. 
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THE RA TS NEST CA VE PROJECT 

YONGE, Charles J . 

Rat's Nest Cave, over J km long, 1s suuated m the Canadian Rocky 
Mountams 2l km east of the town of Banff m BanH National Park (close 
to Canmore, sue of the nord1c events at the 1988 Wmter Olympic 
Gam6). 

The cave has recently bttn designated a "Prov1nc1al H1s1or1c Re50Urce" to 
protect It from local quarrying and vandalism. 'ft'nh the dM1gnat1on, a 
course of study has ~n put into effect to investigate a number of 
aspecu of the cavej these include: paleohydrology and spel~genes1s, 
hydrology, spell!Ob1ology1 the cave atmosphere and radon, the bone bed 
(Holoce~) and the paleoenvuonment (see "Isotope Studies of Spel~thems 
from Rat's Nest Cave" m these pt"oceedmgs). 

The ultimate aim of the Rat's Nest Cave Project 1s to establish the cave 
a.s a naturaJ underground laboratory m which studies hke the above can 
be pursued 1n the years 10 coll'M!, 

Rats NeH Cave (Fig l) has been chosen for protection and study. II 
has required special conservation measures because H was both 
threatene<t by quarry concerns Cfig 2) and, bemg accessible to large 
population centres, vandalism. The cave 1s extensive and contains 
many mteresung features, notably wide-spread formations and a 
Holocene bone bed at u s entrance. 

The project was put 1n place when Alberta Culture took an interest 
m the cave system and requestf:d specific information about the 
cave and its contents. Subsequently, the author received a grant of 
$10,000 to study the cave; the work to date 1s described below. 

2 THE CAVE (Fig. I) 

Rau Nest Cave u snuated on Grotto Mountam m the Canadian 
Rocky Mountains ne-ar the town of Canmore (sue of the nord1c 
events at the 1988 Wmter Olympic Games). It 1s 10km east of Banff 
National Park and 90km west of Calgary (population, 600,000). The 
cave has be-en known tn rttent tunes for a few decades but the last 
1' years has seen most of the caving act1v1ty. 

The cave system at the time of writmg exceeds 4km m length, 
Contamed within the Livingstone Formation of Devonian age on 
Grotto Mountam (2670m), It 1s almost entirely fossil phreat1c in 
nature. The entrance appears to have been a spring and most of the 
pauageways lie below It, Whlle siphons are encountered m the 
Jower portions of the cave, wide-spread phreat1c conditions 
probably relate to past glacial activity m the adjacent Bow VaJley 
and one of us tri~utanes, Cougar Creek. Grotto Mountam 1s cut by 
a major fault along which the cave 1s developed; the fault 
mter.stt:ts Cougar Creek at its NW termmation and Gap LaJce at its 
SE termmat1on. The Cougar Creek Valley, 4.}km distant, appears to 
have have been the source of water for the cave tn glacial times, 
while presently Gap Lake and an adjacent resurgence, l.}km 
distant, represent modern day outlets, 

The cave 1s currently the sixth longest m Canada and contains 
speleothems throughout its length. At us entrance, a shaft contains 
over 2m of bone deposits dating back to the most recent glac,at1on. 
Oetatls of the,e deposits and other aspects of the cave are 
described next. 

). THE STUDY 

The study has been d1v1ded mto } sections as depicted m Fig. 3, 
these comprise: 

l.l Determmauon of the Extent of The Site 

Apart from wanting to know how extensive the cave 1s and where 
11 1s located in respect of surface features, It was also fe lt 
unportant to define a zone of protection around the system m 
respect of 1ndustr1al concerns. The cave hu been mapped to 4km 
but survey work continues as more passage 1s found. A cave radio, 
designed locally by ASS members, Ian Drummond and Julian Coward, 
1s bemg used to pm•point the pos1t1on of the cave with respect to 
the surface. In the lower reaches of the cave, dives made through a 
number of siphons has extende4 passages eastwards. Continued 
exploration of open passages and some digging is currently 
extending the cave westwards, 

).2 Speleob1ology Inventory 

Work m the entrance shaft bone bed 1s continuing with Jim Burns 
o f the Provincial M~. The 31 different mamma.J species he has 
1den11hed have been C--dated back to 7,600 years BP so far. 
Some of these mammals are locally extinct, otherwise all are 
represe:nted somewhere m North Ameuca today. The entrance 
appears ·10 have been occupied by a vauetv of carnivores that 
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LE PROJET DE LA GROTTE " RATS NEST" - RESUME 

La grone "Rat's Nest" , qui fa1t plus d\ 3 km de long, est s11uie au milieu 
des Rocheuses Canad1ennes, ). 2} km a l'est du Pare National de 8anff 
(elle e-st ~ prox1m1tl de la ville de Canmore, oU se sont rkemment 
deroui. les lpreuves de ski nord1que des Jeux OJymp1ques d'h1ver de 
198&). 

La grotte a re~u la dls1gnat1on off1c1elle d; "Resource Provmc,ale 
H1stot1que" qui la protege contre toute acuvn e d'extracuon mm(ere et 
conu e tout "vandahsme. De concert avec cette d~s1gnauon, une se'rie 
d'e°tudes a et/ entreprise qui examine un cerram nombre d'aspects de la 
grotte: par exemple, des ltudes de palkhydrolog1e, de ~llogfn~se, 
d1hydrolog1e, des e'tudes,.de la faune, de l'atmospheJe et du radon, d'un 
g1sement d'os de la pe~ode HoJoc)ne e t ~u p,tltfuenv1ronnement (vo1r 
"Etudes lsotop1que des lnchant1llons de Spellothemes de la Grotte de 
Rat's Nest sur ces Actes). 

Le but ul11me du projet de la groue Rat's Nest est de fa!,(e de cene 
dern1ere un laborato11e souterram natural dans lequel des ~tudes telles 
que ,celles menuonne-es c1-dessus pourra1ent tue poursu1vres dans Jes 
annees a verur. 
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Eastings 

brought carcasses to the sit~ at vauous t1meS. Hence, the variety 
of bones 1ncludmg elk and bison. Presently pack rats (bushy•tailed 
wood rats) hve at the entrance and, prtor to caving activity, 
mountam sheep sheltered there during storms. Little brown bats 
have been observed m the cave but their roosung site has yet to 
be found. Study of the smaller forms of hfe within the cave, eg. 
over•wmtenng harvestmen, amph1pod worms e tc ., has only just 
begun and no results are reported here. 
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was hkely coupled to Bow Valley glac1auons and the cave 
sediments should yield mlormat1on on that glacial acuvuy. 

3.5 Guide Book 

All aspects of the knowledge gleaned from the cave 1s being 
compiled m a "popularised'' guide (being written by Dave Thomson 
of Banff). The Albertan publlc 1s not aware of cave resources m 
the province and u 1s hoped that the book will provide an 
understanding of the importance and fragility of these sues. When 
a portion of the system 1s opened as an mterpreuve sue, as 1s 
hoped, the guide book will provide specific mformauon about the 
cave to the v1s11ors. 

MANAGEMENT OF THE SITE 

While there are many people caving m Alberta, many do not belong 
to an organised group. As a result, there 1s little understanding of 
the delicacy of the cave environment m the province and some 
vandalism has occured at Rats Nest: eg,. breaking and even removal 
of formauons. In add111on, the cave has been under the threat of 
quarrymg. Aher considerable governm e ,u nego11at1ons, the cave 
was declared a Provincial Historic ResourceJ thereby placing n 
under a protection order from the government. 

To provide access 10 the cave, a prehmmary management plan was 
put into affect based on public interest and the fmdmgs of the 
cave study. L1a1son was estabhshe-d between the lease holders 
(Steel Brothers of Canada L1m1ted)1 Alberta Culture and various 
interested public groups. The management plans, both present and 
future can be seen m Fig I,:. Per50flS not attached to the 7 
interested groups listed there are expected to contact the Alberta 
Speleological Society (ASS) for mformauon and possible 
membership. Subsequent tups mto the cave are then regulated by 
the management group (yet to be rat1f1ed by the momtormg 
parues). An important, external influence on the management plan 
1s the Federation of Alberta Naturalists (FAN) whose mam concern 
1s conservation of the site. 
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3.3 Cave Physics 

Prellmmary measurements have been made m the cave on 

:~;pe:tt~~~io~~•d11;~;:~u;:1~1.6 a.o/- r~~~R;, lnr![~~:;et~:~~~1\t; 
(97-100%) and wind velocuy (a range between +/- lm/s). Activated 
charcoal was used to collect radon and measurements from the 
entrance area Ot"ar the bone bed give 2.2 +/- 0.1 WL (working 
levels), This value 1s rather high for caves and may be due to the 
siting of the detector close to the bone bed. Further, detailed 
measurements are bemg pursued on the parameters descubed above. 

3.4 Speleogenesls and Paleochmatology 

See also "botOJte Studies of Speleothems from Rats Nest Cave by 
Yonge and Ford m these proceedings, 

Speleothems and cla.st1c sediments have been removed for 1sotope
a.nd pa.leo1ndgnet11 .. :i.tud1e:i. ,e:i.pecuvely. lso1ope analy~ comprise 
\Jjseries daung (Ford, McMaster University) and stable O, D and 

C measurements (Yonge, Calgary Un1versny). The cave 1s m a 
strategic location for mvesugaung past glac1at1ons, bemg at the 
point where the Bow Valley (wh.Jch contained a massive glacier m 
Quaternary tunes) breaks out into the foothills and adjacent to the 
celebrated "ice-free corridor01 which may have allowed people to 
migrate mto the Americas from the north. Furtherm0<e, the cave 

A future plan then involves developing a portion of the cave for 
pubhc tours by Canmore Caverns Limited (a company set up for the 
cave developme nt) and this company would (and docs) seek to gam 
the leases from the current lease holders. In this case, the 
interested groups would set up a wild cave tour schedule with 
Canmore Caverns and the company's act1v1t1es would be monitored 
by the ASS, FAN and Alberta Culture. 

The ultimate goal of the Rats Nest Cave Project 1s to set up a 
cave mstttute m Canmore funded m part from the fmanc:1al assets 
of the show cave. The mst1tute1 s goals would be education and 
research; the cave would conunue to be used as an underground 
laboratory and s tudies would be extended to other, more remote, 
karst regions of the Canadian Rocky Mountains (see for example, 
Cave Exploration m the Canadian Rocky Mountains by Yonge m 
these proceedings). 

Alberta Speleological Society and Deparunent of Physics, Unaverstty 
of Calgary, Calgary, Alberta, Canada 



EIN THERMODYNAMIS CHES MODELL VERTIKALER HOHLEN VOM TYP "A VEN" 

SfUJ::A, Jullus - RODA, Stefan Jun . - RAJMAN, Ladulav - RODA, Ste-fan 

THERMODYNAMIC !{ODEL OF VERTI CAL CAVES OF "AVEN" TY~ 

The aim or our contribution is to evaulate the research 

ot time and space changes of microclimatic parameters from 

l'ive chosen vertical caves of 11Aven 11 type in the Slovak Karat . 

From t he resul ts of the exper icent made on the base or 
nomeric and statistic parameters of microclimate there was 

documented dependence on 

- external synoptic situation 

- geographical position and influence of ve5etal cover 

of the mouth or exploring objects 

- morphology of objects 

- and on the course of the curve of geothermic gradient. 

I 

Einleitung 

Zu den fl'undlei;enden physikalischen i,;etl:oden der Erforschung 

des unteriroischen Karstph8n~ens gehOrt des Studium der :z.eit

und raum.s:ebundenen Ve:-Sn~erWl&en van !'Htoren des L:ikroklimas. 

~it ~e'.ll 7.iel ~old:e Ver.B.nderUllfen der mikrotclu.Btisc:len ?a

ra!lleter in r.Ohlen c!es i'yps "AVZ}.11 zu un!.ersuchen, heben 'l!ir in 

~en Johren 19S4 - 1:s5 e"Q•!:-htmtelle ..:es&1r.,_ren Cer Lu!'tte:i?e::-a

tur, der relativen l.:.rl'tfeuchtitkeit, c!es Lu!"tdruc!:::s und der Ric~

tuns der Luf'tstr5:tur-e in fiir.r Objel:ten des $lowakisc~en Karsts 
durct.fefuhrt, ~i de:- ;,at.l der Cbjekte wureen folgende '.lesichts

pu."lkt.e ber~cksi:~tigt: 

- ~ie teorrs;>hischa Lage ~er Jliir.dung des :'orschur,Esobjekts, 
- die ?.&orpr..ologie ~es ~bjekts /rr.it eine:r. '.:'ie!'enlU:.it von 

mindester.s -5C JJ/ und 
- die 7egl?tationsdecke an der !.:iindu.r.g des ~tjekto. 

Die ~essunren ..... .ireen viertelj8hrlich in den eir,ze~en i:eh

resze~ten, bei ar.nat~err..d gleicher synoptisc!ler Jituation in der 

;usseren I. tJ1osph8re durct.Eefiihrt. 
!>ie Temperaturmessuneen der :-iOhler.luft im vertikalen ?rof:.l. 

<3er Otjel:te 'Kl.ll"den mit eir.em ~esszer6t eigener Konstruktion tr.it 

einez. :.:esschritt v~n 5 a: realisie!"t. Jer 1,iess!'uhler /Ther::iistor/ 

wurde u Kohel installiert um ~en bir.fluss des 3:lbjekts auf die 

TemperatUI"iDesswerte euszuschliessen. Jie anderen ver.f"Olf'len mik

rokli.!netischen Parameter wurden mit eine:z: Uesschritt von 20 m 

mit anteseilte2 Cperator eMiittelt. 
!>ie Uesswerte ·.turden statistisch numerisch und ,;ra;>hisch a:it 

<!em folgenden Ziel vera:-bei tet: 

- ilestimw>e: der Ab~.iini;igkeit a:ilc:-oklimetischer '/eranderun

fen in den U...91.terauchten C'Jjel:ten von der 8usseren synop

tischen Situation, 
- 5eetimiw,e der Abhar.gigkei t des :.!ikrokli.nas von i;eoi;rephi

schen und a:orphologiscl:en Faktoren und 

- die Verfoleung von Var&nderu~en thermodyna:nischer Para

meter in den unterSuchten Objek:ten. 

E r gebn isae des Experiments 

Anhand der gewonnenen Ergebnisse wur<le nach der statietiech

numeriachen Verart-ei tung der mi kroklimatischen Para?Deter deren 

Abhantickeit ~n 
- ~er &usseren aynoptischen Situation. 
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The research sho~ed that the main factors c.hane;ine the oicro

climate of exploring objP.cts are 

- the influence of external syn-,pti c situation 

- the in.fluenve of 3eothermic gradient 

- and the int'luence of phasic water changes 

According the analyze of results there is ~ade the thermody-

09.L"liC n:iodel of the system with the existence r.: •.·,rec ther

modyna1!Jic eones. The first aone of the system , f'ro11 the ther

modynamic poi nt of view , is nainl y in.!luenced with the ex

ternal synoptic situation. The influence of 5eothermic ener

e:, is prevalent for the third zone . The secend zone is the 

place the then.iodynamic com!)ensation or enerzctic influence 

o.r the .first and the third zone •.-i th the raain inf'luence of' 

phasic water changes. 

- der geosrephischen La£e und dem Einfluss der 7egetations-

dccke der L!OOdung des Versuchsobjekts, 

- der l'.orpbologie des Objekts und 
- dem :'.;radient. des geothermischen Typs dokumentiert. 

Die Forsc..."'lunge.'1 haben gezeigt, dass der Einfluss der Busseren 

syr.optischen Situation und <!er Gradient des s:eothermia:hen Ty?s 

cnit den demit zusa:n:nenh8neenden Ver9nderungen des Agsre&atzu

stsndes des 1.'assers den c!ominierenden Faktor der Ver8nderllJ1Een 

dee Mikroklimas in den untersuchten Cbjekten darstellt. 
:>er 1:influss der 8usseren synoptischen Situation aut' die 

VerBnderu.neen der .nikro~li.r.atisc!len Fare:neter Y.irkt sict. 8.li ir.ten

sivsten am Temperat-.irverlauf und der Luftf'euc~tigkeit in Ab.118n
girkeit v::,n der '!'ie!'e, der 7eietetior.sdecke <!er XUT.d·J...~g ur.d der 

~orphologie der untereuchten Cbje'ct~ eus. :>ie f!"=s:ste ':'etc:::,e:--::1-

tL .. ·a.mplitu~e in tt-zt:£ au!' ~ie ~iefe weisen die :in.;:ar.eszonen 

Ger untersuchten Cbjekte von der :.:CT.c:'ur..g bis zu et·1.s -4C m. au!' . 

ner "/erla'.l.!' der Temper3turB!Dplituden wiro c!urch den Ja'lreszeit

wecbsel ausgepragt teeirc'lusst. Im Friihjahr w,d ill 3~:r.D::er ist 

eine n.bhiir..gigkeit der remperaturmesswerte von <3er Susseren syn

optischen Situation nur bis zu einer Tiefe von etwa -25 m ::;u 
verzeichnen. :::.m Herbst und im Winter kOnnen wir anbend ur.serer 

Jl.ess•·erte eine solche Abha.ngigkei t tis zu einer '!'ief'e von ca -40 Cl. 

nachweisen. 
Die UUlldun.;-en rler ?ersuchsobjelcte befinden sich in einer 

liohe von 455 bis 677 m u.d.1.1. De der Einfluss der geo.;raphischen 
Lage each eine F'unktion der 7ecetetionsdecke der t:iir.dung der 

untersuchten Objekte ist, mUssen ·11ir diese Protlematik ko:nplex 

behandeln. ZU!D Teil soiel t such die Cr~sse der MUildu.ng des Ob

jekts eine beeir~ussende Rolle. 

In bezur auf die reo£raphische Lage kOnnen .,,ir die beschrie

bene Abhiingigkeit enhend der ~urchschnittstemperaturen fiir die 

Tie:fenintervalle von O - 50 m, O - 70 m sowie auch aus dem extre

polierten Wert des ~radienten ~es geothermischen Typs fiir die 
Tiefe von O m dolru:nentieren. Fiir den Einfluss der geoE7aphischen 

Breite unc! der SeehOhe "stehen diese Werte eus den untersuchten 
Cbjekten in guter Obereinstiamung zu den aus der Beziebung nach 

Choppy /1984/ berechneten Werten: 

t = 54,3 - 0,9,L - C,C06 Z, 

wo L - die seog:rapbische Breite und Z - die aOhe Uber dem .ieeres

spiefel in J.1etern bedeutet. 



!>er Ein!luss der Vegetationsdecke der !.1iindung kozt in der 
"?erminderune. des Anteils des Eintlusses der Busseren synvptischen 

Situation zu;n Ausdruck. Die Vegetetionsdecke en der J.:iindWII< des 
Objekts vermindert die Eirr•irkung der direkten Sonnenstrahlung 
und veMlindert auch lie Intensit3t der Str5mung c!er atmosphiri

rischen Luft. Aus den genaMter. Granden lisst sich der Einfluss 
dieses 7aktors a:Jf den Temperatarverlouf' in den untersuct.ten 
Ctjekten nur bis in eine Tiete van -lC .n dokumentieren. 

!lie statistisc!l verar'beiteten ~esswerte weiser. bei ininh1alen 
llor;,hologiscr.en VerSnderungen nur geril\&~ Atweic!'lungen von der 
C:radientkur·,e ~es ge.:>t~erxischer. Ty;>s auf, ;-:elc!'l~ l ~ nic:,,!. Uber

schreiten. Ein .. ..,esantli!:her Einfluss der ::i:or?!'loloeie tr!.tt tei 
~&nt..-reich!!!"?:'!; ::O~:en:-:i~er. in tr5aseren ':'ieten in Erscheinune. 
Dieser ?~~tor v1?rursac~t eine A~weic:'lur.g vom Verlauf' der ~ra!!
ientkurve ~es £8::>theMlisc!len T;r;>s in Tieten von mehr els -~; m. 

Sei 3erir.gerer. 7iefen der Forschw:gsobjekte und tei sich ver
gr3sse!"nde:: Qu,erschnitt wird der Einf'luss der ~orphologie der 
Ctjckte c!arch c!en Zir.fluss der 8.usseren synoptischen Situatior. 

uberdeckt. 
In al len untersuc~ten Objekten ·:JUrde ein Temperaturgradient 

vM! reot~,e:-Ili3c·1en T:,·p /Cii::>?PY J., 19€4/ c!okw:lentiert. Allge
mein kor~r.~e eiese Athe'fl€irkeit -riir unsere Forsc?':.".J..ri.gsobjekte durch 
die nsc:istehende 2e:z:iehUI1£ definiert werden: 

6th:= C,C2 h + t
0

, 

wo: 6 ~ - Tex;>eratur i:1 Cer Tiefe h in ~C 
h - Tie!'e in =.:eterr. 
t

0 
- Te!D.?eratur in der Tiefe C iD 1 &ewonnen als Schnitt-

linie mit der Achse der Te~peraturskala. 

Diese Erscheinurl£ do!D.ir.iert bereits in Tiefen at: --ic. m, was 

den U vorliegenden litodell des Syste!D.s dislrutierten Gleichge

w:.chtsbedingungen entspricht. 

Des thenodynemische :.loC:ell des Systems 

Anh9Jld des 1:odells des ther<11odyne:nischen Systems der unter-
1!1\lchten Objekte kOnnen wir die EintlUsse der einzelnen beschrie
tenen Faktoren in c!rei vertikal gegliederten ZOnen modellieren. 
und auswerten. Der Endzustand /s. Abb. 1/, d .h. die gesemte ener

getische ailanz ist durch die Energiesumae der in den Prozess 
eintretenden J.:edien gegeben • .I.us dieser Sicht ist des llikroklime 
des Uodells nur eine ·iliderspiegelung energetischer Vorea.zl88 • 

riir Ver8nderungen der mikroklimatischen Parameter in der 
ersten Zone sind isochronische neochehen mit EnerBiezutuhr aus 

der Busseren Atmosphire charakteristisch. Die der ersten Zone des 
llodells zugeriihrte Energie erreicht in den Frii.'1li?1£s- und Som

mermonaten positive Werle. Diese Enereie -..ird dann durch Ener
gieum,rendlW18en in der zweiten und dritten Zone des l,lodellsystems 

kom.;>ensiert. 
Fiir die zweite 2d"ne des Jdodells sind isothermische Gesche

hen charakteristisch und der energetische Zustand dieser Zone 
mit parabolische:::i. Verlau.t des Te.nperaturgradients ist das Er

gebnis der tl;nandlung des Aggregetzustendes des '1/assers. !lin
sichtlich der in Abhangiglceit vom \fandel der Jehreszeiten koo
pensierten Energiemen,gc ko:m.t es zu 8.quivalenten 1/olumenveriin

derungen der Z'#eiten Zone. 
F:jr die dri tte 1.one ist ein geother:nischer Verlau:f dee Tell

peraturgradienten chara!cteristiscb. Dieser Z.Ustand entspricht 
den ~leichgewichtsbedi08Wlfen einer nol"'!n8len Sc:lic~ttolge der 
l!ohlenluft unter 1en jeweiligen Tel!lperetur- und Jruc'<ver!liilt
nissen. In enerz:etisc!ler Hinsicht ist fiir diese Zone eine adia
batische Ko~;>ression bn. Expansion charakteristisch. 

!>as so le:!'inierte thermodyMmische Xodellsyst~ erm.5glicht 
die Sizulierung mik'r'lklil1atischer Parameter im 5ystam tur einen 

besti=ten Zeitpunkt mit gegebenen Ausgsngsbedingu"E;en. Du:-ch 
Variieren der Ausea?lfsbedifl8Un.gen !W" verschiedene Zeitinter
valle erhalten wir ein den ex;,eri.31entetl fest.;esteltten Tatsa

chen nahes dyllSJ!isches !.:odell. 
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KARST DEVELOPMENT IN ITS INITIAL ST ATE: A MODEL OF SPELEOGENESIS 

DREYBRODT, Wolfgang 

Ne present a theoretical a::del, based on the chellistry of diaaolution kinetics 

of liautone, by which solutional widening of initially 20 11 wide fractures 

urder the actia, of calcite i111Q9?"U,Sive water, sti>ject to ¥.raulic Qt"adients 

al:xwe 0.01, i.s calculated as a fmction of t..iae. 'lbe: aodel US\aeS th.at above a 

saturation level of 90% there is a change froa first order kinetics ( 1) to slow 

fourth order kinetics (2). As a oonsequence solutlonal videoing of aaall fissu

res to 990log.ically feasible sizes over large distances 1a possible in a u.e 
acale of aeveral 10000 years. 'lhl.s resolv• the long dabated question on the 

initiation of karat eyateas anl "'-9 that llixing-corr<>eion plays only a sup

p:,rting role in the initiation of karat syat-. Field oble.rvations which sup

port our aoclel will be diacusaed. 

1 • Ili'l'ROOUCTI~ 

Priaary peneabillty of carbonate roclta resulta froa an interconnocted net

work of aaall fissuru and cracks C<Jlll)rising jointa, bedd1rv;i plane partings >n:I 

eventu&lly alao faulta, Initial apertures are about 1•10-2ao (Motyka and 1111k, 

1984). Once by a.- geological event an input-output c:cnfiquraUon for surface 

vater 1a qlvm, vhich S\JR)liM an hydraulic head h driving surface vater 

through the percolatinJ net of fractures to an output, aolutional att-=k of the 

<X>
2 

cx,ntalning vater atarta to widen the fractures anl aeccndary per90abil1ty 

originate.a. Pig. 1 ahoNB thia . Scne of the uny -.all fractures oonatitute a 

percolating pathvay froa • point input to a point output, and by aolutional 

w1denJ.ng • conduit ariaes which 1a also shown. Thia proceaa qenerally known as 

INl'\JT 
Fig. 1: 

5ystea of fractures vi.th perccr 

lating pathvay. By aolutional 

videning a cave c:orduit is 

created along th1a pathvay. 

karatification ia intiaately connected to the cheaical kinetics of the aystea 

H
2

C>-<X>
2
-caco

3 
(Dreytrodt, 1987, 1988). If diaaoluUon prooeoda very fut the cal

cite -.,;ireuive e
2
o-co

2 
eoluUon v.-ry quickly •t"tai.ns equ.Uilriua and thus can

not penetrate deep into the rock vithout losing ita soluUonal paver. 'lberefore 

only aurfaao denudation ahould be expected. On the other hand, if diaaoluUon 

r•tee wre extreaely -.all water can penetrate deeply into the rock but aolu

Uonal widenl.ng 1a thon ert.-ly alov '""1 it aay take geologically unrealiaUc 

u.ea until an aquifer, typical far carlxlnat• rocks dev•l-. It 1a knovn (llyl

roie anl Carev, 1986, Bakalowicz 1982) that lliniaa tlllU of about 10000 years 

are required until auch an aquifer develope to aaturity. It is of interest to 

aodel the developNnt of carbonate aquifer■ alnce nev 1..-.d use progr- of ti

-tone terrains provide haan iapact onto these sya- and a deeper under

standing of their deveioi-,t aay prevent daaage. 

2. ~ 

1'le beaic question to ansver ia: Provided the hydrrilic gradient betwen 

~t and output ataya l.ndependant on U.., what 1a the U.. dependonce of the 

flov rate of vater Q(t) drivm thro<q> the percolating pathvay? Hov doea th1a 

rate depend on -trical par-tera 8UCh u the length l of the pathvay, ita 

aver- aperture a and the aagnitu:le of the hydraulic hNd h betwMn input anl 

outp.it? And furt.hemore, how dou this ayat• depend on cheaical par-ters u 

.. t:uration c:oncentn1tion ceq and cheaical rate laws descrlbl.ng diuolution. To 

,;,ive -• to theae queationa the percolating• pathvay ia aiaplified to an 
initially uni.for9 fracture of rectaJ91.lar ahape vith an aperture a

0 
and bnadth 

b0 • B'/ eolutional activity this initial apertures vill not stay constant along 

the lan,;,th of the fracture but will bee<,- f\lnc:Uons of •• the coordinate along 
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Wir atellen ein theoreti.adles Hodell vor, durch das die Aufwei tw,g von ur

spri.i.rqlic:h 2()JJ weiten Kltiften durch k.alkagnss ives Masser unter hydrauli.schen 

Gra:Uenten. cbe.rh&lb von 0.01 ala FUnJcUon der Zelt berechnet ve.rden k.ann. Ole 

Annolae, in diu. 110dell aird, daB fiir Kalk-Sattigungs,;,r- - llauers ober

halb 90% eine Xrderung der schnellen 1. Ordnungalijaungskinetik ( 1) zu einer 

lang...., 4. Ordnungskinetlk (2) stattfin:let. Als Fol,;,e daraus iat die Aufvei

tURJ enger Klillte auf geologii.sch relevante Diaensionen w1d i.btr groOe EnUer

nungen imerhalb einer 7.eitakala von 10000 Jahren ao,;,lich. Das Model! tragt zur 

Lo.suno der seit largea dialcutierten Fraga lbr die Initiationsphue von Kar■t 

bel und zeigt, daB Mischtn;pkorrision nur eine untersti.itzende Rolle spielt, 

Felcl:>ei.spiele, die un.ser Medell t.r1terstiltzen, wrerden vorge.stellt . 

the length. Pio. 2 shc:,ws a part of the fr.:bJre, between x and x-tdx. 'lhe con

centration of di.uolved calcite, given u c • (ea2•, at the inflow x is c(x) 

ard at x+dx it la c(xidx) • c + de. The flow velocity is v(x). Finally dissolu

tion pr-oceeds by a rate law P(c). Mass balance now requires 

F (c)P (x )dx = u(x)A(x)dc (11 

'nlia states si.aply, that the aaount of calcite diaaolved frm the vall vith 

periaeter P{x) ia equal to the MOUnt of calc ite transportad W'tlaY by flow 

through the crou secticaal area A(x). 

Fig. 2: 

Fracture alonQ the flowpath between 

positions x Mid x+dx. Ccncentra.tion 

of inflowing solution ia c . At the 

outflow concentration has increased 

by de. 

Now fraa the equation of contil'IUi ty we have a constant flow rate O along the 

o:,nduit: 

v(x)A(x ) = Q 
(2) 

Integrating F.q. 1 yields 

Q /,'de/ F(c) = j,'P(x )dx 
,, 0 

(3) 

nus one obtains the concentration c aa a fw'K:tion of x along the pathway. 

To calculate Q one uses the equation of Kaqen-Poiaeuille for laaina.r flow (Beek 

and Hutzall, 1975). PraD thi• a flow rea:iatance R can be de.fined 

121} /,' dr 
R = pg o o3(z)b(r ) 

TJia the dynaaic viacoolty, f density of vater, f ~th's acceleration. 

'1h11 flow rate O then results as 

Q = h/ R = Jt/ R; I= h/t 

h 1a the hydraulic head and I the hydraul le gradient along the flovpath, 

(4) 

( 5 ) 

To calculate now Q{t) u a fUlCtion of tille, one starts vi.th the initially 

unifora fracture fro. which R
0 

• RCO) can be easily calculated. 'Ihen vith this 

value eq. 3 is integrated maerically and the diasolution rates are obtained as 

a tunction P{x). Using thia function one obtaina: for the fr.:ture aperture 

a(x,t) and the fracture t:.-ee:!th b(x,t) a recursion for-...la 

o (x, l+Ci.1) 

b(x, I + Ci.I) 

a(x, I) + -.,F (x)t:.t 

b(x , I) + -.,F (x)fll 

(6) 



y is a factor converting dissolution rates from w,l/ ca2• s into retreat of 

bedrock in ca/year and 6t is a suitable ti.lie increment. 'fflus by iteration 

a(x,t), b(x,t) ard Q(t) can be calculated. 

3. DISS0Wl'Ictl l<INETICS Cl' WNES'IO<E 

Dissolution rates of CaC0;J for a "20-<ni solution flowing laainarly in a 

caapletely waterfilled fracture of given aperture are reported by Oreybrcdt 

(1987, 1988) ard Bulaann an:I Dreybrodt ( 19851. '!be dissolution rate is given by 

( 
aoa (.r)) - I 

F (ll(c ) = a (x)(c,9 - c); o (r) = a o I + 6D (7) 

11le kinetic constantc(
0

- 2.S·l0- 5ca/ s can be regarded as constant for aost 

situations encountered in karst areas. The correction tera results froa the 

_ fact that for aperture width a(x) > 1 ca MSS transport becaDes doalinantly con

trolled by aolecular diffusion of Ca -ions. D is the corresponding coefficient 

of diffusion (D • 1,10-6 ca2s-1) . For p.ire calcite this rate law holds up to 

saturation. For natural liaestone, which usually contains a few percent ~
2+, 

however, close to saturation a charge in the reaction occurs and dissolution 

rates follow a higher order rate lav (Plurme.r and Wigley, 1976), 

In our aodel calculation we use F111
<c) for c <0.9c ard F141 (c) for c, 0.9 

eq 
ceq. 11lis iaplies and abrupt drop of dissolution ntes at c - 0. 9ceq by t""° 

orders of aagnitude, which in nature will be saooth. 

4 . RESULTS 

In the following calculations, unless otherwise specified, the par.-eters 

used are a
0 

• 0.01 ca, b
0 

• 100 ca, 1 • 20000 ca, I • 0.1, ceq • 2 • 10-6 w,l/ c:a3 

andc(
0

, Bas given by eqs (7), (8). We call this standard condition. 

Fig. 3 shows the pr-ofile of a fracture with these paranieters as it develops 

in ti.lie. Note that the scale of a(x} i s logarithnic. In the early s tage of 

evolution, i.e. for tiJles below 2000 years, c • 0 . 9 ceq is attained quickly and 

dissolution pc-oceeds in the slow 4th order kinetics along alllost the entire 

length of the fracture, which therefore increases slowly in width. Consequently 

the thrCIUC,;lhput Q( t) increases slowly. At a t iae of 2000 years a region of firs t 

order kinetics starts to penetrate into the fracture for a few meters an::I vith 

increasing time a zone of fa.st dissolution -.igrates through the fracture vi.th 

increasing speed until it reaches its end. This aarks breakthrough t.iJDe T8 • 

which is characterized by a dramatic increase in Q(t), as shown in Fig. 4. 

After breakthrough has occured dissolution pi-oceeds in first order kinetics 

alOO':J the entire length of the fracture and solutional widening is several 10-3 

ca/year for laainar flow. At brealc:through, however, in 110St cases the width of 

the aperture is at least about 1 ca and turbulent flow sets in. 'I1len due to the 

influence of an increase in diffusion by turbulence solution rates are in the 

order of 10-2 aa/year. (Dreybroclt, 1987, 1988). 

IO 'T'""'------------, 

10 

,o , 
Length 

Fig. 3: 

Evolution of the vidth of a fracture 

along its length. '!be widths are plot

ted in logarithlic scale. N\Jlbers on 

curves give the time needed for the 

evolution of the corresponding profile 

in 1000 years. 

'l1le evolution of the fracture widths as depicted by Pig. 3 sl'low3 clearly a 

concerted action between two regiaes of dissolution kinetics. Slow 4th order 

kinetics first is effective over almost the entire length, vi.dening the fractu

re to increase throughp.lt. The regiae of the action of first order kinetics at 

the entrance penetrates into the fracture to a distance L given (Oreybrodt, 
1~8)by p 

Lp = 1.15Q(t)/(ob) 
(9) 

11u.s shows that with increasing Q(t) the region of first order kinetics in

creases until breakthrough is achieved. 

If one asmne.s, however, that first order kinetics is effective until satu

ration and no 4th order slow kinetics exist at all one finds that for the exaa

ple of figs. 3 and 4 break.through is achieved at a tiae T > 10
9 

years. '[h1..s 

aeans that kara tification vould not exist at all. 'Ihi.s has been first realized 

by 1tu te ( 1978) ard Palaer ( 1984), who both clai.aed a region of sl01t inhibited 
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Pig. 4: 

Flowrate through the fracture of 

Fig. 3 as a function of tiae. 

1he steep increase in flowrate 

aarlul the event of breakthrough 

at bnlakthrough U.0 T8 • 

dissolution kinetics close to saturation to account for the fact that karstifi

cation does in deed exist. 

LENGTH (ml 

Fig. 5: 

Breakthrough t.iae as a function of 

fracture length l for hydraulic 

gradients of 0.1 and 0.01 with 

initial width a
0 

• 0.01 ca, curves 

1 aoo 2. eurve.s J aoo 4 si- the 

situation for a0 • 0. 005 ca and a0 
- 0.02 aa subject to a hydraulic 

gradient of 0.1. CU.rve 5: a0 • 

0 . 02 a, ard I • 0.01. All other 

values are standard c:orditlons. 

To further eludicate karstification froa our IIIOdel we have calculated the 

breakthrough tiaes in dependence of the -trical par-tera a
0

, 1, and I and 

left all the other parameters as defined in the standard condition. Fig. 5 

shows the breakthrough tiaes in dependence of the length of the aperture. Tl\is 

length models the length of karstified pathway. '!be mabera on the curves indi

cate the parameter values, vh.ich have been changed frat the stlJ'dard condition. 

eurves 1 ard 2 give karstification tiaes (breakthrough U.O) for an initial 

aperture of 0.01 ca subject to a hydraulic gradient of 0.1 and 0.01 respective

ly. Note that curve 1 corresponds to the set of standard paraaeters defined 

ab:>Ye. '1bese are realistic llUK>ers for natural conditions (Ford, 1980: Motyka 

and Wlllt, 1980. Frolll this one can see, that for di.aensions in the: order of 

several hJ.rdred meters karstification froa the initial to the aature state ia 

effected within several ten thousand years. Mini.Ma tiaea of several 10000 

years for ~ developaent of large karst caves are ob&erved in the field (Myl

roie and ca.rew, 1986; Bakalowicz, 1982). Karstification on large acale of seve

ral kil.-tera under l01t !¥lraulic gradients, I • 0.01 ia effected in the range 

of several aillion years in accordance to field observations (Villi.nger, 

1987). 

cwves 3 and 4 show karstification t.iaes at I • 0.1 and initial fracture 

widths which are double or half cc:apared to the standard run (curve 1 ) • OJrve 5 

shows the breakthrough tiae.s vith a
0 

• 0.02 and I • 0.01. It is obYioua froa 

these data that karstification tiaes depend heavily on the initial joint width 

a
0 

and also hydraulic gradient I. 

So far we have observed large scale features with l> SO • and. low hydraulic 

gradients. 'l1lere are karst features, hoNever, with diaensions below 100 • sub-

ject to high hydraulic gradients above O. 1 to about 1.0. Tl\is is the case in 

the foraatioo of dolines or shafts. Karstification at even higher hydraulic 

grad.lent aay ocx:ur also at sites of artificial vater reservoirs and dMs. 

Fig. 6 shows breakthrough t.iaes for standard corditions and varying hydrau

lic gradients and length of the karatifiable pathways with lengths betw«i 10 

to 100 •ters. Tiaes of karstification range nov froa several 10 to several 100 

years. Especially at high hydraulic gradients tiaes of bel01t 100 years are ob

tained for fracture lengths of several 10 •ters. 

Tl\is is in accordance with field observations by Qinn and ~ ( 1987) who 

observed sinkhole deve.lqaent over liaestone quarry ■a.rgins, which had been 

abandoned SO years before. l'Urtheraore the data of fig. 6 pnd.lct devel_,t 

of shafts connecting the surface to already exist.inQ vadoee caves below in • 

tlae of about 1000 years. The results of our model alao shed 8Cae light to the 

iaportance of b.rlldi.ng daas or artificial vater reservoirs only in areu of 

suitable qeological eettinga with reapect to priaary peraeability and alao 
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Pig. 7: 

Braal<1:ru<JU9h .i-s as a function of 

calcite saturation concentration. 'l1le 

n\lllbers on the curve denote the frac

ture lenqtha. All other paraaeters 

are standard conditions. 'Ibere is a 

steep 1.ncreue in ka.ratification t.iae 

for low concentrations. 'Ihi.s increase 

is particularly significant at aaall 

fracture lengths. 

Pi9. 6: 

Breal<througll tiaes for saall acale 

features of karatification as a 

function of fracture l""llth. lbo

bers on the curves indicate hy

draulic gradient. All other para

•tera are atan:::lard ainditiona. 

streaaea the illlportance of careful grouting. 

A further inlereat.inr;J topic la lo ab.dy tho depao:lence 0£ ~thn:lugh tiaea 

in de.,..-,ce on the <:Maical par-tuu o(
0

, B and ceq. Here we report only 

the uin findings. Detailed ,-u}ta will be published el-re. Por large sca

le features lcf. fi9. 5) one find9 that breakthrough tiaes c::all'ilNd to the 

atandu-d val.__ of C\:, c:honQe by no eore than a factor of 2 for d.
0 

varyln;j bet-

ween 10-• ca/a to 10-6 ca/a . There is alao a siailar behaviour in dependen

ce on 8. ~ O)llp&red to the standard value of B are no eore than by a fac

tor 2 for 10-l?o<10-
1

~ "lhia is an !Joportant findln;j. It explains why karatifi

cation is auch an ubiquitoua ~ and does occur in such a wide variety 

of different kind9 of liMatone rocks. '!be dependence on ceq, vhich is related 

aainly to the initial a:>i-content of the vater ard to a -..ch less extent on 

teaperature ia si91"ificant. Tiae8 of karstification increase for aeveral orders 

of IIO<Jllll.tuclo if one l«-rs ceq froe 2-10-
6 eol/ca3 

to a value of o.s-10-6 eol/ 

ca3. '!be CNnge bec<aas increaaln;jly significant with ~Jn;j fracture 

lanlJU>o. "lhia al9ht explain the hllJh intenalty of karstification in tropical 

karat. euch u tower brat in QJ.ilin, O\ina, vhare foot caves of short length 

comect wr-face water to the karst water level IZl'u, 1988) and <X>2-<Xlfltent in 
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the soil durln;j rain u.e is high. Details will be discussed el""""8re. 

(kl the other hand the steep increase in st.iaes for breakthrough for ceq > 

1.5•10-
6 

a:>l/aa3tmich corresponds to soil 002-IX'essures belov 3·10-
2 

at.a at 10• 

irdicatea that karstification is inhibited if co2 is lacking. 11le curves indi

cate a threshold for karat initiation for ceq< s-10-6 ml/ca3. In this region 

the differences between karstification for large scale and small scale features 

are diaini.shin:il and range all into tiae scales of several hundred thousand 

years. 'Jbia shows that karstification in the initial state depends heavily on 

vegetation and renders to be .illlpoasible in areas of bare rock. 

5. aH:WSIOOS 

Ne have pr-esented a aodel lifhich explains kars tification frca the initial 

state to Nturi ty. The concerted action of fast first order dissolution kine

tics far frca equi.libriwa and slow fourth order kinetics close to saturation 

is the key in understanding karstification. '!be reaulta of the IDOdel are ex
pressed in te.ras of ti.lies for ka.ratification. which are necessary for the evo

lution of vaterleading flow oorduits, such that dissolution pnx:eeds in fast 

first order along the entire flowpath. Further developaent of these flow con

duits to Mture channels is effected froa then on with dis.solution rates in the 

order of several 10-2 ca/-year retreat:aent of bedrock. 

RD'ERENCES 

BAKAUJNICZ, M,: La c;ienese de l 'aquifsr karst!que vue par un geochleiste. 
Reun Nonogr SObr'e Karst-Larra 82 1982, p. 159-114. 

BEEIC, W.J., IVl'ZALL K.M.K.: Transport ~a 1975. Wiley, New York 

~. D., DREYBRCl71', W.: 'Ibe kinetics of calcite dissolution and precipita
tion in geologically relevant situations of karst areas. 
2. Closed systee 
0- Geol 53 1985. p. 109-124 

DREYBACl7J', w.: The kinetic.a of calcite diuolution and it.a conaequences to 
karat evolution fraa the initial to the aature state. 
Natl Speleol Soc llull 49 1987. p. 31-49 

MEYlll<XII', W.: Proc:ea5ea in Karst syst-: Physics, a-istry and GeolOIJY. 
Springer Seriea in physical envi...,._,ta. 
Springer Berlin, Now York 1988. 

FaUl, D.C.: 'fflreshold and Halt effecta in karat hydrolOIJY. In: Coates D. R., 
Vitek , I.D. led) 'fflreshold in geoa,rpholOIJY. 
Allen and lnnn, London Boeton sydney 1980. p. 345-362 

Gt.Nl, J., GAGEN, P.: t.i.eeatone ~Jn;j and sinkhole devel_,t in the English 
Peak District. In: Boclt B.P., Wilson, W.L. (eds) Karst hydrolo
gj: Engi-.rln;j and enviror-,tal applications 
A.A. e..1.keaa, Rotte.cda, Boeton 1987. 

1«11YKA, I., WIIJ(, z.: Hjdraulic stn>chlre of karat-fissured Triassic rocks in 
the vicinity of Olkusz !Poland) 
Kras i spoleolOIJia UIS) 1984. p. 11-24 

MYLIIOIE, J .E., CARDI, J.L.: Min!Ma duration for -1-is. 
9th Congr Int de Eapeleol Barcelona 1 1986. p. 249-251 

PALHD<, A.N.: Recent trends in karst geoa>rpholOIJY. 
J Geol F.duc: 32 1984. p. 247-253 

PUHCER, L.N., i!~ !tLi;:~ = ;ii=:::;. o:0~~~2-saturated so-

Gooch!.e ~ Acta 40 1976. p. 191-202 

VILLINGEII, E.: Karst ..-.cl Pl\&ystoa • Si.idrand der Schwiib!achen Alb. 
GeolOIJiac:Ms Jahrbuch Reihe C, -t 49, Hamover 1987. 

WHITE, W.B.: Role of solution kinetic.a in the developaent of karat aquifers. 
In: Jolson, J .S., Doyle, P .L. leds) Karst hydrolOIJY 
UAH Presa, -taville, Alabaaa 1977. p. 503-517 

7.l!U, X.: GUilin Karst 
Shanghai. scientific and technical p,blishers, Shanghai 1988. 

Prof. Dr. Wolfgang Dreybrodt 
Universitiit Bre■en - FB1 
D-2800 Bre■en 33 



THE EFFECT OF MGCO~ TO THE SOLUBILITY OF CALCITE: 
ENHANCED AGGRESSIVENESS? 

DR£YBROOT, Wolfgang 

We have reinvestigated the influence of HgC03 to the solubility 

of CaC03 in the syste■ MgCOrCaC03-Hi(>-C02- In contrast to the fin

dings of Picknett and Stenner {Trans. British Cave Research Assoc, 

S, 1978) we have not found any evidence for enhanced solubility of 

CaC03 in solutions containing between 0-11% NgC03 related to the 

saturation concentration of Caco3 . Our experi■ental points follow 

closely the ther■odyna■ic theory of the co■■on ion effect. Ne there

fore doubt the existence of MgC03 enhanced calcite solubility and 

its speleological i■plication suggested by Picknett and Stenner. 

1. INTRODUCTION 

In order to explain speleogenetic processes mechanisms have been 

invoked fro11 which renewed aggressiveness of calcite saturated so

lutions results. The most knovn is 11ixing corrosion as proposed by 

BO<]li ( 1980). Although nowadays one agrees that speleogenesis is 

also possible without this process, it may well be important for 

the development of certain structurill elements of caves ( Dreybrodt 

1987. 1988). Another mechanism was advocated by Picknett ( 1977} and 

Picknett and Stenner ( 1'979). They clai■ed fro• their experiaents 

that upon addition of s■all aaounts of raagnesium carbonate to cal

cite containing solutions the solubility of calcite ls enhanced. 

Pig. 1 shows their results (Picknett and Stenner 1978). The calcite 

solubility (ordinate) is measured in units of the calcite satura

tion concentration of a pure caco3-u2o-co2 solution. The abszissa 

gives the molar ratio of the concentrations of Hgco3 added to the 

solution to the Caco
3 

contained in this saturated solution. Thus 

the open circle at (0 .04; 1.12) tells us that upon addition of 4% 

Hgco
3 

calcite solub1.lity is enhanced by 12% with respect to a satu

rated pure Caco
3 

solution . The ful 1 line is a curve dravn through 

the experi■ental points (open circles). No explanation of this 

•unknown effect" was g-iven by Picknett and Stenner and they agreed 

that theraodynaaic equilibrium calculations should yield the dashed 

curve showing a decreasing solubility with increasing addition of 

HgC0
3 

due to the common ion effect (Picknett 1977). 

Proa these experimental findings they derived speleological i■-

plications: When water passes through pure liaestone initially, it 

will becoae saturated with calcite. If later it enters into beds of 

magnesian limestone, upon dissolution of magnesium carbonate reju

venated aggressiveness originates. Therefore the junction of two 

different limestones vith these properties will be a site of cavern 
enlargement. Another mechanis■ of renewed undersaturation is si•i

larly to mixing corrosion due to the nonlinearity of the solution 

curve and results when two saturated calcite solutions with diffe

rent contents of Hgco
3 

mix. These speleogenetic implications have 

meanwhile entered into the textbooks Jennings ( 1985), Trudgill 

(1985), and Bogli (1980). 

In a recent series of experiments dealing with the influence of 

Hg2+ onto the dissolution kinetics of calcite we also have done 

similar experiments as Picknett and Stenner under very well defined 

experimental conditions. We have found, however, no evidence of 

enhanced calcite solubility. We therefore doubt the existence of 

rejuvenated aggressiveness and consequently its speleological im

plications. 
Dissolution of calcite proceeds in teflon vessels ( 1}. The solution, 

containing analytical grade caco
3 

is stirred by teflon stirrers (2) 

with 150 rp11. The solution is open to a co2 -atmosphere of defined 

composition, with Pco
2 

• 5-10-J at■, which is enclosed by an outer 

vessel (5).This vessel contains 4 identical teflon beakers (1) for 

the dissolution experiaents. In each of these a conductivity elec

trode ( 3) measures the progress of dissolution. The outer vessel is 

Jher11ostated at a temperature 20 .:!: 0.02 C. The co2-at•osphere is 

Wir haben den EinfluO von H9C03 auf die LOslichkei t von CaC03 i■ 

Sys tea HgC03-CaC03-H20-C02 untersucht. Ia Gegenaatz zu Picknett und 

Stenner (Trans. British Cave Research Assoc, 5, 1978) haben wir 

keine erhOhte LOslichkeit von CaC03 in MgC03 enthaltenden LOaungen 

zwiachen 0-11% HgC03 gefunden. Unsere experi■entellen Oaten ati■■en 

■it der ther■odyna■iachen Theorie des •coa■on-ion effects• Uberein. 

Wir bezweifeln daher die Exiatenz der ErhOhung der CalzitLOalich

keit durch den EinfluO von MgC03 und damit auch die spelilologiachen 

Konsequenzen, die von Picknett und Stenner vorgeschlagen wurden. 
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F1.g. 1: Equilibr1.u■ concentrations in units of the equilibrium con
centrations of a. pure u 2o-co2-caco3 solution versus ■olar ratio of 
Hgco

3 
to caco

3 
1.n the lolutlon. Open squares: our data. The dashed 

line shows the result of ther•odyna■ic calculations. 

provided by first evacuating the outer vessel and then flushing it 

with the gas of O. 5% co
2 

and 99. 5% N2 . By monitoring the conducti

vity of a pure stirred water sa■ple without Caco3 , we find that the 

solution equilibrates with respect to co2 in about 10 ■in, a short 

time compared with the ti■e needed for equilibration with respect 

to calcite ( 1 0 hours}. 

In one experiaental run va aeasure sinaul taneously three sa■ples 

of varying HgCO:rconcentration in the solution and one pure sa■ple. 

Each vessel contains 120 mg caco
3 

(Baker Analyzed Reagent). 60 al 

of bidistilled water are added to obtain the pure calcite solution. 

The Mgco
3 

containing saaples are prepared by adding 60 ■l of a 

Hgco
3 

containing solution of known composition (reagent grade Hgco3 
99, 999%, Ventron) into the corresponding vessels. Concentrations of 

Mgco
3

were between 2·10-S up to 1,5·10-4 1101/1, corresponding to 

molar Hg2+ /ca2+ ratios between 2% to 11%. The Hg concentration vas 

analyzed by titration before adding the solution to the beakers. It 

was also analyzed after the experi111ent was co■pleted . The good 

agree■ent between these tvo values shows that no Hg containing car

bonates did precipitate during the experi■ent. 

After the vessels have been filled with thet.e reagents, the con

tainer was evacuated for a very short time ( 1 ■in) and then flushed 

with the co
2
-containing at■osphere such that a Pco of 5· 10-J at■ 

was established. Then it was sealed vacuu■ tight to lhe outer at

•osphere. As required by Picknett and Stennen this guarantees 
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2. EXPERIMENTAL PROCEDURE 

Fig. 2 shows the experimental set up used in our experia ents. 

Fig. 2: Experi■ental set up. 
( 1) Teflon vessels 
( 2) Teflon stirrer with motor 
(3) Conductivity electrode 
(4) Capillary for extraction of solution without opening outer ves

sel 
(5) Outer vacuua-tight vessel to establish defined p for the 

dissolution process CO2 
(6, 7,8, 17, 18, 19,20,21} Components of ther■ostating the outer vessel 

in a water bath 
( 10, 1-4, 1 S, 22, 23) Syste■ for evacuating outer vessel ( S) 
( ,16, !;;,!!~ System for filling outer vessel vi th defined co

2
-atmo-

( 10, 11, 12, I 3) Syste■ to record conductivity 

-experi■ental conditions such that dissolution in all four sa■ples 
proceeds in contact to the sa■e co2 at■osphere and the results are 

therefore co■parable. Purther■ore our experi■ental set up keeps the 

different solutions reliably separated and prevents conta■ination 

of the sa■ples. 

3.~ 

The dissolution process is aonitored by registrating the conduc

tivity. Pig. 3 shows a typical plot versus time. Saturation is as

sumed, when the conductivities of all samples vary by no ■ore than 

0.5% within 24 hours. This is generally achieved after a ti■e of 

two days. The asterisks in fig. 3 show the measured values of con

-ductivity in arbitrary units during a typical experia ent lasting 

for 2 days. T~e full line is a fit to the data using an exponential 

function C( t) • c 1 • ( 1-exp( -t/:y) J + C 
2

. The good agreement shows 

that equilibration to 99% is achieved in about 10 hours. Neverthe

less in the first experi■ents run tiaes of 10 days were used, to be 

sure that the sample had come to equilibrium. 
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Fiq. 3: Evolution of the solution towards equilibrium. The experi
aental point• are fitted to an exponential given by c ( t) • 99 . 01 
(1-exp(-t/2.011)) + 24.58 . The data show that equilibriu■ is relia
bly obtained after 2 day a. 

When equilibration was reached liquid samples of the s olution 

were extracted fro■ the vessels via a cappilary without opening 

the outer container. These sa■ples were filtered by use of a 0.45µ 

filter and immediately analyzed for pH, alkalinity, Ca-concentra

tion and total hardness, to obtain Hg-concentration. Titrations for 

Ca and total hardness were performed using EDTA (Ti triplex III. 

Herek J 0.002 • and caleonearbon acid or Herek indicator tablets for 

Ca and total hardness respectively. Alkalinity was titrated using 

HCl and ■ethyl orange as indicator. 20 111 of sa■ple were used and 

titration was performed with a high precision ( 0.2%) digital buret

te (Brand). 

Ca Mg HC03 SIC Pco2 

1. 36 0 2. 85 0. 004 s- 1 o- 3 
atll 

1. 30 0. OS 2. 70 0.06 

1.34 0. 11 2. 79 - 0. 02 

1. 25 0. 13 2. 70 - 0. 08 

Table 1: Results of concentration measurements at equilibriu■ . HCOl 
is ■easured as alkalinity. Concentrations are in 10-3 llOl/1. Sic is 
saturation index with respect to calcite as calculated from NATEQ2 
(Ball et al .• 1979). Error of concentration measure11ents is about 
3%. 

The concentrations of alkalinity, Ca and Hg as well as co
2
-pres

sure where used as input para■eters for a che■ical equilibrium pro

gram■ (WATEQ2) and saturation indices SIC with respect to calcite 

were calculated, to confir■ for equilibration. Since WATE02 does 

not accept Pco as an input paraaeter, we used the pH-value as 
. 2 
1.nput parameter 1.nstead and adjusted this value until the Pco

2 
cal-

culated agreed with Pco • 5. 10-3 at■. The pH-value thus obtained 

is slightly higher than ~he •ea sured one. This is due to co
2 

degas

sing fro■ the sa■ple, when it is analyzed. 

In Pig. I we have plotted the data of our experi■ents (open 

squares). All the paints lie close to the theoretical curve for the 

coaa on ion effect and there is no increased solubility due to the 

presence of Hgco
3 

in the solution. In our experi■ents we have aet 

the basic requireaents as demanded by Stenner and Picknett ( 1978), 

i.e. equal conditions for the dissolution process for the pure and 

Hg containing sa■ples for direct comparison. 

We have found no evidence for enhanced calcite solubility. We 

conclude fro• our experiaients, the results of which are in agree

ment with the thermodynamic theory, that one has to doubt the expe

ri■ental findings of Picknett and Stenner and also accordingly spe

leological implication related to this effect. 
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DOCUMENTATION OF CAVES AND KARS T IN REDWOOD CANYON, KINGS CANYON 
NATIONAL PARK, CALIFORNIA, USA, WITH APPLICATIONS TO S INKHOLE 
S EDIMENTATION 

BOSTED, Pe\er E. - T I NSLEY, John C. 

Lilburn cave is a co:::.,plex maze witlt over lfi '.tm of passa-1es 
mappert . This comt>lexity leads to over 300 simultaneous survey 
loops which have l>een closert hy a specially-rJeveloped co1!tputer 
program. A multi-layererl approach has been userl to ?Ort ray a t>lan 
vie·., of the cave in an htlas for;iaat. Computer colo r -1raphics has 
also been used to portray the relations'lips between the d ifferent 
t'.)assayes , with the passa-;1e sizes heing ta'cen into consideration. 
0 hoto9raphs of the color grap'lics screens have heon used to make 
stereo µairs of slides . 

0 hoto-3rap'ls 1-\ave l>een taken to illustrate t he interesting 
'.feoloyic and minerolo-.1ic features of this cave formed in banded 
marble . t>hoto;Jravhs have al~o been usert to rlocuti'lont tho 
scientific research projects bein-J conr1ucterl both underyround anrl 
on the surface . 

1. INTRODUCTION 

L1 lburn Cave 19 • complex maze cave f o rmed in a l o ng nar r ow lens 
of t1arble located unde r Redwood Canyon. in ¥ 1ngs Canyon National 
Park~ Ca l ifornia, U.S.A . Part of the Redwood Ho untain r oof 
pendant terrane of the Sierra Nevada range 1 the marbl e lens 1s 
located at an altitude of about 1500 m and comprit.e5 a b o dy of 
rock approx imately 4 l: 111 long, 500 m nide, and at lenst 200 m 
deep . The cave fol lows tha NNW to SSE trend of this i soc linally 
folded, steep l y dipping marble unit [11. Although conc entrated in 
an area of only 1000 m by 2 00 m, the cav e has o v e r 16.S km of 
passages ,napped t o datft. Sur'face outcrops o'f the mar-b le are rare , 
but col lepse o'f cave pas~ages has created a t least si x t y 
sinkholes of v arying sizes . A surface stream, Redwoo d Creek , 
sinks at several points near the contac t with the 1na1·ble, appea rs 
1n Li I burn Cavo appro >c: imately 2 k• downst r eam, can be fol lo .. ,ed 
through the l o wer rea ches of the cave, and finally s umps. at the 
d o w~strea• ond of the cave, reappearing t l:m do .. m-canyon at Big 
Spring, thence via Redwood Creek t o the Kawttah River. The unus ual 
feature of Big Spring 1s ebb-and-flo w discharge during periods 
when di s.charge e xceeds 12 cubic feet per second (2,31. 

He SUfMlarize several methods used t o document salient feature s o f 
the Red~10od Canyon karst as wel 1 as results of selected researc h 
projects conducted here. As the number of research projects is 
largo, we cannot be comprehens ive, but rather w111 f ocu s on a 
single rcpre!rentative project that is related clo1.el y to the 
cartography of this l~arst systet111. 

2. CARTOGRAPHY 
2. t Survey Methods 
For most surveys, .-.hether above ground or in the c a ves, readings 
are taken in both the forward and back.-.ard dire ctions u s ing 
et ther a Brunton compass. or a Suunto compass/inc l 1 n o mcter pair. 
If the r eadings disagree by more than 2 degree5 (or l degree if 
above ground>, they are repeated unt1l ag,-ecme nt i. & reac hed. On 
some occasions agreement to better than S degree s cannot be 
achieved, t?ven with the same person reading in both directions 
and all ~ources of a >c: tranuous magnetic fields removed. Thee e 
situa tions are .a.scribed to local depos1ts of ma gnetic mater 1al in 
the bedrock and, fortunately, are rara. Distanc es are meas ured 
with a fiberglaas tape. The notetak er makes a running sl:etch of 
the survey at the same scale as tho 'final map, usiny a protractor 
and ruler to accurately plot the survey points on the page. Th1s 
practice has been 'found to help in reducing blunders and in 
speeding up the transfer of the skatches to tha wor"°ing 111aps . 
Cross sections are shown whenever a passage~s characteri s tics 
change significantly . Survey stations at junctions (which occur 
on the average every 20 nt in Lilburn Cave> are marked with s mal 1 
111etal disks fastened to the wall with QQ.P rivots a.,d mar ked with 
the stat ion number . Dis~: s are sometimes p I acod between June t ions 
when they are separated by longer than average distance. These 
tags provide a permanent yet relatively unobt r u s i v e way of' 
niarking the survey grid for u 9.e by v a rious research proJects C IE 
locating biological traps , monitoring flooding, sedinu:mt levels, 
and s ediment m1grat1on, mapping of Joints , etc.>. 

2.2 Data reduction 
The •urvey data, and the passage dimensions at each station, are 
typed into a computer 'file. The stations are grouped into survey 
legs, which are sequences of consecutive stations joining two 
Junctions or going froftlll a junction to a dead end. The computer 
prograin determines which legs are part of the network of 
interconnected legs and which simply go to dead ends. For the 
legs that are ln the network, the program does a least-squares 
minimization 'fit to determine the best s e t of correction vectors 
that will simultaneously close all the loops. This is done 
separately for each of the three dimf!nsions that determine the 
position of the Junction5 . The quantity minimized is the sum of 
the squares of the ratios of the corrections divided by the 
e>epected e1-rors for each leg. The e::pected erl"ors for each survey 
leg are calcu l ated assuming that each compass and inclinometer 
reading has an error <sigma> of l degree and each length 
measurement has an error of S cm . If the actual errors were in 
agreement with this estimate, then the distribution of relative 
corrections s hould have a mean value of 1. Tha t thi s i s indeed 
the case for the over 290 interconnec ted legs in Lilburn Cave can 
be seem graphically in Figure 1, which shows roughly a n 
e>1ponent1al shape with a "decay width" of abo ut t. 
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La carto~raphie et vhotorlocuoentation rte Lilburn cave , california 

Lilburn save est un lahyrintl-ie tres ~omplcx avec plus r'le 16 
k r.a topoyraphie a ce jour. Cette complex! te nesseci te un programme 
d 'orrlinateur speciale pour re-.1ler les plus de 30() houcles 
topographiques toutes jointes les unes aux autres . Pour le desin 
du plan , un forr.iat a plusieurs niveaux a 8.te employe, ?()Ur 
µroduire un Atlas de la cavite . Un ordinateur a aussi ete 
employer pour produire tles ?rojections en couleurs sur un ecran, 
tout en tenant compte de la largeur des passages . Photos rle ces 
projections ont permi de faire des ;>a.ires de rliapositifs qui 
donnes l I imA,>ression de trois dimensions. 

Des photos ont ete pris rJans la cavi t8 a fin d ' illustrer les 
aspe&ts ';leolo-:1iques et 1ninerolo"2iques de cette grotte forme en 
rnarbre band~. D' autres photos montrent rUvers aspects des 
e>roje4ts scientifi4ues conrluites . 

2.3 Survey blunders 
When s e r i o us blunders occllr for stations that are part of the 
interconnected loop neh,ork, corrections much lar ger than 
e >epected are generally found by the loop closing program. As can 
be seen i.n Figure 1, most of the corrections fall on the •moo th 
exponential curve, but a few have very large corrections (greater 
than 5). The latter are likely to contain blunders. 
The procedure u s ed f or correcting blunders is to al low the 
program to input as large a correction as it likes onto the 
suspect leg by setting .thn e xpected error to a large value . A 
close e >eaminat1on of the size and magnitude of the correction 
vector in ma ny cases a l lows quick identification of the error . 
The most co111mon errors found have been: a> r e versing back- and 
fore-shots for either compass or i nc 1 inometer, b > transposition-. 
of digits on the distance, c) compass readings off by 100 
degrees, d) read i ng 1ncl 1nometer in percent instead of degrees, 
e) wrong s tation name for first or last station 1n a leg, and f) 
comp•ss read i ng s ystematically in error ow1ng to the way tho 
compass is being read. The 28 legs 1n the networ k that sti 11 
have a squared relative correction greater than 5 are consistent 
with s mall blunders <resulting in les g, than 50 cm orrors> that 
have yet to be identi f1ed 

The computor prooraffl u s es a s parse 111atri x inversion routine to 
solve the 1aystem of simultaneous linear equations res ulting from 
the lea~t-squarP"" ll'llntmization . About 10 1.econds is required to 
correct the 290 interconnected legs 1n Li l burn Cave , running on a 
mainframe-type computer . 

2.4 Portra yal 
Several methods are especiall y useful for portraya l of the 
cartographic infor mation. The fir s t is a l arge plan view map of 
Lt lburn Cave depicting all of the pass ages at a scale of t 1240. 
This map shows. passage detail such as drops, floor material, 
,aa j or s urvey stations, formations, and s treams . 
Due to the three-dimensional complex ity of most of the cave, 
offsets of selected areas a re ma de to the side of the main 
passages . To avoid cluttering, no cross sections are shown. 
Similar plan and profile map~ are being made of the two smal l er 
caves 1 n the area: Cedar Cave and Ma y• s Cave. 

To show the ful I comple>c: i ty of the cave, the cartography project 
i s making an atl as o f Lilburn Cave . The cave i a divided into 
quadrants, and for each quadrant as «any levels are drawn on 
s eparate sheets as necessar y Cup to four sheets). The task of 
d1v1ding the passages into different levels 1• not easy as there 
are almost as many connectio ns vertically as. hor1zontally. For 
each quadrangle, a spec i a l iH?ction 1s reserved to t.how cro1as 
sections and el e vations for a ll the major pass ago& shown. St~tion 
names at JUnct1ons are idontified, as are the ria mcs of pal'isagea 
and prominent features . Eventually, it is planned to overlay the 
different levels, which the level being portrayed s hown in dark 
black, and the other levels 1n light grey. 

A third ,.,ay of portraying the cave is with computer graphics . A 
program has been written that displays the passages in various 
col ors according to the1r elevation . The pas.t..a.ge di111ensions are 
drawn by interpolating the d1memsions entered at each su,·vey 
station . The cave can be enlarged or shrunk t o sho~., various 
portions in greater or lesser detai l , and it can be rotat ed about 
vertical and horizontal a>ees . Photographs of the video terminal 
h ave been made to make color prints •hawing both plan and profile 
vie1-1s of the cave. In addition, by rotating the cave 
appropriately about an imaginary fi>eed point, palrt. of slides 
have been taken that, when viewed through a 1,tereo viewer , it9part 
a realistic three-dimensionality. The progra111 draw1o tha passages 
that are closer to the viewer on top of tho ones that are further 
a.way , which enhances the realism of the 1•aga. Black-and-whi te 
renditions of the c01Pputer-generated plan and profile views are 
shown in Figure 2. In order to distinguish the various pas.sages, 
their dimensions have bean reduced to the width of the l 1nes, 
resulting in standard "line-plots" o f the cave. 

3. DOCU1ENTAT10N OF SINKHOLES ANO HILLSLOPE EROSION RATES 
3. 1 Overview 
The liurveys showing surface k.a.rst f eatures, including sinkho les, 
trails., cave entrances, .a.nd sinking tributary strea•s, a.re 

plotted onto a topographic fftap of the area at t : 4800 scale, ustng 



a lS m topographic contour into,·val. Sources of data inc l ude 
fragmentary, cartographic ef"forts that supported top i cal f:ar~t 
•tudies in past years. These are augcnented by nm·, surveys of 
trails, streadlcourBes, and geomorphic features of the Redwood 
Canyon arl!a. Al thouCJh 111ost si nf:holes l ocated up~trea• of L1 lburn 
have been criarted, only d pvrtion c.,f" those that lie above Lilburn 
Cave have been included so far. When thi5 "'mrk i !!l comp leted, it 
wi 11 be possible to try to correlate thP surface sin~holes 1-,i th 
deposits of granite boulders that are o ften found plugging upper 
level passages . As th@ only natural entrance to Lilburn is in tho 
bottom of one of the sinf:holes, comparisons of ~1nf:ho lcs and 
cave blockages of b oulders may al l on identi'f1cat1on o f other 
entrances that once were open to the 5urface . 

Figure 3, a generalized ,.ap, depicts principal features of the 
Redwood Canyon .-arst area. The array of sinkholes, !a1nl.1ng 
streams and Big Spring resurgence roughly del1m1ts the 
latitudinal extent of" the marble lens. Lilburn Cave occupies 
about 2S~ o'f the length of the marble, chiefly between Mays Cre•k 
and Pebble Pile Creek. The s1nl•hole ar1-ays situated north of 
Lt lburn Cave are the> ••al 1 basins usud to study ra't:cs of so1 l 
erosion, a •tudy descri:bed brtcfly below. All c uve features 
shown have been located using surface !itirveys; the forest canopy 
precludes effective use of v15ible spectrwn aer i al photography. 

Tr•nsport of earth 1111aterials from slopes to sinkholes and 
caves are important i.n the evolution of ~arst basins; however, 
opportunities t o estimate rates of" 50 i 1 erosion and s l ope 
degradation i n karsts of the uestern Uti1tcd States under 
conditions of natural vegetation are seldoin realized . In Redwood 
Canyon, a 700-year old silic1c volcan ic ash 1-,as blown 1n from the 
eastern Sierra Nevada and subsequent l y bl~nketed tho •antled 
f.::•r•t; this tephra deposit today f"orau;; a discrete hor 1::on i n 
se lected sinkholes and provides a stratigraphic basis for 
calibrated, vo lumetric est1t11ates of post- tcphra sedunent ero ded 
to the •1nkholes . The data we present are prulim1nary yet 
reflect an effective 111eans t o document caveu and selected • arst
re 1 a ted processes . 

3.2 Nature of s1nkhole• and 11. in5-hole s~d1ment~ 
The •inkhole sediments are composed chiefly of gravel, sand, 

si lt and clay derived from the granitic and metaniorpluc rocl-:s 
which -frame the canyon . and from alluvial terrace depos1l-s along 
Redwood Creek and its tributaries. Drainages tributary to 
Redwood Creek typically sinl: at or near the contact o f f<ed-.,ood 
Canyon'• •arb le and the adjacent granitic and non-c.arbon<1tt? 
meta1110rph1c rocks. The whito, powdery tephra, tdenllf"ted by its 
d1stinct1ve trace eleraent chenistry es a produc t of the neadn1an 
Do•e vent in the Inyo Craters volcanic chain located south of 
Mono La.,.e in eastern Ca lifornia (41, 1s c as1l v recogn1;;:ed 111 the 
field u•ing soil augers or gl1t trenches. This tephra ho\s been 
dated at about 700 radiocarbon years before present 1n the 
meadows of the Sierra Nevada and near the eruptive cent~r [5]. 

In favorable geo1r1orph1c situation", the tephra was eroded from 
hill•lope•, rivulets, and gullies and was deposited 1n the 
s1nld1o les. The ,.os.t favorable setting f or these s nd1raental1on 
studies requ1res sinkholes which are plugged .,,1th sand and si lty 
sediment. The sinkholes ""-1s t lack eff"1cient condu1t-relalod 
drainage, but ,nust be slow ly per,neablo to water. Pen&1~tenc-R of 
a •eepage-domi.nated hydrologic regime ftleans that the sed i a,ent
plug affectively traps fine sediment, 1nclud1ng tephra.. The 
trapped '5edicaent is accreted vertically to that s inthole 'c; 
« et11nwsntary rocord. In contr-3-::;t, -:i.ini.-holes dr<ft.zned by open 
condu1ts usually transt111it most of thu f1ne-gra1ned sediment (and 
volcanic tephra> directly to the cave 11ystem below. Such 
sinkholes preserve l 1 ttle record of the ash and are not useful 
'for thi• study. Sinkholes located on forested terrain where 
slopes. .. ea.sure less. than about 8 degrees typically did not 
receive tephra or sediment rap1dly enough to produce a reliable 
stratigraph ic record. Exposures i n shallow trenches indic•te 
scattered pockets of" tephra are preserved in burro1-n;; app,11.rent l y 
bloturbation occurring on the forest floor destroys the tephra 
layer. Where tho sinkholes have not col lapsed or formed 
stratigraphic leaks into the cave during the post-tephra time 
period, the tephra is effect1volv i sochronous, having been 
erupted, transported, and deposited within a very short span of 
geologic thie. lh111 marker bed establ i !!ohes age equivalence among 
deposit• in widely '5Cp«rated localities. Tho Redwoc.,d Canyon 
karst is a convenient labora tory wherein rates and processes of 
• lope erosion can be appra:ised, owlng to tHe tephra "clocl·" 
pr,n,erved in 111any 1.1nkholes. 

3.3 Methodology 
In each sinkhole, an array of 15 to 30 borings are dug using a 
hand-powered soi 1 auger. The respective th 1cJ-nesses of tephra 
and post-tephra sediment are measured 1n each hole. Surveys 
using compasaes-and-tape as described above are conducted to 
cha.rt the auger holes in the sinkhole, the basa l perimeter of the 
•lnkhole, the drainage basin area of the sinkhole, and the area 
of the drainage basin wherein the slopes exceed 8-10 per cent. 
The respecti.ve volume5 of tephr& and po~t-tephra 5ed1ment are 
l!atil'll•ted using standard planimetric and isopach techniques. The 
quotient o f the tephra volume (or pos t-tephra 5cd1ment volume) 
divldftd by the area of the drainage basin draining into the 
• •nl:hole y ields an c-s timate of the vertical th 1cl-ness of tuphra 
(or post-tephra sediment) £"roded ,nt'.o •he ce,nl·hnlr> 'from the 
dr&inage b asin, provided the sinkhole has indeod trapped sed ia.ent 
and has not leaked appreciable sediment into the cave system. 
Frot11 comparisons among several s inl.holos and d r«1nage bas ina, .-,e 
expect to be a.blc to learn how the estimated erosion rates vary 
l\5 functions of basin s1zo, s lope, aspect, vegetation, etc. The 

· uatimated erotston rates .,,ould be ar,pl ic•ble to the mixed 
coniferous forest ecot.ystem under conditions of climates wh ach 
pr•vailed during the p~st 700 years. Only by compa1·1ng 1-csults 
'from a number of well-plugged stnl.holes can .,,e obt•in stable 
estimates of average sediment yield. 

3 . 4 Prel 1minary Rcsul ts 
Tnenty-two sinl holos have been examined and t~n s1nl holes have 
be•n •ugered as of 12/31 /88 . l◄ i 11 slopes of 1 ■gs than 10~ trnd to 
retain at leaat part o'f the mantle of volcan ic ash, which then 
b■COfflllS ll'lilced with the soil owing to bioloq1cal f'nd physical 
proc•s•ea . Slopev steeper than about lOY. generally shed thei r 
A1lh m•ntl• read1 ly into the oinl:holos and are more pff1clent 
contributor• of &edi•ent , aspec1al ly coarse sudimcnt, lhan their 
more gently-s loping neighbors. The tephra bla11lel appa,·ently 
ranqed in thicJmeaa from l to 5 cm thick in the Redwnod Canyon 
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Erosion rates of the ~0 1 l 111antle rne~sured 1n this way 
range from 0.5 -1,5 cm/yr during the past 700 rad i ocarbon years . 

4. PHOTODOCUMENT IOfl 

P-hotoqraphy has been used e::ten5ively to document the natural 
resources of Redwood Canyon as wel 1 as the onqo1ng reeearch. 
Araong the 1nterest1ng underground natura.l features are the very 
photogenic banded marble, a var iety of passaqe shapes 'fro• tubes 
to f eyholes to canyon!:. and crB.wlways, deposits of s1 lt and clay 
rhyth111ites, the streams and ~-taterfall s , and unusual cave aunerals 
Cb] such a blue coppei--bear1ng flowstone and stalactite depos its, 
a large c..-lc1te cave pearl, and orange, carrot-shaped 
stal act 1 tes. Above ground, noteworthy l:arst fQatu,·es are the 
sinf:holea and B1q Spring . Among the res;earch p1·0Jects that have 
been captured on film ar~: 1nstall•t1on o-f ,non,tor1ng equipment 
at B1g Spring, int.tallati.on of" a telephone lino to monitor water 
level s 1n the cave and correlate them with flushing of the 
apr1ng , col lect1on of sediments and biota, the ongoing surveying, 
the measurea1ont and survey of" volcanic ash C lephra) depo\i 1 ts 1 n 
s i nkholes, and various dye-tracing and water chemistry proJects. 
A new, r 1gorou9 photocnoni to,· i ng effort is record Ing the e volution 
of a very large s1nl..holc that opened up 1n Pebble P1 le Creel.. 
above the south end of Lilburn Cave (between October 12, 1987 and 
March 31, 1988) and the res ulting dramatic changos 1n sand levels 
1 n the passages ba low. 

5 . CONCLUSION 
Oocu1111entat1on of the Redwood Canyon karst proceeds along several 
divurse but comp l imentAry avenues. Thesl..' include depicting the 
principal caves at three d1f"tcrent level s of scale and det31l d1"ld 

providing cartographic support f"or a diverse ai"'ray of -sc1ent1f1c 
1 nv1n•t 1gat ions. 
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Figu1-e Captions 
Figure 1: D1stribut1on of 'liiquared survpy correct1on.vec·tors 
d1v1ded by expected raagnitudes of interconnected survey logs 1n 
Lilburn Cave. 

Figure 2: Pl.iin and prof1 le v1ew of Lilburn Coilve. 

Figure 3: Map •hewing sur-face and subsurface karst -features of 
tt,e Redwood Canyon karst area. 
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CA VE SITE SEL-UN GUR AND P ALEOGEOGRAPHY OF UPPER PLEISTOCEN 
IN SOUTHERN TIEN-SHAN 

SGIBNEV, Valenun v. 

In mountain regions of lliddle Asia are knom, cave sites related horizon do not are found, 

to ldousterian, The new cave site Sel-Ungur (Obishir valley) is not

able for eventful of its geological section.Two horizons corres

ponding to different sedimentational situation have been described, 

The lower horizon is psephytic,uniform, with numerous artifacts and 

bon,y material, This horizon is genetically associated with accumula

tion of talus in lower part of cave In upper horizon there are ni

ne rhythll\s of combining layers of aleuropsammi tea and strongly 

humuaic aleurits. Up the leyer turbidid fmgments, cryogenic tex

tures, planes of slipping are shom,, Bony artifacts in the upper 

Por Quaternary geology of Lliddle Asia the problem of pa

leogeographic reconstruction are of great importance. It is as

sociated with limited possiblities of traditional methods for 

this region • Geomorphological correlations are braked by un

synchronal development of fragments of mountain structures and 

intermountain areas and, as a result; by different altitudi

nal position of coeval relief forms. Quaternary sections of So

uthern 'l'ien-Shan have complex structure , contain many aedimen

'ta tion interruptions and extremely few paleontological material, 

Unsufticient level of strotigraphic otud:100 both tauniotio o.nd 

absolute explaines the existence of considerable blanks in pa

leogeographic reconstructions. 

First of all this observation is related to Upper Pleusto

cene. In this connection the cave deposits that contain strati

fied artifacts and bony material are of especial interest. 

In lliddle Asia caves and grottos are known whose sections 

can be related to Upper Pleustocene in accordance with contai

ning materi al, Among them there are caves Amankutan, Obirachmat, 

grotto Teshik-Tash and others, In this cavities many artifacts 

have been found, flakes, scrapers, knifes, nucleus etc. In the 

past two decades the reach bony marerial has been collected 

and precessed (Batyrov, Batirov, 1988), All data are indicative 

of wide and mass settling of man during Upper Pleustocen in 

aubmountaine region of Southern Tien-Shan, Prom the point of 

view of modern-day lithologic-pal.eogeographic studies the acti

ve assimilation of natural refugee, namely caves and grottos, 

also bad negative consequences. The cave sections have been 

strongly altered by antropogenic factor, they are badly inter-

prated, contain much added material, Thus the cave deposits 

that had been affected by anthropogenic influence, have now 

exterretorial character, reflect paleogeographic situation of 

considerably distant places ct hunt , collection and, perhaps, 

exchange. In this connection the cave Sel-Ungur is of excepti

onal interest for our investigations. 

The cave Sel-Ungur discovered by A,P. Okladnikov 1n 1955 

is disposed in Obishir valley in spurs of ridge Katrantau. In 

recent yeare archaeologists from many regions carry out active 

Geomorphological correlation showsthat settling of cave site 

Sel-Ungur 1'88 occured in stage ct stabilization of Pleistocen sub

aridic climatic optimum, The climatic unetability ct intermediate 

stage in late Upper Pleistocen and appearance of Lower l!olocen tar-

races that took place under nival gumidization ct region compeled 

man to leave the cave . lJigration of man from eubmountall\ region of 

Southern Tien-Shan can e:,:plaine the interruption in settling of ca

ve sites from Upper Llousterian to Late Pal""1th. 
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Pig, 2 Structure of horizon "B" (upper) from section 

of cave Sel-Ungur. 

studies here. Till present time a section of cave deposits 

that has more than 15m in thickness and contains two large li

thological horizons has been studied (fig, 1). The lower one is 

psephytic, homogenous with numerous artifacts and bony materi

al. Thie horizon is genetically bound with accumulation of ta

lus in lower J&r.t of known cave volume. From data of Ielamov 

(1988) the main part ct this horizon relates to Acheulian. Ac

cording to Ranov (1988) the age ct this horizon cannot be more 
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Fig, J Interrelation ot cave Sel-Ungur and b,ydrothennokarst system in variollB stages: 
1- before Upper Quateniary; 2- atter Upper Quaternary, 

~ - hydrothennal water in Obiehir cave system, 

200 Ky, For this horizon the pal.ynologic data are obtained 

(Velichko et al, 1988) that indicate, in author's view, the 

xerophility ot paleolandscape. All above data are related to 

lower debris-loamy horizon underlyining the sterile upper ho

rizon. 

Possibly, this horizon didn't attract attention until 

present time becouee ot its archeological and taunistic steri

lity but its content is ot exeptional value. In upper horizon 

nine rhythms ot combined aleuropsammitic and strongly humic 

aleuritic interls,yers (tig. 2), tom a very substantial secti

on about 1,5m in thickness. Prom base ot this horizon up the 

ls,yers the turbidite !nl8Jllents are shown and in the top prt ot 

it the cryogenic textures and slide planes are tound, 

Thus, it is obv1.oue thet two climtic stages correlate 

"1.th two horizons ot cave section. The prolonged xerophilic 

epoch corresponds to the lower psephitic horizon. For a large 

duration ot this epoch the climatic conditions tavour to man 

B.Saimilation ot areas ajacent the cave. It io neoeooa.ry to p,r 

int out that the xerophili ty ot surrounded landscape was de

tennined not by lithological studies but by data ot pollen 

analysis (Velichko et al, 1988), The humid-subnival stage cor

responds to upper aleuropsammitic horizon. Becouse of severe 

conditions the zone ot man settl:ln6he• been mooved aside to the 

valley. The stratigraphic position ot the boundary between two 

horizons can be related to early Moueterian. 

The questions about stratigraphic position ot the age ot 

a cave settling and correlation between lithological composi

tion and paleogeographic situation are disputable, 

For their solving it is necessary to detennine the age 

of appearance ot cave entrance. The ambiquity of such question 

is obvious becouee ot regional specitity o! karat evolution, 

The mUltistage superposition ot cold-water karat and gravita

tional caves on the b,ydrothermal paleokarst matrix is geneti

cal pecUliarity o! karat in this region. The cave Sel-Ungur il

lustrates this scheme "1.th e:mptional clearness. At the same 

massiv several caves "1.th superpositional hydrothennsl minera

lization have been opened. The water temperature in the cave 

reach J5°C that indicates the uncompletenese o! hydrothermal 

stage ot karat evolution, The cave Sel-Ungur is located in the 

root hydrol<arst system and is an integral part of it (tig. J}. 

Our scheme allows to undrrstand a history o! the cave site 

evolution and the reasons of its leaving by man during Pleusto

cene. The settling o! cave Sel-Ungur occured uncertainly long 

ago, but in that time the cave was directly bound w1. th hydro-
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thennal karat system. During this period the monotonous gruss

debris section "1.th loamy !iller hes been tonned, This horizon 

doesn't re!lect the climatic state ot landscape out of the ca

ve. It may be only pointed out that the low humidity ot region 

and the weak flooding o! root of karsl massive is characteris

tic ot this horizon. The weak lithitiootion ot lower horizon 

is bound "1.th such conditions and it is not characteristic of 

cold-water caves ot this region during Quaternary (Abdudjaba

rov, 1979), Aleo it ms,y be supposed that the antrance into the 

cave was narrow enough and this limited the climatic interrela

tion between the cave and the surface. 

An appearance ot modern arch antrance took place during 

evolution ot Obishir valley slope in Quaternary. The evolution 

ot valley slope didn • t only climatically bind the cave and sur

rounded area but also coincided "1.th fftage of ice sheet deve

lopment in Tian-Shan. This event opened the cave tor cold air 

and the cave ceased to be warm and dry. The man leaved it. In 

thi.s period man migration to warmer regions is characteristic 

ot the all mountain belt ot Tien-Shan. Thus an interruption in 

settling ot cave sites trom Upper Mousterian to Late Paleolith 

!or this landscape belt ot Southern Tien-Shan in axplained by 

development ot Upper Pleuetocene ice sheet and intensive humi

dification o! region, 
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ZONATION OF KARST IN TIEN-SHAN AND PLATE TECTONICS 

SOJBNEV, Valenun v. 

Principles of zonation of karat in Tien-Shan are remained a 

matter of d1aoueaion for many years. Por Tien-Shan the separation 

of small karatio t11J1:ona is baaed on lithology-tectonic foundation. 

Under this it is .-uppoaed that karstic province of Tien-Shan is a 

part of karat country of Siberia and IJiddle Asia. Ile draw atten

tion to two principal theses. In first place, to:ming of moUI>

tain structures of Tien-Shan was occured for Alpine stage ct tecto

genesis by interaction of Ind1an and Asi an plates. In the second 

place, the tectonic regillle of the whole Tien-Shan for Quaternary is 

aynchronal. Analyaia of spreading of karat forms in rocks of 

The principles of karat zonation in foldmountain structu

res are remained a matter of discussion tor many years. The 

larat zonation of 'l'ien.-Shan, the largest mountain structure of 

orogenic belt ct Southern USSR ia a great part of thia diacua

aion. Starting from studies of llarlJnortch (1953) the karat re

gion of Tien-Shanie related to karat country of Siberia and 

lliddle Aaia (Gvozdetelcy, 1972). Prertoualy this position d1dn't 

raise doubts. 

According to the views adopted the geotectonic and geo

structural zonation lies in the basis of separation of karat 

taxona. The separation of smaller taxons is based on 11 tholo

gic-tectonic and climatic zonation. At our glance zonation of 

non- carbonaceous karat and karatomorpbous phenomena is prede

teminad by tectonics only to a small extent. Here the litho

logy and the climate are dominating factors. In thia study we 

consi der position of subregional and regional zonation of 0112'

bonaceous karat in connection with schame of global tectonics 

(fig. 1 ) . 

Recent studies have shown that the combination of two ve-

various composition and geneaia that carried out in conformity 

with ach'""e of intersecting ■orphoatructurea of Tien-Shan allowed 

to make the follows conclusions: 

- karat country of mountain structures in lt1ddle Asia 1a 

structurally isolated ,rom Siberian karat country; 

- by morphology, placing and stages of development of cold- wa

ter Quaternary cavea the '1'1en-Shan 1a integral region that identi

cal with karat prortnce ; 

- the hydrothe:naal carttiea of South Tien-Shan inherritedly 

mapping the active fragments of Asian plate. 

onal type are less known. They are associated with zones of 

weakness along river drainage or with paleofrag■ente of the 

lattar. 'l'o the second type we can relate the caves Agale.-Tas 

(Sgibnev et al, 1977). and Kastan I e. Beaides above, in the re

gion of horizontal d1aplacement the hydrothe1'1al caves are fu

lly presented. The cans of corrosive-erosional type don' t on.

ly widespread in this regi on but also have large d1mentiona 

and thick sinter crust. Por that caves the correlation between 

1evele ot karatitication and draJ.nage .,-stem 1• characteristic 

of (Sultanov, 1972) within the limitsof Pleuatocenic-Holocenic 

stage of tectogenesis. The cave3 of gravitational- erosional 

type are distributed rather wu.form in the landscape belt. 

Morphology of caves have ben studied is closely connect 

with their ganesia and reflects the degree of correlation of 

karstic and tectonic factors. 'l'be grevi tationel-eroaional ca.

ves have small dimentiona, contain eith;~!;t;aita or don' t 

have reaidial material at all. This caves have simple contours 

in a pl an and many linear elements. The lenght of corrosion -

erosional caves mounta to hundreds metres (cave Chil- Uatun) . 

otors of tectogeneeis - the horizontal one and the vertical Sometimes this caves have eeveral feebly marked levels. In 

one - is characteristic of Tien-Shan (Litosfera •••• , 1986). To 

south-west f r om Talaa-Perganalcy fault the horizontal displace-

ment dominate• that is cond1tionad by an approach of Indian 

and Aai..,plates. To north- east from this fault the vertical 

uplift• prevail. The correlation between this regions is shown 

on fig . 2. ,fe have studied a genetical bond of large karat 

taxona and two •ectore of tectogeneaie. 

In 'l'ien- Shan more than JOO caves are known in carbonaceo

us roeks (Sgibnev, 1979), mainly of Lowar and ltiddle Paleozoic. 

'l'hr•e types or cavu are genetically provail:grarttational

eroaional, corrosive-erosional and bydrothormal. That~ spatial 

interrelation brightly reflect• the features of structural-te

otonic division of Tien-Shan. In regions of dominant vertical 

riee the great part of caves 1s related to gravitational-ero

sional type. Thia caves are associated with gravity fissures 

and small openings of dicission. The caves of corrosive-erosi-
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Pig. i, Position of studied area in general scheme 
of global tectonic elements (ns used the 
base of A. llichard, 1987 with additions of 
authors}. 



this caves allochthonous and autochthonous deposits are combi

ned. Autochthonous material is carbonaceoue-argillaceous,often 

with thick sinter crust, Allochthonoua material is represented 

by aandy-a:gillaceoua, rarely sandy-gravely deposits. 

For hydrothermal caves the avialability o! cryatallitic 

crust is also usual, Among them the minerals o! epithel'llBl as

sociation such as antimonial-mercurial, barit-calcitic and ra

re-earth (Sgibnev, 1981) . are met. Such as above associations 

is usual 1·or cave deposits or Zeravshan-liisee.r karat. 

The genetical types of caves are also varied from one 

another by temperature of karat water. In corrosion-erosional 

caves a water has temperature lower 14°0, in hydrothermal -

above 20°0 with reaching J5-40"C (Abdudjabarov, 1979). 

Pig. 2. Scheme o! interrelation o! interaeding morpho
structures· 1n Tien-Shan {after "Litosfera •• •• ~ 

1986 /B.I.lolakarov, O. K. Chediya/) and areas o! 
hydrothermal karat (Sgibnev, 1981), 

hydrothermal areas; \ - tranaorogen1c !aul t 

/- axes or structural ~:I.gs in Southern "rien
Shan and Chu-Il:!. masair 

The available eVidence allow to make some generalizations. 

Tectonic history o! evolution o! individual fragments o! Tien

Shan has an effect on genetic content o! karat landscape. The 

gravitational-erosional caves are mainly azonal concerning the 

large tectonic elements. First o! all their position is cont

rolled by lithologic-landacape !actors. The corrosion-erosio

nal caves is their evolution are closely, first and foremost 

stratigraphically, bound with tectogeneaie. Thie bond is con

ditioned by stage evolution ot river dminage and synchronous 

development o! karat systems, in the first place within the 

limits o! Pleuatocenio-Holocenic stage. More old synchroniza

tion doesn't baa sufficient !actual ground till present time, 

The most close bond with regional tectonic structure is obse

rved !or hydrothermal karat, Spatial poai tion o! hydrothel'llB l 

karat is limited by eubmontane frame o! southern slope o! Per-

gana valley, More r~ely such caves are found in the nor-

thern-eaatern peripheral part o! this valley and carbonaceous 

masses o! Northern Tien-Shan. Practically all karat places and 

districts adjoin to axis o! transversal uplifts (fig. 2). 

The foregoing observations must be coordinated with two 

principal considerations. In the first place, forming o! moun

tain structures in Tien-Shan and contiguous mountain plexus to

ok place during Alpine stage o! tectogeneaia by interaction o! 

Indian and Asian lithospheric plates. In the second place, tec

tonic regime o! whole Tien-Shan durtng Quaternary was ayncbro

nal according to majority estimations. 
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SUmmarizing our analysis, we would like to propose the fo

llowing conclusions: 

- Karat country o! mountain structures in lliddle Asia is struc

turally isolated from Siberian karat country. Accordingly,it is 

necessary to distinguish this karat country as independent te.

xon unit; 

- In accordance with morphology, placing and stages o! evoluti

on of cold-water corrosion-erosional caves during Quaternr,y, 

Tien-Shan is an integral karat region identical with karat pro

vince. Thie allow to study the cold-water caves o! Tien-Shan as 

an integral genetic totality independently o! subregioml !ac

tors. Thie conclusion directs tuther investigations to peculie,. 

rites o! manifestation o! local Uthologic-landacape features 

and demands the stratigraphic foundation o! karstologoue studi

es !or this cave group outside Quaternary1 

- Hydrothermal places and districts cannot be regarded in gene

tical bond with cold-ffBter karat ta,:one. The hydrothermal caves 

o! Southern Tien-Shan are placed in regions with prevalence o! 

horizontal movement ot earth crust, and this caves are geneti

cally bound with large tectonic structures. In this connection 

such caves may be regarded as a stable indiqators o! mobile 

fragments o! lithospheric plates. 
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TECTONIC BOUNDARIES AND STAGES OF KARSTIFICATION IN TIEN-SHAN 

SOIBNEV, Vatenun V. 

In orogenic belts it is of great interest the correlation of 

stages of tectonic activity and karatification, The tectonic struc

tures of Tien-Shan with widespread karat and karatomorphic pheno

mena are arisen as a result of stage interaction of Indian and A&

ian plates. Thia staging causes the essence and evolution of karst

ification in region. Sections of hydrothermal caves in Tien-Shan 

contain hydrothermal and cold-water depositions. The hydrothermal 

superposition corresponds to completive stages of Hercinic tectonic 

activity of region (K-Ar 230-2)6 Na). In present the level of cold· 

water caves associated with position of surface stream flows are 

In fold-mountain structures the stud,)' cf interrelation of 

tectonic activization stages and karstifica tion is of great in

terest. This is conditioned by dominative role of tectonic fac

tor in spatial localization of various carbonaceous karat types 

in Pamir - Tien-Shan region. Por this region the influence of 

tectogenesia on atratigrapbic atageo of karetifioation is re

mained uncertain. In present stud,)' "e analyzed the role of tec

togeneais stages of Tien-Shen and its paleofragments in forming 

of hydrothermal and cold-water karat in carbonaceous rocks • . 

As a methological base of our "ork "e use the tectonic po

si tion of Tien-Shan in fold-mountain belt of Southern USSR. In 

recent years it "as shown that tectonic structures of Tian-Shan 

have been arised from interrelation of Indian and Asian litho

apherio plates (Litosfera •••• 1986). Our findings indicate 

that stage chn,oter of this interrelation causes the stratigr&

phic content of karat evolution in studied region. 

To the full the stage character of tectogeneaia has been 

shown in stage evolution of cold-,.ater karat caves in karat r&-

giona of Southern Tien-Shan and Zeravshan-Hissar. Four la..-

rge fragments of cave Kievskaya (-950m, plateau K,yrk-Tau; Lob&-

nov, 1978)correspond to four stages of Pleuatocenic-Holoce-

~c tectogenesia. The caves of Southern Tien-Shan are disposed 

on the four levels. Thie levels a.re synchronoua with terrace 

level.lat altitude intervals on 650, 375, 75 and 6m above modern 

tluvial planes (Sultanov, 1972). Accordingly, the age of caves 

is dete:nlined aa Early, lliddle and Upper Quaternary and Holoce-

ne. In variant of local stratigraphic scale the age correaponda 

to Soh, Tashkent, Golodnoatei and Syr-Dar,ya complexes accol'

dingl,y, v.I. Kucheryavih (1970) noted that caves of Southern 

elope of Chlllllkal'-Tau are coordinated with Zeravahan river tel'

racea or IQ'llchronal terracea of lateral aftluanto. Thus, for 

cold-,.ater karat caves and their .,.atoms ia characteristic of 

the olo■e bond bet,.ean atage character of evolution and stages 

of tectonic activisation of region during Quaternary. 

formed, It is characteristic of to the region the following evolu

tion of karstification: 

_ during the periode of tectonic stability the karat cavities 

associated with surface water stream flows are for,ned. Under tecto

nic activity the karat drainage system is destroyed and part of ca,

ves is become a collectors of bydrotherue.1 solut~rna; 

_ during the following stable period the bi.so <'f ne" karat 

drainage system is formed, a superstructure of paleokarst fragments 

is added electorally and a complex systems with stage hydrothermal 

remaking and mineralization are formed. 
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The question about stratigraphic correlation of tectoge

nesis stages and stage character of evolution of hydrothermo

karst systems is solved less synonymously. The hydrothermokarst 

cavities and their systems are widespread in karat regions Ze

ravshan-Hissar and Southern Tien-Shan. Their studing is associ

ated with industrial development of postkarst hydrothermal de

posits. Tbe most detail stratigraphic description of hydrothel'

mal mineralization have bean obtained for antimonial-mercurial 

depos1tiona of Southern Tien-Shan,(Barvinkova, 1975). It was 

determined that hydrothermal superposition of mineralization on 

karat systems has been occured 2)0-2)6 mln years ago during fi

nal phase of Late Hercinic tectogenesis stage of Southern Tien

Shan (Berger, 1979). This data allo" the hydrothermal karstUi

cation on the antimonal-mercurial depositions to be related to 

the bounder:, beetwen Hercinic and Alpine tectonic cycles, The 

stud,)' of barite-calcitic mineralization of Peraman system pel'

mi ts to mark out the Pl1ocenic-Pleustoce1mc boundary of hyd

rothermal re,.orking of karat system. Thus, "e can suppose that 

activization of hydrothermal karat processes coinsides with 

large-scale tectonic boundaries in evolution of Tien-Shan and 

its paleofragments. 

Pig, 1 

___,___ 
Combination of hydrothermal cave and cold-wster erosion
corrosional paesage in Persman massif. 



It is,of exceptional interest to study the co=elation of 

cold-water and hydrothermal st98es of karat processes in poly

genetic systems. This is associated with determination of ge

netic content of initial karat mai-rix and its evolution.Let us 

to regard two tipical examples. System Surpriz-Petrova of Pel'

sman massif shown the co=elation of cold-water and hydrotel'

mal processes (fig. 1). The hydrothermal cave, which is reve

ted with trigonal scalenohedroru, {21j1} , in a great part of 

its volume is disposed lower and higher of present river level. 

Thia system had been opened during Lower Holocene by erosion

corrosional passage. At present the passage is disposed above 

the river level on 7-8m. Its floor along the whole lenght is 

covered with river coarse sand. Thus , the system with Plioce

nic-Holocenic hydrothermal mineralizati on is complicated by 

Low Holocenic cold-water fragments . In karat system of Obishir 

valley an another variant of combination of cold-water and hy

drothermal processes has been met (fig. 2} Laminated sandstone 

from coarse-grained to dust-like is squeezedin lower part of 

cold- ater deposits 

Pig. 2 Combination of hydrothermal and cold-water 
deposits , in system of Obiahir massif. 
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cave between the hydrothermal margin and the bedrock. In this 

case we observe deposits of cold-water karat which are older 

than 250 mln years . Hence, the cold-water karat system was 

being developed during Hercinic cycle in epoch of tectonic 

stability. 

Summarizing our analysis we would like to propose the fo

llowing redefinition of the st98es of karat evolution: 

- In regime of tectonic stability the karat cavities associa

ted with surface watel'-streams are formed. During the period 

of tectonic activization at the bOladary of epoches the karat 

draill98e system is destroyed or is divided into parts and part 

of caves is become a collector ot hydrothermal solutions. 

- During the following stable regime the new karat drainage 

system is led. The drBin98e system inherits a paleomorphologi

cal pattern and at the same time the individual cavities are 

electorally added. In such a way the complex system such as 

Persman or Kan-I-Gut are formed. 
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FEDERAL CA VE PROTECTION IN THE UNITED ST A TES: THE FEDERAL CA VE 
RESOURCES PROTECTION ACT OF 1988 

HUPPERT. Georg~ N. - THORNE, Janet B. 

C.ve.s on Federal lands have had ll■lted protection under a varh.ty 
of lavs. Prlor to 19881 no Federal lavs spe:clflcally addressed caves •• 
• unique envlronaent, On October 21, 1988, both houses of the Unlud 
St.ate■ Coqn:sa paued hghlatlon t o protect caves on Federal land. The 
Federal Cave Resources Pi-olcc.tlon Act of 1988 la the cul■lnatlon of a 
cooc•rud effort by supporters that started ln 1982, 

Tbe Act ls a coapro■lse between the vlshea of l t s supporters, 
largely la. the speleologlul co--.ialty, and the, perhaps aore practical, 
desires of those ln the Federal aceoch:s that vlll ad■lnhur it. One 
coepro■lu: in the lav ls that lt vlll only be applied to 'signflcant' 
c.aves rather than all caYes on Fede.-al Land. A pnclse deflnltlon of 
'•l&niflcant' has yet t o be deteralned. 

Speholoalcal organizations have beea Invited to beco■e Involved in 
working vlth Federal •&encle• in• nine 110nth foraulatlon period. During 
that period. the criteria fo.- 'sianlficance' will be d e fined, and other 
naulatlons vtll be drafted. Such regulations vill be challenalng to 
vrtte becau•• they ■uat be strong enough to requlre careful watershed 
aaoageae.n.t 1 but sl■uluneously be flexible enough to tallor the 
aaoa1eaent to the unique eco•y•t«• of «ach cave. In addition, the first 
ll•t of ' •l&nlflcant ' caves vlll be produced. Thi• vlll be. an open list, 
.10 t.hat it vlll be possible to add other caves t o it in the future. 

I. A BRIEF HISTORY OF TIIE ACT 

Late in 1988 events of aonuaental t.aportance for federally ovned 
caves occurred in the Congress of the United States . On October 21 the 
U. S. House of Representatives passed the Federal Cave Resources 
Protection Act of 1988. President Reagan signed the Act into lav on 
Noveaber 18, 1988 as Public Lav 100-691. 

While there have been a mmber of federal laws that could be used to 
protect acae caves {1.e. t.he Antiquities Act, the Clean Water Act, the 
F.ndangered Species Act, the Federal Archaeological Resources Protection 
Act, the Historic Preservation Act, the Wilderness Act, and aany others), 
none of the. specifically aentione ca•es. Additionally, only a Hatted 
nuaber of cayea could be covered by the pro•isions of these Acts 
(Huppert, 1979 and 1986; Ruppert and Vbeeler, 1986). These shortcoaings 
alloved ca•es to be ignored by federal unagers. This vaa usually due tu 
the lack of knovledge of the presence of caves or of their significance, 
rather than deliberate exclusion. Heny states have recognized the 
uniqueness of c.aves by pass ing legislation prorlding for soae protection. 
Hore than half of the etatea nov have enacted state caTe protection 
lave, the aoat recent of Yhich are le.ntucky and Alabaaa. Vhile these 
act a carry the force of lav on federal land, they are rarely applied. 

The signing of Public Lav 100-691 caps an effort that lasted aore 
than six years. In 1982 the. National Speleological Society Board of 
Governors passed a resolution that set the Society on a course to Geek a 
cave protection lav at the federal level. Other conservation groups 
joined the fight during t.he succeeding years. The !aerie.an Ca•e 
Conservation Association quickly added its support and resources into 
getting a resolution introduced into the United States Congreea. 

Se•eral Representati •ea and Senators vere appr oached to sponsor the 
proposed act. Unfortunately , csna are generally not a nevsvorthy item, 
are not vell understood, and are not considered significant by ac,at of 
the public. 'nterefore find.ing a cOlla:itted sponsor to be dedicated to the 
passage of a )av that vould ha•e little political value at election tiae 
vaa not an eaay task. E•entually Congres-n Rick Boucher (vith Tia 
Johnson and Larry Craig) introduced the resolution into the Rouse of 
Repreae.ntathea, and Senator Tm Daechle was the Senate sponsor. House 
leeolution 1975 and Senate 927 vere presented to their respective 
chaabera on April 7, 1987. 

1be orlainal drafts of the Act vere vritten by a variety of 
1nd1Yiduals. Speleologists, ca•ere, federal agency personnel, 
legislators and their e.n•ironaental aides, and coo.senationiats all had 
aignificaot input into the language of the Act prior to its introduction. 
Once the resolutions vere introduced, the real vork began. The bills 
vere reaanded to the appropriate cOllaittees for atudJ, teaU-:,ny, 
re•isiona, and a decision for future action (i.e. , returning thea to the 
Rouse or Sen.ate for a •ote or rejecting thea to coaa:ittee). 

An illportant teak ves to get enough support for the proposed lav 
vithio both of the legtalathe bodies, to be able to acquire affiraatiYe 
•otea, Again, thia vas not an easy task. CaTea and their contents are 
not eaotioo.ally appealing iasuea to the a•erage Alleric&D •oter. Slovly, 
cereponsora to the bills vere found in Congrese. While the.re vere never 
•n1. they vere a dedicated and persistent group. Support froa 
conser•atfon groupa outside the ca•ins coa.unity vas sought and aany 
responded fa•orably. Soae of the ac,re active groups vere the Audubon 
Society, tbe Defenders of Wildlife, the National VildUfe Federation, The 
Nature Cooaenancy, Outvard Bound, and the Sierra Club. Affected federal 
agencies (the Depart.aent of Interior and t.he Depertaent of Agriculture) 
aenerally aapported the concept of the propo•l. Hovever they all Yoiced 
conc:erne on the ada:1.n1atration, interpretation, and enforceaent of 
•arloua upecta of the propoaed lav. Aa a result the draft version of 
the lav vaa o•er a year in cOllllittee under debate and revision. 
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PRO!'ECTION DBS GROT!ES PBlll!RALES AUX iTATS-UNIS , LOI DB 

1988 RBLATIVJ! A LA PROTBCTIOK llllS RESOURCES SPnfoLOGiqU-.oS 

PBIERALBS. 
La protection des grottes sur le terri to ire r,denll etei t 
juEqu' ._ prlsent li.Jo1t8e )'ler toute une eerie ~~ lols. !.var~t 
1988, e.ucune l oi fe'dl!rale ne yortait ,e.rticuli8r1u::iE:nt sur 
cat environneoent unioue que sont les grottes. le 21 octobre 
1988, les deux Chambres du Congrls det: Etats-1.J!'li~ ont lezi 
leR"if6rt sur le. protection des gMttes sur terri to ire 
rederal. la loi ~e 191!8 rel11tjve t lA rrotACt~C"r dP.S 
rePsources PpelfologiqueF- fP.~i!•fJ P1':: P cournrll"'le' 1 • e_-fort 
cor.certl. de ses df!fenseurs dP.pUiF 1982. 

Le. loi est un coraprou•i& entre l es souhai te de ses 
nartie:ens , principale!'\e!'lt lar.e la cocuuunaute' AJ>1:H4-olo[Uc, 
&t lea c!fsirs, ,aut-Gtre p::.us !Jratiq,ues , c'.e ceux QUi devront 
l ' R!)pli1uer au nlveau des ager..ces i~dertiles. L'11:-i dec
coopromis de cette loi eet qu • elle ne C'l:lcernera (IUP 1P~ 
QTOttes • lllpO:rtentes•, et pap toutes les grottee sur le 
terri to ire fidfral. Il reste & di! inir le tcrue •il!.portant• 
plus p ricisement . 

Dea organisations spfle'ologiques ont e"te' lnvl te'es 2. 
collaborer avec lea 98ences fid~rele~ pour une y1(frl0Ce de 
neuf Mie pour tenter de d'tinir c..- t~1-r;e. rend:-nt Cf'tte 
periode , les critltrf'F: d' importtmce ~eront etabli t.t . et d' 
autres riglements redi[is. Catt regl.e11ents scront pfrticu
Here■ent difficile~ a r4"diger puisqu • Us devront " la 
foia demander une gestion ■inutieuse des plans d • eau, et 
garder une asses. grande naxibili te' pour re'pondre aux 
besoina uniques de 1•8Coaystime de chaqua grotte . E:nfin, 11 
sera coniu une preailtre liete des grottes •i,rportantee•. 
ce sera une liste ouverte, 8. laquelle 11 sera possible 
d'ajouter d'autres noaa dans l'avenir. 

The result.ins legislation is a cmprocaise aaong all parties 
concerned. The various federal agencies involved had enough influence on 
the process so nov only "significant" caves Yill be protected. A 
positive outcoae is that all lands adainistered by the Departments of 
Agriculture and Interior are included in the lev, c011pared to the 
draft •ersion which proposed to exeapt Kational Park Service and Indian 
lands. Unfortunately, this still leaves considerable federal properties 
free frm the provisions of the Act. Tvo federal agencies vhich control 
considerable land of speleologic.el significance are the Department 
of Defense and t.he Tennessee Valley Authority. Cave protection on units 
of the Departaent of Defense haa bee.n sporadic and generally not good. 
The Tennessee Valley Authority, an independent agency of the U.S. 
Covernaent, has worked over the years to protect the ca•ea they aanage 
and has established a good track record. Rovner, fiscal retrenchllent 
aay change this. 

2. PROVISIONS OF Pl/Bl.IC LAV l()(H;91 

The Federal Ca•e Resources Protection Act requires that the invohed 
federal agencies publish r egulations concerning the aanageaent of 
"significant" ca•es vithin their juried.iction. The regulations Yill 
detail the •arious criteria for defining vhat "significance" aea.ns, as 
related to c&'fes. Thia procesa has already started. On March 14, 1989 
federal agency personnel and representatives froa conservation groups aet 
in Washington, D.C. to consider the crtterls for "significance." Within 
one year after the regulations are published in final fora, a list aust 
be produced of "aigni.ficant" c.a•es on lands of the Departaents of 

Interior and Agriculture. Thie list vill undergo periodic revision es 
a,re infonetion is prorlded to the agencies. 

The Act specifically calla for participation by those vho use ca.es 
in deteraining the aanageaent practices for the ce•es on the list. It 
insures that these cans vill not be ignored in lend aanageaent plans 
drafted by the agencies. It vill also regulate cave access, prohibited 
activities (such as daaege to speleotheas, biota, etc.), the assessaent 
of penalties {up to $101 000 USD), and the appeals process for persons 
charged vitb violations. 

\lhst the lav vill not do is force a change in any erlsting aining 
agreements or leases, nor Yill it supercede any established land 
aanaseaent plans. In addition, 1t vill not alter any rights or legal 
agreeaents aade vith respect to vater I nor reao•e the states' 
responsibilities related to fish and Yildlife. 

Until the regulations are published, vhat vill happen to the 
aanegeeent of cans is aoaevhat vague. Hopefully, all land aanaaers vill 
follov the directive issued by the Bureau of Land Henaseaent {Robison, 
1989) wherein all of the Bureau's caves vill be considered "significant" 
and •naged as such until aore specific regulations ere effective. 
Apparently the Forest Service he.s issued a so.evhat veeker directive 
vhich requires that only the aore illportant caves on their lands be 
protected until the regulations define "significance." 



3. REFINING 1llE LAIi 

The agencies, together with speleological, conservation and other 

!:~=~~:~C:~~~es, H::~e!~r;~o!~~!:: ~~:u~~i ~r!.:d:h!~h t=~e t~i:8

;:finition 
can be aodtfied, if a future need arises . Meetings in the spring of 1989 
will produce these docuaents. The .:>st obvious criteria ere those based 
on she, depth, ainerel depos its, unique biology, critical habitat, 
archeology, paleontology, historical values, unique geology or hydrology, 
recreational values , and lriniaal evidence of negative huaen iapact 
(Anon., 1988; Thorne, 1988; \lilson, 1989). Of course, t.hia list does not 
conteio all or the possible criteria. The "signific.ant" c.aves vill be 
required to aeet at least soae, but probably not all, of these criteria, 
These vill be aore precisely refined as the 1989 aeetings progress. 

Secondly, the U. S caving c011111urlity vill play another i■porlant 
role. Cavers and other knovledgeable individuals vill provide lhe 
agencies vilh a lisl of caves that aeet the criteria for significance . A 
preliainary lis t has already been produced (Thorne, 1989), The list 
of "significant" caves vill reaain open so that later additions can be 
-.ade. This procedure vill be a great challenge to ca vers and 
speleologists es any particular cave cannot be considered "significant" 
if it is not on the list. Cavers vill b.ave to oYercoae their, soaetiaes 
va.rranted, fears of infora:ing agencies of the status of caves on agency 
lands. 

According to the National Speleological Society (1987), aore than 
4,200 caves ■aJ be affected by this Act. The speleological and cerlng 
ccaaunity in the United States has the chance to have a great i■pact on 
the ■enageaent of a.any of our underground treasures for generations to 
coae. The great aobilhation of effort that resulted in the passage of 
the Federal Cave Resources Protection Act of 1988 vill oov be directed 
tovard interpretation , adainistration, and enforceaent of the Act. This 
success story is continuing end is a good exa■ple of hov a relatively 
saall group of individuals can influence a nation's la..,_kers and land 
aa.nagers. 

102 STAT. 4546 PUBLIC LAW 100-691-NOV. 18, 1988 
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Pub(;c Law 100-691 
1 IJOlh Congress 

An Act 

T"• ,-...ct ca'",__. F-'rnl i..a-....i s.._,....... 
& ii ttt0et«l by du SffloU a.nd H041M of Rtpn:Mntaiiua of 1M 

Unitd Sta ta of Amtrico i11 ~ uumbkd, 

SECnON L SHOllT T1TI£ 
This Act may be nJernd to n Lbe "Federal Cave Raourca 

P-... Act of 1988". 
&.CC. 1. t•INDIHCS. rtllU'OSE&. .urD POLICY. 

(a) F1NotNCS..-The c.on,reae fmda and decla. ... lhat-
(1) •icni(,canl caves on Federal lands are an invaluable and 

i~pl.o,c,uble part ot the Natioa'• natural hmtap; and 
t21 in a,,me inatancea. the. aisnifacant cave. are lhratened 

due Lo :'/roprr u,e. increued recrealioul demand. urbe.n 

(b~~a.~•J:\:'r=r~~~u~ ~ 
{l) to aecure. protect. and praenoe aipilicant cavea on Fed

eral lands for the perpew.al UM. eruo:rmmt., and benefit of all 
people; and 

rlJ lO fc.tu incnued coopenlion a.ad e:achanp of informa
tion between ,owmme.nu.l authoritiea and thc.e wbo utilize 
cava localed on Federal lands for ICienllf,c. education, or rec
reational purpmeL 

(d POUCT.-lt is the policy oft.he United Stal.el that Fecknl lt.ndl 
be tMnaced in a manMr which prolbt'U and m.ainl.aim,. to the 
u:ILnl practical, aicnirlcanl cava 

SEC 1. Ut:t'INmo,cs. 

For purpmea ol this Act: 

vu~~ ;'v1~~~~ ~:!"'or~u":o:'.!a~:!t~.~ 
occun be.neath the wrface oC the earth or within a cliff DI' ledce 
tindudinc any taft raouru thttein. but. not ind!ildinc any YUi,, 
mine, tunnel, aqueduct. or other manmade uc...-al.ioa.) and 
which ii br,e ffl04.&(h to permit an individu.aJ to enter, wbtther 
or not the e-ntnnc:e ii Mlurally formed or man.made. 54,w;h Lern:I 
I-hall include any natural pit. link.bole, or other fNUll"e which is 
an ulenMOn o/lhe entrance.. 

tZJ FC&>CUL lAHDS.-~ term "Federal landl"' meana 1a.ndl 
lhe fee title lO whkh i, owned by the United St.a.ta and 
admini.atered by the Secretary ol A,riculture or the Sectelary of 
thelnt'--rior. 

t31 INOlA.N U.Nna.-1lle lerra "Indian la.tJa .. means lands of 
Indian lriba or lndl.ln 1Ddividuala wh.ch •re either held in 
trust by the United Stat.et for the benefit o( an Indian tri~ Of 
aubjtd lO a ratriction apinsl •1ienatMM'I imp.lMd by the Un1Led 
States. 
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ABSOLUTE DATING OF PHREATIC SPELEOTHEMS FROM COASTAL CAVES 
OF MALLO RCA (SPAIN) 

GINES. Ange l - GINES, Joaquin 

Coastal caves in Nallorca CSpoln> offer a great variety of pbreattc 

6peleotbeaa that have recorded Nedlterratlean &ee paleolevel&. An extensive absolute 

dat.tng progra■, including U-S.rtes and ESR •M&ure■enta, bad been carried out on 

■any ■aJorcan phreaUc speleotbe1:1& located between pre&ent-day sea lnel and ♦40 

■eter& above. 

Ages obtained were rngtng fro■ 3 .9 b Cpoatglactal phreat1c spaleothe11.s 

situated near the present &ea level> to over 300 ta corresponding to htgb sea 

level&, related to stages 9 or even 11 of ■arlne oxygen t&Otope record. The&e 

results aarea well wttb a cbronologtcal aodel previously proposed on the bests of 

altl■etrtcal correlation between pbreottc speleothe■s and beach deposits of Jlajorcan 

coast. 

These tnvestigattons de■onstnte the relevance of cbronologtcal studies of 

phreattc speleotbema, in order to establish Jlodite.rranean sea level history during 

the Middle and Upper Pleistocene. 

tNIRQDIICTtON 

Littoral ka.r&t a.rea.& in Xall o r c a i s la.nd <Spain> have 

numerous caves that show phreatic pools originated in 

correspondance with present-day marine level; these s ubterranean 

brackish pools are clearly affected by periodic osci llo.tions of 

sea level, like tides. 

In this sea-level control led phreo.tic environment, today 

conspicuous carbonate deposition phenomena occ ur at the 

current ±0 neters level . However, the main speleo-c bronologic al 

interest of these processes of carbonate preciptto.tion 1& related 

to the fact that anc ient pos tttve fluctuations of the 

Xed1 terranean sea <correspond! ng to i nterglact al events> 

recorded inside coastal caves by means of pbreatlc spaleothea;: 

alignnents <GIN*$ et al., 1981 a>. This type of crystallizations 

are linked to paleolevels reached by the ground water-table, 

simultaneously with the glacial-eustatic fluctuations of the 

Xedtterranean sea. Obviously, the history of sea level 

fluctuations implies a chronological component, that must be taken 

into account. From a :morphological and mineralogical point of 

view, a wtde approach to these carbonate deposition phenomena can 

be found in POKAR et al . <1076, 1979> and GJ9tlS et al. ( 1981 bl. 

Several caves of Xallorca allow to establish altimetrtc 

correlations between poil e olevels of phreatic speleothems and 

ancient beach deposits from the Middle and Upper Pleistocene. In 

such a nanner, geolllOrphologic ottempts to date these cave deposits 

were made in the past: 1!5 years ago we had reported <Gilt'aS & 

01•as. 1974) about phreatic speleotbem paleolevels that were 

correlated to interglacial Tyrrbenian stages. The proposed 

chronology ranges from post-Yurmt.an times to ages older than 

Paleotyrrhen1an <Mtndel-Riss worm period>. 

In 1081 it was posai ble to stort an i&otoptcal dating 

program on t1ajorcan phreatic speleothems, in order to check 

prevtously establ i&hed geomorphtc chronological model. Speleothema 

ranging in hetghth from the present-day sea level <probably post

glacial in age> to +40 meters a.s.l. were tnveatigated; the latter 

samples belong to high D!llrine levels presuaably oacribed to the 

Middle Pleistocene. The reaults of this dating program are set out 

in thia paper. However, &oat of tbe present results of these 

investigations have bean publ iahad already a Cew years ago <HBlrWIG 

et al., 1961; GROH, 1065; GRUN, 1P86). 
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-Laa cuevaa coeU!ra.s de kallorca <Espa.fta> presentan una notable varied.ad de 

espeleoteaas frMttcos ralacionadoa con palecmlveles plels~nlcos del aar 

Jt:edtte rr6.neo. Xueatras de e&pttleote•as fre6.ttcos, que abarcan dNde el actual nivel 

aarltao hasto la cota +40 •etros &.D.a . , ban stdo objeto de ua a■pllo programa de 

dataciotaes ab&olutas ■ediante la tkuica de las &ariea de Uranto C011plenientada COD 

■edtctonee de BSR. 

Laa edades obtentda.s 68 extlenden desde 3.0 ta <espeleote.a& oercanoe al 

presente nlvel del mar> bast.a edades supertores a 10& 300 ta, qu• corresponden a 

palec:mtveles altoa atrtbuiblea a loa estadios g 4 11 del regtstro 11arino de ie6topo& 

da ox:tseno. Esto& result.ado& conflraan a grandes rasaos el ■odelo cronol6gico 

propuesto pravia■ente, en el que sa eatablecian correlaciones altta6tr1caa entre los 

npeleote■.as fre6tlcos de las cavernas costeras y loa dap68lt08 de playa f6atl 

pr868Dte6 eu el litoral a.allorquin. 

Al •ta■o 'tle■po, ae evidencla la uttUdad de loe eetudioa cronol6gicoa 

e■preodtdos sobre eete ttpo de espeleoteDaa, en lo que ae refiara a praclsar con 

■ayor detalle las vtclattude& ezpert•entadaa par el nivel ■artno durante el 

Pletstoceno J(edto y SUpertor. 

SAMPlED SPEI EOTHEMS 

Eleve n apeleothems ware collected from six coastal caves of 

Xallorca island. All the caves are wall characterized by the 

presence of conspicuous calcium carbonate overgrowths depos ited 

around dripston& spaleothem& 1 t ka &t.alact.t t.All!t, At.,,.l11g•1 t.•• nr 

wal 1-coatt ng flowstone&. 

Geomorphological explanation of these sampled s peleothet118 i e 

always related to subaqueous precipitation of calcite or aragonite 

in tbe uppermost phreattc zone near the water-table, at an 

elevation detera!ned by plai s tocane high sea-level standings. 

Prevtous speleo-chronological studies have claitMd for several 

interglacial events regarding the development of this kind of 

coastal-cave deposits <Glll.S & Glff*S, 1074; GII*S et al., 1081 al. 

In order to obtain more accurate data on the interglacial 

paleolevels attained by the Xediterranean sea in the coas tal karat 

areas of Xallorca, nineteen aaDples were selectively taken from 

the collected apeleothams. They were dated by 11&ana of Uranium-

aeries and ESR t echniques. Jloreover, it was expected that 

speleothem dating should provide additional information to the 

chronological modal sugges ted for some of the complex cave 

strnttgraphiea investigate d <GIN*8 a GIR.S, 1986>. 

Only some brtaf Informations on the aampla& dated and their 

location in the caves can be given here: 

- Drowned in a brackish pool in ea.a de Cala Yarque& Olanacor>, a 

fragment of broken column whose top presents a thick calcite 

overgrowth placed approximately at the current level of the 

water-table was taken < .. e description in POKAR et al .• 1979; 

page 13). 

Sa•pl• Varla: outer part of the aubaquaoua ovargrovth. 

Sa•pl• Varlb: toner part of tbe subaqueous overgrowth. 

Sa•pl• Varlc: eatalag:■ tttc core butlt fraa dripataD• water durtna a nesattYB 

shift of the water-table. 

- Fro■ the roof of a chanber 1 n eo .. d .. Po'Dt <Xanacor>, 2 .. ter• 

above a pond naned Llac Vict6ria <TRIAS, 1977), a group of ■mall 

stalactites and helictitee covered with eubaq,ueous calcit■ wer■ 

coll ■cted . 

S..•pl• Alnt9 corr•poud■ to a coated etalactit■ of tht• lr,el. 

- Jn Cova d■ Sa JUtjana <Capdepera), at an elevation near e -t■r• 
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a .s. l., n group of large bulbous stalactites was reported <GilUtS 

et al., 1075). One of these bulbous speleothaDIB was sect.toned to 

flnd the stalact.ltlc core, and then the subaqueouf; cover was 

dated. 

Sa.pl• /fttpa: outer part of tbe subaqueous coating. 

S.,aple llttPt:T. inner part of tbe subaqueous coating. 

Fro• the ea a tern wall of Cova de& Serral <Xanacor> a fragment of 

bulky subtlqueous belt W'AIB taken at }. 4 aet.ers above the water

table pool. 

Thia speleothe• bu provided tbe &•ple SerrIO. 

Several phreattc palaolevels appear in Coves Petites CCapdepern) 

as bulbous stalact ites and mainly os wide apeleothewrltnlngs at 

di:fferent levels htgbar than 30 meters a.a.}. <GIItS, 1973>. One 

of aacb type of speleothema were taken. 

Saapl• Pet15: subaqueous caot111.s aroood the tip of a trta lactlte. 

Sa■pl• Pet16: sut:oqueous belt on th• walls of the lover cave-cha•ber. 

A great am>unt o f phreatic speleothea; cover aost of tbe floor, 

the walls and even the celling of Cova de Sa Ba.684 Bla-oco 

CAlcUdla>; the JDO&t striking feature of this cave being thg up 

to thirteen apeleotbem-llntngs (1.e. water level s> easy to 

recognize around the walls of tts choabers. These paleolevels 

are distributed between +3!5 -t•r• and the current water-table, 

as ha& been described and explained in Gr••s a: GI•tS <1974>, 

GIX&S et al., <1081 a> and POKAR et al., <108'7>. Searching to 

teat that r geological t nterpretatlon that corral ates apeleothem-

11 ntng• to lnterglactal sea paleolevela, a group of ftve 

•peleotbems was collected at different elevations: a vary thick 

wall-coating placed near 7 meters a.a.I. that has been drilled 

horizontally aa .uch aa two matens deap; three stalactites w-tth 

calcite overgrowths appartaintng to the first chamber, htgber 

than 30 -tars o.a.l.; and finally, a stalactite w-tth aragonitic 

overgrowth obtained from the lower passages of the cave. 

Thia five apeleothema ware sect.toned to obtain the following ten 

sa .. plea. 

S.•pl• SB828: piece of v11U coating, troa drill-core <3-6 c■. inward). 

S.apl• SBB2r>: ptece of wall coattng, fro■ drill-core <21-25 ca. inward>. 

S.•pl• SBB30: pteee of wall coattog, troa drill-core Ut-47 ca. tnward>. 

Sa■pl• S8831: ptace of wall coating, froa dr111 core (l~,.-1~8 e11. hl.vard> . 

S.apl• &•s.2:. subaqueous calclta overgrowth on stalactite. 

Saapl• &•a3a: outer port of a calcite overgrowth on •t.lacttt• 

S.apl• &aa3b: ■talacttte core of the &a.a •peleothea than 3. 

S.apl• &ss3r: repeated d.attog on the ■a■• etalacttttc core tbn 3b, 

Saapl• 8'•s4: eubaq_oeous ealclte overgrowth on •talacttte. 

S.apl• &sdo: aragonite subaqueous ovarg-rovth on atalactlte ttp. 

RESULTS C.E. SPEI FQTHFM na.r..i.tila 

Toble 1 &unmari%as the results of the dat.tng program, as 

have been reported to ua by HEWNIC <pera. comm. 1981-1088>. 
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Tecbnteal comment& on each sample-analysts should be the object of 

another paper tn the neor future by Dr. Hennig. Our intention tn 

this study ts only to provide a geomorphological background 

regordtng the correlation postulated between phreatic speleothems 

and interglacial sea-paleolevela. 

ESR datings obtl!'ltned by GRtil CI{,85, 1986) .!IS we] l as hy 

HBINIG (pera. co-. 1982, 1064> suggest an a!:e substantially older 

than 350 11:1!1 for &averal speleotbeas collected in Cova de Sa Bass.a 

Blanca. Addtttonal work on thi6 complex cave-strattgraphy could 

yteld pror1i&ing and int.eresting data in this respect.. 

CQNCIUSIQNS 

Jtneteen sa1aple& of speleother.s from coastal caves of 

K.al lorca island, associated wtth phreatir, sea-control led 

paleolevels, were dated by meons of Ur-ontuw-ser-tes techniques. 

Ages obtained were ranging from 3.0 ka <post-e;lactal phreattc 

speleotbem1 situated near the current sea level> to over than 300 

Jr:a corresponding to higher sea levels <Pigure 1). 

The dated spaleotbea; younger than 250 ka are in good 

agreement wt th the ages expected from the SHACKELTON a: OPDYKE 

<1973> oxygen-le,ot.ope record of core V28-238, being clearly 

related to stage& 1. 5 and 7 <t.e. periods of btgh sea level). 

The ancient. phreattc speleotheras, being found high above the 

current wat.er-table, have not yielded controversial data regarding 

the proposed geo110rphologtcal model of subaqueous growth during 

interglocial stages, previous to the Rias glaciation. 

ESR-aaasuraments and Urantua-sertes dating of the ancient 

speleotberas fro■ Cova de Sa Bassa Blanca, as well as the results 

and altimetrtc location of the sample& fr-om Coves Petites, seem to 

suggest ages of pbreatte apeleotha■ formation older than 350 ka, 

soma of them appartat ni ng maybe to stage 9 or even stages 11 or 

13. 
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THE LIMESTONE CA VE RESOURCES OF GREAT BRITAIN 

HARDWICK, Paul - GUNN. John 

The aaJorlty of caves ln Gr•al Brltaln are (or-d in the Carboniferous 
Ll-•ton• which crops out aelnly in the Mendip Hills, Derbyshire, North and 
South Vales and The Yorllshlre Doles. A saoller nuaber of caves are foraed 
in older liaestones, principally the Devonian Lt■estone <Devon> and the 
Durness <Ca.brlan) Llaestones of Sc:otlond. Extensive areas of karsl have 
foraed on younger HMstones <Cretaceous Chalk, Jurassic Llaestone and 
Peralan Masneshn Llaestone> but there are fev caves of any extent. 
Al though descrlpttons and surveys exist for most caves, no detailed 
inventory of cave resources has been undertaken. Such an inventory ls an 
essential pre-requisite lo conservation and effective aanage.ment. This 
paper provides suaaary statUtical and tabular inforution fro• a 
coaputerlsed national cave dahbase, co.piled froa existina; published 
inforaatlon. 

The lll'tljorlty of caves ln Brlteln ond ell of those of slgniflcent length ond 

dapt.h are developed ln the Cerbonlferous Unestona which outcrops in flve 

naln regions <Figure I>. The older Oevonlan Lirestone of South Devon and 

the Ourness u ... tone <c-t>rlen> of northern Scotland (Figure 1) also 

cont.eln a scetta,.lng of caves vlth lengths of up to 3000nl and 2000m 

r-espect lvely. Extensive karat areas have fortaed on the younger l lrestones 

<Cret11eeous Chalk, Ju,.asslc Limestone, Perffllan Hegneslan LlrMs tone> but 

there are few caves of any e>ctent ond although these ■re often of 

ac lentlflc Interest they are not consldared further in this paper. 

st .. l larly sea caves and those cevn forn!d ln ness n>V8"9'\l deposlta are 

out•ldll the scope of this dlscuHlon. 

In t.he first INtjor report on caves and conse.rvallon ln England and Vales, 

Vlhn.1.t {1972a), 1735 cave11 were recorded of ~lch 58 were c lassified a s 

being of national hrportance, 114 of regional tniportance, 209 of local 

lwpe>rtm'\Ce, 293 as being seldom visited or only of interest frOffl a 

acle,ntlflc vl.-.polnt, 20 IHI show coves and 1041 (60U as being very ...,ll 

or of no particular lnternt and very seldoln v isltltd for any purpose. 

HD"'9ver, no lndlcatlon of peas.age length was given and to the author;•' 

kno-.,tadge the total length of cave pnaage ln 9,.(hln la unknm.n as no 

dllt.•lled ln~tory of cave resources h■a been undertmcen. However, gulde 

boolr:a are aval table for all the tMln cavlng regions and dl!lto on the caves 

cont.alned wlthln these hes been transferred on to a COll'f)Utar datobese. The 

r-.utttng PMTICIW.. CAYE DATMASE hes been used to c~l le the sunwery 

atat. l st lcs ln Tabla t. These ahould be rega,.ded a s a prel lnilnary 

.. .,.....,.t, H probl- such as whether o,. not to include natural cevltlea 

ln nlnes end how to a ssess n.1ltlpla entrance syat.,_ have etlll to be 

resolved. 

The Northern P81V\lnes contains n>re know'I coves than any other cave region. 

wlt.h 67S of the natlonal resource. The ,.eglon' • caves also contoln the 

g,.eatest ..:>unl of" know\ pe9a.ge, ahmst SSS. In contrast, South Wales 

,.aglon contains 26S of ell knovl cave ~•sage but only 7. IS of cave 

entranc- glvtng • ,_.,. pes■-ge lW1gth per cove of 0. 949 km egalngt only 

0.19 k• fM the Northern Pennines and ahnllorly low flgures for the other 

reg lone <Tabla 2. > 

TH!LE 1 LltESTOtE CAVE fESCM..MCES CF GREAT BRITAIN 

REGI ON -· Pe, -· Po, Total Total 
of cavM Cont of caves Cont length t-,gth 

or In region' ■ In 
Total SSSJ cav .. SSSJ 
C■YH ln SSSI 
(I) (S) <kllll (kft) <S> 

Scotl■nd 185 6. 8 28 15. I JO. 378 5. 322 51. 3 
M.Pa'Vllnaa 1818 67. I 637 35.0 345. 472 248. 262 71. 9 
Peak Dl•trlct 204 7. 5 78 '8.2 43.018 36. 624 85.1 
-Ip 1'2 7. 1 62 32. 3 52. 324 41. 915 80.1 
N.V.l• « 1.6 6 13. 6 9. 876 3. 48. 35.3 
S.V.l• 168 6. 2 "" 17. 9 159. 466 138. 804 87.0 - " 3. 7 19 19. 1 11. 603 5.105 48.3 

G.8. TOTAL 2710 100. 0 1160 31. 7 6'2. 357 480. 116 75. 9 
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, 
La pluf>G!rl des grottes en Grande Bretagne se sont fot"fflees dans le calcalr-e 
carbontf~re qul se tr-ouvent prlnclpalemenl aux colltnes de Nendlp; en 
Oerbyshi,.e; ou Pays de Gol les, nord et sud; el dans des val Ions de 
Yorkshire <Yorkshire Dales). Un nc:nt>re plus petlt de grottes se sont 
for-rn{ dens des calcalres plus forrrees vieux, princlpalN"enl le calcalre 
devonian (en Devon> et les celcaires durness <Cant>rlan> de l 'Ecosse. Oe. 
grandes tftendJ.es de karat se sont forJes clans des calcaires plus Jeunes 
<les craies cre'tacu, le calcalre jurassique, et le calcalre rogn'5ian 
permtan> ..als peu de grottes d'IM'le longeur slgnlflante. Ouolqu' ll exlsle 
des lev-1. et des da-scrlptlons pour le f.lupart des grottes. ll n"exlste pas 
d' tnv~talre ,dat~l 11/ de, resources spele0logi-,ues. Un tel lnventalre est 
une necesslla prealeble a la conservation et a la geslion effective de ces 
grolles. Ce popier provienl des rensel~t• slatlsllq.ies en sonrolr,e e~ 
tabulalres d' une base, de dofin&ts s peleo~o~lq.ies ,national es gi,rdee a 
l' ordlnateur, et C°"1)l lee de renselgrwnents deja publ lees. 

NottllHft 
,,- ,.nftlftel ® 

Figure I. The Seven Hein Cave Regions tn o,.eat Brltaln 
<lt.Hleers of Cave SSSI Encircled) 

TABLE 2. ~ l.EJrrGTHS rE CAYE PASSAGE : BY REG I CN 

tteanPaauge """Pass.age 
Length Length 

(ka) ln cave SSSI 
(ka> 

Scotland 0.056 0. 190 
N. PWlf"lln■• 0.190 o. 389 
Peak Olslrlct 0.210 0. 469 
tt■ndlp o. 273 o. 676 
N. VIilas 0.2'24 0.581 
s.w., .. 0.949 4. 627 
Devon 0.119 0.300 

Great Britain 0.233 o. 558 



TABLE 3, CAVE SVSTEHS <100 m L(N; IN GREAT BRITAIN 

LEN(il"H CLASS <N> N..1'8ERS CE CAVES 

(10 646 
10- 20 334 
20- 30 147 
30- 40 102 
40- 50 as 
so- 60 40 
60- 70 69 
70- ao 46 
ao- 90 ,a 
90- 100 37 

TOTAL 152& 

48 cave Slhs or Special Sc lent lflc Interes t <SSSI I have been deslgn:,ted by 

the Nature Conservancy Counc:l l <tCCJ end receive SOfflC treasure of protect ton 

frOffl the external lq,ects or agriculture and other tv,ion actlvlth• 

(Herdwlck • Gunn 1989). As can be seen ln Table 1, cave SSSI bounchries 

enc°"f)OSS 13. 6 - 36. Z i of cave entrances vlthln the cave regions and 35. J -

87. 0 S of lr:r\OW\ c•ve pessage. Thus i t ls appar@nt th~t, ln f!'OSt r egion~, 

offlclol c•ve conservation Measures ,ney apply to the .. Jorlty or 

.cc•salble caves. In South WalH, the mean lengt h of cave possaqe both Pf?'" 
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cave and vithln ca v• SSSI <Tabl• Z> e,rphasls • s the s,rell nu:,t,.er but large 

alze of their cav• syslera, and the 9l"eater degree of orrlclal protecllon 

In t he r egion. The aggregate data presented In hbles 1 and 2 hides a wlde: 

variallon In the length o f cave systera. A ff'Ore detailed s tudy ls In 

preparat ton by the authors. However, length do.ta on cove-s of less than 

100 m are sho-.n In Table 3 . The ISZIS entranc.., repru~t 561 and thus 

the majorlty of know, caves. In addition, the 6 46 caves of up to 10 m In 

length r epresent 23. as of al I cave resources. This n-ey pr.sent prob lens 

for the deflnltlon of cave s yst.,,... In 8rihln, since rrony of these snnll 

caves aey not possns a dark zone. Neverthelns. """list of little Interest 

to rec r eational caving, these sltes rey be of sclent tflc tnterest ond 

therefore should be lncluded ln cave re5ource as• e,ssment s. 
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CAVE MANAGEMENT AND CONSERVATION IN BRITAIN: AN HIS TORICAL OVERVIEW 

HARDWICK, Paul - GUNN, John 

The cons■rvatton and aanogeaent of caves in Great Bri toin has recently been 
the focus of .xh debate within the speleological 11 teretu.re. Tbh paper 
provides an historical overview of •nage .. nt of caves in Great Brl tain 
fro• the estebllshaent of ear-ly tourist caves to the designation of Cove 
Sites of Special Sci entific Interest <Cave SSSI> by the Wildlife and 
Access to the Countryside Act of 1981. Th• Act strengthened the powers of 
the Nature Conservancy Cou.nci l <HCC> in the conservation of thHe st tas, 
particularly e.satnst externDl threats such as the asricul tural and 
aineral e,itractlon industries. However, the problea of internal daa.!1.8• by 
the r ecreational use of cave resources has yet to be eHectively tadi:led. 

I. I NTRCJ)LCJI <14 

1-bJen use of Brlt leh c arves for acconodotlon !!Ind WIiler supply has o long 

hla tor-y, end aer-loua C■clentlflc) explorotlon of cave• c;onmenced over one 

hta\dred years ogo. Nevertheless, the nud>er of known caves ond the length 

of surveyed passage continues to grow annually as o result of vlgorous 

explor-atlon ■ctlvlty. Cha partlculor-ly good e,c~te ls Ogof-Y-Oaren Cl tau 

ln South Wal n ""lch has been ext ended frcn about lka, ln 1982 to over 2 1k,n 

ln 1989 <thla cave also contains the largest cave passage ln Brltaln, t he 

n,_ Hachlne>. How:ver, dur-lng the 1960& ond ear-ly 1970s lt became obvloua 

thot the nufl't>cr of caves and length of accessible passage (the resouf'ce 

base) WIIIS g,-owlng 111.1ch less repld ly than the ntflC)e,- of peopl e wishing to 

expl0r'e theft Thls resulted ln an lnc,.eoslng pressure on the r esouP'ce end 

p&P'tlcularly on ceP'toln eesl ly ac:cesalble syslena. Considerable concern wes 

expressed over the lltlpDCt o f this actlvtly and general conservation tssues 

were addressed by Black (1964, 1969>, Worwlck <1965, 1975> and Vl lnut 

(1972b). lndlvid.Jal concorn OYOP' Gpociflc sltes ,ootlnued Lhruugh the 1970s 

Ce. g. Barrington 6 Stanton, 1977) but there Wlll9 a marked absence of ony 

ovef'al l cave renager,.nt and conservotlon r eview unll t that by a aeries of 

-..thors in a theme lasue of 'Studt~ ln Speleology' Cvoll.ftl!t 6, 1985). Thls 

paper revlevs 

Brttaln. 

current cove ll'llllt'Mlge,rent ond conservat ton pract lee In 

The msnogemtnl of Brltai.ns cave r esou,-ces ls undertaken for a nwtber of 

reasons. Water fr~ cave a treans i s lniportenl ln sorie locatllles , 

portlcularly on t he Handip Hille, but on the \illhole the CoP"bonlferous 

Llnes tone ls not 1:onsideP'ed to be a reJor acp.,lfe,. rock. The mtnerals 

contained ln natural coves. porticularly lead and os&OCiated ores, have 

been exploited i n the pest but this la no longer the cas e. However, 

fluorsps,r continues to be nilned in the Peak Dl■trlct and natura l cavltles 

a.re somellmes encCU'\tered ln these "'°rklngs (Butcher A Hedges, 1987). 

Conseq.,ent ly, ln the Bdtls h cont ext the conservollon and management of 

cave■ as a r e&OU,-ce my bes t be considered under ho headings: P'BCreat ton 

and tourlant. and sclenca, 

Z. TIE HANAllJfNf CF CAVES FOR !MISH.. RECREATION. AN> SCIEtP= 

lhtll relatively recently, a dlvlalon could be rede betM!Bn those 

lndlvldual• Interested ln the exploration of caves fOf" sport end recreation 

or for- science, !!Ind those content to hike en occaslonol vlslt to a 

conmarclally operated. ortlflclolly llt 'tourist cave'. However, since the 

1970■, the dlvlston ha■ becm-e s~t blurred with the developftl!tlt of a 

third category, 'adventuP'e caving' In whlch g,.oups, usual ty of young 

people. are taken undergf'ound by paid lnstructoP's. The nurber of caves 

vl■lted la Inversely proportional to the nuri>er of viaitof's ln aech 

category and the preseures and need for protection vary a ccordingly. 

2. 1 CCUD1ccl1lly 9Pltotest tourll\ CIYM 

The Br ltlsh Asaocletlon of Show Caves <BAS> llal 12 • true' limestone coves 

""lch are opan to the p.1bl l e for all or port of t~ year, and there are 

also o nun>er of •lne■ contalnlng natuP'al cewe passage whlch are open to 

the public (e. 9- Blue Jotv\ C•varn and Speedwell Cavern ln the Derbyshif'e 
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La conservotlon et le ges tlon des grottes en Gronde Bre tagne ,a ete 
r 4"cenment le suJet de beaucoup de dlscusslon c:hns la I l tterature 
spa'1e'o1oglque. Ce popier donne un, sonelr e hlstoriqJe O{ ges tlon de 
grottes en Grande, Brete~e des 11 e tebllssememt: dJ!•, premieres ~rott~s 
tourl&tl<f-leS Ju"'' a l o deslgnat ton, des endrolts spel eologiq..i,es d' tnterel 
sclentlfl"'1e apeclal (g,.~tte de9lgnee ~ • > ce cp.ii s' est posse d8ns la lot 
de 1981 concernant l' occes au poys vls-a-vls 609 anlreux et oiseaux natlfs. 
Calle lol a au~te' l e pouvolr OJ Consell pour la conservatlon de la 
nature Cle NCC> dons ea lutte de conserve,. ces endt-olts-cl conlP'e, en 
perllculler, des menaces tell~ las industries d'e:tract lon agrlcole et 
ritne"rale. 0' all l eurs, le probl erne des doff'rnlsgee lntef'leuf'es des resources 
s ~t4'>loglque por l' usage sportlf attend touJours :tre effectivement 
aborcle': 

Peale District>. Although no PJbllshed nunt>ers are avalloble lt l s 

esthmlad that they are visited by ove,- Z ml l I lon people each year <DAS, 

pars. conn.>. '1ony of these show caves have suff e red dafftage frOffl visitors 

ln the po.st, porllcularly those whl ch have been vtslled for over a centur y. 

Principal twpcts have been rfflW)val of or d.llinege to speleoth"'9, graffll l, 

soot fro,a early fornB of l lghtlng. and the irodlflcallon or destruction of 

sonie possages and sedln11ntory deposits ln order to lnprove access f or 

vtsllOt"s. However, ft'D11t operator s now recognise the need for pr otection ond 

there are elaborate efforts to pr-event further vanda l lsm and to ,nintmlse 

the lwpect on the cave envlronanent. Nevertheless, the growth of lD111)8"1flora 

and changes to cave mlcrocl trmte continue to present problefflS ln most show 

cavn, and ,-ecent proposals to extend lilhlte Seer Cove ln Yorkshire proved 

to be controversial because of the potential for damage. The attitude or 

show cave O\olnef'S to c a vers wlshlng to visit those parts not open t o the 

general p.ibl le varies, but in rost cases there a,.e ot least sorre 

restrictions "'1lch result in beth1r pre1uuvftllnn or thl'J C8VP -'Ind Ilg: 

depostls than would be the case if open access wei.s allowed. 

2. 2 lfi..l.d..J:.n' 

Those c aves not operated co,mer clolly can only be visited by caver s wtth, 

es an absolute inlnhn.n,, an independent source of light. The l'IUffber of 

visitors depends on the popula rity of the systen which ls ltself a fUT'lcl ton 

of factors such os tocatlon with respect to centr es of population, 

accesslbl I lty (dtstanc:e from P'oad and naluf'e of t errain), degree of 

dlfflcully and features of interest. No figures on visitor nuirt>ers aP'e 

a vallable but the nurrber of 'actlve• covers ls thought to be In excess of 

20, 000 and tt ls wet l knDW'I that rrony of the popular syst81'11S are 

overcrowded, ps,rllcularly at weekends, wlth substonltal queu09 devel oping 

around vertical drops. Those caves used for adventuP"e caving are 

partlcular-ly heovlly vlslted; for e>cwple lt has been est ln11tod on the 

basts of a saq>le vlaltor SUP'vey that some 20,000 people visit the wl ld 

cavn of t he Derbyshire Peak District every year. 

Each hUffD"I vlaltor lo a cove causes &Offl8 change to the cave environment, 

howeve,- minor. The omount of change will vary with the type ond nuri>er or 

vlallors in a conplex ~r. For e>c&ft'ftle, ln order to enter a new cave 

passage lt may be necessary to break speleothens or excavate sedirnente,ry 

deposlts. Expi0'5lves are also widely used to remove obstacles to p,-ogress, 

although some have questioned the ethics of this. Such ac:llons are denmiging 

lo the cave but they are gen&P'al ly accepted as a necessary consequence of 

exploratlon, end ore often followed by atl~ts to prot ect the newly 

di scovered passage, for ex~le by using tape to define a route th,.ough a 

particularly sensitive area. Anothef' cootroversial subject ln recent yee1rs 

has been the donage caused by the use of bolls rather than natural belays 

for rlgglng pltchn. 

The commn factor In all these lnpoct s la the desi.re to extend access and 

lo llrprove eafety rather than to dmmga the cave as such. They m,y 

therefore be dlstlngulahed fra.1 both accldental llr'p0Cl9 such as the 

deposltlon of litter or bP'eakage of apeleothems as a result of 

carelessness, and also ff'Otn deltbe,-ote acts of vondallsn1. In general It 

would appear that both accidental and deliberate dmmge lncreeses with the 



occesalbl l l ty of the cave (both entrance location and nature or pessages> 

and with vlsltor nuri>ers although the retallon5hlp ts by no ffleDnS a slq>le 

one. For exaniple, a survey by the Nallonal Cavlng Assoclallon found a 

stollstlcolly significant relatlonshlp between cave usage ond a damlge 

Index but there wos no stat lst teal ly slgnlflcant rel at lonshlp bet1iiaen 

ctar.ge and either access rastrlctlons or the nunt>e.r or years that the cove 

had been open <Wi lnut, 1972a>. The rlse of 'adYenture CDVlng' has placed 

addlllonal pressurH on certain popular caves and a recent proposal to 

tnstall flxed equlpmant, Including extensive scaffolding, steel ladder 

sections, pletfor1E and safety net In Bar Pot <Northern PennlnH) ln order 

to al low easter access lo novice groups has caused considerable controversy 

(Hall, 1987>. 

2. 3 The scleotiOc value of coves 

Sclentlflc Interest ln Brltlsh caves la focussed on four n,tn a spects : 

archaeology, blospeleology, hydrotogy/gecnorphology. and Mlr.eralogy. Of 

these archoeology has largely been conflned to the entrance zone of a 

llnlted nunber of srall cave syst...,, ,nost of ""lch nov enjoy protecllon es 

palaeontological Sites of Special Sclentl flc Interest . Substantial t lsts 

of cave founo have been cocrplled fM 110St areas of the country, notably by 

the lete Hary Hazl eton, but there have been few studies of cave ecology 

because •entn1l l t.fe ... does not feeture vffy prOll'llnent ly ln Brit lsh caves; 

the ant,-ts being fev In nutrber and usually Stlell ln s lze, end 111>1Jlly 

lnconsplcuo.,s• <Jefferson, 1976, p .359). There have also been relallvely 

rev s ludles of cove flora (e.g. Cubbon, 1970>, or of the ralner-alogy of cove 

deposits aa such although 111lner11ls ln coves have been discu ssed ln the 

conte,rt of the vorlous ore bodies wlthln the Carboniferous Llnt9tone (e.g. 

Worley a Ford. 1977>. In contrast to the l ack of ,-ueorch on th■ above 

topics, cove ,-elated hydrology and geon>rphology have received considerable 

attention fr0111 both 'Oll'Oteur' and • profnslonal • cave sclent lats. f'telny 

studies relate to the hyd,-ology (e.g. Chrlstopher, 1984; Gu1V'1, 1985a) o,. 

speleogenesls (e.g. Waltham 1977; Ford, 1986> of lndivlcllal cave syateftl8. 

However, wlth the advent of Ur-anhn serles dating of colclte speleothems 

studies of cave ■edl..nts have achieved pa.,.tlcuto,- prominence because of 

the lnfonmtlon lillhlch they can give on Pleistocene chronology, Quaternary 

cl l•tes and lm'\dform evolutlon Ce. g. For-d et al., 1983; Gascoyne e t el.. 

1983a. b). Hence, lt can be ar-gued that the abl l tty of coves to act as 

ll'IJset.Wm preserving evidence of past events at the earths surfoce fflllkes them 

o pa.rllcularly valuable resource '°"lch ls deserving of' conservation (Gul'V'I, 

1985b). 

Few athnpts have been nBde to control or ll1111lt the mount of da,rege to 

wild coves resulting froe visitor pressure. 31S of Brltaln's caves and 

75. H of cave pessoge lle within cove Sllas of Special Sclentlflc Interest 

<SSSI> conserved for thelr geological and geonorphologlcal Interest by the 

Nature Conservancy Councl l <N::c) (Hardwick a a.,,,, 1989>. Howaver the P«;C 

have only atteq,ted to Influence external anthropogenic acllvltles such as 

tni.nerol axtroctlon and agrlcultu,-ot practlces on land above or adjacent to 

cove SSSI. No athnpt has been aede to control the Internal actlvltles of" 

recreotlonal caving ""lch cause the reJorlty of darmge to the caves' 

sclentlflc lnterest. Rec,-eotlonal cavlng ln Britain la ,.ep,-esented by the 

National Cavlng Assoclatlon <NCA>. Thls ls a fedet-al organlsotlon of 5 

,-egtonel counclls and 6 'specialist bodies' (e.g. the Q,-ltlsh Cave Research 

Assoclatton> ""lch In tu,-n represent fN!rber clubs and/or lndlvlcl.lals. 

Nevertheless, slnce thltf'e ls no c~lsory raen>ershlp scheme for 

lndlvlWal s , nelther NCA nor lta constituent organisations ca, control the 

actions of lndtvlcl.lal covers. Noreover, dlsclpllnary procedJres within the 

const ttuent organlutlons vary wldely frocn no expulsion proced.Jre t o 

expulsion lf 'found act tng egolnst the Interests of 

speleology" CPotts, 1989). At regional level , only the COU\Cll of Nodhern 

Caving Clubs (OCC) directly controls access (to Son! areas of the Northern 

Pennines>. Howver, other controls on caver access exist either by cave 

ftll'Nlgenent conalttees or by caving clubs acting prla'l!llrlly on the behalf of 

landciw,e,-s. Therefore, nKhanlA& opporentty exlst whereby caving 

organlsatlons could ll■lt the danage caused to cave resources. 

lhfo,-tunotely, these mechanisms eppeer to have been little t ested, and 

con11~tly, despite voluntary codes of proctlce, the ettrlllon of cave 

,.esources cont lnues unoboted. 

3. C(H],LJS(Q§ 

B,-ltoln'a caves are of value a-s an aaenlty resource for toudsts end 

cavers;: they and thelr flora and fauna hove considerable lntr lnslc 

sclentlflc: Interest; and they have perticulor sclentlflc value as '"'-'seutnS' 

preserving both archaeologlcal rmnlns end sedl-.enl9 ..ttlch contain 

valuableevldence on pest envln,rwents at the eorths surface. Exte,-nal 

threets to the caves core f"rcn "'18,.,-Ylng and agrlcultura both of which have 
the capeclty to totally dest,-oy cave pessage or prevent alt access. 

However, Wien not lflcatton of the 48 proposed cave SSSls la cm-plated about 
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30 per cent of Bdtl..., CDVes and s~ 80 per cent of total passage length 

will ,-ecelve tha protection frOM thne and other exte,-nal Potentially 

o-glng Operations "'9\lch ls provided to SSSI under the Wlldllfe ond 

Countryside Act (1981>. The value of thls protection r-lns to be tested 

but It 9hould greatly recllce the dnnger of caves being lost. There rMDlns 

the Internal threat posed by the pressure of tncreoslng caver nuflt>ers on a 

resource basa ""lch ls lncree.slng less rapidly. Thl11 ls perhaps the ,rost 

controverslol issue ln Brltlsh c111vlng at the present time wlth ac.e authors 

advocating access restrlctlons ""'lie others beLle'V8 that thls ls an 

lnfrlngeffel"'lt of lndlvlcl.lal freedota. A n>re pr-acllcal middle ground ftly be a 

•hard-hitting progr_,. of education, together vlth access control for the 

n>Bt vulnerable locallon•• a<h'oc:eted by Judson (1985, p. 37). 
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THE IMPACT OF AGRICULTURAL OPERATIONS ON BRITISH CAVES 

HARDWICK, Paul - GUNN, John 

ABSTRACT 

Bri.tlsh og,.lculture, ln cannon with that o f tnJch of Europe, has undergone a 
rodlcal lronsfor,ret lon in the post-wer per loci. The tntensl ficat ion of 
agrlculturol land use has led t o o delerlorat ion of both surface ond 
ground waler quality 0-le to lncreosed rates of nltrate fert i l tser and 
pest let de appt teat tons together wi. th inc r eased rates of soil erosion wi lhtn 
agrlcul turat syslemi. Oespl l e nuch re-sear-ch on ground -.oter ~al 1.ty, little 
"WOrk hos been car-rled out into the l"l)Octs of such pr-actlces on cave 
systerra. The VHdllfe ond Access to the Countryside Act (1981) hos led l o 
greater controls on agricultural practices, notably i.n Sites of Special 
Sclentlflc Interest <SSSI>. A series of potenli.olly d8tnclglng operations 
<POOs> ore set out for each SSSI, ond lando""ers farming the SSSI ore 
req.,lred by law to notlfy the Noture Conservancy Counci l tr-cc>, the 
goverrnent body responsl.ble for nature conservation in Great 8ri.tai.n, of 
their lntent I.on to cony out any of these operat i.ons. The t.c.C IT'l!IIY then 
object, ln ~ich case the farmer rrey be offered COffl>e"SDt ion. Fourty eight 
Cave SSSI have been deslgnoted for their geological and gecwrorpholog ical 
interest. However, the lnpact of the POOs and other operations on the 
caves• scientific interest has not been fully queanti.fied and In 1987, the 
..CC comnlssloned reseorch by the Limestone Rese arch Group ot ttanchester 
Polytechnic, lnto the documented and potential iff'f)octs o f a ronge of 
agricultural operatlons on cave SS'St. 

I. TIE LEGISl.ATIVE FRNEWlRK FOR CAVE CCWSERVATIO.. IN BRITAIN 

Conservation ls freq.iently seen as being tn conflict with other ',rore 

productlve' uses of land and there ls no q,estlon that the range and 

qual ily of Brlloln' a natural ec:ological and pt,yslographlc al resources has 

dhalnhhed ci.Jring this century ag a result of pressure from agriculture, 

forestry, water supply and inlneral extractlon, defence, recreation, housing 

~ lnci.Jstrlol developnent. Kany of these actlvltles are now subject to 

planning control but the only general controls on agriculture and fores try 

are those 1"1)0Sed on agricullu,.al bui ldlng and certain engineering wrks by 

the appl lcallon of General Development Orde,.s under the Town a Count,.y 

Planning General Developnenl Order 1977 fo,. England and WEiles, or the TOWI 

• Count,.y Plo.nnlng General Oeveloprent <Scotland) Orde,. 1981. However, 

addltlonal controls on develop,ent apply within Britain's 10 Natlonol 

Parks, and lo sites conserved fo,. their wlldlife or physlographlcal 

lnterest by the Natu,.e Conservancy Coonci l <tee>, the official body 

responsible for nature conservation in Britain. The highest level of 

protection ls accorded to N5tional Nature Rese,.ves (~) wtthin which any 

developnent is prevented. Sites of Speclal Sc lent tflc Interest (SSS I > are 

i111>0rlant a reas ""9re existing land use continues as a prltrery concern, but 

ls subject to a degree of lnfluence designed to safeguard the nature 

Interest <Department of the Envtn,nmenl 1982; Nature Conservancy Cooncll 

1983). 

In an attenpt to control developnent and to feel l ttote c:onservotion, the 

Vl ldl ife and Access to the Countryside Act <1949) and the Countryside Act 

<1968) we,.e possed. Unfodunatety they did not provide adequate protection 

fo,. SSSI in the face of the rapid Intensification of agriculture. Horeover, 

since there "Was no req.Jtrement to register SSSI designation as a land 

charge, reny landmoners and developers purchasing land reffl!llned unen,are of 

any SSSI interest, and conseq.iently the sclentlflc lnte,.esl of rrony sttes 

wes lnadvedently destroyed. The loss of irportant sites, logethe,. wtth an 

-rglng public concern for the environment, led to the strengthening of 

legislation to re-slst further depletion, through the Wildlife and 

Countryside Act (1981>. The Act has raqul,.ed the ..CC lo notify or renotlfy 

about 6000 SSSI, cove,.ing around 81 of Britain <Nature Conservancy Council, 

1986). The N:C now hos o statutory obltgatton to notify the landow,er of 

the exis tence of a SSSI and then to issue a lis t of Potentlally Danoglng 

Operations <POOs> which inight affect the interest of the a l.le . In 

addition, any SSSI boundades 111.1st be notified to a prospacllve purchaser 

es ■ lend reglstral ion requl,.--,t. The N:C influence developMnt in 

SSSI by the l egal r■"'9 ir..ent of the 1.-.d "91\age,. to glve four lllOnlh' s 

not lee of intent lon to ca,.,.y oot any POO. If the tee agree, the operation 

ray proceed. How.var, if the sclenllfic interest of the s ite ts threatened 

they ,_y object, .,,d either a nmnagsant agreement wi II be negotiated Dnd 
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L'a,griculture britonnique, en cOff'ft'Un evec celle de la plupart d'Europe, a 
:1, radi.colement transform6e depuis l ' apr~s-guerre. l 'usa~e du ter-rain a 
;le lntenslfle, ce q,i ,renalt ~ un~ <Hftfrioratlon ci.J quaJlte e t de t'eau du 
sut;_face et de l 'eou sooterraine, du aux niveau'I< au~t~s de l'engrois N:)> 

, a l'usage de pes ticides et au'I< nl~eaux augrnentes d'erosion de la terre 
mos des systemes agricoles. En depit des r echerc hes nonttreuses su,. la 
q,alit& de l'eau soulerraine, peu de t r ava i l ont et: fait sur I' in-poet de 
tel les habltudes sur des systemes de grottes . En Grande Bretagne la lol de 
1981 qu i concerne l'acc~s au pays vis-9 -vis ses onimau'I< et olseaux natifs 
a rrren6. \ une contr~le gouverrwentate plus grande sur les heibitudes 
agricoles de la nation, notarmenl s ur des enckoi l s d' inter':t scientlfiq,e 
s ~cial (des • SSSI' >. Une., 5..&.r le d~op;rat ions nyant le potent tel ~~ faire 
des donmsges <un • POO' > a ete redigee pour chaque SSSI et des proprietai res 
q,l culttvent des SSSI dolvent, sous la lol, notifier le Consei.l pour le, 
Conservat \on de la Nature <le NCC), la corporal ion gouvernmentale 

;::::::'~a~r ~:unceon;:r;:!i:"~;t:t i~/Dt'Zee ~ a ~:n:0 ~;e:s:~:~e;• !s!: 
objecllons, en quel cos le cultlvoteur a le droll de., recevoir une idennitJ. 
OJarante huit ~rottes nonmes SSSI sont deslgnes pour leur interet 
glologiq,e et ~~rphique. D'ailleurs, I' iffl)Bcl des POO sur l' tnter;t 
sci.entifiq,e a ete le sujel de beaucoup de dlscusslons el en 1987 le NCC a 
c~ le 'li«es tone Research Group' <groupe qui hit des rechenhes sur 
le calcaire> au Po lytechnique de H8nchester, Angleterre de fair e des 
rech1;rches sur les iq,acts docu,renles et,, pot;nt ial d' un a ssort ltnent 
d' operations agricoles sur des grotles designees SSSI. 

con-pensatton paid, or the cose will becO'Nt the subject of a Public Inquiry 

under a Pltwv-1ing Inspector with the final decision resti.ng with the 

Nlntster for the Envlronn!l'\l. 

Land underlain by cavernous l irnestones ls generally subject to a nutrber of 

land uses Mhlch n1y conflic t with each other and 'Which rrey also have 

adverse ill.ltC.D.Al i~cts on the rec reational and sclenl Ifie value of the 

cave geoecosysten&. In addition, rec,.eallonal activities can resul t in 

i..n1S!lll.i iq,octs on the sane geoecosys tems:. This paper ls concerned with 

the externol iff'f)Octs of agriculture on Britis h caves, since agriculture 

(including fo,.estry> ts the predontinanl use of land overlying o,. adjacent 

to Britlsh coves. 

The geological and geon>rphologlcal tn-porlance of limestone caves wns 

recognised by the design.al ton of ,48 Cave SSSI (Wolthom, 1983), and over 32~ 

of k~ coves and 801, of accessible cave pass age is contained wlthtn them 

(Herdwldt and Gunn 198 9). The deslgnatlon of Cave SSSI has c r eated a range 

of uniq.ie problera. for the renagemenl of their scientific interest. 

Firstly, tn contrast to the rrejorlty of SSSI ~ich are conserved fo,. their 

surface features , the land overlying the cave systen is designated yet rrey 

have no Intrinsic wildlife or phys iologlcal value. Secondly, agdcultural 

ecllvitles on non- limestone terrain, which form part of t he cave's 

hydrological catchn!nt wt l l inipact on cave systems via ol logenlc st reoni 

Inputs. Thirdly, there ts a, lack of scientifically verifiable evidence for 

dafmge to caves caused by agricultural practices. Consequently, the PCC 

conmtssloned the authors to investigate the documented ond potential 

tq,ac l s of agricultural ope,.atlons on cave systene, and thus Inform the 

ll'Bnagement of land ove rlying and adjacent to cave SSSI. 

Table 1. Recorded Agricultural and other Anthropogenic lq>a.cls on Brlt lsh 
Cave Resources 

Outcrop Agrlcultu,.al Other Tota l 
lnpcts Anthropogenic l"1>9clS 

IS1)Dcts 

Northern Pennines 25 29 
Derbyshire Pe!lk Oistrlct • a 
Veles <North 6 South> • 9 IS 
ttendip Hills ,a 2 20 
Devon 5 5 
Scotland 2 

54 25 79 

2. ,aucu...TI.RAL OPERATICNi N-0 TIEIR INPACT ON BRITISH CA.YES 

The priwery data on the caves of Great Britain are contained in o s eries of 

area guidebooks. These cover the Northern Pennines, the Derbys hire Peak 

District, WDles , Scotland. the Hendlp Hills, and Devon • However, the 
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rejorlty of the guidebooks ore e tn-ed al the r ecreational user of c aves 

rather thon the cave sclenli.st and therefore include caves forined in non-

limestone llthologies <e.g. 

geomorphological processes (e. g. 

sandstones>, ond b y a variety of 

iress- fflDVetrenl and by littoral 

processes>. In addlt lon, rreny onthropogenic sltes such a s surface 'digs' 

(sites rug by cavers ln search o f new caves> and karst features such a s 

dol I nes which do not 'window-' into c ave passage, s treDtl'I r-lsings and s tream 

sinks with no known or accessibl e c a ve, artificial coves, rock shelter s , 

and 'h1ud rock' <e. g. L itrestone, son<btone) "1i.nes ar-e included. This ~ ,. 

is concerned sol e ly with · l imes t one caves which are defined a s accessible 

condui t s developed by sotutlonal and mechanlcal erosion processes. Nat ur-ol 

cavities accessed vi.a mineral workings fal l within thts deftnition and 4 7 

of the 48 cove SSSl meet this criteria, the exception being Beachy Head 

Cove tn Sussex whic h f o rred in Cretaceous Chalk. The inclusion of r elated 

features such as dot Ines (the term 'sinkhole' ls ant,iguous and should not 

be used) os coves is unjustified although these features ff'8Y be significant 

es sources of rapid recharge t o underlying cave systems. 

Puhl ished site descriptions were searched for evidence of external 

anthropogenic ill'f)8c t s. Art eddi t l one I constraint was eppl ied by excluding 

el I caves which have been directly i -,,octed upon by mineral extract ion 

a ctivities. The i,rpact o f mineral extraction <quarrying> i s dichotomous, 

5lnce whl 1st caves moy hove been donlllged or t otally renoved. c a ves hove 

also becOl'f'e accessible after quarrying has ceased. The relali.ve lrpact of 

quarrying on caves ls the subject o f an ongoing investtgalion by the 

authors. Evidence of an external anthr opogenic in-pact ls explicit or 

lfl1)1ici t in the descriptions of seventy nine sites (2. H of the Bdtish 

c ave re5ource> <Table 1>. It ls possible to c lassify hrpacts 115 either 

ogr-icultural (54 s ite-s> o r non- agricultural <25 sites> since neny site 

descripl ion5 Include words that have an explicit agrlculturel mee.ning (e.g. 

' rustirlg farm n11chlnery' or 'farm tipping'). However, In several c ases an 

agdcultural tnpact ha5 either been lirplied. f or e xa,rp le by the term 

'd.Jft1>EKI ant,ret corcosses', o r assl.Red given the remoteness of o site frOffl 

public highwoys or footpaths. 

Table 2. Recorded Agricultural lirpects on British Cave Resources. 

MEA ~r o r coves 

Northern 
Pennines 

Derbyshire 
Peak Di s tric t 

Wales 
(North I Sooth) 

Scotland 

l'lendip 
Hills 

Devon 

2 
3 

3 
II 

0 

lirpoc:t type 

Entrance lnfl I led 
Closed ("WOler supply) 
Farra Tipping 
Carcass Disposal 
Scrap metal/Car-:i 
Ol l Waste 
Lond Draln~ge 
Farra Sewage 

Fornt Tipping 

Entrance lnfi I led 
For111 Tipping 
used as Byre 

Farl'II Tipp i ng 

Entrance lnf l l led 
Farra Tippi ng 
Form s~ge 

The agricultural 1..-cts were grouped Into 9 cotegorles and the nud>ers of 

sites ln each catego,-y for each of the seven ,rein cavernous limestone 

outcrops ore shov, in Table z. Siini larly, non- agr lcul turol i"l)OCls were 

grouped Into 7 categories <Table J>. 

The min ogricultural and non-agrlculturol irpact on iff'f)6Cled c aves ls the 

lipping of fl'Dlarlol s within cave entrances (631 ond 84S respectively>. 

Farmers tip n1tertals lnto cove entrances for • variety of reasons, not 

leas t because they f o rm a convenient hole in the ground. Simi lorty. seve ral 

locol authof-llies hove located lips in disused quorrle-s which contain 

cave entrances. A second major lff'4)&Cl ls the effect I ve l oss of oc:cess to 

cove entrances due to the use of the cave o9 a "WOter supply • Several cove 

systems are inipecled upon by a variety of pollutants including r unoff frora 

farnyards and dungsleads <farin s8Wlllge>, oil waste fr01n forms and actlve 

quarry operations. and Ch(!llnica t& which may be Input fr01n chemical -.este 

tlps, again often located in dis used l:J.IOrrles. 

The n'Ojor p-oblem ln using guide book descrlptlons is their subject lvity, 

""'lch c reates a nunber of probhns. Firstly, t he nein oltn of the cave 

guldeboofics l s to provide • description of the cave site for recreational 

users . Only one cave guidebook <Barrington I Slonton, 1977) has expl lcltely 

considered the internal m'\d external lq,acts of onth,.opogentc o c llvlttes on 

caves; the other guldebooks only include evidence ""ere the contributor 

was sufficiently lrpresaed by the lnipoct. Secondly, gi.ven the t~,-ol 
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distribution of guidebook publlcolion (1975-1988> it is not possible In a 

desk s tudy to deler,alne \ohe ther iff'f)6Ct s ere of acute or chronic notu,-e. 

Fo r exflll'l)le Greenbrldge Cave In West Weriles W09 described as hevlng a large 

but otherwise unren,.rkabl e entrance by Stratford (1982> <and ln the later 

<1986) edition), but thrtt years ' earlier the entrance win described by 

Old'llllffl <1979, p30) os: •a fine S foot h igh by 30 root wide entrance, 

pr-acticai iy blocked with lipped rubbish, old c ar bodies etc• . ..,ether the 

cave entrance had been r~tored to its nolurot condition ln the lntervenlng 

3 years, or an adequate desc:rlption "WOS omitted fro,a the later guide for 

the Mike of brevity ls o matter (o,- c onjecture. Sl~llarly, Koll Pot In the 

Northern Pennines i s: • now one of the largest rubbish <i.Jff'f)S ln the • Dales• 

<Thorp. 1985 p . 86> yet this l s not fl'lenlloned In the guidebook desc:dptlon 

<Brook et ol., 1983). The s tatus of lhls st te has been confined during 

s ite visits for this s tudy, yet ln contrast, scne agdculturat inpacls 

(eg. • one-off' antral carcass <l.Jnoping) are o f trans lent nature, and recent 

si.te visits have failed t o find any evidence of the lq>aet. 

Table 3. Recorded Artthropogentc •~ts on the Brltlsh Cave Resource 
E•c:luding Agriculture and Nlneral Extraction . 

MEA 

Northern 
Pennines 

~r of caves 

Derbyshlre 
Peak District 

Veles 
<North 6. South) 

Scotland 

l'lendlp Hl l l s 

Devon 

3. CCN:t.USION 

lrpoct type 

Fly Tipping 

Road Const,-uct ton 
• Landscaping' 
Fly Tipping 

Fly Tipping 
Sewerage 
Oll fro,a quarrying 

Fly Tipping 

F ly Tlpplng 

Fly Tipping 
Offlclal Tlpplng 
Chentcal Ouniptng 

This pr-el l minary s tudy using publ I shed dote sour ces hos suggested that 

anthropogenic lff'C)OCls on Brit tsh coves may affect o sniol l percentage of 

knoi.in c ove enlrooc:es. Anthropogenic activities which are of agrl~uttura l 

origin affect 681 o f the 79 caves identified. However' these 79 caves should 

be considered os the minln.Jffl nunt>er lff1)1Kted upon since only the rost 

obvious problems ore like ly to hove been docunented. This inherent 

subjectivity means thot the r e al scal e of external lrpc,c:ls on cave s ystens 

ls lqx,sslble to deter11nlned wtlhout v isiting each ca ve. 110,-eover, ongoing 

research by the authors suggest s that there have been very fev studies of 

the irpecl of external anthropogenic activities on cave geoecosystena 

elthe,- In Brllaln or oversees. Due to the dear-th of sctent t flc r eseo,-ch it 

ts difficult to determine the hrpecl on the geological and 

geonorphological Interest of caves of ,ralerials dJnt)8d in cave entrances or 

lnpot as pot lutants.. Indeed the ll"ltjor l,rpocts of such operotions are 

l lkely to affect c ave ecosystf!fflB ond the hunin ecology of caves, 

particularly acce5s to coves and the health and safety of cave scientis ts. 

The authot's are currently modelling the ilrpact of ogrlcullurel operations 

on c ave geoecosysteire using pot ent lot lnpoch based upon conslder-at tons of 

hydrogeochefflic:ol processes ope:ral Ing on both karsl I fled l h•slones ond 

other lilhologies. In addition, the tnpoct of agricultural operations on 

the quantity and quality of autogenlc and allogenlc r echarge are under 

lnvestigation using the catchment o f the Castleton kars t aquifer, 

Derbyshire, England. 
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CAVES OF THE KOPRUCAY RIVER BASIN AND VICINITY, SOUTHERN TURKEY 

GUNN, John - GUNAY. Gultek1n 

The Koprucay rlver basln ls s ituated about 40k"' eas t of Anlalya in the 
._..tern Taurus Hountolns of southern Turkey. Above the slte of the proposed 
~konak dMI the basin has an areo of s01re 1950k...- and the inean annuol flow 
ls about 8Snt7s-•. Uirastones outcrop widely ln the bestn, the two ff'Clln 
untts belng a congloaeratlc llfl'IDslone of Hlocene oge wllh a ffB)({fl'IJffi 

thlckness of 700nl and a sllghtly ,retanorphosed and hlghty contorted 
Cretaceous l ln19stone se<fJence. The Korst Water Re'Sources Research Centre or 
HM:ettepe Unlverslty ls engaged ln a study of the area• s hydrogeology and 
as port of thls study a teen under the dtrect ton of the authors explored 
and surveyed 15 caves durlng the sunnier of 1987. The longest cave-s ln the 
conglcnerate are Kurukopru l"lelgarasl (530m) and ttonaz Oetigi Heigara<Jl 
0650m>. tile latter being pe,rtlcularty interesting because of upwards 
sloping lnto overlying non-ceirbonate facles. The longest cave surveyed by 
the e,cpedl t lon wes ztndan Hs911rasl <740fflJ but the spectocular resurgence 
cave Plnargozu Hsgarasl which l les close to the topographic watershed has 
over 5000m of paissage and an e lovat lon of 2501ft. 

1 • I NrROOOCJ I CN 

About one thlrd of Turkey is underlain by carbonate rocks C!lnd a substantlal 

propor-tlon of the countrles hydro-electric potential ls located in or 

adjocent to karstlfled llfaestones. The Taurus Hountalns korst north east of 

Antalya l s drained by three lorge river&, the Nanavgat, Koprucay and Aksu 

<Figure 1). 
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The rnaon at'W'K.lel discharge of each river ls inversely 

proportional to Its surface catchment < Plllnavgat River 156. 3 ~ s - 1 from 

9l8 k,.. ; koprucoy River 85. 4 rrP r• from 1942 k,,.S; Aksu River 39. 9 ,_, r• 

from 6472 k~). Since each basin has approxlnately the alllft'I! net 
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la bassln fluvlale de Koprucay se sltue environs de 40 km a l' est d' Antal ya 
aux montogne!J occldentales de Toures ou sud de lo Turq.ile. Au-dessus 0.. 
lleu propos' ~r le barrage de Beskonok, ,le bassin a une superflcle de 
l950kraa et l'ecouterent annuelle moyen e,st a peu pres 8Scr"s- 1 • On trouve 

~~ ::~::!~: tor':;l~a:~qJ-:•~ni,¾;. '::C~:=:t ~l:~~=1:!:! ::~~~ 
700 ,a et d' out re pert 

1
une serle de c11lcalre cr,toce fortement tordJe et 

falblenent metanorphosee. le ,centre des Recherches,, sur des r,sources 
d'eau,c k,rstlque de l'Unlverslte d'H&cettepe est engage ~s une et1f1e de 
l' hydrogeotogle de cette region. Conme _,POrtte de cette elude, une equlpe 
sous la dtie5tton des auteurs a explore et fall des plans de 15 grolte9 
pendent l'ete de 1987. Les grottes les plus longues de ce conglorrerat sont 

~:!~~ :. K~~1;.u de~~~~;:' e::'°po~\•cu~~~~:.':t ~tZ::a!:ll/lc:':r:! 
grodlns q.tl m:,ntent le r,oc superpos~,. et non;.cerbonatl'. Le grotte le plus 
longua ~l etelt exptoree per l' e,cpedl tton etalt celte de Zlndan )1ag11rasl 
<740 m> tendis q.ie la grolte de Plnargozu l'lllg&rasl, une resurgence 
spectaculalre, qul se trouve pres de la l igne topogr~l)"• de partage des 
eaux contlent plus de 5000m de corridors et vonte une elevatton de 250m. 

praclpttatlon these differences n.JSt lndlcete a substantial «wOJnt of 

lnt■r-basln underground weter tr.-.s fer. The hydro--electrlc potential of the 

t1anevgot River hos been real lsed by the construction of the 185 l't hlgh 

Oynloplnar Dara do-.rtstreen. of DlMBnl l Sp,- Ing end hydrogeologlcal 

lnvestlgatlons have been underwey since 1965 wlth a vlev to estobllshlng a 

elf'lller dom on the Koprucay River at Beskonak. The Karst Weter Resource■ 

Research Centre of Hacettepe University ls perticlpetlng ln these 

investtgotions ond DS part of their studies III team under the dlrectlon of 

the senior author e,cplored and BUrveyed fifteen c11vn ln the KC>Pf'ucay Rlve, 

Basin <Table t>. 

TASLE 1 CAVES CF n£ KOPRUCAY KARST 

Nome Grld reference Altitude length Oepth 
c .. , (o,) <m> 

Kl Zindan Hsgarasi 3145 8691 1300 740 +21 
K2 Plnorgozu Nagoraal 5095 7350 1570 Not surveyed 
K3 Oudenyayla Oudeni 5210 5070 1580 )60 )70 
K4 Yesltbog Batt Oudenl 432 424 890 Not e,cplored 
<S Yes I Lbog Oudenl 445 416 915 95 62 
K6 Deglrmenozu Nltgarasl 4325 3960 500 60 13 (6, +7) 
K7 Ourl•vlk K,gorosl 5307 3592 1350 35 5 
K8 ketertz Cukuru {dot lne) 3711 2278 1750 Not explored 
K9 kurukopru Nagarasl 4090 0920 130 530 30 
KIO Honaz Dal lgl Hsgarasl 3825 2760 520 670 +24 
K11 Yesl lbog ttagorasl 035 4155 910 150 15 (10, t-5) 
K12 koraln Kagarasl 4168 3843 530 60 7 
Kt3 Kayaarasl Nogarasi 4192 3840 540 Not surveyed 
k14 lnkusagl ""garosl 4178 3814 490 10 
K15 Onbosl~sen Hag11rttSl 4208 4420 790 50 16 
Kt6 Baridlnl Hagarasl 4090 4439 700 35 
K17 Venial loglu Nagarasi 4087 44&0 &ao 75 
k:18 Sorgun Hagarasl 3220 9060 1415 303 13 

One of the cav•s <Kl, Zlndein 11agarasl> ha• ba:en previous ly 

described by Aygen (1980 but not <to the euthors kn<Nledge) surveyed. The 

renelnlng fourteen caves are not thought to have been visited previously 

except by local vl I lagers. A deep short near Veal lbag village (K4, Table I> 

was vlalt.41d but not descended end o very large dollne CK8, Tabla I> which 

'48 said by villagers to contain coves wes noted. The f.-oua resurgence 

cave Plnargozu Hogarasl (K2, c . 5300m long, t250m elevat Ion> ""'lch l les 

wlthln the Koprucoy Basin was also briefly visited. Access to n>St of the 

coves la by rough tracks and route flndlng ls dlfflcult ln the absence of 

detei led maps which are unfortunately stl I l classlfled a s s.cret. 

2. !£!llJl!iY 

The four main stratigraphic units In the Koprucay basln are : (1) the 

lq,ermeeble HHozolc Ophlol lt le Serles, (2> a 1000 - 2000 ,. thick, 

holw:>gtnous Uppar Cretaceous I lfnestone sequ.,..ce wh:ch contains SO'N: Igneous 

lntruslon.s, CJ> sorae 2000 Ill of Htocane deposit• subdlvlded lnto the 

l"1>9r11neoble shale/aendstone alternation of the 8-eskonak For1111tlon mid the 

Koprucoy Conglomerate which ls ffllllde up of l ll'IBstone gravels end cobbles tn 

a carbonate n1.trlx and <4) Q.saternary alluvial deposits CFlgure 1). Both 

the Cretaceous l lmestones C!lnd the Koprucay Congl0ffl8rate are folded and 

faulted and hove well developed Joints whlch ore a focus for undergrot.W\d 

'4ler movement and cave development. 



3. CA'tf:S IN J1E KlPROCAY gM,OERATE 

Seven caves vere explored ln the Koprucay Conglorerate, the longes t being 

1(9 and KIO (Figures 2 ond 3, Table 1 > both of whlch are res u,-gence caves . 

K9 (Kurukopru Mega,..st> is ass ociated with the only t'llljor s pring do-.nstreen 

of the Olukkopru Springs <Figure 1). It was dry dudng our visit <July, 

1987> but has a flov of 4-5 ,.,;a s-• durtng the wet season. The cave is 

developed along II pr<N11lnent PN - 9:" Joint and consists of an enhance 

cheniber ln lilt\lch there has been so,ne breakdown fol towed by a s leep s lope 

down l oose sedlinenl to a hlgh rift possage which ter,nlnates in an un<Jleble 

boulder choke. A second passage t ead9 beck to the s urface from half way 

dew, the s lope. The sedlnienls dill"li.nlsh tn size upslope fratn pebbles to 

coarse sand and tt ls cteo,- that water flovs upslope out of the cave dlrlng 

the •t season. KIO (Honoz Oeltgl Hl!lga,-as D is also developed along a Nil -

SE Joint but l s essenllally horhontal (Figure 3). A sn1ll s tream flows 

through the cave end sinks Just ins ide the enlrancf! which probebly 

funcllons as an overflow In t lfflfts of flood. The cove is developed Just 

below the Juncllon between the Koprucay Conglorerate ond the overlying 

Beskonok Fonrollon and ter,ninotes in o breaMdowl chMt>er In which 

sandstones .Kt shales have been exposed by upwords s topi.ng. Yesi. lbog <K5> 

and Onbesldus en (K15) Oudenl are ess m1t ial ly vert teal s hafts wt th l lght, 

limature pass age leedlng of fr«- the ir bases. Yest tbog ttagaras i. <K1 I>, 

which ls situated In a sGnle'Whot luger depression descends, less s teeply 

but also end9 ln light, lrwnature passage. KS, K11 and KIS probably drain to 

Oeglrmenozu Spring (1(6). The two remainlng cave, Kl6 and Kl7 ore s hod 

lengths of r el let resurgence cave. 
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linden Megaresl <Kt> hes a large entrance close to o road ""lch has 

probebly been • p lace of refuge for- several thousand years. Aygen <1,a,, 

p. 77> records • r__..t• of get es f,-Oll'I lM By.1:.-.l lc ages , or-~ted wt th 

en>ossed rellef fflllrbles• but these were not s een on our vlslt. The cave l s 

essmillally • ■lngte, Joint controlled conduit '«lhlch l s lnltlally up to I SM 

high mM:t 3 '"wide but grows progr-es stvely saeller into the hi l l end finally 

teraninetes ln a low, wet bedding plane. The only other cave or any 

s l gnlflcant ■lze ..ttlch was expl o,-ed was Sorgun Nagarasl (k18, Figure o, 

lllhlch has devel oped • fa,,, .. tru above the Junction between the t l .. estone 

.w:t the Wlderlylng Triassic sandstones and shales. The entrance la • rel let 

outlet point, the present outlet belng phreat le. Upstra- the passage l s 

lnltlally 2 - 4 tn wlde and up to 5 at high but like Zlndan lt gradually 

dt .. tnlshes ln size and eventually beconts too tight for further 

exploration. Oudanyayle OJdenl <K3, Figure 5) l s en iq,resslve feult/Jolnt 

guided shaft syat-, at the end of III dry valley wfllch .__. lncoq,letaly 

waler e n ters (loo lowl PLAN 
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explored owinq lo lack o f rope. It IT'Oy drnin lo f"ukurc111 which -.«Jl1lct qiv~ I'll 

depth potential of alff'Dst 1000 m.. l'k-!qirmenozu H.o\qu111-;.i CK6) is a l11rqc 

resurgence cave ""ich is fl ooded after only 60 m and C"1111rlevik Hni1l'lrft'>i 0(7) 

i.s an inralure resurgence cave ~ich I i ►e Sorqun H"lqnra.-;i hn~ devt?lopcd 

above the lirrestone/sancktone contact. Y.12, 1'13 anc1 Yl4 nr«- relid 

resurgence caves. 

Limestones crop out over a substantial nrra in thf' Knprucny ba"lin nnd 

although the caves described in this report are relatively .-m,ll tht?re i~ 

considerable potential for both long and deep !.y.-;teffl!i a,. r.hown by 

Pinargozu. At least two site-., KJ n,nd K4 nWl'lit further exploratinn tlt'ld 

there is also scope for further work in thr north western pe,rt nf the 

basin. 
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CAVES ON THE TONGAN ISLANDS OF TONGATAPU AND 'EUA 

GUNN, J o hn - LOWE, David 

A85111ACT 

Durlng the ....,..,. or 198& • t ... of Brilish speleologist■ visit.cl the 
l■lands of Tongetap.i and 'Eua ln the Klngcbl of Tonga ""8re \lttle 
prevlou• ceve ■xploratlon had lelc_... place. The l■l.nd of Tongatapu la 
entirely c~ of Plio-Plelatoc_._. tt ... tonee wlth • 111Pln.- r■llef 
of 65 • ln tha aoulh-•••l llhera all the know\ cavff era located. The 
ca..,.. Wf"■ proo.>Ly formad clOM to u,.- rr.....,,_tar - aalt-.ter lntarhc• 
WK1 have been e.xp098d by ~l upllft . They are generally short (10 
- 400 al> end horlzontal vlth relatively fetit active apeleotheaa but wlth 
conelderabla -=:c--..latlons of gu.w.o. The .tjacenl ts land of I Eua i a 
_, ,.,. but has older rocks, • ftlCh greater rat laf <aax. 312 N end, in 
conaequenca, -..betanUal ly ..,.... c■vff. As a result Lt wa9 the focus for 
a aecond expedition ln 19&7. The 'Euan ca ..... Include prlNrlly vartlcal 
syat- ln l , ... tones of Eoc.,. to 01 lgoc.,.. age ~ tonger, aora 
horizontal ■yet ... -.filch had their origin■ In Pl ioc.-.. 11-■tonea end 
~tly cul dov\ Into Kloc.,,. ■renac.oua rocks. 

1. IHDIIMT I<lt 

The Kingdca of Tonge (al.a knowt - the Frlandly Islands) ls localed 

.,... 3200 ktn I€ of SyGwy and 1760 lc111 NE of Auckland <Flg.1> . It 

conal■t■ of ■l , ... t 170 Island■: verylng ln •lza froa S1Nl l sand c ay• up 

to 700 kd. Only 34 of them ar■ lnhablled (tot■ l pop,let Ion 96,000) ■nd 

only • r..., hav■ l 1 .... tonea of sufficient age ■nd ■t■vat ion to give • 

r■--onebl■ ■xp■ct■t ton or c■v• dev■lopant. G■ologlc■ l ly, th■r■ ■r• 

thr- -ln laland chaln• : lh■ Nom,,lc■ Group ~ 'Eua Is land ""■ re 

r■latlvely .-.cl.-.t volcanic be...,...,l rock• er■ overlain by post-Eoc■ne 

depoelt-. -Inly u ... ton.s ""'lch are •lit I belng forl'ad; • boall or 

~r l•l_. <lnchtdlng Veve' u and Tongahpu) ""'lch I la to th■ "'911l 

"""■ r• .... lv• lagoon■ I W\d roof al l l-.ton.a have been daposll-1 on • 

..t..■rged volc■nlc be....,.t ■Inc■ Pl i ocW\e u ... , and • chain of young 

actlva or pol.-.tl■ lly Kliv■ volc.-.lc i s lands <tha Tofu■ Arc> ""'lch tl■ 

at l l l farther to the wst ■nd ■r• aurroundad by fr i nging reefs ""lch ■re 

for.Ing cancurr.-.tly lflth volcanic deposltlon. 

C.v.s have ~ know'I to -.:l■t on lelWlds In th■ Tangat■pu Group s ince 

the u- of Polyn■slen colont .. tion but ••rlous c■v■ ■JCplor■tion dld not 

ca..nc■ la'ltll 19&1 f..Wlder- tt,a direction of Cunningh,MI ■nd Ansc:Odlb■ 

(1915>. Their work -. built upon by a Brllish Expadltlon <•Tonga '16•; 

Low 6 6'.ww\, 1987> ""\ch explored • .... 11 nud>er of caVH on Tongat■p., 

Ind • l ■r~ n&at>er on 'Eua. Such w.■ th■ succ■sa or this expadil ton 

that • eecond <•Tonga '&7•; La.... 1919) 11MS aounted to contlnue 

■xplOt"allon on 'Eua. The present paper briefly outline. th■ nature of 

th■ dlecov■rlH, full datalls and aurv•y• being p.,bllehed in the 

cOllblned -.:p■dl t ton report■ (Lowa, 1989) . 

'! d-
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P.-.c:lant L' 'l ... da 1936 ww ~ipe da •~tlologu- britennl«.>ff ont felt 
la vl■lte ■we ft■• de Tongatap., at 'Eu■ ■u roy...,.. de Tonga. ■ndrolt OU 
p,-Nllabl-■-t p■u d' exploration de grott■s •• e1■ll pasM. L' 1 le de 
Tongatap.t ae c~ .-itl~r■-nt de calcalrH plto-pl■l•tocines d' un 
relief IMXlna de 65 111 ■u partle suct--"t de 1•ft■ cit, M trouv•,. des 
grottH CON'IU... It ut probebla ~ la fon•tlon des grott- ■'et■lt 
r-sJ prh de la Jonct ton entre l' NU doc.Ka •t l ' ■au da -r at ~ Cff 

grott■s ■ura\-,t .. t, e~ con~t i un soul8v-,t su~t. 
0' habltuda el lea •• --,trent court ff <10 - 400 a) et horh:ont■lH, ■-n. 
grand ftCllmra da spli■'ot~ acllfe, .. 1 ■ avec des acci.a.,lallona 
constdirabt■s de guano. 'Eu.a. t•'h■ ad,Jac■nte .. t plu• pallt■, for-■ 
das roch■s plus viel l las, d' un rat t ■f b■eucoup plu• eccentue" (312 "' 
ftl)(\lfUll) ■t, par c~t vante beeuc:oup plua de grottu:. A c■u- de 
c■ L■ elle •• fft trou..,.. l' obj et d' une seconde expedlt ion en 19&7. LH 
grottu d' Eue C<Mip"■nnant d' une pert des sy■t\..s q.,i ■ont 
prlnclpal.....t vertic...,x dantt des c■lcalr•• datant de l''ge: (ocW a 
l' :ge 01 tgoceMI et d' ■utre part des ■ystfflH plus horl zont...,x qui 
dart::ent ~ c■lcaires Plloc'\nes CJ.Ii plus lard ont creuH das roches 
t1locen■sare,rwac ... 

2 . .lllliMMII 

Flve caves Wllre e xplored by Cunninghan and Hood <unpublished report> end 

• further thre e during the Tonga ' 86 expedition these bei ng Pile' s Cave , 

Fat~ Cave, end Oholei CaV"e <Table 1, Fig 2 >. All th■ caves on 

TA81.E 1 CAVES 0:: T~TAPU - Grid rafar..-.c■ Alt i tuda , .. , Length , .. , O.plh ,.., 
Noal-tJlu 970 3S6 2 420 ♦9 

Noa Nakolo 95• ,12 3S 180 10 
Fat~ Cava 962 S26 2S 132 17 
Fu.a' -,tu 937 ... 3 HOO ♦6 

Havelul lieu Inc l lna 971 S37 17 S2 16 
tlat.t o..n• • C.•• 020 SU 12 so • 
Ohol■i Cave 967 S03 2S 300 20 
PIia' ■ Cava 03S s,s IS .. 9 

Figure 2 

Tongat■pu •r• ,ub-hori.tont■ l and -■ch con■l■l■ e■a.nti ■ l ly of a •lngl■ 

l arge pa■ .. ,- (up to 50 • wide In Ohol■D hr•in■ttng i n a boulder choka 

..:I wlth conslderabla bt'Mkdow'l on tha floor. Thay ■re th■ hc:lllaa of 

large .....,_r• of cava ■11if~• and probably of ■oa■ bet■ eltt.Gugh none 

.,.r• poeltlvely ldanttfled. It le ■uggiuted that thNe c■vn for-.d 

cloa■ to the fr-""-l•r - .. uw.ter lntarraca under condltion■ an■logou• 

to tho■■ lillhlch curr-,tly pr■v■lt on fr l nglng rNh around l•landa ln th■ 

Tofu.a Arc. 

Tha l•land of 'Ewa l e the -■c:ond lar9"t In th■ Tongatapu Group being 

al_,.t 20 k.111 long <north-south) with • .. xl.._ width of 7. 5 ktn near the 

..a.ddle, By Tongan at_.,.da lt ha■ hlgh rel lef, r-■chlng 312 • above ... 

level and lt l■ ■lllO g■otoglcal ly n>r■ co.pla,c than other Tongan 

l■landa. Spal.ologlcal ln.,..ttg■tlona in ■ 6 k ... ■r ..... t of PetW1l 

and Kolaaalle .. tll-,te near th■ cwitre of th■ lel■nd have ldantlfled 



foul"' dlat incl type,a of ceve: dol lM drelns, Slt"'e.,.....alnk cev .. in Eocene 

u .. tone. etr....-sl,. caves in Pl ioc_.... I l.-.stone, end t"'ecent cevff. In 

addition • aolihry cave in the slda of • spechculat"' ... cllf( 

.,te,.ed aftat"' en lntat"'Hting abseil but tarinlnatad after only 10 111, 

TABLE 2 CAVES CF 'El.IA 

,.__ Type Grid l"'afet"'ance Altitude Cftl> L_,gth (a) Oepth (a) 

-- 2 Ana Kake 1 
Ana Loloto 1 
.,,._,, 1 

-- 1 --· Ana tt, Ull'ull 
NW Niu. 
NW Peke 
,,,,._ , ... Sele• - 3 
Ml.rtln• Ceve syst• 

Ane Salato I 
Ana Slkota 1 
Anll Te,patolu 1 
Ana Topulep.i 1 
Cepturad Fl•h Cave 3 
Col lapae Ceve - 3 

Shower Cava •y•l-
Oenger Cave 1 
o,.y C.ve I 
Flrat Cave 1 
Fish Cave 3 
Flah Heed Cave 3 
Flah Tait Cave 3 
Parkers Ht 11 Cave 1 
Rift Cave 1 
Second Cave 1 
Thlt"'d Cave 1 
Tokua ~ Mu 2 

3. 1 Doline dc1ln1 

1.ta, 3276 
1581 3238 
1630 3160 
1599 3169 
1618 3230 
1562 3250 
1599 3252 
1555 3248 
1588 3503 
1940 3302 
1425 3299 
154-0 3272 
1629 3117 
1568 3200 
1631 3204 
1426 3335 
1431 3341 
1416 3340 
1578 3369 
1599 3482 
1586 3435 
1429 3332 
143 333 
1388 3306 
159 358 
1640 3266 
1587 3403 
,sas 3,1a 
1482 3271 

191 170 95 
207 324 135 
220 537 137 
111& 1024 111 
222 314 113 
227 189 103 
211 83 52 
224 251 109 
265 142 50 
125 390 ♦38 

163 
220 62 >38 
238 137 102 
211 187 118 
213 2ao 125 
165 40 5 
165 353 43 
125 
220 90 35 
270 150 61 
260 350 65 
170 510 45 
175 87 8 
125 30 1 
300 130 55 
220 180 120 
260 130 55 
260 300 75 
192 110 72 

These et"'e prl.,.l"'ily vertical caves up to 140 111 deep .-.tel"'ed ■t the bas■ 

of solution dolines ln the Eocene LI-stone lllhlch crops out betwen 

about 200 tn end 300 11 above sa■ level In the ■I"'■- s tudied. The dol lnea 

conhln well developed centrlpehl dtalnege channels "'-lch convet"'ge on 

the cave entrances and although no SUl"'fK• flow -..s ob■ervad GJrlng the 

vis it It l ■ cleat"' that the cavu function as dollne drains. Nineteen 

cavH wet"'e explored <Table 2>, uch consisting of • sari•• of dry 5-25 • 

pttche• wlth clear evidence of structural ~ldence. Most beco■e too 

light wlth depth but ln s~ sinal l ■tr•-- --rge froa t lght SUlllllp""poola 

end flow through aub-horlzontal passage■ tnto restrlctad SAM1p9. These 

constrlcl•d. 1...,ture pe.suges .,.e elther lnclsed lnto or a shol"'t 

dlstance above the volcanic baser.ant and hove prOMbty been forcad 

rel atively recent ty. t-to....ver, in soaie of the caves there l a evidence for 

lat"'g■r abendoned passages •l higher level "'-lch •ppe■I"' to beer no 

reletionahip to the present cave. For ex:-.,le, P■tangi ChM'ber ln Flt"'s t 

C.v• which w■ entat"'ed by en upi,erd cl i.., frOlft the 1 - 2 111 di-lei"' 

imln pes .. ge is 100. long. 4o. vida and up to 20.1 hlgh (Flg. 3). I l 

contain• Namrous large end fine, though lergely ONd. apeleoth_. and • 

prolific pop.,letion of cave swlrta and beta. Si111iterly, Ma fllliui 

cont■ln• • long section of phrNlic tube with • di-tar or over 5 "' 

"'1ich i ■ lergely fl I lad with cleat le Mdl...,..l overlain by • profusion of 

apaleotheM. It la suggested that these paaaap■ er■ ,._,...ts rroa an 

Nt"'ller (pre-Hloc_,.) phaH of apal■ogena■le end thet their for-lion 

took place close to the fl"'eshw.l■I"' - .. itwtar Interface under 

condlt ions .,.\ogous to those lllhlch pravallad on south-■aat Tong.tap., 

prlor to t"'Kenl uplift and lllhlch pr■v■ll on hlands ln the Tofu• Arc at 

pr...,t, Nore r.cent pe■Hge devel~t hes lak:an place by vadose 

lnclalon OJrlng or following upllft and there ls clur evidence of 

Jolnt/fa1Jll ~ldanc:e. 

3. 2 Stcen::,lok cavu lo Eocw:t1 l lM1lAD9 

Two cavN .. ,.e antared vie ve,rt lcal shaft• lllhlch have developed \illhere 

-.,rface ■tr.... flowing on late "lddle "tocene I -■rly . Pl ioc_.... 

calcareous volcanic .,-enlt■ have cut down lo t.he underlying Eoc_.... 

Ll-■tone . One (Ana Ahu> is active and the other <Tokua Ana Ahl.I) 

abandoned. Both are N■-'ltlally vartlcel vadoae ■lots wlth cl .. r 

Jolnt/hul t guidance. 

FIRST CAVIE 
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3. 3 Stcew-1\ok CIYU lo Plloc- u ... tPOI! 

lMM are predoainently horlzont■I cavu which ori.gineted under phrNtlc 

condltlon■ at the beM of the Plloc_.... u ... tone and Wilch have 

subsequently cut c.-.yons down into the underlying c■lcareou■ votc.,.lc 

arenll• by a cod:tln■tlon of ..c::hantcel and aolutlonal erHion.. She cave 

syal- 50 - 500 • in lm,glh and up to 45m deep ware explored. All are 

aultlpl• .,trance llnear at.r ..... y• -.hlch fora par-t of integratad 

underground dralnege nehi1ot"ks faedlng to lhrff springs. Water froa theM 

springs forN the local dolllestlc -..tar supply, being partial ty captured 

by a CCJ811l•x: al"'t"'engaia,,t of pipn lllhich extend SGMa distance lnto one of 

the caves (Ana Peca Bee•>. 

3, 4 Bec;90t CIYU 

Sevwel short, relatively recent cav .. -.re notad llilhere ■tr■- whlch 

rlae al the edge of the arenlta outcrop alnk lnto eltltudlnally lo...r 

l l.,.tone■ of uncertain age. 

4. gu;tl§l<Hi 

Th■ Tongwt ta lands ln general end 'Eua In ~rticular ere ap■laologtcel ly 

utr-ly rlch end lt l• certain that ..-.y _,..e c■vff nialt discovery, 

There ere conalderable opporlW'llll- for the study of ■palaogenNl■ ln 

that the three ialend chelna ere at different ala9" ln t.Mlr 

dav• l~l enabling aneloglH to be IMde bat....,,. prnently for■ln,. 

recently foraed and anc:lant pnsage■• 
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RADON DAUGHTER CONCENTRATIONS IN BRITISH CAVES: IMPLICATIONS 
FOR CAVERS AND TOURIST CA VE OPERATORS 

GUNN, J o hn ru-:n.:111::H, S tan l'RIME, l.lav1J 

Slnce June 1987 we have .-.asured natural ,.odlatlon levels on a sporadic 
besls ln several Br-ttlsh caves uslng a •Rodon Snlffe,-• <Vorking Level 
"'t•r> end the kusnet:r Mathod. Radon daughter concentrations vary s potlol ly 
(both across the country and vlthln lndlvlcl.Jal cave systems> and leff1)0ral ly 
(both seesonally and diurnally), The highest concent,-atlons <>2• 'ti\.) occur 
ln the Castleton area of the PeGk Dlstrict -.tiere r-egular cavers may receive 
a rodlation dose wet l ln excess of that received by cl11Sslfled workers ln 
the nuclear ind!stry. Concentrations ln tourist caves are lower and the 
dose received by a lll"l!ffOer of the publ le on a guided tour would be 
negllglble. However, guides aay receive a slgnl.ficont dose ond, as a 
result, several oper-etors are consldedng changlng to self-gulded tours 
'""lch nay l n turn produce • greater lncldence of speleolhem darrege. 

I . ~li!f 

Radon i s a gas formed frOffl the decay of radium ""i ch itself arises frOffl 

natural uraniun_ on element which is widely di s tributed in the e arths 

crust, though generally in low concentrations. The radon gas decays to give 

s hort I ived isotopes of lead, po l onium and bisnuth <"radon dauqhters" > 

""ich emit a lpha- particles. The radon doughlers tend to attach thefflSelves 

to Wst or '-"lter part i c tes and cftn thus be inhaled The alpha-port icles 

from the radon dltughters ""ich todqe in the l ungs irr-ihte the lungs and 

can initiat e lung cancer. 

Radon daughter concentrations ll'WIIIY be determined in several woiys, the nost 

pt'"&Clicol fo.- cove, being Cl> lh1:: -KusnelL" rrelhod which ts relt11tlvety 

q.Jick but requires access lo a scintillati on countN t o proces!:- the ~a,rples 

wilhln 90 ininutes of collection, <2> o b-ottery opcrotect 'Radon Sni ffer' 

which will give t11n initial estiniite in IS-20 minutes but takes 30- 60 

minutes to prod.ice a rel ioble reoding or CJ> an Instant Working Level ~tcr 

which glves results within a few minutes using the •Rolte• method but i s 

very expensive. 

Unfortunotely there are sever-e l units of meosurement for radon d~ughter 

concentratlon9, the conronest being the • working level* <'-' >. In assessing 

the risk t o health it ls necessory t o co,rpu t e ~ ""ich is concentrot ion 

rrultiplled by exposure-tiine. Dose '"'Y be eJ1:pr~'led as millisievert s per 

unit titre <e.g . .-6v y- 1 > or es working level hours -.tlere 1 W..H equals one 

hours e>eposure to 1 ..__ Dosereters which ,neo,sure cunulative e>eposure t o 

rodon gas and which '"'Y be left underground or worn on an individ.1al are 

avai I able but there is some controversy over the interprctot ton of 

dosemeter results owing to problems in determintng the equilibrium 

concentrat ton. 

In Britain, Government legislation <The Ionising Radial ions Regulations 

1985 and the Approved Code of Proct ice Port 3 •Exposure to R&don• , 1988> 

control the annual dose which nsy be rKeived by an ~ at a place of 

work. Norniil ly a worker should receive no nore than 15 nfiv y-• <about 

204 "'-.H> but a classified radial ton worker n1y receive up to SO srSv y-• 

<about 680 ..__H) although such a high dose i s considered undesirable. The 

Natlonol Radlatlon Protection Board (tffe) recomnend that a fl'IMber of the 

publ le should not receive nore than O. 5 r6v y-• <about 6 . 8 -.._H> above the 

average natural background. However, at least 20,000 people ln Carmel I and 

Devon receive over 40 times this efflOW"lt from radon in their hones. 

The actual health rlsks Mhlch result from exposure to radon daughters are 

not clearly defined, portlculorly wllh respect to short tera exposure lo 

relatively hlgh doses as could happen ln sone coves/mines. However, recent 

figures (BEJR IV, 1958) suggest that exposure to about 204 WJi per year for 

llfa doubles ones rlsk of dying frocn lung cancer Wlereas lifetlre sn>king 

Increases the rlsk of dylng rrom lung cancer tenfold. It ls vary l111)0rlant 

to note that exposure to radon ADd, cigarette sndce has a n.attlplicatlve 

erfect llllhlch in siq,l1st1c ten& a1lght be u:pr■ssed .os • 2 x 10 = 20 roth■r 

t"-1 a 2 + 10 = 12 risk. It has also bean suggested that exposure lo radon 

ll'IIIIY (1) lncreasa the rlsk or developing leukaemia ond <2> be l lnlced lo 

several chest CCJll1>lalnts. 
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Oepuls Juln 1987 on a rre.sur' le ntveau de rodlatlon naturelle. On l' a 
rresur-8' d' une base sporadlq.Je dans plusleurs grottes brltannl,-,es par ,royen 
d' un .. Radon Snl ff"er• (con,:,leur du nlvea,u de travel l) et la met,!'ode Kuznetz. 
Des concentrations fillales de radon varlent spotlalement (et a travers le 
poys et en dedans des; syjtenes dip grottes lndlvlduel les>. Les 
concentrat lon9 lea plus elevees <> &O 000 Sq .,...~, se trouvent clans la 
re9ton du Peak Olstrlct pr'es cl, vl l loge de Castleton ou du hocrwNs q.Jl f°Df'lt 
regull~r~ de la spa't~logle peuvent racevolr une dose de la r~latlon 
blan en exces de eel le dont recevolr l ea travel 1 leura classlfles dens 
11 lnd.Jstrle nucle~tre. Des concentratlorns dans des grottes tourlstlq.Jes/ 
aonl plus bas el la dose r~u par un inentire cl, p,bllc falsant un tour ~lde 
seralt ne'gl lgeable. Cependont , l l est possl~l• que las guldes de ces tours 
peuvent rec■volr une dose slgnlflcatlve, et a la suite de cela, plusleurs 
opffateyrs de grottes sont en traln de constderer la posslbl l l t.-' des 
syst'en.s auto-gul~, welgr4t tes donroges possibles MJ>e speleothen-es au,c 
1n1:1lns des vlslteurs. 

2. BElil&.I.S. 

Since June 1987 we have been col lectlng data on radon daughter 

concentrat tons ~t sporadlcal ly from comnercial show caves and rrom 

wild caves, principally in the Derbyshire Peak District. A Radon Sniffer 

has been used to obtain rost of the wild cave tneasuresrents and the· Kusnelz 

inethod in tourist caves. \lherever possible observat tons of lnlernal and 

e>Clernal air. pressure and t~reture were recorded -.hilst the "Sntrfer• 

--os in operation. In addition, esl1n11li.ons or the dlrectlon and valoclty 

of air c urrents were obtained 01iddleton, 1968). 

2. 1 SPOlitl Ytcltl\90$ 
To data there have been insufficient measurements to draw any firm 

conclusions. However, it is c l ear that radon doughler concentrations vary 

spatially at three scales : wi.thin cave, from cave to c ave i n the same 

area, ond frOffl area to area. 

2. II Ylthln COY@ Ytriolion 
Host caves exhibit within cave variations and in SOff'I! cases these are very 

large. For exaq>le, on 4 Novent>er 1987 the lowest reading in Peak Cavern 

wos 0.17 W... and the highest, at a site less than 100 111 away, "'95 12.6 \at... 

Si■i.larly, in Giants Hole on 2 July 1988 concentratiOf'ls ranged fr01n S.S to 

24. 3 W.... In Pool es Cavern the absolute values are lower but naxlnun 

concentrations on any one day ore generally 3 - 6 tiines the .,.inln.-n. For 

exeft1) le, on 23 Septem>er 1947 the range wes 0. 18 - 0. 98 W... and on U 

Deceri>er nae. o. os - o. 29. 

2. 12 Bahmeo cove vociol ion 
The ll'eOn radon daughter concentrations for seven caves in the Derbyshire 

Peale District exhibit a considerable range CTable 1). The highest readings 

lo dale cont from Giants Hole over the period 20 Juna to 3 .July 1988. 

Concentrations at individual sites ranged fr0t11 2. I to 2,. 3 \at.. and the 

del ly ,reon for the cave ranged from ,. 5 to 17 W.... One hour ln the cave was 

sufficient to exceed the reconranded ftlXin.m AD(Mli dose of rodiot ion ror a 

....,_r of the p,bl ic ond clJring the ten caving trips which were ntde lo 

obtain these figures the observer received almost S00 w..H of exposure, well 

In excess of the annual dose received by the vast ntJortly of workers ln 

the nuclear ind.lstry and over 70 per cent of the irexinun per.,.i.lted atV\Ual 

dose ror a classifled radiation worker. Concentrations ware stlll high on 

14 October 1948 but had dropped drOftltically by 17 Oeced>er and were 

eq.,,at ly tow on 1S January 1989 (Figura 1 >. 
The entrance to P8 (Jackpot> cave lies approxlmlet y 1'-00 en west or Giant& 

Hole and both systems ore ft>rphologlcal ly shni lar. Ho"18ver, on the basts or 

very llaited ~ling, it would seam that radon daughter concentrations in 

P8 are very n,ch lower than those encountered in Giants Hole. The Peak -

Speedwal l aystMI, Wilch racetves drainage from Giants Hole, P8 and a l'll.Wf08r 

of other stream - sinks (Gunn, 1985), also has lower concentretlOf'ls. 

Si .. ilar lov raadi~ have been obtalnad frcm Bagshaw Cavern and Carlswark 



Cave,.n <Table 1). Neve,.theless, even ln these caves the nlllhun daslnble 

dose of 204 lil..H y-' could be achieved i.n about 100 hou,.• of cavlng. 

TABLE I RADON DAUGHTel CCN:ENTR/\Tla-6 

1. Statuto,.y I lMits fo,. places of wo,.k and dr.,al l lngs 

HSE l \mil fo,. •supervised a,.ea• 
Govt. act ion level fo,. houses 
HSE ll•il fo,. a •cont,.olled a,.eo•' 

2, "8osu,.ements ln Peak 0lstr let caves 

0.03 ...._ 
0.05 ...._ 
0.10 \l.. 

SITE READINlS 
_...._ IW«lE ...._ 

Glants Hol_. (Cost let on> 34 o. 28 0.00 - t. 63 
Pooles Cavern <Bwc:ton> tU 0.30 0.00 - o. 98 
P& Cave <Castleton> 8 2. 15 o. 17 - 2. 96 
Car"lswe,.k Cove,.n <EyMll • 2.·15 0.04 - 5. 02 
Bagshaw Cave,.n ce,.ac:h.tell> 6 2. 17 0.68 - 3. 23 
Peak Cave,.n <Castleton> 86 2. 52 0.00 - 12. 60 
Ox low Cavern (Castleton> 16 3. 63 o. ta - 16. 40 
Giants Hole, (Cast 1eton> 70 9. 70 2. 10 - 24. 30 

tl A control led .,.ea .. y only be entered by closstfted radi.ation worke,.s 
or by unclasslfled workers as porl of a written schana of work under the 
guidonce of a radiation p,-otection odvlser. 

t2 Heasurements ftlda in winter <Oece,rt,er - January> 

t3 Haasu,.ements rode O.,rlng 6'.Wffl'l8r • autunn <Hay - October) 

2. 13 Batweo area vocioti.on 
The results of our very I i•tted 6-0l'f1)l lng of coves beyond tha Peak Di std.cl 

indicate that ln the Penwyl It area of South Wales concentrations range fr0111 

negligible Class than 0.01> to 3 \I..; In the Yorkshlre Dales from negligible 

to 1. 5 \l.. and in Devon ore generally less than 0. 5 1ll... 

2. 2 Jepmgcal voe lotions 
Sufficient reosurements hove been n1de ln Giants Hole, PeP Cavern end 

Pooles Cavern to denonstnle a clear seasonal trend wtth higher values in 

Stam!,. than in winter . The seasonal trend in Giant's Hole ls pertlcularly 

pronounced <Figure 1 >. "°re delai led measurements ln Gt ants Hole have also 

shoo,,n diurnal variations (Figure 2>. 
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3. Uf'l.lCATl<Ui 

On the basis of our ll11iled results we would suggest that active 

recreational cavers in the Peak 0lstrlcl probably receive a greater 

radlollon dose thon that received at work by the n,Jority of Brttlsh coal, 

fluo,.spa,. o,. lln 1niners o,. by workers in the nuclea,. industry. Current 

legls lallon does not apply to recreational coving and we 'WOUid suggest that 

provided the indivlO.,als are aware that they are placing thenselves at rlsk 

lh«l nothing rore can or should be done. Further ._.su,....,..ls ara necessary 

to eslabl lsh which caves have the highest concenlrallons and at which 

particular u .. of day or season so that cave,.s .. y choose lo plan their 

trips accordingly. No elemant or c~lsion ls necessary as the presence of 

radon would be accepted as one of the risks of caving. lio"'8ver, the rlsk ls 

long ter• and not readily observable. 

The current leglslat ton does cover cavers ""'° are tlQl1.gyml as inst,.ucto,.s 

al ~tdoor Pursuits Centres. As a result ftllny ~tdoor Centres have 

teq,orarlly suspended caving actlvltles ln the Peak Dlslrlct unlll further 

data. beca.na aval lab l e on the n1gnltude of the prob lent. Although lhls is to 

the detrlntnl of the sport of caving tt could have positive lll'f)&CtS tn 

ter• of cave conservation. On (he other hand, it would s..,. l lkely that 

those caves end caving areas ""lch are ldentlfled as having lov radon 

daughter concentrations wlll receive greater traffic ln the future than 

thos. with high concentrations and this vlll conseq,ently lead to Increased 

p,-essure. The lq,licalions of this for cave conservatlon vlll need lo be 

conside,.ed as n>re lnforn1t \on becomes aval lab le. 

tted>ers of the public vlstting shov caves do not spend sufflcienl 1111111: 

underground to receive anything opproachlng their pennitled dose but, ln 

sore caves, guides nm.y be exposed to an unacceptabl y hlgh dose. As 

venti lellon ls generally not a precticable solution, the working hou,.s of 

certain guides wlll need lo be reGJ<:ed. In some s~ caves the n,nogeaent 

ls considering the possibl l lly of self-guided tours. Such potanllal 

developments pose other lq,l lcallons, pe,.tlcularly with respect to general 

visitor sofety and cave conservation and these have yet to be fully 

explored. 

4. CCN1US 10§ 

An lnlltal survey of redon chughte,. concentrations in some e,.Uish caves 

hoo&howl: 

(1) that there a.-e wide spatial variations at all &eel- (wllhln cave; 

cave to cave; area to area>. 



(2) lhar-e ar-e subslanllal diurnol and seasonal var-letions. 

(3) soaa caves, principally those in the Castleton eraa or the Derbyshire 

Peele Olstrict, heve very hlgh concentrations for- al least pert of lhe year. 

The flrst two observations are subslantlelly In .ccord wlth over•••• 

e.xperlanca (Yarborough et al 1976, Ahlstrand and Fry 1976, Ahl•lrend 1980) 

and raftecl the fact lhal radon leve\9 vary with proxl■lty lo source 

(urenlUffl), vanlllallon, etn>Spharlc pressure and. less clearly, weter 

levels. However, our lnil lal l lterature review 11uggests that ll\a radon 

deughter concentration■ In soma or the Castleton caves are subslantlally 
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STORM WATER MANAGEMENT IN KARST AREAS 

WHITE, Ell.!labt"th L. - WHIT£, Wllllam B. 

Stormwater management ts an lncreaalngly important proble~ 

underlain by carbonate rocks become more urbanized and more populated. 

Sinkholes and wide, shallow awale areas when subjected to Increased runoff, 

are prone to develop piping-failure (auffo.ional) sinkhole■• Suffoslonal 

~ occur naturally but are enhanced by runoff modifications that 

accompe.ny urbanization. Suffosional sinkhole■ in the karst valleys of 

central Pennaylvanta are typically 1.5 to 2.5 meters in diameter depending 

on soil thickness and soll type. The vertical transport of soil to form 

the void space and soil arch that are the precursors to sinkhole collapse 

is through solutionaUy widened fractures and croas-joints and lea■ often 

through large vertical openings In the predominantly dolomite bedrock. All 

aspects of suffoslonal sinkhole development are aha.llow proceBBea: 

transport, piping, void and arch rormatton, and subsequent collapse take 

place usually leaa than 10 meters below the land surface. factors 

exacerbating ainkhole development include pavement, street, and roof runoff, 

aa well as seepage preHure from stormwater management ponds. Such 

seemingly minor activities as replacing hJgh grass and brush with mowed 

grass la observed to accelerate sinkhole development. De•watering of 

aquifers by pumping or during periods of drought has also caused alnkhole.!. 

~although this ls leaa of a factor than atorm water runoff in moat 

regtona or the AppaJachlana. 

I. INTRODUCTION 

Stormwater management ls a procea& to evaluate both the short and the 
long•term impacts of accelerated surface water runoff caused by land 
development or disturbances and to control the duration, volume, and velocity 
of atormwater runoff. The engineering device of choice in many suburban 
area.a la the detention basin, a lrABll pond designed to catch exceH &tormwater 
runoff and then reduce the outnow peak rate to the level of pre·development 
by flattening the hydrognph as ahown in Figure l . In karat area.a, detention 
ba.ains become, In effect, artificial dolinesj Ukewlae the natural doUnea 
(sinkholes) also act as stormwater detention ba&lns. Together, these 
constitute a new aspect of the environmental engineering of karat terre.Jna. 
There ls nothing new In these observations, of course. What ls new Is the 
level of regulation and the degree of expected engineering control. The 
nature of atormwater management both from an engineering and regulatory point 
of view I as It pertains to karat terralna, la the subject of the pre&ent 
paper. 

Fig. 1. 

t 
0 
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Post-developm«nt 
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Time ~ Time ... 

Schematic dlalfl'9JII comparing a typical hydrograph before 
development with a hydrograph after development with no detention 
(left sketch). The right aketch ahows the poet-development 
exce1■ outflow being monitored by a detention pond. 

A major portion of all -- cauoed by devastating flooda In non
carbonate a.reu are attributable to con1trucUon of buildlnga in floodplains 
aubject to the natural flooding of atreame. In carbonate areu the cloled 
depru1lona flll with water either (1) becau1e 1urface nmof'f exceed.I the rate 
of lnflltratlon or the capeclty oC the drain or (2) becauae the regional water 
table rises - thus the dre.ln reversee and groundwater beck.a up onto the 
surface. Dolines nooded by atormwater runoff usually drain quickly; dollne1 
fiooded by ralalng the regional water table often remain flooded for long 
period■ of time. Often when the dolines contain water for extended period& of 
tlme, the natural dralnageways open to Corm additional sink• within the 
dolines. 

ZAP□Rvfz £LVEZET(SE ORSZTOS TERULETEKEN 

A z.lporvi7•elvezetes egyre t ontosahb problt!111a,ahooy a kar

bondt-k6zetek feletti terUletek bent!pesUlnek es v~rosiasod

nak.SUllyedt!kes es 5zf!les,lapos,vizenyfis teriileteken vald

sz(nU a vfzelvezetds elt!gtelenst!ge /telft6des/ es tel:ft"dt!si 

siHlyedt!sek kialakulclsa. Telit6dt!si silllyedesek el6fordulnak 

a ter111!szetben is ,de a lefolyds v8rosiasoddst k0vet6 ■ddos

su 1,sa 111ennDvel i kel etkezl!siik ese 1 yl!t. KOzen-Penn!'iyl vani .iban 

a tel !tOdesi sullyed~sek 4tm~rftje a talaj lipusatol es vas
tags4g416l fiiggO.en 1,5-2,5 11.A fiiggftleges talajsz6ll!Us, 

■ely kialak{tja az Ureget t!s a talaj-,thidaldst,■elyek a be

rogy4s e10j4tekal ,oldh lit tat klsz~lesedett hasad~kokon 4t 

tiirt~nlk lnk4bb ■ Int nagy ,fuggOleges nyll4sokon at a f6lep 

dolo11itos k6zetben.A telit6dl!si siillyedesek keletkezest fo

lyarutai sekt!ly •t!lyseg,iek .Vizszdllft,s,befoly.'is,Ureg es ta

lajathldaUs k~pzOdhe ~s az ezekbOI eredO berogyh a rel

szfn alatti 10 11eteren belill tOrt~nik.A silllyedl!sek kt!pz"

deset el6seg:ft6 fakto rok kOze tartozik a burkolati ,utcal, 

tet6-lefoly4s es a z4por-11edcnr.ekb6l elszlv6rg6 v!z.Olyan 

Utszc\lagosan apr6 tevl!kenysl!g, ■ely a ■agas fU vet nyirt p6-

zsi ltd v61 toztatja I felgyorsf thatja a slillyedt!sek kialakulj

sdt. Vfztartd rt!tegek kiUrillt!~e szivattyUzds .ittal,vagy asz4-

lyos id6szakban teraeszetes Utan szintdn okoz si..il lyeddseket 1 

de az Apalache-hegysl!gben ez kisebb tt!nyezO, ■int a z.'iporvfz 
lcfo ly,ha. 

2. STORM WATER MANAGEMENT 

2. t Stormwater Runoff 

Urbanlt.atlon many tl~a reaults In a three·fold increaae In discharge 
volume of storm water runoff u ahown In Figure la. Additional atormwater 
runoff la creeled by activities such u land development, land dl■lurbence and 
alteration, construction of lmpervloua surfaces, new structures and additions 
to exlatlng structures, changea or alterations to watercourae• or 
dra.Jnagewaya, diversion or piping of natural or man•made stream channel■, and 
Installation or 1itorm water ayetema or appurtenance&. 

Urben and suburban areas are generally under the management of planning 
commiaaiona and town board•. These and other government agencln attempt to 
control atormwater problems through a regulatory procea1. The pul"J)Oae of 
the atormwater management ordinance■ are: 
( 1) to control accelerated Mlnof( and erosion and sedlmentation problem at 

their source by rerulatlng activitle• which cause such problem, to 
utlllze and preserve dealrable exlatlng natural drainage system■, to 
encourage recharge or groundwater■, to prevent deterioration ot ground· 
water quality, to maintain existing stream now watercouraee, quantity, 
and quality, and to preserve and restore the flood carrying cap&eity or 
atreema; 

(2) to provide for the design, tn■tallatlon, and proper maintenance of -11 
permainent storm water manacement structures; 

( 3) to uaure the peak rate or atorm water runoff le not greater after 
development than prior to development actlvltlee. 

The engineering approach to 1torm water management involve■: 
(l) the design of etotm ■ewers, detention pond1, and related ■tructuree, auch 

as welra, apUlwaya, culvert■, and end walls with various elzed orUlce 
opening,,. 

(2) the design of bridges or culvert■ within the flood plaln or a river or 
stream. 

2.2 Typical Codea 1 OrdlnanCH1 and Regutatlona 

Each otate within Unltod Stat• hu a d!Cterent amount of authority for 
enforcln& etol"IIII water nanoff Ngulatlona. Partly this la due to the majol" 
d.lf'ferencee between water law■ 1n the eutem vs. ••Htem ■tatu. The 
~cuulon that fol.Iowa dMla mainly with codea and ordlnanou applicable to 
Penn■ylvania with aome reference■ to aouthcentral Kentucky where exten1lve 
etormwater lnve■Uptlon1 have been made by Crawford and h1a group (Crawford, 
19114). 

Both the state government and the Department or Environmental Resource■ 
In Pennaylvanla have tranaferred the NHlporuilbWty fo. enforcing the lawo 
with respect to storm water management to the county and munidpallty 
govenunente. The county and municipality government. In Pennsylvania were 
given authority under a grant or power by the General Aaaembly of Pennsylvania 
via the "Storm Water Management Act" or October 4, 1978. A number of 
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communities have teated a broad speetrum of legal, administrative, and 
technical approaches to the problem of controlling atormwater runoff from land 
development. 

Most municipalities, usually at the local levels, in Pennsylvania (also 
some &rees of Kentucky), have explicitly incorparated stormwater management 
requirements into their zoning ordinances. Typically, regulations specify the 
volume of runoff that must be detained on site. The volume of runoff 
specified is based on a total precipitation which would occur within a period 
from 3 to 24 hours with a return period anywhere from S to 100 years. Some 
municlpelltles specify the design base as the quantity of precipitation which 
would occur within a 3-hour period and would occur on the average every S 
years - other municlpellties use the other extreme - the 24-hour, 100-yeer 
return period precipitation event. 

Some municipalities, usually at the county level, have developed zoning 
standards which implicitly seek to regulate stormwater runorr from land 
development as a pert of an overall environmental planning approach. In 
general I the explicit scheme.a requires that no greater rate of runoff from the 
site is permitted than occurred prior to development so all post-development 
excess runoff must stay on the property site. On the other hand , the implicit 
scheme has been interpreted so that storm.water is managed on a larger area 
basis. This usually means that properties in the upper reaches of the local 
drainage be.sin have no on-site detention facilities, however. in the lower 
reaches of the stream, property owners may lose all their property to retain 
the excess storm.water runoff. 

Stormwater poses several threats to karst groundwater: (1) when 
concentrated and swiftly moving, it can remove the soil plugs in the dollne 
drains and underlying cave passages, causing sinkhole collapse; (2) detaining 
storm.water in detention panda can result in frequent raising and lowering of 
the water table, thereby I increasing underground el"O&ion and the patential for 
collapse; (3) if there is an insufficient topsoil layer, polluted stormwater 
can be recharged directly to the aquifer and can spread over great distances. 
Within those areas in Pennsylvania underlaid with carbonate rocks and where 
sink.holes are present, t.he municlpe.lities have begun writing specific 
ordinances which pertain to carbonate storm.water management. 

In compe.rison, in Bowling Green, Warren County, Kentucky. sinkholes 
created stormwater management problems of such a magnitude that a stormwater 
management program was established in 1976 under the direction of the City
County Planning Commission (Matheney, 1984). The Bowling Green-Warren County 
Stormwater Management Program requires flood easements in sinkholes below the 
flood level of a three-hour 1 100-year storm. Developers are required to bu.lld 
retention beslns which will retain on site any increase in runoff during the 
100-year storm resulting from a change in landuse. (A retention basin is 
designed to retain water after the storm; a detention basin is designed to be 
dry after the storm - the outflow is monitored as shown in Figure l.) The 
Management Program in Kentucky has been very successful in reducing sinkhole 
flooding. However, the numerous retention basins have been expensive for 
developers, difficult to maintain, and the majority have experienced sinkhole 
collapse. The United States Department of Housing and Urben Development 
defines the 100-year flood elevation along streams as the flood plain for 
flood insurance purpo8es. For Bowling Green, the Department has accepted the 
sinkhole flood plain as the three-hour, 100-year flood elevation assuming no 
drainage from the sinkhole (Booker, 1978) 

Some typical Pennsylvania ordinances which pertain to sinkholes 
exclusively include the following: 
(1) Storm water from roadways, parking lots, storm sewers, rcx,£ drains, or 

other concentrated l"'Unoff peths shall not be d.iacha.rgad diroctly into 
sinkholes. 

(2) Sinkholes capable of absorbing substantial amounts or storm water shall 
be protected by diverting such runoff around the sinkhole or, upon 

recommended approval of the Mun!clpe.l Engineer, by use of other methods. 
These include planting and maintaining a dense filter path at least 10 
meters in length of suitable vegetative material (e. g. tall grasses), in 
such manner and location to disperse and slow the runoff and to promote 
the maximum possible filtration of impurities. 

(3) Sinkholes with a cape.city sufficient to receive appreciable rates of 
storm waler, as determined by the Municipal Engineer, shall be designated 
as such by posting on-site notices clearly visible at the sinkhole 
prohibiting any disposal of refuse, rubbish, hat.ardous wastes, organic 
matter, or soil into the sinkhole. Rock fill may be permitted in the 
sinkhole for the purpose of preventing dumping or said materials. 

( 4) 1f increased runorf is to be discharged into a sinkhole, even in a 
filtered condition, a geologic assessment of the effects of such runoff 
on increased land subsidence shall be made and submitted with the storm 
water management plan. Such discharge shall be prohibited If the 
Municipal Engineer determines that such poses a hazard to life, property, 
or groundwater resources. 

2.3 Typical Design Schemes for Stormwater Basins: 

Soil characteristics are important factors in sinkhole development by 
sou piping mechanisms. There a.re extensive mapping efforts by the Soil 
Conservation Service. the Department of Environmental Resources' Division 
of Geologic Mapping I the U.S. Geological Survey I and private watershed groups. 
However, it appears that few communities or state agencies in limestone areas 
make use of such maps to establish design restrictions or to consistently 
review proposals. Design of detention or retention facilities and storm.water 
conveyance systems in limestone areas rarely have the special problems of 
karat incorporated into most regulations. The municipality's specification of 
bow much runoff to cont"l'Ol and how to calculate it are usually one pa.rt of an 
ordinance. Commonly the design criteria are determined by negotiations 
between the municipal engineer and the applicant's engineer. 

Typical stormwater detention ha.sins, usually earthen, are located at 
Pj>inls where atormwater runoff has been concentrated by storm sewers, drainage 
swales, or ditches. Although three municipal engineers from southeastern 
Pennsylvania were encouraging the design of facilities which would always 
contain water (retention basins), detention basins have been more common. It 
is somewhat rare for storm sewers to be specified by ordinance as the only 
meana of conveyance, since the coet of storm sewers to accommodate a 100-yeer 
storm would be prohibitive. Throughout Pennsylvania, a 25 or 50-yee.r design 
is often the maxi.mum criterion for storm sewers (Brandywine Conservancy, 
1980). Thia ~ that high nmoff must be carried by the natural 
watercourses, drainage swales, or concrete dralnage ditches. Thia can be a 
serious problem in areas of steep slopes. limestone bedrock. landslide-prone 
soils, or other easily eroded soils or rock. Most municipalities require 
inside slopes of 2:1 or 3:1 for all detention or retention basins lo insure 
that a child could safely walk out of a full basin. The outside slopes are 
usually 3:1. 

A second design factor with both detention and retention basins Involves 
the outlet structures. Within the Centre Region of Pennsylvania, the outlet 
structure must detain the post-development 2, 10, 25, and 100-year runoff lo 
the pre-development level for each of the correspanding return periods. 
Generally an orifice or culvert drain ls constructed at or near the bottom of 
the pond to monitor the outflow for the low flow (2-year) return period flow; 
a drain ls constructed at or near the top of the pond to monitor the outflow 

for the high flow (100-year) return period flow. The detention ponds are 
usually designed to drain completely within 2 to 36 hours, allowing some 
infiltration through the soil. 

Outlining the subarea (property) boundaries for development onto 
topagraphic maps and soil survey maps is the first step in storm.water design. 
On the topographic map, the watershed boundaries must include all drainage 
which would drain both onto and from within the subarea. Generally, for 
pre-development conditions, the watershed is assumed to be meadow therefore it 
does not need to be subdivided. However, if the watershed area is wooded or 
urbanized or if it overlies carbonate bedrock, then the area must be 
subdivided according to the relative percentage of each. 

There are two major methods of calculating runoff which have been used by 
many municipalities in the United States; (1) the Rational Method, an early 
simplified engineering procedure developed for storm sewer design (Chow, 
1962); and (2) the Soll Cover Complex Method (SCCM), also called TR-55 (Soil 
Conservation Service, 1986). developed specifically to assist in the 
development of runoff control measures for agriculture, but since adapted to 
urban watersheds . For those basins with carbonate rock in the subsurface, 
the Pennsylvania Department of Transportation recommends PSU-IV (Aron et al., 
1981). The PSU-lV method incorporates both the Rational Method with an 
analysis for the limestone based on the area and the relative position of the 
limestone within the b&sin. Other modeling techniques in use in United States 
include the Hydraulic Engineering Center, Davis California, HBC series; the 
Penn State Runoff Model, PSRM (Aron, 1987); and the San Francisco Model, SWMM 
(Huber et al., 1987). HYMO, (Williams and Hann, 1912) the storm water model 
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Fig. 2. Regional r-a.infa.11 datri.bution for Pennsylvania. OiRtribution was 
based on 35 years of hourly precipitation data from 253 stations 
throughout Pennsylvania. 

genere.lly used in Canada, is a hydrograph modeling technique which has the 
flex.lbilily to allow the design hydrograph to have the standard narrow peak or 
to have a more flattened shape (more typical of surface stream hydrographs in 
carbonate area& (White and Reich , 1970). Any or these may be used. Using 
the Rational Method, the peak runoff rate, Qp (cfs or ems), at any point in 
the watershed may be computed by any number of methods. The Rational Formula, 
Q = CIA, can be used for these relatively small watersheds (less than 400 
hectares) with relatively good succer.s. In the Rational Formula, Q is the 
design discharge, C Is the runoff coefficient based on the land use, and I is 
the uniform 1'1Li.n£all intensity for a duration equal to the time of 
concentration. Some typical runoff coefficient values are found in Table 1. 

The rainfall intensity, 1, ls a function of return period I duration, and 
the geographic location of the design project. Technical Paper 40 contains 
rainfall intensity maps £or the entire United States at intensities greater 
than l hour duration (Hershfield, 1961). For precipitation frequencies from 5 
to 60 minutes the National Oceanographic and Atmo6pheric Administration 
published HYDRO-35 for eastern United States (Frederick, Myers, Auciello, 
1917). More detailed maps are available for some states. An example , shown 
in Figure 2 (Aron et al. 1 1986), has Pennsylvania divided into five 
homogeneous rainfall regions based on 35 years of hourly precipitation records 
from· 253 stations. For each region a set of rainfall and rainfall intensity 
curves were developed as shown in Figure 3 for Region 2. Using the Rational 
Formula, if rainfall intensity is given in millimeters/hour and the watershed 
area is given in hectares then the resulting discharge, Q, is in cubic meters 
per second (ems) using the formula: Q = 0.00276 CIA. (For Qin cfs, use 
Q = CIA with I in inches/hour, and A in acres). 
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3. DETENTION BASINS AS SINKHOLES AND SINKHOLES AS DETENTION BASINS 

3 .1 Piping Failures tn Sinkholes and Detention Basins 

Soil piping is the well known mechanism for sinkhole collapse in natural 
karst areas and in karat areas that have been developed. Soils from the be.se 
of the soil column are flushed by infiltrating water into solutionally widened 
fractures and sinkhole drains. A cavity develops I roofed by a soil arch which 
migrates upward and laterally. Depending on the shear strength of the soil, a 
size of cavity will be reached when the arch will no longer support its own 
weight. Circular sheer cracks appear, usually followed quickly by catastrophic 
collapse of the sou roof (and whatever it is supporting) into the void. The 
size and depth of soil ptplng sinkholes depend.a on soil thickness and cohesive 
strength. The piping process, although it occurs naturally in undisturbed 
karst area.a, is exacerbated by increased inflltration and by any mechanism 
that concentrates the infiltration into a limited area. 

If, during the course of development, existing natunl sinkholes are 
allowed to serve as detention ponds, the ponded water saturates the soil 
fllling the sinkhole and increasing the seepage pressure at the base of the 
soil. Conditions are optimum for soil piping and sinkhole failure may occur 
in the modified situation of a development project that would not have 



Table l. Typical C Coefficients for 5- to 10-year Frequency Design 

Description of Area C 
Business - Downtown 0. 70-0.95 
• - Neighborhood 0.50-0.70 

Resident la 1 ( suburban) 0 .25-0 .40 
• - Single-faaily 0.30-0.50 
.. - Multi, detached 0.40-0.60 
• - Multi, attached 0.60-0.75 

Industrial - Light 0.50-0.80 
.. - Heavy 0.60-0.90 

Parks, ceaeteries 0.10-0.2S 
Playgrounds 0.20-0.35 
Railroad yard areas 0.20-0.40 
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Fig. 3. An example of rainfall intensity and rainfall duration for Region 2 
in Pennsylvania. 

occurred under natural circumstances. Detention and retention ponds built in 
karst areas have the same hydrologic characteristk-s tlS natural sinkholes. 
Fracture swarms and soluUonally-widened joints large enough for soil transport 
occur at many locations beneath the soil f..-OVer. It is not necessary thot a 
sinkhole previously exist at the site. The collection of wate~ in t~e 
artificial detention pond cau&es the ~me seepage pressures, rapid vertical 
infiltration, and soil piping from the soil column that occurs in natural 
sinkholes. Piping failures and cover collap&e &inkholes are endemic tu 
stormwater management structures built in karst regions. 

3.2 Some Examples from Central Pennsylvania 

Numerous karst related problems have been identified in the course of 
reviewing municipal practices and regulations for stormwater management in . 
Pennsylvania (The Brandywine Conservancy, 1980). As one example, tt. Jelenllon 
basin built on the grounds of the Hershey Medical Center, Dauphin County, 
Pennsylvania. continually overflowed and ponded in tt low area outside the 
facility. Seepage pre&&ure and soil µiping caused a major collapse including 
a large section of roed surface. The repe.ir costs for bridging the sinkhole 
area approached $100,000 at the time of the report and were not yet complete. 

Following a recent 6-month drought in the Centre Region. Pennsylvasnia, 
three new detention ponds develo~d cover collapse sinkholes within a few Jays 
after construction. The first of the piping failures occurred ~hen ll nearby 
well was pumped for a capacity test. Sinkholes formed within the pond, the 
weir outlet structure tipped into another sinkh~le, ttnd cracks dl:!V~luped 
across an adjacent roadway. The other two deten tion ponds in the area. ttlsu 
developed sinkholes just after construction. The cau&es are complex in this 
case but certainly the lowering by pumpege of a water table already low 
because of the drought played a role. The contractor's &olution for all th~ 
ponds was to bring in extra soil and smooth over the sinkholes. The weir 
structures were repositioned and the roadway cracks were filled. 

Near the western edge of the Borough of State College, Centre County. 
Pennsylvania is a region of low &wale& and shallow sinkholes overlying a 
dolomite aquifer. There ls no &urface drainage; all runoff from the rapidly 
developing area is to the sub&urface through the sinkholes. One sinkhole , 
in particular, takes the storm runoff from a large paved area.. No 
precautions are taken to maintain the quality of storm water draining into 
the &ubsurface. On the paved area is the parking garage for the Region's 
buses. A drainage channel about 30-cm wide and about S-cm deep take& the 
runoff into the sinkhole. The vegetation is completely blackened by organic 
material. A sample of the runoff water had a very high total concentration of 
organic carbon (TOC=140 mg/liter) with a very high oil content (Gert Aron and 
Brian Dempsey, personal communication, Feb '20, 1989). 

The Borough of State College has made deliberate use of sinkholes in 
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it& stormwater management plan. Within the Rorough, &turmwatl:!r is divtrted 
into &torm drains. In much of the town, s torm d1'1::lins nuw into muster 
drain& which discharge the stormwater runoff into the htttllwatcn; vf tt 

surface s tream that hettds in 1t spring (tlnd in the S.:1:!W11ge treatment µh:ml) ut 
the east edge of town. flowever, the town is l.,uilt ovt:r tl ht!l(Uent.-e of low 
hills and the storm drains from many pu.rtJ. of tuwn ttl"t! lJlucked from thl:! nl.l:lst~r 
drain system by the hills. Vttrious segments c.,f the t.lurm d1~in t.y1->lt!m a1~ 
simply diverted into sinkholes. The m!lural umh:~rground drainage system ni 

used as an integntl part of the stot·mwater n~llls~ement system. 

S. CONCLUSIONS 

It has long been known that karst p1't,cesses ttmJ urban devl:!luµmenl L·umt! 
often into connict. As lht! density of dc,elo1>n1ent im.:1-etts~s, officittls 
attempt to maintain environmenh1l quttlity th1'0Ut(:h vrt.lint1nt.-es und 1-egulutions 
concerning acceptable manttgement of such problems as stormwMter 1·unvff. i\hu.:h 
better understanding is needed of kttrst p1'0<.-esses umler t.-onclilions of urban 
stress. Using slormwater 11\dnttgement us tlll 1:!Xtlmpl~, we have shown lhtt.t the 
engineered structures of the <.11:!lentiun u.nd rett!utiun hasint., whic.:h llt~ t1 

solution in &ome terrains, ~n ~11sily bet.'O~ l,Jdrt uf lite µroblem in kttrsl 
terrain. 
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LUMINESCENCE OF SPELEOTHEMS DUE TO FULVIC ACID AND OTHER ACTIVATORS 

WHITE, Wllllarn 9. - BRENNAN, Edward S 

Calcite speleothems from nearly all caves exhibits a uniform 

blue-green phosphorescence when excited by an ult1'9.vlolet lamp or by a 

photographer's strobe lamp. Spectroscopic measurements show a broad 

emission band in the wavelength range of 400 to 550 nm. The exact position 

of the band depends on the wavelength of excitation. The luminescence 

arises from electronic transitions within molecules of fulvic acids which 

are shown to be present tn white to tan colored speleothems. Some longer 

wavelength emission Is associated with the humk acid component which is 

also responsible f~r the brown colors seen in many calcite speleothems. 

The luminescence spectrum is shown to be a charecterh.ation of the mix of 

humic substances present in the calcite. 

Other luminescence colors occur: A crimson red is seen in most 

calcites if they are electron beam rather than UV excited. Traces of 

divalent manganese are the activator. Bright green emission due to the 

uranyl ton is sometimes observed under UV excitation. 

Gypsum, which is usually non-luminescent under UV and electron beam 

excitation, can be excited by a hydrogen flame (candoluminescence). A 

green emission appears at lower temperatures and a bright yellow-orange 

emission occurs as the sample is heated. Both are associated with dlvalent 

manganese in the gypsum and partially .dehydrated bassanite structures 

respectively. 

I. INTRODUCTION 

The secondary calcite deposits and other minerals that occur commonly in 
caves are frequently luminescent. This phenomenon has been widely observed. 
It can be observed by examining the cave itself with hand-held mineral 
prospecting UV lamps. It can be observed by examining cave specimens under 
ultraviolet light in the laboratory. Likewise, the phenomenon is well known 
to cave photographers who observe a distinct afterglow with a decay time on ~::~ :J s~r::.nd after a calcite deposit has been illuminated by 8 

The formal literature on luminescent cave minerals ls sparse. There are 
some early observations ?" flashbulb excited phosphorescence (O'Brien, 
1956). Slacik (1976) examined the speleothems some Bohemian caves with a 
portable ultraviolet lamp. Cigna (1958) measured the luminescence emission 
spectra of some stalactites by a spectrographic method and found two brood 
emissJon bands at 460 and 540 nm. There Js a commentary on luminescence in 
the cave mineral books of Hill (1976) and Hill and Forti (1986). 

The object of the present paper ls to lay out in broad brush terms the 
types and origins of luminescence observed in caves. 

2. EXPERIMENT AL MEASUREMENTS 

met!!:/1.ata reported in this paper have been obtained by the following 

A large collection of cave related material was examined visually under 
!!_~~n.!.n;ve (365 nm) and short wave (253. 7 nm) excitation of a mercury 

Quantitative measurements of photoluminescence spectra of cave minerals 
were made using a Hitachi spectrofluorometer. This instrument allows both 
excitation and emission wavelengths to be varied independently. Other 
quantitative measurements of emission spectra used the 457 and 488 nm lines 
of an argon ion laser for excitation in the visible region of the spectrum 
with the emission spectrum observed with an ISA Model U-1000 Rama.nor Raman 
spectrometer as a high resolution, high sensitivity measurement device. 

Qualitative observations of the cathodoluminescence of cave minerals were 
obtained. by placing specimens in a glass test tube, partially evacuating the 
test tube, and then exciting the residual gas with the high voltage. high 
f-requency &J)8l'k discharge of a Tesla coil vacuum leek deteetor. Electron 
and ion bombardment o! the mineral chips in the test tubes were very 
efflclent at exciting lummescence, often of a different color from that 
obse.rved ln photoluminescence experiments. 

A few specimens were examined qualitatively for candoluminescence 
emissio~ by brushing p,owdered speloothems wtth a hydrogen diffusion name. 
C&ndolumlnescent emission spectre. were measured by pa.Jntlng the powdered 
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BARLANGI K(PZ00H(.NYEK FULVINSAV8~L (S HAS AKTIV4TDROK8dL 

EREOO LUHIIIESZCENC! AJA 

Csakne■ b.ir•ely barlangb61 va l 6 kale! t-kt!pzOdnu!ny egyst!ges 

kt!ke s-ztildes foszforenciiH mutat UV l.imp.ival ,vagy vakuval 

gerjesztve.A s pektroszk6piai meresek szeles kibocsdt.isi s.1-

vot ■utatnak 400 es 500 011 kiiziitti hulli\mhosszakon.A s.iv 

pontos helyzete a gerjesztes hull.iahosszoH61 fi.igg.A lu■i

neszcenc 1 a a fehert6 l a barn a kt!pz6dmenyek i g k imuta tot t f u 1-

v insav-molekul .ikban tOrtenn elekt ron-.1 the lyez6dt!sek sor.in 

keletkez lk. Bi zonyos hosszabb hul l.i■U renykibocs.'ij t.'is a hu

minsav-iisszetev6vel hozhat6 kapcsolatba,mely s ok kalcit 

kt!pz6daeny barna szineert fele16s.A lu11ineszcencia s;>ektru

rna bizony(tottan jelle■z6 a kalci than Ievo huntinanyagok ke

verekere. 

Fgyt!b lumineszcencia sz!nel,,. i s el6fordulnak:b!borviir0s f!sz

lelhet6 a legtObb kalciton,ha UV helyett elektorsug.'irral 

gerjesztjUk. ltt ketertekU 1nang.innyo11ok az aktiv.itorok. 

f.IenkzO ld ft!nykibocs.ijtdst okozhat az uranil ion 1 11elyet 

neha UV gerjesztesnt!l figyelheti.ink meg. 

A gipsz,mely .iltal.'iban ne11 luniineszk.'il UV ft!nyben,vagy 

elek tron-sugd rban 1 ger jesz the tli h idrogen-1.inggal /candolu■i -

neszcencia/. ZOld reny jelenlk meg alacsonyabb hOraersl!kle

ten es e lf!nk sdrga-narancs f enyk i bocstij tels je l en i k meg ,ha 

a 1J1intat hev!tjUk.Hindkett6 a gipszben Jevo ketertl!kll ■an

gannal, i lletve a reszben dehidr.11 t bassan i t-szerkezet tel 

hozhat6 kapcso 1 a tba 

specimen onto a resistance heater so that temperature could be controlled 
independently, brushing the heater with a hydrogen flame, and then focusing 
the luminescent radiation onto the entrance slit of a spectrophotometer. 

3. LUMINESCENCE IN INSULATOR MATERIALS 

We here review briefly the principles of luminescent emission. For 
further information see reviews of mineral luminescence by Blasse and Bril 
(1970), White (1975), Geake and Walker (1975), Marfunin, (1979), Waychunas 
(1988). 

Luminescent mat erials are broed1y classified first by the electronic 
characteristics of the emission and second by the mode of excitation. From 
the viewpoint of their electronic -structure, luminescent materials are 
divided into molecular phosphors, insulator phosphors, and sem.lconductor 
phosphors. 

Molecular phosphors are those in which the absorption of energy from the 
excitation sources, its internal rearrangement through the energy level 
structure of the activator, and its re-emission as luminescent radlation 
takes place entirely within a single molecule. or major interest to cave 
materials is the emission associated with fulvic and humic acids to be 
described later in this paper. 

Insulator phosphors are those in which the luminescence center has 
locallz.ed energy levels falling within the forbidden energy gap of the host 
crystal. For ca1clte, aragonite, and gypsum, the bands gaps are greater 
than 6 eV. Certain transition metal Jons, particularly Mn2+ can substitute 
for ea2+ in the calcite structure and the luminescence is associated with 
transitions between the partly filled orbitals of the Mn2+ Ion . Other 
transition metals and metal complexes such as the umnyl ion also give rise 
to luminescence. 

SemJconductor phosphon are those In which the excitation energy is 
sufficient to excite electrons from the valence band into the conduction 
band within t he mineral structure. This allows the excitation energy to 
spread throughout the crystal rather than interact only with localized 
centers. Any center: an lmpurity ion, a crystal defect, or energy levels 
associated wit h the crystal band structure itself, can be excited by this 
process and leads to a rich assembly of luminescent phenomena. The band 
gaps of the cave minerals are &ufficlently large that, with few exceptions, 
they do not behave as semiconductor materials. 

Discussion of luminescent phenomena in terms of mode of excitation is 
the historical classification. Photoluminescence is luminescence excited by 
ultraviolet or visible light, cathodoluminescence is excitation by 
electrons, and ionoluminescence and x-ra.y luminescence are excited by ton 
and x-ray beams. Candoluminescence and radical recombination luminescence 
refer to the excitation of energy levels within the crystal with energy 
released by recombination of active species in flames or plasmas (Ivey, 



1914). Eiectroluminescence is a semiconductor phenomenon in which 
inter-band emission is driven by strong electric fields. lt is not 
pertinent to the discussion here. Finally, the phenomena of 
thermoluminescence and triboluminescence are somewhat different from the 
others. Thermoluminescence refers to the thermally activated decay of 
trapped charges within defects in the crystal structures. 
Triboluminescence, a complicated phenomenon, refers to light that appears 

when crystals are ground or fractured. The calcite crystal structure often 
contains defect centers and thermoluminescence is frequently observed. 
Thermoluminescence was an early method of dating carbonate sediments 
(Zeller et al., 1957) and has been reconsidered as a technique in parallel 
with ESR methods for the dating of calcite speleothems (Debenham, 1983). 

4. OBSERVATIONS ON THE LUMINESCENCE OF SPBLEOTHEMS 

4 .1 Photoluminescence of Speloothems 

Several hundred speleothems, mostly calcite, with some aragonite and 
gypsum were examined in both 365 and 253. 7 nm ultraviolet light. Nearly all 
speleothems were luminescent to some degree. Many were phosphorescent. 
There was a persistent afterglow when the UV light was removed. By far, 
the most common phenomenon is a blue-green phosphorescence observed in 
essentially every calcite specimen examined. The blue-green fluorescence 
was much brighter under 365 nm UV than under 253. 7 nm UV and lighter colored 
speleothems fluoresced more strongly than the darker colored ones. Darker 
colored calcites also tended to have a deeper more yellow or yellow orange 
luminescence. We will argue that most of the blue-green and yellow 
luminescence is due to organic constituents, hum.le and fulvic acids, and 
will be discussed later. Of the remaining observations some appear to be 
due inorganic causes or cannot be explained at the present time. 

A characteristic bright green luminescence was seen as streaky patches on 
specimens from Cueva del Guacha.1-o (Vene2.uela), in the " frost work" aragonite 
crystals in Wind Cave (South Dakota), and in a few other specimens such as a 
nodular speleothem from Cumberland Caverns, Tennessee. The green emission 
was fluorescence, not phosphorescence, and tt was excited only by the 253.7 
nm short wave UV. It was, therefore, easy to distinguish from the 
background blue-green emission which also appeared in the same specimens. 
The emission spectrum (Fig. 1) shows several sharp peaks. These match 
closely the spectrum of the uranyl, uo22+, ion. Uranium is easily mobilized 
in karat by carbonate complexatlon. In the oxidlr.ing environment of k.arst 
groundwaters uranium occurs in its alx-valent state and is occasionally 
sufficiently concentrated to be spotted by its fluorescent emission 
spectrum. 

A few specimens of aclcutar aragonite ceystals gave a bright orange 
luminescence. The emission was brightest under 365 nm UV and the color was 
distinctly more orange than the emission observed from calcite speleothems. 
On some specimens of clear white arsgonite crystals, the luminescence 
appeared to be patchy with some bright orange regions and some regions that 
were not luminescent at all. No spectra were obtained from the aragonite 
and the origin of the luminescence was not determined. 

Somewhat surprisingly, most of the gypsum specimens examined gave a deep 
yellow luminescence under 365 nm UV. The luminescence of gypsum is 
surprising in that hydrated minerals are not generally luminescent. In 
fine-grained gypsum crusts, the luminescence took on more of an orange or 
pink tinge. In one sample of gypsum crust bright orange specks of 
luminescence appeared against the yellow background. Specimens of limestone 
that contained veinlela of gypsum or had po.rticlce of gypsum on their 
surfaces also had a weak yellow luminescence, probably showing the 
distribution of gypsum in the rock. No spectra were obtained of the 
photoluminescence of gypsum and the origin of the luminescence re.mains 
unknown. 

... ... 
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Figure 1. F.mlssion spectra of three bright green fluorescing specimens 
excited by 253.1 nm UV light. 

4. 2 Cathodoluminescence of Speleothems 

Most or the calcite& examined gave a scarlet pink color under electron 
and ion bombardment in the qualitative cathodoluminescence experiment. No 
spectra were obtained from these mee.surementa. The visible appearance of 
the emission 1a very similar to that of the fluorescent calcites found in 
such famous mineral localities as the Fnmklin, New Jersey occurrences and 
very different from the luminescence of the same s~ns under ultraviolet 
light. The cathodoluminescence was R.6signed to Mn'l,t substituting for ea2+ 
in the calcite crystal structure. The unfilled d-orbitals of the Mn'2,t ton 
prov'lde the energy levels for luminescent emission. The energy levels, and 
thus the wavelength of the luminescence, are very sensitive to the structure 
of the host crystal in which the Mn2+ ion la located (White, 1975). 

4. 3 Candoluminescence of Speleothems 

Powdered samples of speleothems were screened for candolumlnescence by 
brushing the powder with a hydrogen flame. The calcite specimens tested 
were not candoluminescent. Most gypsum samples, however, gave a strong 
candoluminescence. 

The gypsum specimens showed a strong green emission upon brief exposure 
to the flame although the intensity varied markedly Crom sample to sample. 
Upon extended heating, the green luminescence gave way to a bright lemon 
yellow emission rather different in visual appearance from the 
photoluminescence. When a gypsum sample was heated in the flame just 
sufficiently to develop a uniform green emission, its x-ray diffraction 
pattern indicated a mixture of bassanite (CaSO4.l/'2H2O) and anhydrite 
(CaSO4) with only traces of the original gypsum remaining. The green 
emission rose quickly and persisted for some minutes under continuing 
excitation indicating that the gypsum lost water of hydration rat.her readily 
but that the resulting hemihydrate was at least somewhat stable in the 
atmosphere of the flame. When the same sample was further heated to achieve 
a uniform yellow emission the re.suiting x-ray pattern indicated a pure 
anhydrite phase. After cooling, the green emission did not immediately 
recur, but did recur after the sample had been allowed to stand in the 
laboratory overnight. 

The emission spectra of the green and yellow erniSBion both consist of 
broad bands with no additional f"me s tructure (Fig. 2). By preparing 
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Figure 2. Candoluminescent emission spectra of gypsum from Parks Ranch 
Cave, New Mexico excited by a hydrogen diffusion flame. 

synthetic ba.ssanlte and anhydrite phases deliberately doped with manganese 
and examining the cathod.oluminescence of the sypthetic materials , it was 
established that the green emission was due to Mn'2,t substituting fol' ea'2+ ln 
the easo4 structure. The cathodoluminescence of Mn-doped anhydrite la a1ao 
green so that the origin of the lemon yellow emission remains uncertain. 

A characteristic of candoluminescence is that the brightness exhibits a 
pronounced maximum at some temperature tn the range or a few hundred degrees 
Celsius. The green emission faded rapidly with rising temperature 
indicating that it's temperature maximum la near room temperature. The 
yellow emission reaches a sharp maximum at temperatures in the range of 150 
to 360 C with the po&itlon of the maximum depending on the sample. 

4.4 Thermoluminescence of Cave Calcites 

Only a few samples were examined for thermoluminescence and these at low 
temperatures. The powdered calcite speleothem was chllled to liquid 
nitrogen temperature (18 K), the trap centera were charged by Illuminating 
the cold specimen with ultra.violet light, and then the sample was permitted 
to warm beck to room temperature. There was a consistent thermoluminescent 
glow-peak at 105 K and hints of several weaker features. High temperature 
thermoluminescence, of interest for speleothem age dating, was not examined. 

5. LUMINESCENCE DUE TO FULVIC AND HUMIC ACIDS 

Measurements with 365 nm UV excitation as well as excitation by 458 and 
488 nm Jaser radiation showed the ubiquitous blue-green-white 
phosphorescence to be a broad band emission that varied in detailed band 
shape from specimen to specimen. Detailed measurements of both emission and 
excitation spectra were obtained from more than 20 calcite speleotbems from 
ve.rlous !ocallUes. The detslls of this work will be published elsewhere 
(Brennan and White, work in progress) but the main oonclualona are given 
here. 



Figure 3 shows a typical set of spectra. The emission consists of a 
single \Jend in the range uf 400 to 450 nm, its exact µusltion varying from 
specimen to specimen. The brightest luminescence was observed from the 
lighter colored speleothems. Luminescence f rom orange to brown spcleothems 
tcnc.led to be more yellow than the blue-green luminescence of the light 
colored materials. Similar but not identical spectra were observed when the 
aolid calcite was compared with " solution obtained by diHolving the 
speleothem in hydrochloric ttcid. There are usually two excitation l>ends; 
lhe band near '240 nm t.'oupling most &trongly to the blue emission bend near 
◄00 nm. t:xcltation Into the 316 mn band and at longer wavelengths often 
rouses the cmlssic,n to Nhif t toward the yellow. Many of the darker colored 
speleothem give broeder emission bends at longer wavelengths. There appears 
to be a t.-ontinuum of emission go that bNMd bend excitation auch as occurs 
with mineral prospecting UV lamps or with photographic strobe lamps excites 
all centers slmultarneoualy and pruduces an almost white phosphorescen~. 

T he visible and near-infrared reOectance spectra of calcite speleothems 
(White, 1981) <."Offlbined with the absence or a c.-urrelation between_ depth uf 
color and iron content (Gtt.Scoyne. 1911) t.uggeat that the pigmentmg matter 
in most dripatone and nowstone ia organic material. 1t la now k~ow_n to be 
a mixture of humic tmd futvic ecids (Lauril2,en. 1986). Fulvic &Cld 1s more 
weakly oolored and has a chaNcterlstic luminescence emission band ln the 
blue region of the spectrum. Jlumic 11cid has a yellow lo bruwn color 

t'igure 3. 
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Emission spectrum (solid line) and excitation spectrum (dashed 
line) for a tight brown colored stalagmite. 
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Figure 4. Molecular structure of fulvic acJd as reported by Schnil'Z.er and 
Khan (1972). 

depending on molecular weight, and has a luminescence emission In the 
green-yellow region of the spectrum (Hayase and Tsubota, 1985). Comparison 
of the luminescence apectra of apeleothems with reference samples of hum.ic 
and fulvlc acids and with literature data showa excellent agreement. 
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Fulvic acitl appears to produce the brightest luminescence. It ia a 
complex compound (Fig. ◄) based on croaa-linked phenolic and benzoic acid 
rings. The aromatic ring stn.1cture provides the energy levels for the 
luminescence excitation and emission. There la a conllnuum of stn.1ct ures of 
varying molecular weight between fulvic acid and humlc acid. The variations 
in luminescence are thought to Indicate the varying mix of molecular weights 
found in speleothems from dlfrerent localities. The lumlnescenc-e spectrum, 
therefore, tells something about the mix or humlc material that has been 
captured by growing speleothems in different caves at different timea. 

6. CONCLUSIONS 

Moat speleothems a.re luminescent Including many features not yet 
explained in delall. The universal blue·gTeen phosphorescence of calcite 
speleothems arises from mixtures of fulvlc and humlc acid. The spectra are 
complex and vary In detail from specimen to s_pecimcn. Luminescence due to 
inorganic activators, notably MnZ+ and UO-zZ+ is occasionally observed. 
Other modes of excitation auch as cathodolum.inescence and candoluminescence 
offer promise and further investigation ta needed. 
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QUANTITATIVE SPECTROFLUOROMETRIC DETERMINATION OF FLUORESCEIN DYE 
USED IN TRACING OF UNDERGROUND WATER 

...:·*' -:· ... '! ~ : t· u • d to inveetieate moving Wlder1ZTound 

w•ter / chemical , radiolabelled or other compounds/ d• ?•nding 
on our aim. ·.1e I ve used the fluoresce in dye ,well known in t.'l.e 

k•rst-hydrologic•l research, to investigate t ' t undergrount 
w,ter ~trc~ conCiticml" . lr. ::ungary the experiences of the 

practic•l use of fluoreacein dye wae elaborated first at 1966. 
ty R6n•ki. Th• semiquanti t•ti ve colorimetric ~•termin ation in 

the field :,tudiee was suitable to detect o , 2} - 0 1 J p.g/1 dye 
concentr&tion. 

A great dilution and a l ongtime experiment was eapacted 
in the caee of anderground watt-r. For this reason we've wor':ed 

out a more sensitive method, we'vs %eaeured the fiuoreecein 
dye conc,,.tration in collected water e.amplee by epectronuoromatry, 

usin~ • P•rk:in-Elmer ~od ,aoo inetrumtnt. The me•surtment at 
o;>tic•lly clear e:unplte can be c•rryed out immediately, the 

other e11mplee only efter ade1uate !>re p11ring /centrifuging , filtra• 

tion/. Th• changinf CJ f fluore.scency of dye wa~ :i1tudied 

depending on time. 

Th• concentrr tion ot markine compounds in the ~..llD.ole:o1 

were determined after • :!OJ.table c11libr11.tion • . lith thi~ method 

we can detect the fluo~eecein dye to o,ol pe,/1 concentration 

in underyround water ~ample~. 

In HUJ18ary, up to· now oll the ::mblicatione concerning 

this tioe of dye were dealing with scmiquantitive colori~etric 

net!'.lods. / L.a,S':1.a..1d 1)66 / 1~,ut. .1tsd so because we had only 

the Pulfrich fotometer, by wich t.t1e li'nit concen!.rt.ci:>:\ y;,,' 

measurements was 5 x lo-6 , i.e. 5 x lo-9 dilution. 

/ j 3arn:na = j .3i!:ro:r.a~ J,;;~ i'l 1 li.t:;i:r ..-c:tL,:,r / 

f'J_• :.: :. #l..! use we a dvised a more sensitive system than the 
fotometric one 

From many a possibilities here ~e are ,ublishi.ng our redulta 

oii tl1 ~::ll:l:JC~t'icd. r ~,--t one was strictly controlle,· and 

proofed to be very ef'f'ectiv i'l :field worts. about 400 ml 

teat tubes/ }2-}5 mm die.,height 500 mm/ ware used both 

f'or etalon series and for t~e Sbli\Jlta. :~r>brison was made 

simply visually, from the tcp c~ ~:~ tubes, having a black: 

background. 

By this very simple instruraentation and method in clear water 

the concentra,icn of' .flmn·r.bcein dye could be determined 

up to o , 5-o, 2~ microgrc.U1/litre 

•"hen nuorescein eppe...rs in spring cater, that favo:irs the 

sensing, es qu&lY,and quantitative measurements are depending 

:,csith•P)) by depth of the .tater, even in naturs.! c ircumstanes. 

Such a case is represented in our figure , where both 

disturbing effects and important components f'or evaluation 

werw observed. 

As it ia commonly known , fluoresce in :flaoreacates only 

above 4,5 pH. ConceMling that fact, pro~er precantions 
ere needed not only by electing the dye, but by preparing 
the comparing etalon series, i.e . it I!l'..lot ?le teXcn .f'ro:n 

t~c sll.AO nJtwr ~ft~~ ~Jull ~~ e%amined one, and bes to 

be stored with care. 

In an ear lier ;,ublicatio!l ;,,e mentioned a data that abroad 

with instrument a dye concentration ot lo-8 g/litre could 

be revealed. / J. Z!Stl 1965 / Rere we give information or 
similar reeu.l ts,- wich is going to help to ecco1mt the 

dilution a.'!'\d detection vf the appearance o:t die. 
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Felszfnalatti vizek nyomjelzdstfre alkalmazott fluoreszcein 

fest~k kvanti tatfv r11eghatilrozi1sa 

A felszfnalatti vizek nyomjelzdses vizsgcilat.1hoz a kO

rUlmdnyek ds a ctH figyele■bevtHelevel szciraos is11ert vegyi-, 

radioaktiv-, vagy egydb jelz6anyag kOzU l lehet vcilasztani. 

Hunk.1nk sorcin a karszthidrol6giai kutattisokban szd lesktirUen 

a lkal11azott fluorescein-festdket haszn;,H tuk. Hazcinkben R6naki 

/ 1966 / frta le ennek a lkalmazciscival szerzett tapasztalatokat. 

A terepi vizsgcilatokra kidolgozott felmennyisdgi kolori■etricis 

11eghattirozcis alkal■asnak bizonyult 0,25 - 0 ,S )-IQ/ 1 festekkon
centrcici6 kimutatciscira is. 

A nagyartinyU higulcis ra szcimftva es a 11ennyisdgi mcghatci

rozcis fokozott igt!nye 1Riatt kidolgoztunk egy sokkal drzt!kenyebb 

detektcHcisi 116dszert. Ehhez a Perkin-El■er spektrofluori 11tHert 

haszntiltunk. Az optikailag tiszta mint.ik merese azonnal elve

gezhet6 volt, ids esetben csak a minta 11egfelel6 el6kdszttdse 
/ centrifug.il.is , szures / utcin. 

HegfelelO kalibr4cl6 figyelembev~tel~vcl kieUg!tO pon
toss.iggal sikerill t meghatcirozni a jelz6anyag koncentrcici6jci t. 

Viisgcilatainkban ezzel a 116dszerrel 0,02 .)JQ/1 111ennyist!gben is 

egyertel mUen ki tudtuk mutatni a fluoresceint a felszinalatti 
vizek nyo11jel zdse utcin . 

Observation of d.)re in the 'lizf~ Spring /Mecsek 1.0W\t&ina/ 

and the examined parameters !>ef'ore and during the experiment. 

~1:n ~I , 
10 I I 

5 (i) 

·ii i--.....-..c..........-=.. . '\a 1 
A../ Measured dye cone. , lo-6 pg/lit. 

a./ Oater rlow :n} /enin 

100 ~./ Obaerwation at ditterent depth 

150 

l965 frbru01 

1./ Flaoreecein proored by Pul:trich photometer 

2./ Variation or water r1ow :tron the spring 
'}./ Limit. or the clear eeethrough 

4./ Limit or the eee-th8ough in cloudy water 

5./ Depth or the change or colour 

6./ Depth ot the f'luorescentic observation 



•·v ,ur recent cx:,c1" i-:i~':'lts ..- ~ ".:, ? , .. : =-:-~"' '~,· ~ ~ ... :.rofoto·,e ter 

o,o2 :?icror,rcm/litrtc concentrL&ion wt s detected in clecr 
water. ~nduc~tlon of the ~hotometer succeede~ between 
490 - ~,l.., nm with en ::u:D'l1 i:ficetion of jx end sensibility 

varird fro:.s .. o to .,oo mv. ilith of inward edce was lj nm, 

enc! t 1c output one 2o nm. /By courtee.) of • rs Ct..: . • V4r/ 
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J.Ziltl Co::!lbined trecei ,l ex,e.;.•.icients to i~entify wider ground 

kl.:_ tic waterflows. 

Lecture on the V .line .,etwer Pro~u:~'.:of'I ; ;: "'\!'J!"J1.ca 

~..1-Ja_,:3t, 1.1::5 

I,.J.j 1 .. ,·:i: Treceing dies in water and their demonst&tion. 

r:i.e tluoru>.!-..in. 
~~: 1·c.s,t ~a "3erlans, 9udapest 1966 I. np.21-26. 

Uszl6 .a6:1 .. ;n 
/ :!Wlgary / 

~ecse~ Ore _ining Co~p6ny / d:v / 

Geological Ex?loration end Drilling ;/orkshoo 

H - 767"5 PtcS 



CA VE DEPOS ITS DURING GLACIATIONS AND INTERGLACIALS 
FROM THE KORALLGROTT AN IN MIDDLE S WEDEN 

AN EXAMPLE 

Jl:oral lgrott;in (Th~ Coral Cave). the largE>st: cave- of SwPrlPn, ic; 
situated in the Caledonian mC'luntains at 540-60'r (14°'l'"H)"P.. 
64°5)'16"N.). This alnnst 4 k!"" long r..\ve contains fou..- diffnrent 
types of sedir:i.ents, cre-'lting a deposition-sequ,~nn• fr , ... :- I\. t.- n: 

A: Coarse non-carbon:lte s-'lnd t-o gra·Jtl, calcifi ,.-1 in ... ,,,,.,.,. t-h,"lt 
indicates deposition during wart!! clioatic conditi"'ns R: 1,a~:n~--•?<1 
silt - clay, depositet! in alr.iost !'.tagn:tnt- w,,tPr. p!"--t-ol.?- 1y •t:i.1,.:
the ice durino a glacial period. C: Uon··ca\c~f•n-1 si~t -"~• 1-.· 
slightly WE"t, D: Organir ~att.er, r!epositc-'1 ,h1rir'l 0 xt-, . ... .,. 
(sprinu-?) flooding. 

The sediments indicate tha~ the cave re ... :11in1•d int;i,-t durin1 th.-. 
Weichsel gl.l\cial. thnugh it wa;s cnvPr~d with ;ii ~-1 ),; ... thir-,.. 
inlandice. U/Th-datings of fl n wston£> in SPdit",..nt A wl 1 ~ hr. 

presented at the t'.'on9ress. 

1. BRIEF OESCRIPTI OU OF THE CAVE P.:ORALLGROTTA.tr 

P.:orallgrottan (the Coral C::tve) is sit"uateci int-he f'aledonian 
mountain range at 540-600r- a.s.l.. Lonq.14°9'JO"E L;i,t.64°5)'16"fl. 
The cave is considered to be th1 ... largest: cave in SwedPn with it-!i 
almost four kilor!!ieter long pftSSi\Qf!S. It was not '1\c;cnvr•rert unti 1 
1985 thouoh i t s entrance is j11st 4 5 ~~ frot" t::he k'\rst ;,ir~;,i 0f 
BjurAlven, which was described by the SwPdish g~olo'Jist rr.-.<1rik 
Svenonius in 1880 { l l. 

The entrance is in thP side of a rol lapse- dol in,.. ;,ipr,rnx . \0'T' 
deep and 20m wide, where a small cree)'; forrrs a ~t:£-nir: W'lterf::tll. 
The passa ges close to the entrancP are r "lther n;,irrnw anti 
uncor,fortable, but after just 20!!' a large tunnf"l. 2-4r wirt.P 'ln'1 
l-6~ hiQh, brings you throuoh hot.h phrer1t ic (•lowmit r .. .,.M, itnfl 
vadose {upstrea~J parts of th!'" cave. 

2. 'r!:!E C_AVE OgfOSlTS 

The eave contains four different types of sedi:"'Pnte:: 

2.1 A: Calcified s~nd and gravel 

Coarse-orained sedinents one'! prob111bly ti 1 le'1 l"nre th;i,n 114 Qf 
the cave's voluM.e. The re:r.ains ,:,f thesP sedi ... ents c"l.n b~ 5"'"1"! QO 
ma n y localities in the cave, rinst cor-~only a~ ~ "w:tf"f:>r ... :11r,.. ... 
where the calcified sedir-ent surface has been -:-c"l'lentert to thP 
wall. One of the aost interesting sites with sedi-ent A is in thP 
so cal led •Active Systere"', where travertine and s~all 1'1.lluvi:tl 
fans with fineorained sand have been deposited upon each other in 
10-50 layers. The travertine layers are about 0.4-1,'> cn thick, 
thus indicatino deposition under rather warm cli:n"llti.r ,..,,nrfit inns. 
A piece of a 10 cm thick flowstone close to this site h~s he,.n 
sent to dr. Stein-Erik Lauritzen at the University r,f Berg,.n. 
Uorway, for U/Th-datin9. The author hopes to be able t_o pres,mt: 
t he result at the conoress. 

Althouoh these coarse-or ained. flowstone-cnver,.d se,J\-,pnt!ll 
must have had a very g r eat resistance aoiainst" erosion. t h ey have 
been almost completely washed out. The alluvi"ll fans ~nd 
travertine layers irentioned above are today hangin'] .-,ut from the 
wall . Some two meters a wa y a vadose canyon. 1 .5lf' deep ;1nd 45 ci, 
wide , opens out into the chamber. In the canyon a 10 t'.',. thick 
flowstone layer is hanoiinoi half way to the floor. The :c.edfr,ents 
which once underlaid t h e flowstone are totally w~shed out! Whlfllt 
source oiave the wa ter such a trer.iendous power? Can it be anythinq 
but a netting inland ice? 

2.2 B: Lar.iin<1ted cl~y ~nd silt 

A few l':'C'\1ities in the ur,pe .. p'lrts nf th,· ,..::a ·;r- r-:--t~•n 
r~:--aini:; Qf larinat:t:-1 c!;ty ar.,j sil"'. nlsc •h~,;~, e- .. 1!-Pnt-e: !'>h'>w 
siqns of large waterfl ows Ut-i'lr on,.. nf th,._ -'"t!'=t t, n;i,11ti f11l 
stalar.tite g:tlleries a 1:-- thick sedi-P.n .. has hO?I?~ -:1,t hy f!'>winq 
water , thus revral ing ~ ~<•'JUl?nr.4"! ,. f "lbout 400 l:ty•r~ nf l::i-ir::itc-d 
~l-,1y an-1 -.ilt. The t-hir:knn,;o; r,f .. ~.,. 1-"'le!"!l ris~,; -'>r,.. ...... 1,.S!i 
continuously fron l~ss than 1 rn at the t-iotto~ tr .,.r,pr n'."'. , r-, lfllt 
the top. 

second locality cl?se t ., the first sho.,,:c. ::i ·,~ry int ,.restin? 
80 C:"' thic),; SC?QUehCP 'l! t1P.posi .. ,;. C'IJf: hy fl"Jwin? t,1:,tPr (fi']UrE: 1) 

lar-inatcd e1<1y, l"lyorc. r."'\n '"i n•J?1:sly 
thir.ker to\.1-"lrds t:h.,. tt')p 

unl':!t.r-inated silt 
fin'? srinr:I 
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Hl')HL.f.:tl-A8l,,\f';£Plltlf.f.tl WAHPFIII'\ f.:It. 'lllf' 
-AH 8F.T5PTEL OF.P ro~>.t.J.r.Pl')TTAll r u t1TTTF.L-5t"'HWF.OFU 

Di~ fa!'-t 4)-:~ )1'nl]r f<1r1ll'1rriott;'ln ~rfi.•· r.nr,11-·nhtt'il,·' .-1: • 1:-'\·•~fl 
Hi:h!• <;:,:-hw•-rt,..r.~ 1'•·1• in,,;,. t•,1•·"1--,nb:.r-hi r;, t-:r,l'· ,,1f C-, 4" ''ll)w 
\1 tUI '140fl')C'"E. ~4°,i;,)'16"'11 I. Oi.• lft\tit.• -.,, i tt .. : .. r .,, .--rt,;•••li,.ni• 
;.rrr:n v')n Abl.,.'J••r11nqon riiA v"n A. '."II O ,t,11-1,,:, ... o;:r·! _,,·f~ 

I.: S;i,n-t. ,_ind Yi•-.~ :"':it ·11;f U'lr-.;. Y!~: ,"\V"-th'i!tr~--c,; .. •1 .... !':c•lr•n 
VPr~, l klmgrn. B: r..,t: i.nrf•·r .. r--n I.• t-- w,~rc;;r-h, i 1 , i r1i. w,'ihr•·r,'1 •·i n•·r 
Eiszpit un► ~r '1•·r Rinn<.-n-i~ :n '.<;"hi 1,n'l,;,:-- fli•·-- ·•·n ! - ii-.- .. ,.,. 

:thg<>}"l'J"r• r; !J i,:ht •J••Tl";'\1~ .... r -f .. 1,i,..ht ff-11rh,-,n .. ,,t, I'\• 

flr'),ni srh.r.~ Hi\ ter i al. :th,J•• 1 , I'"' t w;\lirf'-nrl r,:·t rt-r ••n fl ,.rhy I'·' · --- • 

Qi,- c;~tii!"~ntr ~• 1-, .. n "~ -1 ,, .. ._ '1i·· l!~hl--· w~hr•·n-1 rf. • 11· :.-~ .... 
VPr,--.brnng i.nt:tl:t 'J•·hlit•l-•·n ;~r. bw•-hl ~;i.--. ., ... n 1• - "' , l:~ :-:t 1rJ,;•·n 
qinn..-:,.A~~ t:.p,i,,r,.., w~--. 1'.'Th ct .,, i••r••~·1 ·:r.n y-,l~sint. 1 ? ... '.'=°• -Jj- .. r,t 
,.. WPrdPn "I.U f '1P~ r nnc:,r••~:: .,,.,r1••'"; t ·· 1 1

' • 

J~ it poo:;~it-1~ •h-, • •h• ~ -.,.111,-r.-•· c;i-;,."" th•• t-••·'Jinnir'l .,,- ·? t1~ • .r.n•I 
of ., rtl.,.riati,,n? 

A thir-:1 lnrr1li.ty .,, thr• .,~ t it-url•· .,~ t-~:•· fl .... wc;;t--,n,:, 
1 "1.tinvP) h11t '!fl- "11p!"trA,1-- ;.., ,t-.-• ... ,lln t11n!!f•l :e: -1 ~..,;:iill 
~tr••-'\-f,,rr--•d r,..:c;, of h·,r•! '1rt !'l"in,t••rt ,..1,y •!";'"'\"-•'··~ •t•r••rt! ::-• 
upr,n .'I -;ton,~ f-'lll•·n fr"\- th•· rrinf ,tPp')e:j•.-.-1 ?,•, .,; . ,. n t-' 1 
flowinq W.\tf>r. 

<"lay nr>Pt1S St:\qOr\nr- '•r 'Jr-ry ,;J,iw'y f"lowinq w-,t,•r h, h•· :thlr- t, 
'1,·p-->sit. ln t-h.r. t:'\C:'• nf tho• Y'>r-:\llrtrntt::t"' rt-.~-- ,1,,,..;'\-,•I,:: ..... ~ 
Pxi~ t- ,-nr-P of -' l t1lo:P Yitl ,,~ o;urf,,..q, ..\t lr,:u:.t 1nn.,, -lh· .,. ► h~ 

prP!;r>r.r v-,1lr-y f lr>nr rr .. h.-. ••xi:c.t'!nt:•! nf w:tt-er 1n:r1 .. ,.- t-',• i-,t;iir.'1 
t,..,._ 

Th,-re -'lrP thrPr> pr.~sibilitt•• .. whi,..h ;iill"lw., !:-ih, • -·:-:ic.r· 
1. The 1-'I)';~ w1-. "'"" ...... , rl hy -1 -1")11nt~in thr•!Sh'>1'1 . whir?, ~atr•r w.:ois 
ernrt,:,d away rturing" 7!-1r-i"lti,,n. 
2. Th-.. la1'::P. t,1;i,; da:--r- .. ,t hy ;,in P.s1'::•r ,,r " :--nr;1!r:1? ri1'J•· whir:h 
lat"'r w,,s eroded -u,;,iy by ruruainq wat,.r 
L Th•· lr11'::r w.,o; rf-'lti":--,i-1 by ir:r- 'It th,,. enrt '>f -1 '}l;ii,:-j:tt-:~~-

The poss i bi l tty no. r~n h.r. e>:cl udP.rt at nnr-1• h.r.r;J1:~r th,. 
sedi,..ent- B at the two uppPr ,;it,-,; h"l'J•~ b'!en r:IPp">si.ted in a 
P-lSSaQe with varl"'SP for.,-.. 
Uo. 2 is unli)';ely but still p(')ssible, but sine~- th,..r,. <1rP. n o 
sign'.'t of c;ur.h a rid<JE":: thiq c annot have happenPd in th,. H-->l'lcene. 
?to. ) is very unlikely bec,1use it deMands the ~xi!it•!nc., nt an 
irebarrier for ;,it: lP;iist- 400 ye...,rs wit-ho11t- p,.nrafr.,st in the 
ground. Studt<>!. of la□in:tte-1 r.lay further down in th<· '1r.-inage 
arP;t r:f Anq~rmainalvr>n fto wh ir.h the Y.ora ll<1r,,tt-in h~lnngs} 
indica tes a rr.elting spPed of 200-)00 rr./year at thP enc\ Qf the 
WP.ir.hsel -qlaciation at rihout 9000 ynarq .l\{Jn (2). A second 
arour--ent aqr1inst no. ) is that Pven a catftstrophic b•1rsf!nq of an 
ir:P.bar r ier downstrea:-- t::he ,;avP. doesn • t provide a hydr ostatic 
gradient in the cav,- lar']e POOUOh to wa5h a way the se,lin•nts. 

The only pr,ssibt1i ty left is t:hat the laMin'ltert ~edi!"l.ent~ were 
deposited in free. staonant water under the inland ir:e, probably 
at the beoinning '>f its celtinq. At the end of the :iielt i ng phase, 
vast quantities '>f water under enormous hydrost:it-ir pressure 
Tll'ihed t:hrm1qh th'! c.1.1v'!, thus washinq the old sediment-; -'IW-!ly. 

2.) C: tlQn-c;:~J.sified1 ~o;tly slightl y wet ]lilt 

These probably late Weir.hsPlian or Holocene se,M?l'lents are 
everywhere to be found in the lower parts of the cave. 

'! 4 D: nr,~nir: r.,attPr ..,ep,..c:~t'!rl ..,,irin:1 flr.ortir.y 

1,e-'\'.Jf!'--., nePtllf•!:. brrinrh.,.-; tu1rl r,.,ols r:. .,n h..,. -,;."PO ,t ~0 .,,. 
hi?hP:-, "fc:-o;,;il" lnr~~it:.,.., !.n .,hr-,:.,.,,._ Th~o;P p, , r t f'_.:t'J:" P:-t t <;; 
~:wf' prnb"l.b\y . hePn n:,,posit,-cl rtur ino ,.>:trP.r-e fsprinq-) fl•·u·,'1i.n'J. 
1.1-. YP~rc; ..,1th •;"'r'/ w-'lr- w .. :tth~r ~n "'l"'.'! ROOW-?"Pltin'J <;1.H11son 
:1n'1/'>r ye""rs w! th ... X .. rt!r-•-.ly 1 ~PJe- "'- .... ,mt-~ nf snf'lw. 

S~::-'! i:.tal;iir:tit-.s ,.."'r.tains p~rt-s of pl,i.nt!'I whirh h-'IVP .,0 .. Rtu-:k 
on ther. -:luring flooding. Ht'lw thr>y ,r ... cat,·ifiPcl anri ; 0 ,-r,rrn-.,ted 
wi':.h t-t,~ st~l_,,..,itt?s 11t•,inr;1 t:hr~ ~ ·,cry peculiar :tppl'"'rotnr-,,.. 

Sorn@ animals have r1l<10 <>nded th~ir days in th.- .... -,..,,. H•·tlr thP 
t:w., upper sedif'lent B-lor.alities the bone""; of c('lrr trn small 
rodents (the lemff"ing, Lern!!;II!'= }PffiMus) are laying on thP fl oor. 
ThP.'/ have prQbably died of st<1rvati ,,n hPc-11 ,1-;.,. -;0 :i-,. flt the 
skeletons t1rP still intact. 

The ::-ost peculiar anir.1al-findino is however not thr 1,'"'"''nos, 
but "' winter-oinat (Oiptera, TriehorP.ri'1ae) which h;q_s .1irc1 ,:,n a 
stalagr.:iite and is now beino calcifi~d anrl incorporatP,1 with it. 



Hany evidence indicates that the k'orallqrottirn existed during 
and before the Weichsel-glaciAtion and survive,t its enormous 
weight and erosive forces. 

The thouoht that a Scandinavian cave might be oldPr than 
Weichsel is not new. Dr. Leif Engh summarizec1 1980 (3> the works 
of 15 authors who had discussed that question. Host ot the 
authors were of the opinion that the at that time known caves 
were of late Weichselian or Holocene age. F.ngh , on the other 
hand , shows in his article evidence from some in the late 1970-s 
found caves in the Vadve valley (Lat. 68,5°!1, 600-tOOOm a.s.1.} . 
that thoae caves must be at least pre-Weichselian. Five years 
later bis theories were confirned by the U/Th-dflting of a 
stalagnite from one of the caves . It was dated by S-E Lauritzen 
to have an aoe of 140 000 years ( 4) . 

Another interesting dating is a C-14 dating of a trave-rtine 
layer from the Labyrint cave (Lat. 66°U, 700Jt A.s.1.l which 
turned out to be 18 480 +- 220 years old (3}. i.e. frorT1 a late 
interstadial in the Weichsel glachltion. 

The deposition of laeinated clay under an inland ice is -tlso 
mentioned in the literature fro., Scandinavia. tn 1983 or. F.iliv 
Larsen et.al. excavated the cavP. SkjonohellerP.n near Ale

5
und in 
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western Norway (5) and found that layers with bones f--oJt an 
arctic fauna a lternated with laninated clay >\nd silt d epositec1 
under t he ice during the Wei chs~l glaciation . 
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KARST FEATURES IN T RIASSIC LIMEST ON ES AND DOLOMITES OF OLK USZ A REA 

(SOUTHWEST POLAND) 

HOT, t,.A, Jacek 

Studies of the geometry and d istr i but lon recular it ies of 

karst caverns were b.'\sed on drill-core exanina:tions l?nd field ob

servat ion in outcrops nnd mine e;allc-ries. Caverns tr'lced by bore-

- holes were 0 , 1 - 18 m high but ne~rly 50~ did not exceerl m. 

Cross- sections 2reas of k:-rst caverns mesured in outcror-s :i!'ld nine 

g:illeries chanb,e fror.1 0 , 0013 to 8 , 4 rn2 \11th 0ver 57 ; neasurcr.ients 

belo,·1 0 , 1 m2 • Dominatinc type of filled k-!.rst c:iverr.s in Tr12s - 1c 

carbon:ite rocks are various types of brecci<1s. In their initi~l 

st~ge the brecc!a structure are usually 1 m high and sever'!l hund

reds of □eters long. l'he m'lture k:•rst f"rms 1.re libout 20 □ hleh 

and to several hundre:Js cf meters lone . The f1.vou.rable conditions 

for developpement of k:irst features in 1Tias:. ic c:i:rmn..._te rocks 

prevailing along the dclomites/licestones int"!'rt-~d,Jinf :-,1:?n'.:'. 

I. J\TROJHTl 10\ 

K11r-.t prn«.P!>.,t~-. ,1{fe,ti11g l!,e Tri,,-.!>i«.: ,,11lu11,,,1, . .,,.q,11· 11•1· " ' 
lhP Olku!->7 7.u-PI, Oi..,t,ict <\rt"' i,:eolotr:i ' 11I f ,11tv,._ ol ,i~nili•-11d 
prartici'II importt1nf l.'. K~1r~t-1. ull;,p!,,l.' 1,,-,.,,. i,1-. b,, ..,1 tli•• l1i1,Cli-,<1,,
tlc• 7.11-Pli mi11•!rc1liz,tliu11 _.hi •l1 IM'ii h•·•·n lllli 1,,,,J ill lhi,;, ,11·••<1 ,i11• •· 
l,uu,lr,..c1-, of ~1•<1r-.. K,11,l f••c1tu,~-. 1uutrol •Ju• • ~1t••r ! (.•\.••I 111 itl1i11 
th,· Tria,-.i, ,u111ife1· <1nd, 1 :1u.-.., .,rre,t tlw mi11i11g ,,thity. Siu .. 
ltw ore mi11i11g his P\.p,1t1J•· 1 lu-11••dl11 Ill" •-nt,.-r l,1lil1·. tlw i,r ,,L l•·m 
ul high inf 111:"1.C:-. f1·um llw 1-.dr~t l•l\f~!> ..Jlld 1 ,,,·1·1 n-. lo llw ni ill'· 
'Jrlodi11g, l11•cc1ni~ , ru•; i,1I for lld-. iudu-.tr~ (\l.iU •• t ,, !., !}7':J. 
Thcn•f11r,:, both tl11• m•>rphulogy of 1-,.drSI form!> oil•! r,·gu i,ti-i• j, .... i 1, 
tht:ir di~I riloul io11 dppedl to I,•• i1np111 t .1111 l •H pt u -.1,•·•·' i1 ,1, ,.J11•! ·!1e
,·el,,pm<:11I 11( ,.r-~U•l•li,:-. <111<:I d•:l•·rnd11-1li•J11 ,,( "'"'··r ;1<17'1 r,I ( , .1 l!w 
l.''.\.i!>t iug lfliu,,._ dUJ rutun· pr r, j1•1_ I-. . 

. .\11th•>! pr1•-.e11t-. th.- 1,· ~u11 nf ,tu,!i,-, of ?l!lr, 1 re-1•·1r- · , 11<1-.•·•! 
on o l ,-.L•1,·,1li1,11"' r, (,m drilliug,, -.u1fi1irtl 01: t r r ,,p., ,u.-1 ,1art•-1-
grou11d worl-ing-.. TypP-. of till••d l-,r,;t ( orr," a,, . .-.!1• .. •11 ,i--. w-•·11 "' 
-.i,m~ regul,uitier;. uf lhf- ._p-,li'.11 ,Ji,trib1iti1>t1 ., f ~ -1 r , 1 1,1\i 1 ' , ., 

within tlrn Tri4s .. ic. •.drb•mdle ..Jquifror, 

2. PAI ,\f.ORFI.IEF OF THF. TOP SI.RFA<"E Of '1l"SCHFI.KALK ''AR61J\,\Tf.S 

Depositi o n of the Cpper '.'1115,c hclltaU mdri1u• t.J!11ho11,-ile-. i11 Ol
ku-.z drt>a hA!i LPen inlcrruvto•<l l,y uvlift a11d 11:grP,1.i ,,1, fullm,t•I 
b) thr• s,1lJ'il<1ntidl bn.-cJ.k in scJim~ntation dflti •:ro,iun. Carbo11<1I•.• 
sequE:-nt:e h,oi!. heen 11,ffer·ted t,.) dis"'ol,1lion, io11 e:"1.cla-,11ge and tJ\ h,.-r 
prol.e!>!.e& cr.1usi n g the m-,.-. remo,c1I. It!. su 1 fcJ.Cf.• hdi'i bt.-en ,uh-.equ-
1•11\1), CO\'c.-n:d t,y t·ppo::r TricJ.s-.i t. (Keup.:-r), Juras!oit. ,rnd Qu,1te11101~ 
-.uccess ion,. 

In U1e Olkusz ar~a lhe p4laeorelitd of the l;pper ~•1scht.-lka lk 
erosional surface re,·P.a.ls the fei'!ilures typical of matured kar-.t 
(Fig. 1). A11 example of tl1e first-order morphologic.al form-. of 
this type can be ob .. en·ed in the ea-.tern part of the investigated 
area. lt is tt huge, S'-'W-SEE-elong~ted depression 1.5 - 2.0 kilo
meters wide, with a flat bottom cut by numerous ho l l o ws lacking 
a surf.oce drcJ.inage which are presumal,ly karst sin~-hole~. The 
largest sink-hole found in the SE pdrt of this depres-.ion is 
dbout l kilometer across and JO meters de@p. It is sugge"it,:d thill 
lh~ depression is a palaeo-polje formed during the Cpper Mus.:hel
k,ilk which ~videnc~s th~ intense karstification during that 
period. 

3. KARST CA\'ES AS'D CA\'ERS'S 

The!oe (orms were encountered in both the dri 11 ings an out
crops (surficial dind underground). Their occurrence covers the 

Cull c;;equence of Triassi c carbonates. He ights of caverns estima
ted from the dri 11 ings ..-.,,ry from 0. 1 to 18 meters but over 36'1. 
of the observed caverns is from 0.5 to 1.0 meter higl1. Distri
bution o f the measured heights or ca,·erns is shown on Fig. 2. 

Caverns found in the outcrops were, iu most c a!>eS, unaccessi
ble for direct measurements. Only three of them could bE:- explo
red: horizontal cave developed along the boundary between !'tiddle 
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1ms :!P.S e··illcries et ;f!"leurr:r.,:nts se c h·nP,n-•1innt de l), r.,01~ O ~~, 11 

rn2 m:.tls =1lu::; 1ue 57.~ 1::P.~ur:1icnt !'.l.oins ~ue () , 1 r·.2 • L<? r;cnrC? no,:-ii

no.nt ::le for.~~:. Z:nr;t ic;ues rer-2>1 ie cc ~,;nt C.es d iv~rs ty:1es ·ie :.rl?

chas. n,ns :.m St"!·!e .::1iti:?l lP.S ?:rCciu!''l '):\t e :-,:, !:.sc11r \' r<> 1 :-: ~t 

quel "!UCS cent:.·, Ir.~:; de f."Ptres 1!~ 1 l 0 nr.uer . L' e,n i!ise•.:r ~~ bre,chP..> 

drm!. un st·•r!,... -tevel -,ppC '?St ?O ::1 iux environs ~t ;:lt.:£ f'}1J'? "'!Uel

·;ues cent--:.!ncs d ~ -::etre c!c 1 ! lon ·•1~r. i.~.5 ;;h~no!:-afme:; k:irstiques 

se trouvent lP. :--lus rre1:uc:1t rh'l!'i ur.# zone lel":-tf 1 e c~n::-,ct 

!!ntre les ,tolomies et c--.lc:! '.:--es. 

Fig. I. P11lll, .. ,m,,1;, ti• -lolO ,. f the '1id,JI,. :-1u .. r hell-a!l in th•· 
~ll,t •:nl JMr-t o ( 011-.uSL 7.u-Ph lii~t,·i c l. 

Trio\ssic,; Jimestunt:~ aud •lo lomitcs and the t•o small, vertical ca
vern!! with we 11-dtn·e I oped teus ion domes (Fig. 3). These f orin, we
r~ l1o~ted •ithiu the thin-layered limestone1. and pre~unably re
sul led frn,n the progressi ve roof col lapse of the cavern up to the 
formation of n~ tural pressure arc. 

Cro&!>-seclion areas of the caverns outcropped at the surface 
or in the mine workings var y from 0.0013 lo 8.4 sq. meters. More 
than 57'1. of medsured 5,orf11ces had the areas below O. l sq. meter. 
The distribution of measured v11lues is shown on Fig. 4. 

Karst c,;a\·erns are in ,nos l case-, located along or close to the 
I ime!--tone/dolomite interface. Large caverns develop along the in
tt!rbedding planes and within lhe collapse breccias. The latter 
are accompanied by pressure domes sometimes composed of I arge 
blocks (Motyka, Pulido-Bosch, 198S). Sma 11 ca,·erns genera I ly be
long to the initial karst formE> and are produced along the inter
bedding planes, at the crossing of multi-directional joints 

and/or at the crossing of joints with interbedding planes. It is 
suggested that in Triassic carbonates of Olkus:r. area the karst 
caverns were produced mostly by dissotut ion and mechanic destruc
!!~:e~!d~ri ttle rocks if their mechanical strength has been 
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Pl•· 2. Dlatrlbutlon of caverns heiahta (hp), troced by bo
re-bolee. A - Cuaulatlve relative frequenclea. 8 - Fre
quency of cavern hel1hta . 

4. PILLED lARST CAYElllfS 

In alaoat al 1 outcrop■ of the Triaaaic carbonate■ tbe fl 1 led 
kar■t cavitie■ can be obaerved. Th••• are chiefly ■ink-hole■ up 
to aeverel tea■ of .. ter■ aero•• and fe• to aore than ten aetere 
deep. SOiie of th .. pa■■ downward into the initial joint• alon1 
•hich the dl■aolutlon ha■ proceeded. Pilled karat cavitie■ are 
al■o located alona the interbeddin1 plane■ and in breccia bod lea. 
In the latter fora■ lo.alnated, clay-■andy internal ■edl■enta were 
ob■erved wl th frapenta of carbonate rock■ (Kotyk.a, 1988) . 

In the ■lne workin•• of the Olku■ 1. Zn-Pb Dl■trict al 1 the ty
~• of cavity flllln1• ••re noted: d etrltal , che■lcal. or•anlc 

t 
N 

I 

Fig. 3. Large, verti cally extended karst cavern in the bottom 
of a gallery in Pomor~any mi ne (after A. Kodk, 
■odified by author). 1 - limestones: 2 - blocks mixed 
with tine-grained matrix; 3 - cross-section line. 

a nd complex (see Paloc, 1977). However , various types of breccias 
see■ to predo■inate: metaaomatic and/or karstic (Sass- Gustkie
wicz, 1971t). Despite the che■ical processes affectini" the host
rocks under the influence of waters, breccia structures can be 
produced in that parta of the Triassic sequence in which the me
chani cal s tre nath of the rocks has been destroyed as a result of 
■as ■ re-.oval. Various s taae■ of the rock de■ truct ion can be ob
served correspondina to the various stages of breccia for■ation 
(Fir, 5), 

In their initial atoae of development, the breccio bodies ore 
up to l ■eter thick and several hundreds of 11eters long. Advanced 
brecciotion correapond ina to the ■atured karst stage produces bo
dies up to 20 ■eters high and several hundreds of meters (Sass 
Gu■tkiewlcz. 1985). The type of fi 11 ing ■ateriol depends on the 
staae of karatification and on the degree of ce■entation. During 
the initial brecciatio n joint density increases which leads to 
the foraation of cracle breccia (aee classification ofter Sorton, 
fide Diulyiiaki , 1976). Further dissolution and col lapse of the 
carbonate layers cause the displace■ent and rotation of the frag
■ent■• Si■ultaneoualy, the percentage of &■all fropenta and re
sidual ■aterlal increases which results in the for■e.tion of ■o
s aic and rubble breccioa (Norton, fide Dlutylis kl, op. cit.). The 
final brecciatlon produces conalomerates co■posed of large blocks 
of the ltaratified rocks e■bedded within the flne-are.ined ■atrix 
of aoatly residual clay, ■lit and sand (puddina breccla according 
to Norton). Such breccias are co-only e ncountered in the ■ine 
workinaa. 

Dlasolutlon of carbonate rock.a hos been acco■panied by pre
cipitation of Zn. Pb and Pe aulphidea os well a■ calcite and, 
occaaional ly, ha.rite. The■e ■ineral■ for■ ce■enta in, e■pecial ly, 
aoaalc and rubble brecciaa. Moreover, or1anic ■atter and brunc
kite aay alao be pre■ent a■ fillin•• of the cavitiea. Karat ca
vern• in ll■eatone■ ■ay be filled with redepos ited, pri■arily re
■ ldual clay■ wbereaa in aoae a■all, initial caverns la■inated in
ternal ■edi■ent■ are co-■only observed. The internal ■edi■ents 
conalat of clay, allt and sandy fractions and typically occur 
wl thin the cavern■ developed in the thin-bedded 1 l■estones of 
Lo••r Plu■cbelkalk, at the boundary between ll■e■tone■ and dolo
■ltea or within the brecia bodies (Pig. 6). 
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P1ining activity and resulting intense drainage of the mining 
fields caused the rejuvenation and/or intensification of Karst 
processes ( in the meaning of Gtl:~e, 1973). Re■ova 1 of the uncon
solidated material co■posing the puddin1 breccias res ulted in 
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Fig. 4. Cu■ulatlve relative 
frequency of the croaa-aect ion 
areas of caverns (Pk) cut by 
open pit or ■lne gallery • 

t,111 G,01 G,I 10 ~,-2, . : 

Fig . .5. \larious types of brecc ias. I - cracle breccia; 
2 - fragment s of limestones And dolomites; J - pudding 
breccia (sand, sandy clay and clAy with fragments of 
ca rbonate rocks); 4 - lo■ina ted internol sediments: 
5 - ■osaic and rubble brecc io in l imestones. 

Fi1. 6. Internal sediments within breccia structure 
(Olltu■z aine). 1 - c lay; l - sand; 3 - sandy c lay: 
It - doloaite frapenta. 

their subsidence and openin• of the interbeddinl' plane• with the 
dlap)aceaent of lararer blocks (Piar. 7). lncrea■ ing flow rate cau
sed by the hydraulic cradlent produced around the ■Ines, gave 
ri■e to the reaoval of fine-.-ra.lned internal aedi■enta and, con
sequently, to the foraation of sink-holes at the surface. 



Fig. 7. Rejuvenation of karat proceaa ea within the 
frapent of a breccia body a■ a result of draina
ge and co11pact ion of pudding breccias. 1 - l 1•e
stonea; l - pudding breccia: 3 - crevices (fia1u
re1 and opened 1nterbedd1ng planes). 
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INFOLGE LIER DENUDATION DER BAS ALTPLATEAUS ENTSTANDENE PSEUDOKARST
ERSCHElNUNGEN UND HOHLEN 

oasal t vul.k.aniam. oas created most ly overlying rock.a 

in liWl.ga.ry. ~rom the anviranaent taereof destroyed 

was tbe lees reaistive basic stratua~ hence ■oatly 

typic:Al mountains 01" truncated oone ~bape were 

rormed . According t o our measurements toe stratum 

carbon contents were bigb (20 to 40 p.c.). 

On tbe plateaus toraed by baaal t coftrs toe wat er 

in1'iltrating tbrougb gaps becomes beavily carbonic, 

tbus agreasiYe water a,gainat carbon will aolTe the 

stratum c cntalning mucb oarbon. Tbe O&lle appliea to 

tbe linear erosion ot underground waters. liuob 

caves will settle in the baaalt oover. Dependent 

on tbe direction or inclination ot fraoture causing 

fal l ing in baaal t dolinaa (occasio11ally basalt 

ponds), baealt sumps or splitting caves will be 

formed. Under tbe verge ot basalt c overs laok of 

material will occur by sqee&ing out ancl/or deflation. 

Tearing of vargea are f ormed along t be breakingi, 

vertioal to and parallel witb verges, forming tect011-

ic caves in several ca.sea. 

BAZALTFENIISI KDK LEPUSZIIILASA <OVEIKEZHern KELUKEZETI 

PSZEUODKARSZT-JELENS(GEK (S RARLAtl r.OK 

A ma gya r o r s ztigi h;iizaltvulkanur.'IJ!. nagyobbr ~szt takar6ka t a l kotott . 

takar 6k kOrnyezet~b61 1 epusz t ul t a kevesbe e 11 ena 116 a l apk(lze t, 

i gy a z esetek t obbsegeben Jel legzeles csonkakUp f on:tiiJU hepyek 

a l a kultak. Merese1nk szer inl az alapk6zet mesztartalma r."tagas 

/20 - 40 X/ . A bazal t taka r 6k alkot t a (ennsikokon a repedeseken at 

besz ivdqJ6 viz a ta l aJon iitha l adva erOsen szensavass.\ v;illk . 

me ssze l szemben agressz i v vi z karsz l os o l d6dtissa 1 te t emes anyagh i -

anyt produkti l a ■eszben g a zd ag a l a pkOze t be n . Anyagh 1tinyt eredmenyez 1 

In der llehrlt.eit d.ea Baeal\-'nallca:nie1111.& Ungarne i•t -.or 2-5 11.1111-

0D&a Jahr9a 1a awei grll3erea Grllppea lt.error1•ko-n. In der t1ageb11111 

cler Uaal.tl!ld Wld .... Bal<OIQ' Wld 1D dea 11ec1-... - .,nacu:6 Gebir1• 

a1.a4 11111etllllr 100-100 'baaal ff'lll.l<aJliaou Barp beltannt. Di• -1n ... 

a1.Dd ana reui. baeal thcban GeewiD oder a1 t ... n11 rutt 1uohicb

\et elltnaz>4en, al.lei& aue htt butelt.ende Barge tilldet ll&A b•. 
Die aeinea Lanerg1•31UII balleA aiolt. ill der :rora -.oa Dectea getu

Ugt. uater d.ea Deoua a1.Dd 111. dea aeineA ftll•• loclcere Solt.iolt.\ell, 

41• ,.. 41• DeolceA al>gel!det WllN--. eo a1.Dd ollaralcterin:iech• S-pt-

INFOLGE OER OEIIUOA JIOU OER 

BASAL !PLATEAUS EUTSTANDENE N 

PSEUOOKARST-ERSCHE ltlUNGEII UNO HOHL EN 

Der Basal tvulkan1smus des Ungarns hat vor allem Deeken zus t ande 

gebracht . Aus der Umgebung d 1eser Basa ltdecken wurde das wenige r 

,oderstands f ah1ge Grundgeste 1n abgetragen: auf d1ese Veise sind 

in de r Hehr zahl der f a l le Berge entstanden, die fo r m eines St u11pf

kege l s bes i tzen. llach unseren Ana l ysen isl der Ka l kgehal t des 

Gr undgeste1nes verhal tnis■3ss19 hoch /20-40 X/. Durch die Spal ten, 

dte 1m Geste1nsa11ateri en der 8asaltdecken entstanden s1nd, sickert 

das Wasse r 1n den Boden hine1n, wo es besonders reich an Kohlen

saure w1 rd . In deaii Grundgeste1n, das besonders re1ch an Kalk i sl , 

ver ursacht dieses gegenuber dem Kalkslein agressive Wasser den 

Kalks t ein losend einen grossen Stof fmangel. StoffmanAel kann auch 

als Ergebnis der 1 inearen Erosion des Grundwassers entstehen. 

Solche Hohlrau'"e des Grundgeste i nes "vererhen s1ch wetter " auch 1n 

d1e Basaltdecke h1nein . Der R1chtun9 der StOrungs l 1nien entspre

chend, d i e E1nsturze zu ihren Folgen hatten, entstehen Basaltdol1-

nen /unter U11s t cinden Ool1nenseen/, Wasserschl 1nger sow 1e R1sshohl en. 

Un ter dem Rande de r Basal tdecken entstehen durch Her auspressung 1 

b zw . Defletlon Hohl r .iumc, 1n we l che der harte Basal t @inqtur7t. 

Di e E1nstu r ze a11 Rande entstehen entlag von R1ssl i n 1en 1 die ver

tikal auf den Rand, bzw. rut 1hm parallel lau!en, u nd 1n v1ele'l 

fallen tekton1sche Hohl en b1 Iden . 

t11eg a viz f o l dala t lt l1neclris erOz 16ja is. Az a lapkOzet 1lyen u re

gei "or OklOdnek" at a baza lt takar6ba . A beszakad~sokat e 16i dez6 

tor esek d6lesenek 1r.inyclt6l f iigg6cn hazaltdol i mik /a l kah,asin l 

dol 1nata vak/ 1 bazal t viznye l 6k 1 vagy fe l szakadclsos barlanpok 

alaku l nak . A bazalltakardk per eme ala t l kisajlol6dtissa l , defl tici6val 

anyagh1clny ke l e t kez i k. A pere■leszakad3sok a pere■re 11er6leges es 

azzal ptirhuzaaos tdr esek men t en alaku l nak, sok eset ben tek t on1kus 

bar l angokat alkolva . 

te1el tl!raig• Z•11&•llher1• .,.t,nanden, m>.t ihrell Giphl a1 t der tla,. 

cit.all Ru\e d.er Deeken, ait d.ea i..altaeaaa. Bai der 4lol!dw,g der De

clcen iet eille lleeolldere PNQdolcarn-Ladsc'batt elltetanden ait rtel.,. 

poncnaUIIOlt.ell 1Wbl.e11, llit d.e• Hlllrdolt.ea e711&0UUMban Bawt.lt

llllbl.ea llllchte icla aich ia 41•- Stmiua nioht lleMAllfU1ea. lblaer 

bllelct.1:w 'bat -.ereucbt, 41• be.U-Dden .h.lctoren, GeHtal.iohll:eUe11 

dea lln\etellau der Peeudolcar.t-.llraobe1D11111•n au erleuolaten, d•••• 

VuenUiclt.e ich 1D clieH■ Stwlilla erl&utera llllohte. 
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l. DU GISUID llmKR DD! Bl§4L" 

l,l, Die territorial• !eillllljl 4er Grundgeet•in• 

.t.ut 4u sni unternohten baaalnulkaniaohan Gebht /n..Ul:ll4 -

Jl&ko117 UDd Me4Yee - J.lnaoelc6 Gel>irge/ lco-n water 4u Baaalt glo

bal 4reierlei Secliaentgeetein• •or, besiehW1gWeiae ko-t uoh •er 

:Baaalttu!f oft YOr. 

:Baealtgebieh Ungarne 

1.11. l:alketei,.. nech Meereaherl<unft Der gro}er !eil 4•• Baaalt

declcene 4er bb Berg, .t.gar l'lateau, Dobos l'latea ll aind aut den ab

gel:ldeten '!riae, Jllra, -.. ... n l:alketein- Wld Doloai toberllllchen ge

oie4el t. 

l. 12. Ollgoalln 11114 lliolllln Zei tal torig• hauptallchlioh Sandaecliaonte 

Die Baaaltea dea Med••• - J.lnaoelc6 Gebirgea ain4 aut abgelcahlte■ 

Oligolllln un4 llioslla Hitaltrige hrrain gHiedelt. J.uf de■ n!!rdli

chan /tacbechoalovakiaohan/ hil var 41a J.bl:ldllng gevalha■er YOr 

der Baaaltgie}ung, ., lco-•ll hier ■eiateno die aua der Oligoalln

Zei t ata■aenden Schiohten Tor, die glaulconi ti.chan Wld apolciaohen 

Sandatei,.. lco-n uater de■ :Baaalt Tor. J.uf dea IIUdlichen /ungari-

achan/ Gebiet var 41• J.bl:ldung ■ll}i&er, _, ut den YOrher ervtlhnten 

l.2. Dae Gleichoharalcterietilcue 4er Grundgeeteiu 

1.21. Der vichtig• l:allf«ehalt 

.Lua der Sicht 4er llntetehung 4er baealtioohen l'aaudolcaroten iet 

ein vichtiger Behandteil die Zuaaaae11J1etsung d•• GJ:'WMlgeeteiu, 

beaHr geaagt a.it 4er ■u-llhllngenden J.bl:ldung. J.uf dieeen Zueaa

■el1ha.Df: iat suerat G76rffy Desa6 4arautgeko■■en, apllter haben Ter

taoaer IJll4 aein !ea■ die Untersuchung der Zueaaaenaetsung 4er Ge

ateiu unter 4e■ Basalt fortgeeetst. Bei den .lnal7aen lea■ herYor, 

da} der l:alqehal t der ■eieten Grundgeateine TOD den Brvartungen 

nel hl:lher iat /aiehe in 4er !abelle/. J>J.• J.bl:ldung durch lcarati
achan J.utll:laung der hochlcallchaltigen Schichten iet unter der Baaalt-

declce auch bedeutend, Die ao entatand•n• Hohlreu■bildung durcherbt 

al.ch in die Uberbaaaltachichten /auatllhrliohar in den 2 .} , UDd 4, 

J.baab/. 

Ort Geatein• unter Bpoohen CaCO}-Gehalt 
de■ Baaalt 

BilOBY GBBIRGB 

Sll}vaaeerlcallc l'lioslln 92 " Xab Berg Ruauliten-
lcallc1tein ...... 87,5 " 

SHbilce Sandatein l'liolllln 46,7 " 
Bondor6 

Geeteinaehlig l'lioslln 40,2 " Sand 

SarYal7 Sandstein l'lioslln 26,9 " 
Ssantgyl:lrgy Berg Sand l'lioslln 18 " 
Badacao117 Sand l'lioslln 24,5 " Pelcete Berg :Baealttuff l'lioslln 16,5 " 
MBDTBS - J.Jlll.osxO 

QDIJIGII 

ne-lc6 Glaukoni tiachaa Oligosil.n 45,l " Sandetein 

Ragyolc Glaulconitiaohaa Oligolllln ,a " Sandetein 

.t.quitaniachell 
Sand lliolllln 20, 5 " 

Ssil•aa-lc6 
Glaulconiti.chen Oligoslln 15, 4 " Sand.tein 

l'og.anyTar Glaulconitiechan Ollgoslln l} " Sandahin 

llini8e J.ngaben TOD. dea Iallcgehalt der GeeteillJI unter d .. Ba.aalt 

/ .'J>alyM TOD Iatdn Bezterhaa/ 

Oligo..,..Sandateinan findet aaa aogar auoh die gaue Miolllln-Sohioht- l, 22. Daa Vecheeln der •erechiedenen Granulllrschiohten 

reiha ■it den oharalcteriatiachen Sandetein, a.it XOnglouraten, a.it 

lehaigan Wld ate1.nlcohlegiaohen Zviaobenbeaiedlungen. 

l , l} , l'ontua /Fannon/ Zeitaltrige f!lldlig-lehaige §ediaente Unter 

den Baaalten Yon Ilaalfl:lld - :Bak.,._,. aind die aeiet Terbreiteten 

Grundateine die Oberpon-r ••hr diclcige sandig-lehaige Sohichten. 

Ihr• J:ntviolclung iat territorial 11114 horiaontal •erlladerlich, Meiat 

die nrachiedenen 41clcigen, oandigen, echotterigen Schichten veoh

aeln nch a.it den lehaigen, lcallcaergeligen Schichten. In der llllge

bung •on llaQ'lrasaoll;J ht 4er :Baaalt aut oberpontueer, lennttr Hit

altrigen all}v■aHrigen /innenaHhohan/ Xallcatein geaiedelt. 

1,14, Baaalttutf und -tutfit !lei den atratooharalcteriathchen 

BaaaltTullcenen /bb Berg, So■l6 Berg, Mid••• l'lateau un./ iat die 

unterete 'fUl.lcanMrlcl:l■liohe Schioht hauptallchlich der Baaalttutf 

oder :Baaalttuftit, Daraut lliedelte eioh al• Basalt eretarrt• La••· 

Die J.brei3ung der Xanten der Baaaltdeolcen Teruraach.en haupt■llch

lioh die Terachiedenen DenudationaYDrglinge der Gralllllllrgrl:l}e der 

Grundgeateina. llaoh den Beobachtungen. 1.at die Mllchtiglceit der aandi

gen, leh■igen, urgelichen Sohichten Teraohieden, Die undioht• .,,..aer

durchlaeaende Sohichten vechaeln aich a.it den lehaing9n vaaaeraper

renden Schichten, Dien Sohichtung iat terrilorial aehr dielcrepant, 

daru■ bHinfiu}t 41e J.bl:ldung der Baa.al tlcannten nach :Pora Wld llod'GII 

nach beaonderer J.rt. 

2. DU l'SBUDOURS'!-DSCHIIIIUIIOH TORBBRlllll.lDB .lBOllUIKlSTORGlJIGB 

II DD! GRUlll)QBSHJII 

Die Denudation dee Grundgeateine 1.at eina poligenetiecha Brao:bei

mmg, 1st lleeul tat der BraoheiDllngen. der g .. eillJla■en u■d. naoheinan

der tillfl.U}e . Di• J.bl:ldwia TOD. du Baaalt nioht gedeclcte, undicht

atruictlll'ell• !•11• aillld Y1el aohneller ale 'Mi den -•clcten !eile, 
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.lua der Sicht der Paeudokaret-Rracheinungan der Basal.ton aiDd. ab- der llllrlllll& papalte1'e/, .lu ■olchen Jlualtea atehaDd.e l(anten uigen 

llden4e Torgllngo unter den Baeal.tdeclten viel vichtiger, DJ.e Prior- 'bei der Brlloltelm,g neind■lcige /orgelllge/ al)!ldende Poraen. Zvi■oha11 

-.orauaeetaung der .lbl!dung dee GruDd.geateine Yo■ Baeal.t lat bedecltt, den 11■'be1101nan4er etehandea TllrM11 a1Dd. ~ Uete, hllhl.engro3e 

d&3 dae Vaseer durch die deckende11 Baealtachichten su die■-n Schich- Bllblagan auegeb~oltelt /a.B. Sailtlaltoayba all! de■ SOlll.6 Berg, 

ten hinunterko-t. Die■ hat la ltein HiDd.ernia, veil die Baaal.tdeclte B.odoat6-H!lhle 1■ Ba/JallaolQ'/. 

nach der Peatigung apr!ld vird und vegen endogeD.O telttonlache Bin-
3. 2. ,tut der l(an1'e ••rtilcale Jlrlloha entatehan bei aolchen Basal. t

tlU3e, wegen die B.eaultate der Poetbaealtbevegungen Brucha erleidet. 
decku, 'bei deD.On aich diolcere Baaaltechioht ant die undichte Sedi-

2.l. Die 1'.elterung ht e1n• aolohe ablldende Por■, al.o einige ■ent ■iedelte • .lue der Sicht der Mu■• der llualtachicht lteltart die 

Schichten der Grundge■teine plaati■ch verden und aich vegu, den plaotuch gevordeD.011, Yon d- Berghans ohllO Stutaung geliebeD.O 

wuchtete11 Druck aua den Zviechenachichten auspre3t, Deoaen Nllglich- Sohichten v.nd deinregen geht ee auoh unter, inavi.achen in aich Spann• 

keit liegt hauptallchlich in der Dhe der Bual.tkanten, wo die .1ut- ung anllllutt. Venn aut der !(ante die Dioltheit dar Bualtdeolte unter-

d•cll:un8 dar Broeion der Berghllnge treie Basie !Ur die l'.el terung aohiadlich iat, lllat aioh die OD&ebliutte SpaDllung vegen clie■-n Untez, .. 

aichert. l'Ur die l'.elterung aiDd. hauptallchlich der TOil der Vuaer- aohied, d .. all! die !(ante ••rtilcalen -h. IAage dar llrllchan l118Ul 

autnahme plaatiach gewordener Leh■ und SU3vaaoorlcalltotein tllhig. nach aolchar .lrt tre1 al)gel,rijcltelte stUolc• veitere 1'.eltarung 8111, 

Ve1111 die abllr!lcltelDd.en Stucke in nach uatall anabrei tend.en Bll:101<111 lncholl, 

ao Yarbreitat oich der Jlruoh, ll8llCh■al in h!lhlengro3e Hllhlungu, &\I.I• 

2,2. Die linear• unterircliacha Broaion grdtt die GruDd.geoteiae un- gebildet /s,B. 2,tilca•Schluchthllhle/. 

ter den grl:13eren Baaaltdeclten, ■it Stll3e begleitete Bruche an, Vigen 

der BrUohe aichert ■eiat die ltippte Baealtdeolte euareicheDd. nele 

Waaaerapeioher !Ur dea Bruch, VD du Vaeaer tut ohne Behinderung 

su■ Grundgeatei.n hinunterlto■-t, wo aa Ort Wl4 Stelle getundeD.O und 

■it aioh g•no-,ne Sohntt bevegend erodiarende Virltung auallbt, tine 

aolche Denudationatlltiglteit 1<&1111 abhllngig Yon den Kiedereoblllgen 

ssin, ob sie etlf.rlter oder gesohvllcht 1st oder aogar pauoiert. 

2,3. Die ltaratiacha L!lsliohkeit ht die grl:13te Nateria■angd produ

aierende ablldende Pora der Guteine unter der Baeal.tdeolte, voruber 

sohon YOrher die B.ede var, 1st der lalltgahalt dieaer Schichtsn nach 

den Nee■uncan bsdeutend, Dia Spaltung dea Baaal.t■, obwohl buchei

dend ale der J[alltetein ht, aber in d1ee- hinunterlllutenden VaeHr 

Tie1 agreaa.1.Ter. i..r co2 -eelt.o.l t 4er Baden, d.J.e don :U..al. t bed.eoken, 

iet nach den ••rgleichenden N1s11UDgen grl:13er /3-6 •I, ala die BIiden 

cli• J[alltateine bedeclten /2-4 •I• .lDd.ereeits Ubt dae durch den llaaal.t

echiohtan hinunterln>pfend• 18hr agrHoi•• Vaeaer /SOlu.tion/ den ltallt

hal. tigan GruDd.geatein erreiohand Ubt ltonseatriert V1rltung aue. so 
clie wenlger ltalltgehal tend en Oaateine lt!S1111en auch bedwtendar ltarsti-

3,3, Kit dar l(anta paralelle llrllolM ■ind awih vegea dar J[alterung 

antatan4en Natuie■angel dort, VD an den l(antea die Diold.gltait tler 
Basaltachiehtan gleich var. ill-in ei.nd ah !Sttera, ale all! die 

11'.ante •ertilcal• Brllobe, veil ,. die ltalteJ:ung ea der l(anta all! eiae 

laage Streca ge■ohieht, Daru■ bllutt aioh cli• Spanmmg in der lc■lten 

Baaal tdeolte ■1 t der !(ante p~all, dalU1 bnchall. die gro~t• Stht1•t • ""' d,r 

!(ante vegan der .lutl!leung der labllen Oleichgevi.oht paralell ab. Ton 

der Baaaltlcante abgebroohaD.O, al>er •u-npbl1ebeD.O Oeetli-nge 

a1.nd - den an Ort und st.■l.h gebliebenea !eilen gunalcan Ulld de110A 

a1Dd aie ein ••al« anUerater g•g-a. Die Portbew9gungagrl:13• iat 

terri tor1al untereohiecll1o~, ll&IM>h■al bringt •• ■-hr Neter brei te 

Sohluohthllhl ... ·- Stan.de /a,B. R-Bllhle aut 4• !atika oder 

Polcol-lilt all! de■ .Bondard/. 

3,4, Dh l(anteabN13•""-• Steiytra3• 1at ■it den IIIJluen nn dea 

paralellen BrUchen barTorgebracht e1Dd. geaet1ech ••zwandts .l:rachei

nn.ngen, abar 1n der Na:5• 1at •• grl:13ere Wl4 ■orphologiech seigt ■1• 

auoh •in an4erH Bild. Die abgeriaaene Oeetainacheiben iat nlcht in 

dieren. NalU1 lcann auoh die ltorroeinn und eroa1Yen Poraen dar l'.arati- eiae■ pblieben, aondern die hauegro3e Sttlolce habea vf.hread der 

dia:rung uatar den Basal tobertlllohen t1adan, Di• l'.aratidieruag ltnUptt .luebNi tung parel.elle Qra'ben, aoge11&1111te •steinatra}en• getor■t, .ln 

al.oh in den Mietea Pllllen au der auahlllende .lrbe1t dar liD.Oaraa de■ Hang gerutocht 11Dd. in auqebreitetan Geatein■a3en ottene und 

untarirdiaohaa .8roa1on, da■it •-n erhllhende Denudation auaUbend. bed,cltte Spalten entataaden - dieae letatere eilld 41• atelttonlaoha 

Ia da■ QllentMear eraoheinende gel.II ate l'.&Ucgahal t lietarn Durch

achai tt 1ezeohnet YOn l t:■2 !erri toriu■ in l Jahr die Quellen 40 

To11110a, ~ su■st 20 •' J[allt veg, 

2,4, lie IOlle der DenaUon 'bei dar .lb!ldung dar Sohichten untar 

der Baaaltobartlllohe ht ltleiner, ahr aut die YO■ Vind geeohlageD.O 

Seit• der Nuu:■.nt-■, vo dar sand dar Orulldgeste1n 1et, ko•t YOr, 

}. llD 0JKJlg DD lillDII :DD. JUSAIA'DIIJOW un DD SO ll!fl!PJ!PJ 

SPR:X9PH211IfflJlllll 
.ll&C daa l(an\ea 4ar Baaal tdecltea ent■teMn aut clie l'.aate •ertilta

le 11114 ■1.t dar l'.ante pareJ..U■ Brllohe, 11114 ■it dUl■a suetiaolk Yer

-t■ .lllr■Uunaan, lluraa. DieH llraohei.nungaa nrur~t haupt

allolllioh ell■ blt■raac 4ar GruadgHtai■e, ••nl&ar die DetlaUoa 11114 

kltrrecll■r■a4■- ■rod1er■n4• !llt1glte1t da■ VM■ere. Ill •ini1•• Plll1a■ 

llruonlt ■1oh die llul1'e steinallolce geatal~. 

3,1. Molf!l!!I ll1■1p Sort-■ de■ -.it■ aia4 ..r 41• leratUeltel• 

-C a.r lcliaaU■-- u.tl.113• fDl1& /nnktll:r■l1a s■di■aa1'e u■4 be1 

Bllhlen /s.,B, die Ste1aetra3an de■ l'.oricsi Berg■ und der Pog&Jl71'ar 

■1 t Yielea Hllhlen/, 

3,5. Die StdutlU3• a1.nd 41• oharalttari■tiaohan Poraen dar 0411111 

der Baealtltantea. Bei den PU3en der llallaltltanten t1ndet ■an 1-er 

sro3• Nenp Oeatei.naohu.tt. DJ.esar Schutt et.-t eiD.Oreeite aua de■ 

Zuea■■enbreohen der Baealtaohe1ben, an4eree1ta aua den Stuolten, die 

YO■ l'.anten■auer vegen der lfllr■aachwanltung ab1ebrooben eind, Ton den 

gro3an Q!Stun •-ngehllutter Sohntt beillhaltet aanohllal au.agebre1· 

tate l■l1Jr1Dtoharaltteriat1■oh• Soheinhllhlen /s,B, Bllhlen dee stein

Maru dar Pog~/ • 

4. m PSJUPOLUS!-psau;uumu pp J:WWI:UPY 
Die lwitltarattoraen tler Baealtplateaua hat die Uatarltar■tidiar-an& 

aaoh der IAY&!e.Uguag llarYOrgebracht, Die•• l'.aratechluchtung vvde 

1JL die llaeal.tachioht UNr■rbt, Da:5 tluroh clle Uberarbte Schliohtlmg 

vaatUr Paeu4oltarat-:lrache1mm&■n llanor1e'llraoht -..rden, aiad daria 

die su■1nan4ar proporUoaiarende lliohtw,g in de■ llaaal. t enetandeUll 

BrUoha 'lle.u-ad, Diue Beau-a,, duroh den :ari.ohen !lat dar Ter

faeur psa1gt, 
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4,l., Die llual.tdol111en Venn Uber der Scbluohtung der Grundguteine 

die Tertibl.en BrUche 4-■ Baaal. ta paral.el.l aiDd, entatehen au! der 

Oberfl.acha ein8er1 ... ne oder eingeatllrste Dolinan. Bach unaeren Be

obachtw,gen aind 41••• Dol.inen in der Reihe geordnet, wahracheilll.ioh 

lenchten eie dae lcaratieohe Vaaaerl.eitungee7ete■ in du GruDdgeatein 

au! 41• Obertlache /s,B, lab Berg, Doboe Pl.ateau/. 

4,2, Die p■ndolcaretiechen Dolineneeen aiDd ■it der Veit.Nntwiclc

lung der grll3eren Baeal.tdol.inen entetanden, In den durch Rineturs 

eJltetandenen Dolinen ist sueret das VuHr psr1od1ach autgehautt, 

die UDteren Schichten dea Basal. ta in 41eaer .Pal.l.e tahig &II■ abre1-

3•n aind,aber ell• oberen TereD&ern eich - daswiechen enteteht ein 

Sohl.uchteyste■, Aua de■ Ve1en der Saohe entstehen 41eae Hl!hl.en durch 

den llenechen belautbare neturl1ohe BingllD&• eol.cher Hl!hlen eel ten 

/s,B, Baeal.thl!hl.e in Pula/, aber ihre Zahl kann ahlll.1ch, wie der 

Basal. twuaer1ohlinger aein. Innerhal.b du Baaal. ta lcl!nnen aioh durch 

.,-ngenetiaohen Veg Hl!hl.eD811Jlg• autre13en /1.B, Halaas .u,,'4-Hl!hl.e/. 
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THE CONNECTION BETWEEN THE DIFFERENT SOIL-TYPES AND THE SEEPING 
WATER SYSTEM IN THE CA VE HAJNOCZY 

MUCSI, La.szlo 

Our !llrther o bservaUon• ehowed that long-luting etaying 

1n the e&ve can 1aprove eigni!icantl:, md penianentl:, the 

pul>lonary !wlction 1n healthy people. This impro-.aent give• 

rise to several factors . One o! the JDOet effective therapeutical 

co■ponent is the spel_eourosol deriTing from the dropping water 

in the cave. 

The aiJII o! this study wu to investigate the changes o! the 

cheaical compounds in the speleoaeroeol and in the dropping 

water depending on the •oil-type aboTe the different parts o! 

the HaJnoczy,-cave , 

The comparative analysis of the ao1l-typea on the catchllent 

area ot the cave, the seepa.ge waters an vell u the dropping 

waters shovs that the soil pla:i, an important role 1n the forming 

the chemical compound o! the dropping waters. Ve touod dropping 

watero of various features /aa.tnly in the ion concentrations/ ln 

the different parts or the cave under various soil-types. 

Our present observations show that the quality o! the soils 

can exercise significant in!luence on the therapeutical 

efficiency of different cavities in the caves, 

1. INTRODUCTION 

In former obaervationa we analysed the aicrocli■ate ot. the 
cave - HaJnOczy and reaiatered chanaea in the respirato ry 
function of the cave caused by the stay and apeleolocic 
activity. 

We reported /2/ that a treat■ent-lilte atay in the cave 
could eianiflcantly l■prove the respiratory function of the 
healthy lndlviduale. Thie i■provenent le the r eault of several 
correlated factors. A■ona epiro■etrlc paraaetere, PBF / relevant 
for obstructive disorders/ aoet precisely followed these 
cha.naee. Our later observations araued in favour of the 
~:ri!1:!~le~x1stence of poaltiv bronchoaotor tone in healthy 

The aim of this study was to lnve stlaate the connection 
between the aurface-aoila and the ■icrocli■ate of the cave. 

2 . l!KSllL.I. 

There are different aoll-typea on catch■ent-area of the 
cave. Thia variety i• the result of the aeoloaic structure 
/ Pia . 1 . /. The cave- HaJnoczy was for■ed in cher ty arey li■eatone 
/Upper Ladlnlan/. The elder /Lower Ladinian/ sequence of dark 
arey shales was thrust on to the c herty arey li■eatone . There 
la aha le above the cave on a bia area and what le aore , the 
overthruet wae aore aia:nificant earlier. 

The soil-types were arranaed in the follovina aroupa: 
1. aritty eoil le full of rubble, 
2. black rendzine, 
3 . brown rendzina, 
4. a c idic brown forest eoil . 

On Pia. 2. you can see where the different aoll -typee are 
above the cave . 

The first eoll-type la in the top area of the hill Odorvar, 
in a little rock aerden. The thickneae of the aoil la very 
little - 5-10 c■ - in the rock aerden . The karren-pheno■ena and 
the eoll-develop■ent show that the aritty aoil la the re■ain of 
the black rendaina. The thinnlna down of the soil can be caused 
by the foraer treefellina and by the followina erosion . 

The black rendzina developed closely t o the cherty arey 
ll■eetone . The dark colour soil , which le rich 1n hu■us, covers 
the surface uniforaly . The rubble of dark arey shale 
accQulated in the sand-fracti on of the black rendalna and i n 
the c ave-parts under that area. The aeoloalc overthruat le 
proved by this fact . 
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Un sere friJ.here aeo bachtungen haben bezlOJ.gt, dai, e1.n lingerer 
Auienth.il.t 1n einer HobJ.e die Atmuogsi"wlktionen der gesuoden 

Henschen wesentlich u.71.d st&!lldha!t verbessem k:Snnen. Diese Ver,. 

besserung t st e1.n Ergebni3 cehreren ?al<toren. :Siner der wirk

sa.c3ten Therapiekoc!)Onenten i!lt der ~:peleoaero3ol , der aus den 

HobJ.en-Trop!wasoern statll!Jt. 

vnsere Porschuog hatte cas Ziel um die Veranderungen der i m 
Spaleoaerosol und den Tropi-wa!;se:ci a."lwesende:1. che:::ischen Verbin

dungen - Uber dL"l ver:chiede.-,en Erdbode:iteilen der liajnoczr 

fiohle - 1n der Punktion c~o Erdbodentyps zu unter3uche.-,, 
Die Vergleic.!ls-Analy3e de!' 3ode.9la....-ten, der Sicicer-'41.ler. 

sowie der ?rophiller beweise!l , daG der Erdbode,i eine wl.chtige 

iktlle 1.n der .Ent~t:ehung de= cheo.1:!chen Zusa.o.menset:.u.:ig von Tropf

wasse= s;,ielt. 
Wi:- haben Tropfvisaei: .Ut verschiedenen Eigenscha!ten ge!'a.n

den /benonders in Ionkonzentntionnen/ unter verschledmen Boden

arten, au.! unte!"sclledliche.n ·retle.n der HOhle. 

Dnsere 3eobac,itun6en wei~en, daG die Qualitii.t /Zusammensetzuog/ 

der Erdboden die the=apeutische iiirkuog der verschiedenen 11.iw:,e 

der aOhle vesentllch beeln!lussen. :.Ctsnne.n. 

The b r own rendzlna la paler and less abundant in hu■ua . 
It ehowe the a:eo l oa:ic boundery line between the cherty arey 
li■eatone and the dark arey shale . The brown rendzina occupi es 
a n interaediate position between the black rendzina and t ho 
a cidic brown forest soil. The hidden-opened karat c hanaea 
continouely into the covered karat . 

The acidic brown forest soil developed on the dark a:rey 
s hale . The rubble of the shale occurina in tho soil increases 
the apeed of the eoll-eroaion. 

The analysis of the water soluble iona of the aoil shove 
that the areateat nu■ber o f lone are in the black rendzina 
/Fla. 3 . / . The brown rendzina and acidic brown forest aoi 1 
contain al■oat the ea11e quantity of lone . Thia le the reaul t of 
tho hu■ua aa well ae of the replaceable lone in laraer quantity 
in the black rendzina / Fla. 4 . /. 

The water droppina into the ceve have different che■ichal 
compounds . The droppina waters can be co■pared wl th each other 
because the aaaple plots are found near to each other in e ve ry 
place in the cave . The aa■ple plot a arranaed in aro upa baaed 
o n the ionconcentratione of droppina: water /Fla . 5. /. A hia:h 
level of Calciu■ and Haaneaiu■ characteriaieee t he first aroup . 
The sa■ple plots were always under the surface with black 
rendzina . The ■ini■u■ quantity of the Calciu■ and Haaneaiu■ la 
in the second aroup. These places are under the surfac e covered 
by brown rendzina . The values of the third aroup are between 
the previous aroupa . Their ea■ple plots in the cave are alway a 
under the acidic brown forest soil. 

You can aee that the droppina waters kept their c haracter 
in ionconcentrations, which were ehown by the lnveatiaation of 
the water soluble l one o f the aoila . 

The soil-layer le thick in the karat covered by forest . 
The rainfall aeepa dovn slowly there, it beco■ea ■ore 
aaareasive and ric her in hu■ua. The develop■ent of the 
dripatone la slower in the cave-parts under barren-opened 
karatfield, because the ionconcentration la a■aller- and tho 
rainfall flows away quickly on the rocta . 

3. DISCUSSION 

The characteristic ■icrocli■ate of t he cave, for exa■ple, 
the hiah relative but e■all absolute huaidity, the hiah carbon
dioxide concentration of the air, the che■ichal co■pounda of the 
apeleoaeroaol have a aianlficant influence on the therapeutical 
efficiency in the cave. These factors are reeul t of the quantity 
and qua 11 ty co■ponen ta of the eeeplna wa tere. 
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l'igure 3. Replaceable ions ot the different 

eoll-t:,pes 

Soil-type G.e. 

deepness 5 cm 

pll KCl 6,6J 

pH H20 7,05 

eaco3 " 5, 2 

1103+1102 ppm 2,9 

l'e ppm 82,4 

Ilg ppm 126 

Ila ppm 61 

Zn ppm 14,6 

cu ppm 4,7 

so4 ppm ll 

humue " 5,5 

0 0 00-0,002 DID " 13 

0,002-0,02 111D " 15 

0 0 02-0,l DID" 19 

0,1-2 am" 46 

2-20 am " 7 

G.e. B.r. 

10 cm 5 cm 

6,75 6,58 

7,18 6,55 

7,2 0,1 

6 ,6 12,3 

59,8 832 

106 87 

71 11 

9,5 15,6 

4,1 8 ,1 

l 2,5 

5,2 5,15 

16 19 

16 15 

20 17 

43 32 

4 27 

""lll 

130 

120 

100 

20 

Kl 

Fiaure 5. 

01 gr~p 

12 -
E;J3.gr°"' 

~ ~ 
19&5 1986 

Mg"" 

The Ca- and Ka-ion-content ot the water-aa.aplea 
collected in HaJnoczy-cave in July 1985 .1986 . . 
in teraa ot aillia:rae/11 tre. 

B.r. B.r. Br.r. Br.r. Br.r. A.t. A.f. A.f. 

10cm30cm5cm 

6,91 

6 ,76 

0,1 

6,8 

487 

51 

18 

13,6 

9,8 

0,1 

4,93 

20 

18 

22 

26 

14 

6,91 

7,13 

0,7 

9,4 

442 

57 

5,97 

6,J8 

0 

43,J 

512 

278 

14 19 

16,8 20,9 

12,4 5, 4 

1,3 9,2 

5,29 5,46 

23 11 

21 19 

23 21 

26 22 

7 27 

10 cm 

5,96 

6,41 

0 

16,5 

451 

248 

15 

12,5 

4,7 

2,8 

5,32 

13 

18 

20 

43 

5 

JO cm 5 cm 10 cm JO cm 

5,94 5,55 4,4 4,04 

6,55 6 , 24 5,54 5,34 

0 0 0 0 

5,0 8 ,3 2, J 1,5 

471 437 555 509 

192 181 148 208 

20 51 61 77 

4,6 6 ,5 4,2 2,9 

4,2 3,4 3,8 4,1 

0,2 10,8 11:j,O 25,4 

2,5 4,3 3,2 2 ,7 

15 6 8 9 

15 8 10 ll 

16 17 18 27 

21 44 44 48 

3) 25 20 15 
G.e. • Gritty soil B.r. •Black rendzina 

l'igure 4. Bl.r.- Brown rendzina A.t. •Acidic toroet eoll 

The aoil-typee can be found on the catcbaent-area of the 
cave, and tha ooalna: in water. juat aa the analyse of the 
droppina-water of the cave ahowa that the eolla are lapartant 
fro• the Point of view of chealcal co■poai tion of the droppinc
-water. It la provable that the droppina-water, which have cot 
various characterlatica, first of all they have cot various 
lon-coapoalton, appear in the part■ of the cave beina: under the 
different 11011-typea. The characterlatica of the diaolved-lon
content of tbeae dropplna-watera are coaina into beina next to 
the infiltration tbrouab the aoil. 

In coneequence the aurtace-aoile are very impcrtant in 
the foraina of the therapeutical effect in the cave. Thia 
conneotlon le the reaaon why the aoil-eroelon can decreaaea and 
on the other band the toreat-plantation and the aoll
-atrena;tbenlna can l■prove the therapeutlcal effectivlty. 

Our pre■ent ob■ervatlon eho11a that the quality of the 
aoila baa a alanifloant influence on the therapeutlcal 
efficiency of different oavl tlea in the cave. 
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RESULTS OF ELECTROENKEPHALOGRAPHIC (EEG) AND PSYCHOLOGICAL 
EXAMINATIONS OF CAVE EXPLORERS 

BUDAVARI, Agota - GRYNAEUS, Tamas 

During the regular medical e:talli:!ation of healthy male ciTil 
flying-equipage /pilots and navigators/ lo-12 per cent sho11ed 
a special ZSG sign 11hich did not co,Telate ... 1th aD.y of their 
parameters./age, f:J:ij.ng hours, type of aircraftm weather se:isi
ti.itv etc./. This sign lll!S found b7 the same individual at re
peated exa:d!lations over years. It was 83SWled: that the K&G 
sign is somehow related to their vocation and personality type. 
To check this hy;:ot hesis a group of volunteers /n=54/ 11ith no 
medical history and -according to.the public opin.l.on- ... 1th 
dangerous jobs /cave explore:rs,etc./ uere exa:iined. /'fheir 
distribution by age, sex and 'occupation• see Table 1./ 

'[!l t:!is pouplation i!lYestigated, the SW .sign was observed 
in near 13 per cent of ail cases /Figs.1.-3./. The characteris
tic BEG signs are i!ldicated by 8J1 arrou: theJt are generalized, 
sylillletric, slou-m.re crescelldo-decresce!1do tra,isients, e:aerging 
fron t he packground activity, uninfluenc3d by hyperventilation 
and apnoe. These Km signs /uhich are not pathological deviations!/ 
point to dienkephalic structures, uhich play a t1e: L-know role 
in the regulation of behaviour. 

In order to reveal the background of tns phe,io:.enon in n; re 
detail, psychological exaninations /exf loration, Rorschach,Ii!
scher, S3S tests/ ,1ere per::oroed by the p~rsons ,1ho s ho11ed the 
35G sig:i and by t heir c o1.2-"1terpl!l"ts. Follom.:ig co mo:i featurea 
11ere found: high level of education; accentuated decand ior 
physical activity, free movenent, inforeality; need for auto
nomy; hu,iger for sti!lluli. Their achieveoents serve t o coc.pen
sate their !ability. of self esteeo; in tl:eir hunan relstiol!ll 
they are left alone. 

It is to be underlined, that in none of t he cases did the 
psycholQgical examnations indicate any orgar..ic neurological 
disease. 

l. BEG INVBSTIGATIOIIS 
It is a well known tact that the civil !lying eqllipage 

/pilots and navigators/ are tram medical point ot wiew a stric
ly selected population and regularly contrclled, lo-12 ~ ot 
this •very healthy• population wboved a special EID sign. It 
·~as tound by the same illdividuals at repeated examillation over 
years and ill dit!erent situation• consistently and vi thout any 
clinical complaints or signs. This EEG sign is an apprcxiaately 
synchronous, generalized, symmetrical slov-vawe creecendo-decres
oendo /theta/ transient, emerging troa the beclcgrcund activity. 
with a duration ot halt to several seconds. ls ve oould not tilld 
any con-elation betveen EEG sign and other parameters /age, tly
illg hours, type ot aircraft, weather sensitivity, eto/ it vas 
assumed that it is soaehow related to their vocation or - w1 th 
other vords - to their personality-, and vegetative type. 

To prcve the hy-pothesis above ve choosed another group or 
volunteers with no ■edical history whose job, •hobby• is - accor
dillg to the public opillion - also very dangerous, to see vhether 
they produce the saae EEG sign. lie choosed the speleo-alpinists 
/oave explorers/ and light divers, tho ■alee this •job• !r011 en
thusiasm, as sportsmen, voluntarily. Our casoadeurs did not sub
mit themselves to medical and psychological examinatione. 

The ex•ined pupulation consisted ot 54 young volunteers 
/tnales and males/ ccapleted vi th 4 glider pilots /!•ales and 
■alee/ and 1 already pensionated -b disposal squad member. 
Menillgi tis 01 meningo-enlcephali tis in the previous history and 
ca.iotio oerebri vi th residual EEG eigne were the reason as 3 
and 2 persons resp. vere drcpped out /table I , /. '!be exained 
volunteers ■alee this •job• tor 5 to 37 /■ean 16,2/ years i.e. 
they are reliable ■nbers ot the stat! and do it as a serious 
hobby. it the tiae ot the illveetigation they had no 0011plaillts 
and any sympt011s. 
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SPi!IEO-ALPHISTAK BBG El P.3ZIHOLOOUI Vl2SG.AI.lTmK 

BP.3D11=.MI 

A polgari legiforgalom egeszseges ferfi haj6z6 allomanye-
mil rendszeres vizsgalatok soran lo-12:'-baD. kiilonleges EEG 
jeleket lehetett eszlelni,acl es.7etlenpparaooterukkel sem 
corral.lit /elet!!:or ,repiilt id6,geptipus, id6j:lras i erzekeny
seg,stb./, u,,7aD.a~al az ar;yenni!l eyeke:i at, ne,p.scetelt vizs
gi lstok ali:al.m.ival lwrutathat 6 Yolt.Zzert folteteleztiik, :iogy 
az BZG jel. Yilasztott hivatl!sukk:al, sze~lyiseg tipusukW 
fUgg ossze.Bnnek elln6rzesere egy masik, a kozfelfo~ szerint 
szinten veszely~s m:mkakorben on~tn.dolgz6 csoportot /n=54/ 
vizsgiltunk /megosz:~ukat az l.te.bl. lilUtatja/. 

Az EEG gorbekea /1.-3.abra/ nyil ciutatja a jellegzetes jelet: 
generalize.lt, szi2llletrikus, a h:'.ttertevekenys~5bol kiemelked6, 
lassu huc_:iJ.:okb61 all6, crescendo-decrescendo je:).legil sorozatok, 
melyeket hyperventilatio es apnoe ne::i lleioly:!.s ol.Ezek az 3ID je
lek a dienkephalikus strukturakra utalnak, kiizismert ezek szere
pe a maga~artas szab:ilyoze.sabaD.. A vizsgalt populaci6bai 13 :'-baD. 
es zleltiik. 

Ez ut6bi>ia!oil es valasztott ptrjeiknil psycholgiai vizsgala
tot is ve 

0
eztiink /exploratio.Borsc!lach,llischer ,sss test/ .izek. 

eredc.enyei: cagoas atlagos iskolai vegzettsagJ fokozott fizikai 
a!rtivit:!.s, szab2d l!!ozgas-igeny; fokozott inger-, eloeny-ehseg; 
onertekelesi lsbilitasukat teljesitm,l,nyi.i::kel kompenziljak. 
i!oberi kapcsoktaikban cagub:a maradnak. (ltodreszijk introvertilt, 
egy otodilk ldfele fordul6, aktiv szerepre torekv6. 

A ps7cbologiai vizsgalatok sem utaltak organikus ide..,orendszeri 
elteresre. 

Table I. 

a . ' Bx•ill•d volunteers 59 
drcpped out: 
st.p. aenillgoenlcephalitidea -3 
st.p. co•.cer. residual EEG-sign -2 

n• 54 

Distribution according to 
b., age: + 

16 - So /57 / years /mean: 3316/ 

c., sex: 
te■ale 6 

■ale 48 

d., •job•: 

speleo-alpillists, light diTers 
glider pilots 

49 
4 
l -b disposal oquad ■--ber 

•only the single b011b disposal squad m•ber had 57 years. 

Table 11. 

EEG sip present: 

EIXl sign 

+ 

total nu■ber n • 54 

oase 

4 

' 
7 

per cent 

7,4 

5,55 



.. 
sign uninfluenced by hynerventilatlon and npnoe /Tnble II., 
figs 1-3 ./ 

Fig, 1, l!ale cave-explorer, 42 years. Resting EEG. 

EDC--sign at the arrow, 

.- .... -~ 

-------

' 
Fig, 2, Fecale cave- explorer , 24 yeal's, Rcstine ;;:~. 

EEG-s ie,;n et the ruT011, 

' ..... ~--- _ ....... 

-- ..... 

__ -_--_-__ .,.... ______ '((~: ·.~:/_ 
.:...-------,1.;_..,_ ___________ ~ 

- l 

Fig, 3. Fef8lo clider-pilot, 2& years, A;moe EEG. 
EEG-sign at the arrow, 
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These synchronous, generalized, symmetrical Ero signs 
-by no means p:ithological alterations! - point to dienkephalic 
structures which :i.re the first collector of ~ensorl.tl stimuli 

coming from intemal or extern;,.l milieu :md whose role M in 
maintaining hormonal ond vegetative equilibrium as in regulating 

of behaviour 13 well kno-.m. 
1.'1e Curry wenther-sensi tivi ty test, the ergotrop/tropbotrop 

quotient /E/T/ and the vegetative index /YI= 1 - D · loo ; 
'I' 

D ::::i: diastolic blood pressure, P = pulse rate /of lo persons 

"1th no EEG s ign and those of lo matched pair • /sex end age/ 
·-,ho had + or !. EIDswere compared. One, two or all three tests 

gave ,.n opposite result /the EEGs ·.,ere already different!/ . This 
proves that the presence or o.bsence of EID sign3 is to be ob
served at persons with different vegetative reactibility, in al
most all c:ises the personal! ty types were dif!erent too, 

Our EID observations h:we a practical beneri t, namely in the 
case of /sport/ medicinal exnmination on the basie of the e.bove 
mentioned Em-sign could not be reject a candidate, moreover it 
m:ly be, th:it from them resruite the best speleo- alplnists , divera 

and glider, . 

2. PSYCHOI.OGICAL INVESTIGATIONS 

Our next question was whether the presence of absence of the 

EEG-sign shows any correlation to the personality type or is there 
any special difference from the general population. 24 cave-explo

rers with great expertise were examined autumn,1985. /mean age 
females: 26,o; males: 35,2 years/ by means of Rorschach, LUscher 

test and sensation seeking scale /Zuckerman 1978. SSS/ and of 

clinical exploration. 
70,8 ~ educated at university and high scool. Nearly in all 

c2ses their 2ducation and special training /e.g. ingeneers of 

bydrogeology, of chemistry and of metallurgy, etc/ are closely 
related to cave-exploring and are directly pr,Hitable in !leld 
and theoretical work. They have a great claim to physical :icti
vity: 33 ~ have had formerly good results in different sports. 

Many of them choosed a working-place where they may work inde
pendently and is guaranteed their free movement /e. g. in eco
nomical teams, civil cooperatives/. According to one"s opinion 

the tact, that they have not to work in a hierarchic organisation 
is already a greet reward. According to thio , tho poychological 

tests revealed their great need for independency and autonomy. 
The red preference in the LUecher test showed their need for 

activity and for autonomy /summarized value: 238/, the yellow 
preference is also greater /208/ as by the average population. 
Red and yellow is chosen in first and second range by 17 persons. 
Most common negative choice are the violet and black: moat of 
them refused the blue /symbole of quiet and peace/. All these show 
their restlessness, awareness for stimuli and experiences /TAS B,7/. 

The e}tplorations revealed their motivations, why do they claim 
to cave-exploring and why did they choose it. So many of them 

mentioned the desire of adventures ond of risking their life. 
Others enjoy the underground silence or quietness. One of them 
explained bis feeling •as he would became a child again" in the 
cave. /It needs further investigations, what kind of conscious 
or unconscious needs are satisfied by the cave-exploring/. Many 

of them said unanimously that they want t o prove - for themselves 
and for others - their capacities, their achievements, force, 
skill and courage . One of them said very properly that they com
pensate their own weakness with their activity. The great majori
ty of the interwiewed did not agree that the cave-exploring would 
be dangerous, ded not find any difference between walking at the 

street or cave-exploring. These seemingly rational statements are 
however a kind of averting strategies: some interwiews r:eveal 
the experience and 9olution of a dangerous stuation. 

The Rorschach associative material of cave explorers is very 

typical. E.G. "this is a section of a sacht/aven map .. . abyss , 
trees and water on the bottom of it• t •this lo a circus-performance 
somebody is precipitating two others try to catch him•, •at the 

edge of a split/abyss human figures strech their hands•. "Climbing 
men stretch their arms down, aiding the others". That is: besides 
the motive of danger also the helping-effort, the clearing- away 

the danger i e to be seen. 
Human relations: as a resu.l t of .the great need of autonomy 

and of independence on one hand, the indifferentiated sentiments 

on the other, So ·"' could not ~uild up true mature interpersonal 
relationo, given a weak need of habitual social contnct, they 
remain alone. Of be interwiewed only 



29 ~ lives in normo.l 1<ell regulated fnmilio.l relation or partner-
ship; 

5o ,: divorced, widow, lone or lives in occasional partnerohips; 

25 --~ has a bleak emotional lite with a narrowed outward interest; 

J} ~ strives to enhanced objectlvi ty and is ot materia.lt.tereet; 

2o _-tis introverted: pao3ive observer of the events aro\Uld him; by 

}} ;< we have found signa ot dyshanoonic personal! ty , with vegetative 
sign ot anxious tension /gastris complaints, sleep disorders/. 

16 "toWtd we estroverted personalities with active role seeking. 

In the examined population we found a variety ot personality 

and conflict-elaboration types: 
hystero-111pulsive 
anxious-neurotic 
Immature- infantile 
psychopathic aggressive21 
mature, integrated 4 

The percentage of pathological attitudes and dissocial tendencies 
is sufficiently h igh. It lo probable that cP.ve-exploring is a 
poss1b1l1 ty for tens1on-m1nder1ng and in their special experien-
ces one may see a kind of autotherapeutic tendency /Dwtlfarth/. 

ill cases examined show no aim of organic neurological disease ! 

Summarizing: 
~e mean motivations of cave-explorers are the seeking or 

ad"f'entures and sensations . TE.,e self-confident facade however 
disguises a deep disturbance of self esteem resulting an intense 
need to prove tbe11selve:i. The experiences and the successes of 
their activity for year3 is on important evidence too. 

Authors ~re greatly indebted to mrs . Kinga Sdkely /OKTH, 
Speleol . Dept./ mr. A. Nagy MD /st. Steven Hosp./ tor the EID control; 
and 11ro E, Kalmar Md s. Schwab Em "3sistents for their help and 

precise assistRJ1ce. 
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THE LATEST RESEARCH OF SPELEOLOGICAL OBJECTS IN DINARIC KARST AREA 
(YUGOSLAVIA) FROM THE GEOLOGICAL POINT OF VIEW 

OARASIC, Mladen 

The au thor describe some rew c.;.es which t,a,e been founded a few years ago. 

Some of them are the deepest, ard the longest In Yugoslevla and Croatia. For 

example: 

Jame ,. Vjetrenl.m bnllme In Durmltor mountain - depth 897 ~ m Is the deepst 

vertical shaft In Yugoslo,la. Special geology position (In flyoh beds) are described. 

OuUn - - -.:. c.w, system are the longest caw, In Croatia, arc! the se
cord In Yugosl.,.la - leng,t 15860 m. Special ard rare erosion forms are present 

I. INTROOUCTICN 

In tha last few years Yugool"' speleologists ha<e fourd and researched some 

of t he very deep ard very lorg caves ard pits In Dlnartc-karst--belt. 

In our days, o,er 17.000 speleologlcal objects are koown In Yugogl.,.la (and mo

re th.-, 15.000 In Dlnarlc karst system) but we ass<Jme that It Is only about 25 percent 

of a ll speleological objects In Yugoslevla. 

In this material are presented the short descrtptlor. of three very lnteresUng ard 

big speleological objects: VJetn,ne bnla pit, OuUn poror-Med,edca ca,e system, and 

Mu!ldnja Pa,jkowa - Cm, vrelo ca,e aystem. 

2. V.ElRENA DRDA PIT 

ThJs pit Is fOUf'd o, 0...-mltor m0t.ntaln In SR Montenegro, ard the entrance Is 

situated on the 2196 m - seo le,el. 

The researches were dore In 1984., 1985 lll'd 1986. (topographic surveying, di

ving, photographing, geological mapping). 

Vlelrena brdo pit Is Interesting because of Its significant de~ (897 ~ m ) 

ard because of the surrounding (rodes) In which It Is developed there It Is a Upper 

Cretaceous Semnlan flysch, so called ••OlnTillor fJlsch" (known In literature). h Is a 

rode complex, about 1000 m wide. Caraclerlstlc of that complex ls rashress in chan9 

lnq of fatnus ard posJUon of Its bem. ThJs complex starts with beds of breccl• and 

conglomerates about 50 m wide. , and then follows very Intensively wrll"M:led strocture of 

c lay, marle, sand and limestone parts of beds. That part of flysdl Is several hlndreds 

metres wl de. After that there are the limestones which probably transform Jn Paleoge

re llmestones. In VJetrere btm pit the cherts are seen, which, with Its layerhh appea

rance,""V'lously srow the Intensive wrtricllrg of layers. Generally It Is a matter of the 

part of syndlnori.-n which anticlines ard synclines follow the north-east foll (fig I.). 

Very c lose to this OOject there Is a contact of 90 called "0&.nnltor nappe" which 

"e0tered" Jurassic carbonate beds on Cretaceous flysc:h. Neotectonlc mCHlrg of this 

area ls very lntenshie ard durtrg Neogene an:t Ouartemarythat part rose over 1.500 

metres.. Recent vertical mo.-ements of the earth surface In that area are abCIJt 

6 mm/year-. 

VJetrena brda pit potential (fig 2.) Is O'ler 1500 metres, while the today's deep 

of 897 ~ m Is the greatest ~ In speleological objects In Yugoslavia 

(G a r a I I t, M. 1999.). 

}. CAVE SYSTEM ~ PONCR4'£DVEONICA 

Althrougl Dulin ponor ard Meo,,edrlca ar. konwn from the speleological lite

rature or Ow"er 60 years, only In recent few yean these two caves are COITieCted Ir 

ore, 10 their lergth Is extented from 1000 metres to over IS.860 metres. (C e p e I a k, 

M. 1986.). The largest Vugasliw caye Is still PostoJre cave. The entrances In these ca-

'4: a.re situated In the very town of Ooulln In SR Croatia. 

CB't'e system wa formed In Lower Cre~acf°l& limestones, rarely In dolomites 

...nder" wNch there are dolomites of the lq)et a,T'pper Jurassic). The obJect wa mostly 

formed by that contact and potential lerq'lt Is Ot'er l0.000 metres. Since It Is a matter 

of acu~ a>y• the researc.hel are very dlfflo.,lt, .1rd also because of the very compli

cated morpho)OQY of lha objects (dendritlc ard multlfloored cave system). 

Particular part of this system are the most different corrosive forms (whlrlpoo1-

pots, fasettes) ard particular small-forms (G a r a ~ I f!, 1986.) which can't be formed 

In that form In ro other ca,,e of Dlnaric system. 
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In this cawt. 

M<Mdnja - P.,,,_ -Cm, Vrelo ChO system ore the third long ca,e In Yugosla

via with length of 12920 m. Many ca-.e clvlrg are made In th1s system. More the 

20 syphon, ore dived there. 

In this mon,ent more the 17000 caves are krow In Vugoalar.-la (more then I 5000 

caves are In Dlnartc Kant ) and prognosls ls that it lSonly I /4 of the present caves 

In Yugoslo,la. 

Bottetn kult 
11n 

fig J. - Geologlcas cross sec:Uon (D..-mltor mountain ard Vjetrena Brda pi t) 

K1 - Lower Cretaceous limestones, K~- Senoman flysch called "Durmltor 

flysch''i J1 - Upper Malm limestones, R-fault, N-nappa called "Ourmltor 

nappa" 

•· CAVE SYSlEM MUSKJNlA-4'AN><OVA.mNO VRB..O 

This cave system also has been ore special success of the speleologists, because 

since 198J. i.p today OYet 12,920 metres of cave charnels have been researched, end 

of that runber Oler 11.000 metres was with water In (flg.:S.). This obJec:t Is situated 

near the PlllYlce Jakes In SR Croatia (G a r a I I t~. 1988.). In the system formed In 

under and upper cretaceous limestones there are 24 syphons ard the potential of the 

OOJec:t ls about JO.(XI) metres. The great quantity of water Is fouOO In this system, ~ 

to row the most In Dlnaric karsL 

Neotecto~c researches (G a r a I I f!,M.1984.) show the the area In which this system 

was foremed rises relatively fast and that the system Is morphogenetlcaly yourg In the 

speleological mear4ng. 

5. COl'CLUSION 

In the last few years the speleologists from Zagreb have researched several 

very Interesting object In geological ard hydrogeologlcal meaning. 

Vjetre<W brda pit (the deepest pit In Yugoglavla ard In Balkan), cave system Dulin 

ponor-Mecttedrica (tte largest ca-.e In Croatia, the second largest In Yugoslavla, with 

special corrosive formes) ard tt-e ceve system Mu!klnja-4'anjkova-Crno vrelo (the third 

largest ca-.e In Yugoslatla, tt-e greatest quantity of water In Olnarlc system, the gre

atest runber of siphons). 

In future In these d>jects the speleological researches will be held, which will 

contribute with the rew geologlca.J date, Important rw:tt only fol tt-e obJect area, but 

reglonaly ard wide<. 



ULAI: 

fig 3. - Topographic pl.., of the M~lnja.PanjkOYl!-Crro Vrelo Cave System 

6. l..llERA n.RE 

I. CEPELAK,M.(1986.): Splljskl sust;r, Dula-M-ca. Speleolog, vol. XXXIV, Zagreb 

2. GARASIC,M.(1984.): Neotektonske akUvnosU kao Jedan od uzroka geneze I morfo

loglje Jednog od naJ~lh splljsklh slstema u Hrvatskoj. 

DeveU Jugoslavef'&(I speleolo§c:1 kongres, Karl0tac1 str.4S7-46S. 

Zagreb. 

J . GARASIC,M.( 1986.): Hl~loglJa I morfogeneza speleolo&klh obJekata u kriu SR 

233 

fig 2. - Vjetrena brda pit the deepest ca-.ie In Yugoshwia and semlsland Balcan. 

JAMA NA VJETRENtM· BRDIMA 

ct_._..100-

Hrvatske. Olsertad)a, 1tr. 1- ISS, Zagreb. 

!!,. 
-897,5 

4. GARASIC,M.(1988.): Morphological ard hydrogeologlcal classlficaUa, of the speleo

logical objects. Karst , man water. Springer Verlog (In point) 

5. GARASIC,M.(1911'1.): Jama na Vjetrenlm brdlma - najdl.blja Jama u .lugosh01ljl I na 

Balkanskom poluotoku. Speleolog, vol XXXV-XXXVI, Zagreb. 

6. KIRETA, E.( 1986.): lstrallvanje ogullnskog podzemlja. Na!e Planlne, god XXXVIII, 
br. 11-12, str. 191-192, Zagreb. 

Dr. Mladen GARASIC 

4 1000 ZAGREB 

Nova Ves 7J A 

YUGOSLAVIA 



NEW CONCEPT OF THE MORPHOGENESIS AND HYDROGEOLOGY OF THE 
SPELEOLOGICAL OBJECTS IN KARST AREA IN CROATIA {YUGOSLAVIA) 

GAKAS 1C, Mladt>n 

In this work author uses the data for more than 5500 caves In the karst In Croatia, 

whldl be managed to collect In his speleological work for many years duration. 

The rumber of cbfects Is different In <lfferent llthostrallgraphlc areas. In the permlan 

limestones C?OIY few cbjects, In trlasslc limestones 6i, In Jurassic sedimentary rocks 

more then 14j, In cretaceus limestones 65j, In paleogene breccias l)j, ard neogene 

lllhotamrl,rn limestones I,$'/.. 

About 661. of sp.c:b. are oriented In the direction NW-SE, called "Dloarlc direction", 

while 16S are almost vertical on that dlrectloo, an:j IBS obJec ts are oriented In di

fferent drectlon;. 

In this karst area m of caves are horizontal ard 6~ are vertical shaft. In the In-

I. INTROOUCTION 

In this work there are used the data (locatlon,dlmenslons,stretchlng out, hydro

geological data, etc.) for 5647 speleological CX>Jects In the karst of Croatia, which I 

managed lo collect In my speleologlcal work of marr,, years duration. 

In tt-e opervilrg part t-e describes the purpose ard goal of his researches, the 

description of tte methods I used (speleological ard geological) ard tte sketches 

of the areas of researches. Follows the review of researches In the speleological sense 

that have been do~ l.P to raw, ard the categorlsatloo of the present speleological de

gree of tt-e exploration of the karst In Croatia (301, methodically researched, 40S 
partly researched, J~ purely or not at all researched). 

HydrogeolQJlcal dlstrlbutim has been used ard the karst of Croatia was divided 

Into external, ml<kfle ard Internal karst belL In tt-e external karst belt HS (or 2089) 

speleol<xJlcal d>Jects has been reglstrated, J4S (or 1920)has been reglstrated In the 

ml<kfle part, ard m (or 1638) were foUOO In the Internal karst belt. 

The Influence of today ralnfalls,temperature,ard abo't'e sea level, on the appe

arance of the speleolQJlcal d>Jects must be overvlewed trou'jlt the paleocllmatlc and 

paleogeographlc condltloro In tte time of tte origin of these obJects. Most of them 

are situated oo tt-e levels between 450 ard 850 metres. The deepest speleologlcal dJ

Jects are situated of tt-e levels above 1100 metres, ard the longest en the levels 

about }00 to }50 metres. 

2. LYTHOSTRATIGRAPHCAL AS'ECTS 

Tt-e n.rnber of the dJJects Is different In dlHerent llthostratlgraphlc areas. 

In the permlan limestones (Vell!blt) only a few obJects were fot.nd. In trlasslc dolo

mltes,dolomlte llmestones,llmestoned dolomites ard limestones 6S (or }}9) of the ob

Jects were registered, In Jurassic limestones 14S (791 )of tt-e r.bJecls were fm.•id, In 

cretaceous limestones ard dolomite limestones 6~1. (or }671) ct>Jects were registered, 

In paleogen breccias ard limestones I)'/, (7)4), In neogen (mlocene) lllhothamrl,rn 

limestones I ,9' ( 107) of the d>lects were fol.M'ld, while In the quatemarll.6 breccias 

were fourd only a few d>Jects In the Croatia karst. 

l . lECTCJIICAI.. AS'ECTS 

F~quently, the cbJects are formed In the Interstice fissures, so they follow 

the direction ard th! trcllne of the stratum. Than they appear ard follow the 

curvlrg of the stratum. At the t~ of the entlcllnes the vertlcal speleological cbJects 

are mostly deW!loped1 ard at the bottom of syrcllnes many horizontal obfects were 

found. Fissures 8ro nptures have ., Important role In the genesis of Croatian karst 

1peleologlcal obJects. The appearances of the faults (m0161taln mirrors) ard strlas 

are more often In lllderqrourd th.-. on the surface abcwe the d>Ject. The d>Jects 

follow the direction of the rtft. Al10 the nappes (a,erturened foulds) can Influence 

the appearance of the obJect,. In that case, obJocts follow the contact line of the 

COferlrg which determines the lrcllne ard Ue dlrectla, of the main diannels. 

About 66'/. ('727) speleological obJect, Int oriented In the direction NW-SE, 

10 called "Olnarlc direction", while 16'/. (90)) obJect, ere almost vertical on that 

direction, ond Ill'/. (1016) obJect, ore oriented In different directions. 

Looking ot the dominant role In the genesis of the obJects, that role Is conne

cted with lbraslon, In the external (adrlotlc) karst bell near the sea. On the Islands 

aM In the mOU"lt■lnes of the external kant belt, the role of erosion aM corrosion, 
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terrel ard In tte m ldle karst belt were there 2'/, of obJects that are combined or 

oomplex, It Is difficult to determine wheather they are pits or caves. ~ccordln,q to 

tt-e form ard dlstrubutlon of the chanels In the d>Jects there are: 

s imple pits ard caves 2QS. . branched out cbjecls JOS, level cbJects 9ft, knee-formed 

obJects 40'/. ard ca,e system 1,;. 
From tte hydrogeologlcal stard point, obJects are divided according to tte functions

dry ct>Jects 6SS, ard with water }Sj. Water are always present In the 201, of cav~. 

Followlrg hydrogeologlc.al furctlm are present, occasional springs },5j, permanent 

springs 0
1
1',, occaslonal ponors 5S, permanent pon,)rs IS, estavelas 7,SS, vrulJas 

(under,ea springs), 0,},;, ard pouring spel.cl>J. 11,;. 

lnculldirg the strorg tectonic, Is most intensive. The most lnterestlrg coroslve forms 

are fourd In tt-e Jurassic limestones (Gorski kotar). In the middle a.rd in the Internal 

karst belt, the Influence of tectonic, erosio, ard corrosion on the appearance of t he 

speleologlcal cbjects Is abwt equal. 

ln the Croatian karst 29S ( 16}8) of the caves are reglstred, which are mostly 

In tte Internal ard middle karst belt. Also were fourd 69'/. C,896) of tte pits (shafts) 

vertical speleologlcal cbjects, ard they are mostly In the external ard ml<kfle karst 

belt. In tte Internal ard In tte mldle karst belt were there 2'/, ( I U) of tte obJects 

that are combined or CCNT1plex1 It Is dlffla.11t to determine wheather- they are pits 

or cave. 

4. MORPHOLOGICAL A9'ECTS 

Accordlrg to the form an:J dlstrlbutloo of tt-e chamels in the objects, Croa

tian speleologlcal aJlects are dlvl~l en simple pits ard coves 20S ( 1129), branched 

out obJects JO'/, (1694), level obJects 9'/. (508), knee-formed obJects 40'/. (2259) and 

cave systems IS (56). Simple pits ard caves are frequently found In the external 

karst bell, branched out cbJects are found In the areas where several fissure sxstems 

meet (especlally In tt-e Internal karst belt), level speleologlcal oblects are formed In 

the areas of tt-e neotectonlc ralslngs ard lowerlngs, knee formed pits are found In the 

the area where dolomites ard limestones take turns, In other works,where the lltholo

glcal, ard sometimes even the stratigraphical lfri(s, change. Cave ard pits systems are 

formed on the very activated tectonlc zones, where hydrogeologlcal conditions brlrg 

together several obJects In only ore (Gorski kotar) (fig.I, fig 2., fig ,., fig 4., fig 5.). 

0 

Fig I. - Slap lib (knm formed) - Ponor on Gniln brlJeg (Jadovro, Veleblt 

Mou,toln) 
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Fig 8. - Perm....-.t ,pr!ng cawe - Jastreblnja ca-.e (Frketlt selo, Kord161) 

5. HYIJROGEOLOGICAL ASPECTS 

From tt-e hydrogeologlcal stand point, speleologlcal objects are dlvldet according 

to the furctlons - dry objects 65" (J671). and objects with water J5S (1976). Water 

Is always (continually) present In about 19'/. (107J) of tt-e speleological objects, and In 

16S (904) of tt-e objects It depend; of tt-e seasons (for example,occaslonal springs and 

occasional ponors, estavels). In the Croatian karst1 water appears In the objects with 

following hydrogeologlcal furctlons: occasional springs J,5" ( 198), Penmanent springs 

0,7S (40), occasional ponors 5" (282), permanent ponors I" (56),estavelas,7,5'/. (424), 

vrulja (undersea springs) 0,J" (17) and pouring speleological obfects 17" (960).(flg.6., 

fig 7., fig 8.). 

Separately Is described water in objects that appears like the Instil water. In the form 

of the lakes of the U'ldergrourd streams (rivers), permanently sl~ed cbjects ard siphons. 

Waterfalls, sand ponors am lntermltent springs In speleological OOjects are also given with 

examples. Descrlptlcn of the sepearate little waterfall fro the stalgmlte Is given, which 

has not been fot..rd anywhere else In the world. 

From the geologic.al aspect, the secondary sediments, are also Important, be

cause they sometimes give answers abc:ut possible undergtou'ld comec:tlons, which can 

be proved by some fragments in the sediments. This fragnents are known only In po

nor zones, while In the objects they are secondarily deposited. Size and form of the 

grain tell l6 about speed duration of transJX)rtaUai. Such cornectla, Is proved among 

tt-e ponors Rlflca and Opsenlca rivers (In Llka) and with spring cave Cude and Ca,ie 

In tt-e valley of Zrmanja. 

6. SECCll-oARY SE011,£NTS 

Speleothems1 corrosive and eroshe forms, sharpenlngs and smoothlrg OOwn1 fa

ssetes,cave scallpps,whlrl-pots,hlerogllphs and recesses of ll'l'lerse meltlrg (karstlflca

Uon) are described with examples, because they are some of the characteristics of 

the speleologlcal objects in Croatia. ln this woric. ere given examples fo very rare 

(In the world) aM not yet explained pheromena like, so called, snail like forms, louts, 

aOO ~dishes aM plates", that have been found In the Croatian karst speleological objects. 

7. METECROGICAL ASPECTS 

Temperature of the U"ldergrourd water Is oo the average lower for I to 2°c 

from the temperature of the air In the cbJec:ts, aoo that means: that In the Internal 

karst belt It ls between 8-9°C1 In the middle karst belt Is about 1°c, ard alorg the 
sea shore Is ab<JJt tt0 c. The coldest t.ndergrouM water has been measured In Ponor 

re Bl.rlOYa:: (Veleblt), 4,2°C, a, the depth of 534 metres, ard the warmest cave wa

ter (15,J°C) was measured In the system of Mu!klnja and Panjkova ~Ina (Krilja, 

Kor<llll), about 3400 metres BWl!l'f from the entrence In the cave. Probably It Is 

hypothermal spring 

8. HYDRO LOGICAL ASPECTS 

Some quanUtaUve data are given, about pouring waters and accurnulaUons In the 

caves; for examples - quantity of water In tt-e system of Mu!klnja and Panjkova ~Ina 

(Krilja,Kordun) and Is as far as 100000 mJ (about 9 kilometres of channels lllled with 

water). 

9. "£01ECTONl:AL ASPECTS 

The morphometric and neotectonlc maps of the system of Jopll!eva spllja (Kordun) 

and M<.iklnja (Kordun) are glven,because they helped the researd>es of the new and 

..-i<rown parts of the objects. 

5-rately Is described <lrect measuring of neotectonlc mo,ements In 9 speleolo

gical objects of the Croatls, kont - tt-e biggest verUcal movements was n,glstered on 

linl Valeblt (abaJt 60 mm/100 years), ard tt-e smallest one w• registered on tt-e 

north Veleblt (about 4/i mm/100 years). Horizontal mCM!lllents are mostly ones of tt-e 

dlnar!c <lrcUin of stretching, In the external and middle karst belL According to the 

Intensity they are several times smaler that the vertical neotectonlc mOYements. 

10. QUANTITIVE ASPECTS 

Tt-e list of tt-e longest (Ojulln ponor-Medvedlca,near Ogulln,15860 metres long)and 

tt-e deepest objects (Pit Stara ~kola a, BlokCMJ, 576 metres deep) In Croatian karst Is 

given. Averige, lergth of the speteologlcal c:tiJects Is between 50 aOO 100 meters, and 

the averlge depth Is between JO ard 70 metres. For example, for the 25 longest objects 

In Croatia, total lergth Is about 70 kilometres, that means about 2800 metres for on 

objects, ard the total depth for tt'e 35 deepest objects Is about 9,5 kilometres, that Is 

avertge of 270 metres for one obfects. 

Tt-e averlge width of the channels ls between I arxf 3 metres, averlge hlcj)t 

Is 2 to } metres, ard the cahmbers are hfcj, and wlCE about 10 to 15 metres. The 

averlge lrcllne Is 52°, but In reality the objects are vertical or sllcjlUy Inclined. 

Tt-e area of tt-e Kordun (Potok,G.Dlbrave,Rudnlca etc.) has 15 to 20 objects/km~ 

and in Samarske and Blfele sUjene (Gorski kotar) there are '4> to 25 obj./km2. Those 

are tt-e richest regions of tt-e Croatian karst. In averige there Is 2 to J obj/km2 (on 

the whole area of the karst). 

On the contrary In some places (parts of Gorski kotar and Veleblt) where tec

tonlc,llthologlc:al,hydrogeologlcal an:f other geological conditions are suitable for the 

genesis of the speleologlcal OOjects, these OOjects are not found ard seen oo the surface. 

That doesn't me£rl that they ca-1't be fourd In the undergrourd (cavemas,cavlty). 
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GENAUIGKEIT VON HOHLENPLANEN 

SCHONE, Tllo 

Precision of cave-maps 
For the pepnration and execution of research-programs precise 

cave-maps are often necessary. Many of usual maps have the 

disadvantage, that no data about the measurement-methods and the 

resulting point precisi_on are obtained. Thereby the value is 

reduced. In special cases a second measurement is necessary. 

These paper tries to show possibilitys, to estimate the precision of 

measurement taking into account the methods and devices, Nhich are 

used in the GOR. 
The most of the caves on the territory of GOR belong to the typ at 

small and middle caves. The result is the surveying of caves with 

"Freiberger Hangezeug" (compas and clinometer). Transit
measureaents are reserved only to s011e special measurements. 

The representation of caves is given almost exclusively in an 
analogous form (as a raap) 1 the accumulation in digital form is 

unusua 1. 

0. EIHLEITUNG 
FUr die Auserbei tung und OurchfUhrung von Forschungsprogra••en 
warden oft sehr genaue HOhlenplOne benOtigt. Viele der her

kO■■lichen Plilne heben den Hach t ell. da6 sie keine Angaben zu 
• verwendeten HeOverfahren und den slch daraus ergebenden Punktge

nauigkeiten enthalten. Oadurch warden sle erheblich in lhrem Wert 

gemindert. In einzelnen Fli llen kann sich soger elne Heuver ■essung 

not w1tndig mechen . 
Oieser Beltreg versucht HOglichkeiten der Einschl§tzung von He6ge
nauigkelten, unter BerUcksichtigung· der in der DOR Ublichen Ver

fahren und der benutzten Ger6te. aufzuz.eigen. Dozu werden Ge

brauchsforaeln angegeben, ■ it deren Hil fe schnell und e lnlach 
zulfissige Fehler borechnet werden kOnneri. Bei den demit errech

neten Genauigkeiten handelt es slch ur:1 innere Cenouigkeiten eines 

Zuges. 
Bei den HOhlen aul de• Territorium der DOR hendelt es sich in der 

Uberwiegenden Anzahl ..,,. Klein- und HittelhOhlen. Oarous resultiert 

die Ver•essung von HOhl en mil de11 Freiberger Hlingezeug (H&ngebus

sole und Gradbogen}. Theodolitver,11essungen sind nur wenigen Spe

z.ielver ■essungen vor-oehal ten. 

1. GENAUICKEITEN DER VERYlEHOETEN CERATE 

1 .1 .. 8ussolen 
1.11 Aufsatz.bussole 
Die Aufsatzbussolen er ■ Oglichen durch die Vorblndung ■ i t eine• 

F e rnrohr genaue Anzielungen. Oer Teilkrolsdurch■esser betrftgt 

je nach Geriltetyp ca. 10cm. der Skelenwert 1 Grad. Untersuchungen 

zeigten, deB da ■ it ■egnetische Az.i ■ute ■ it eine ■ .iittleren Fehler 

•(a) von •/- 0.3 Grad gemessen werden kOnnen. 
Aufsatzbussolen linden jedoch nur selten Anwendung. de s ich der 

beachtliche Aulwand an HeBvorbereltung und OurchfUhrung nicht 

i••er lohnt. 

1 .12 H3ngebussole 
Ole a ■ hHufigsten angewondte Hethade in der H0h1envermessung der 

DOR ist die Anlage von Bussolenz.Ugen rnit de• Freiberger Hfingez.eug. 

Die derln enthaltene HOngebussol• · hat einen Teilkreisdurch ■esser 
van 8 c• und einen Skalenwer t von 2 Grad. Eigene Untersuchungen 

Genauigkeit zeigt en. deO die ge ■essenen ■ognetischen Az.i ■ute 

einen ■ ittleren Fehler rn(e) von •/- o., Grad eufwelsen. Es lessen 

sir.h da■it bei entsprechond sorgl5lt igen Hessungen qute Ergebnlsse 

erzlelen. 

1.13 GeoloqenkoapaO 
Bel einigen spez.iellen Verrnessungen wird auch euf die Verwendung 

elnes Geologenko11passes zurUckgegri ffen. Solche FBl le slnd z..B. 

schwierlg befehrber-e Rfiu ■ e. untergeordnete Gilnge, eber auch die 

Ver ■essung von HOhlenteilen, deren Befahruno ein Sicherheitsrisiko 

darstellt. 
Der Ourchaesser des Teilkreises betr5gt 5.2 c• (F.W. Breithaupt & 

Sohn, Kassel). Er het eine 1 Grad Tei lung. Oo11i t l11ssen sich 

AzioiutneBgenauigkelten von •/-0.2 Grad erzlelen. Der gr •Bte Fehler

enteil kom■ t hier eber von der Visur des Zieles w&hrend der Hes
s ung, do die Zielochse nicht fest ist. Versuche ergaben dabei 

einen ■ i ttleren Feh ler einer Hessong ■ (a) von •/- 1.1 Grad. De• 
RUckgriff auf dieses CeriJt sollte ein Genauigkeitsvoranschleg 

vorausgehen. 
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FUr die Ausarbei tung und Ourhcfijhrung van Forschungsprogrammen 

werden oft sehr genaue HOhlenpliine benOtigt. Viele der her

kb■mlichen Pl3ne haben den Nachteil, dap sie keine Angaben zu 

verwendeten Hepverfahren und den sich daraus ergebenden Punktge

nauigkei ten enthal ten. Oadurch werden sie erhebl ich in ihrem Wert 

gemindert. In eir.zelnen Fiillen kann sich sogar eine Neuvermessung 

notwendig machen. 
Oieser Bei trag versucht MOglichkei ten der Einsch3tzung van Mepge

nauigkei ten1 unter BerUcksichtigung der in der DOR Ublichen Ver

fahren und benutzten Gerite, aufzuzeigen. 

Bei den HOhlen ilUf dem Terri tori um der DOR handel t es sich in der 
Uberwiegenden Anzahl u11 Klein- und Hi ttelhOhlen. Daraus resul tiert 

die Vermessung von HOhlen mi t dem Freiberger Hingezeug (Hange

bussole und Gradbogen). Theodol i tvermessungen sind nur wenigen 

Spez i al vermessungen vorbehal ten. 
Die Oarstellung von HOhlen erfolgt fast ausschlieplich in analoger 

form (als Karte), Abspeicherung in digitaler form ist nicht Ublich. 

1 .2. Neigungs•esser 

1 .21 Ver tlkalk°reis eines Theodoli ts 
8ei der Verwendung von Aufsatz.bussolen oder Bussolanthaodoliten 

wlrd die Vertikalwinkelaessung ■ it de• Theodollt durchgefUhrt. 

Dealt le ssen sich Canauigkeiten erzielen. die welt Uber- der der 

Hessong des •eg netischen Az.i•utes liagen. Die Ablesung auf 0.01 

Grad 1st deher ausreichend genau. 

1 .22 Gradbogan 
Oas wichtigste verwendeta Gerlt zur Bestl•■ung von Heigungswinkeln 

ist der Gredbogen (Kltno•eter). Er isl Bestendtail das Freiberger 
HHngaz.euges. Der Gradbogen besitzt eine Teilung von •/- 90 Grad 
und 1st auf 0.5 Grod geteilt. Bai diese• He8verfeh~en wird des 

Klino■ eter in eine, zwischen z.wei Punk t en straff eingespannte, 

Schnur elngehangen. Der dabel auftretenda Ourchhong hat ainen 
gro8en Elnflu6 euf dos He8ergebni s. Untersuchungen z. e lg f"a n, da8 

bei Beachtung des vo ■ Hersteller vor-geschriebenen Elnh&ngepunktas 

der •i ttler e Fehler bei 11.(6)= •I- 0.2 Grad li egt. 

1.23 Geoloqenko■paR 
Auch der Geologenkompa6 besitzt eine Einrichtung zu• Hassen von 

Vertikelwinkaln. Sie hat einen Skalenwert von 1 Grad. Hier wlrd 
die tleigung durch Anlegen des Ko111passes en die lieBschnur er ■ lt

telt. Somit ko ■ •t es z.u groBen Anlegefehlern. Bel verschieefenen 

Hes sung en la gen die •i tt leren Fehler ■ (B) bei •/- 0.3 Grad. Die 
Hessong wird aber subjektiv durch den Beobachter heeinflu8t, so 

daB die Fehler auch beacht lich qr08er sein kOnnen. 

2 • FEHLERFORHELH 

2 .1. Laqe-Genauigkei ten 
2 .11 Einseitig anqeschlossenar Bussolenzug 
Bel dar Herlaitung geht ■an van den ainfochen Barechnungsfor ■eln 

Ax(i)2s{i).cos e(i).cos 8(1) /1/ 

und Ay{i)•s(i) .sin a{i) .cos 6(1) /2/ aus. 
Unter Anwendung der Bez.lehungen •(p) ' s ·•( A•>' a(A y) 1 /3/ 

/le/ •(w) 1 • ■ (a) 1 
• ■ (8) 1 

und N!iherungen folgt : 
■ (p(I ))= •/-( ■ (s) • ■ (w)/rod • (I) ) ,., . 

wobel m(s) der • ittlere Strecken11e6fehler 1st. 
Oar Bussolenzug hat n- Punkte ■ i t (n-1) Streckan. Oa■ it kannder 

■ ittlere Punktlehler vorabgeschtitzt warden : 

■ (p) • •/- (,rr;;:Ti'. ■ (s) • ■ (w)/red. ~) (l=l,n-1) /5/. 

FUr die weiteren Betrechtungen genUgt es, wenn engenoa■ en wird, 

daR die Strecken (z,B. lnnerhalb eines Cabietes) etwe glaichleng 

sind. Oo ■ it 1st 5,. (n-1),s und 
■(p) • •/- (f<n=TJ. ■ (s ) , ■(w)/red. S / ~ /6/, 

2 .12 Beiderseitiq angeschlossener Bussolenz.ug 
Ole •lttleren Fehler verhelten sich hier so, als ob der helbe Zug 

Jeweils von beiden Endpunkten aus gefllessen wlrd. Dar ■ 01ti•ale 
Fehler tritt deshalb in der Hitte auf. Bel analog•• Vorgehen wie 

unter 2.11 folgt 
■ (p) • •/-( i.-o'"'.'"'s-(_n_-~l)"'. ■ (s) • •(w)/red, S/~) /7/, 



2 .2 Hl:Shen-Genauigkei ten 

2 . 21 Einseitiq angeschlossener Bussolenzuq 

Ausgehend von der Serechnungsforael 6 h(i) = s(i) • sin 8(1) /8/ 

und ihnlichen Oberleg u ngen wie in den vorengegangenen Knpiteln 

kann der •ittler-e HOhenfehler- nach folgender For-ael abgeschitzt 
werden : 

•(6h) ••/-(~. ■(s) • ■ (6)/rad. S/ ~ ) /9/. 

2 ,22 Beiderseitiq anqeschlossener Bussolenzug 

FUr- einen beiderseitig angeschlossenen Bussolenzug wir-d dann 

m( 6 h) =•t-<io .S(n-1) • nfs) • m(B)/rad . s / ~ ) /10/. 

2 .23 Bar-011etrische HOhenr.iessung 

Die baro■ etrische HOhen ■essung ist eine wirkungsvolle Er-gi§nzung 
der- ender-en He611ethoden . Ger-ade in sehr tiefen HOhlen. in denen es 

keinen Hi:ihenabschluB gibt. het diese Hethode zur Kontrolle Bedeu

tung. In kleiner-en Hi:ih1en macht sich der- groBe konstante Fehler-an

teil negativ bemerkbar. 

Ausgehend von der- ber-ometr-ischen Hi:ihentor■el 

6 h • k . (I • a.t) . (lg 8 - lg b) /1 1 / 

(mit k = 184 64 fUr so• Br-eite und ■ ittleren HOhen von 500 m, 

a s 0.00037 Konstante der Te•peraturkorrektion -2- , B.b 
Luftdruck) ergibt sich ein FehlereinfluB von 

m( 6 h)'s H1 , k 1 . (1•a. t ) 1 • -( ■ (B)'/B' + m(b) 1 /b 1 ) ♦ h 1 ,a 1 .m(t) 1 /12/ 

(H=logaritaiisches Hodul •. ■ (t)= Fehl er in der Te1111peraturbestim111ung, 

■ (8),m(b)=inittlerer Fehler der Luftdruckbestimmung). 

Oiese For ■el kann els Gebrauchsfor■el verwendet werden, wenn 
m(t) = 1• c. a(b)=•(B)=-- 1 mbar : 

11( .ti. h) = •I- . i 2.42 ••(a . A h) 1 /13/. 

3 .O, GE HAU I CKE ITEN DER HtlHLENPUWE 

Oas Ziel eine r HOhlenver,aessung ist in erster Linie die graphische 

Oarstellung eines Hohlrau11es, davon ausgehend Angaben fUr Ausdeh
nung, Fliiche und Volumen . 

FUr die Aut aessung der Hohlri:iu ■e spiel t die Horphologle der HOhle 

eine wesentliche Rolle. so da8 die eigentliche Hessung regional 

sehr unterschiedlich gehandhabt wlrd. Die 8etrechtungen zur- Ge

nauigkeit werden deshelb nur auf die Cenauigkel t des Bussolenz uges 
beschrinkt. Oieser wird in der DOR nach elnheit l ichen Gesichts
punkten ge ■essen. 

Die oben angefUhrten For■ eln gelten nur f Ur enn,ihernd gestreckte 

ZUge . Die eingefUhrten N3herungen erlauben die Anwendung der For
meln f Ur BussolenzUge beliebiger Konflguratlon. 

3 . 1. Lage - Geneuiqkei ten 

Aus den in 2 . 1 angefUhrten Formeln ist sofort die Abhingigkeit des 

■ ittleren Fehlers von der Linge der Teilstrecken ersichtlich. 

$• iOm 

o.e ~- Sm 

o.~ 

0.2 

-100 500 1000 S a m 
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In den HOhlen der- DOR kom111en in der- Hehrzeh1 Sei tenlingen von 5 -

10 • vor. Die sich dar-eus ergebenden Punktgenauigkeiten (Hessung 
■it Fr-eiber-ger Hingezeug) zeigt Abbildung 1 ,( ■ (s)= • /- 0.004 ■), 

Die Uberwiegende Anzahl der Hi:ih l en haben eine Ausdehnung von 10 -
1000 ■• 

Die ■ittleren Lagefehler entferntesten Punktliegen bai ! 0,8 •· 

3 .2, HOhen-Genauigkei ten 

Die liingenverhill tnlsse von Tellstrecken und Ge'sa■ t10nge bleiben 

wie bei 3.2 •• Die daraus abgeleiteten ■ ittleren HOhenfehler zeigt 
Abbildung 2 , (■ (s)=+/- 0 .004 1111), 

:•:: ~ ~---=::!: 
0.1 ~ 

- -R~---- ----~---------~-~•-&n m 

·, Abbildung 2 

Die ■ittleren HOhen t ehl er- Uberschreiten •/- 0 , 40 • nlch t. 

3,3, Wertunq der erreichbaren Genauiqkeiten 

Die Auswertung von einzelnen Ringbussolenz.Ugen eus HOhlen 

unterschiedlicher Gr08e zeigt die Richtigkeit der hergeleite t en 

For ■eln . Punktfehler die Uber den berechneten l agen, waren i ■■er 

Folge von Hessungsfehlern. Allerdings kam es bel spiteren 

Kontroll ■ essungen teilweise zu gri:iBeren Abweichungen von den 

Ursprungswerten . Unter den spezifischen Bedingungen "Hi:ihle• sollte 

der Grenzfehler von (3 • ■) aber- nich t Uberschrltten werden . 

FUr die _wichtigsten Nutzungsar ten e i nes HOh l enplanes. wie z . B. 
Orient i e r ung und Geologie, sind diese Genauigkeiten ausreichend . 

Sind f Ur andere Nutzer die Genauigkeiten zu gering. wie sie sich 
aus den oben genannten Formeln berechnen lassen, ■Ussen andere 

He8ver fahren angewendet werden. 
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THE PALEOLITHIC OF MIDDLE BOSNIA (YUGOSLAVIA) 

MULAOMEROVIC, Jasm1nko 

Couple of last year9 sorre sond e digings were done in the 

caves near Sarajevo and in middle Bosnia (the central part 

of Yugoslavia). Besides the remainde of plaistocen phaune 

some s i gns of paleolitic hunters roeve found. This paper 

1. INTRODUCTION 

The Paleolithic findings in Bosnia and Herzea:ovina are aainly 
divided into two aruops . One aroup consists of the numerous open 
sites within the lower course of the Rivera Boena, Usora, Ukrlna 
and Vrbas. According to their cultural classification these sites 
belong to the Pannonian Region . The Badanj site, near Stolac, for 
the tiae belna ls a sole site in Herzegovina, but unique in the 
Balkans with regard to the nuaber of quartz and body artifacts, 
ornaments and engravings on the bones and rocks . This site belon,rs 
to the Hedi terranean cultural reaion ( 1) . 

Fig . l: l-Gia1<.1a cave, 2-Varvara, 3-0ornja 
Bi ja11.barska cave 

2. EARLIER INVESTIGATIONS 

The next three Paleolithic sites, which have been inveatiaated 
(Gigi¢& cave, Varvara and Gornja Bijambara cave) are located 
between these two 1roups of flndinaa . 

The Giai¢a cave is a simple speleological aite. It baa a fora of 
channel covering the total lenaht of approxi■ately 170 111. It ia 
located on the &astern slope ot the ■ountain Ilica, above the 
village of Resanovci. Durina the speleoloaical investiaations 
approxi■ately 15 • below the entrance, in red-brown cave 10&11, 
only one Houaterian artifact is diacovered (2). 

The second site is known as Velika Gradina in the villaae of 
Varvara near Prozor. Durina tho archeoloalcal invostiaationa, 
carried out in 1899 ( 3), the handaxe of the Kuaterian aa:e was 
discovered. The circumstances under which this tool is discovered 
are unknown, but in 1960 and 1087 the reviaal excavations were 
11ade and the flakes, culturally and periodically not defined, were 
discovered at the cross-section of the Bronze Aae layer and layer 
of compact red clay. Therefore, it was not possible to define a 
closer stratisraphical determination of the location of handaxe. 

Tho Gornja Bija.mbara cave la a third site. The complex of 
Bijubara caves is located approxlaately North-West of the vlllaae 
of Krivajevi~i on the road to Srednje-Olovo.Durina tho complex 
inveatiaations of the caves in 1967 tor the purp,ose ot the 
protection of the sites, which are naturally rare, the GornJa 
Bijaabara cave was investiaated, as well (4). At the beainnina of 
the North section, a probina was excavated and seven layers were 
separated. The layers C and D (depth 0.08 - 0.26 ca). the later 
was defined as Wura III - Glacial, in yellow-brown and a:rey-brown 
lo&Ja, toaether with sharp-e~ed rocks, animal bones and 
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give s not only the list of find ings but the main characte

ristics of culture conaerning geografic position between Adriati 

Adriatic Sea an Panonian Valley, 

coal pieces, the quartz artifacts were discovered and defined as 
Epiaravettiene. 

Therefore, in the Hiddle Bosnia the residence of the Paleolithic 
huntera is defined in the Gornja Bija.mbara cave. 

A notion Middle Bosnia here means area of Sarajevo and Zenica. 
Thia area is closed by hish mountains, in the South by Jahorina 
( 1913). Treskavica ( 2088) and BJela&nica ( 2086 J. in the West by 
Romanija (1649). in the Kast Bitovnja (1744) and Vranioa (2112), 
in the North by Vla!ic! (1943) with few mountains which are less 
then 1500 • a.s. l. Therefore, this is area of a upper course a 
river Bosna and their tributaryes Hiljacka, Zeljeznica, river 
FoJnica and Lalva where are many river valeys and fielda. 

3. RECENTI.V INVESTIGATIONS 

The intensive activities for the purpose of recognition and 
treat■ent ot the speleoloaical si tea in the auroundlng area ot 
Sarajevo have been observed during last few yeara. Ten sites have 
been registered and according to their pos ition, relief, aeneral 
appearances, exposition of the entrance part, presence of the 
respective sediaenta etc. they are very iaportant tor the 
archeoloa:ical investiaations and trail problnas should be made, at 
least (5). 

The reliable evidence• ot the presence of t.he Paleolit.hic •an have 
been found out at several locations . 
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Fla . 2: Artifacts froa the Ruda Glavic• cave 
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Not tar trom here, there is a rock shelter Duga Pee, approximately 
7 km to the East of Trnovo in the direction ot vllla.ge OeliJaS in 
the a:orae of the river Crna RiJeka. It is located approximately 30 
n1 above the riverbed and approximately 20 m below the wide plateau 
along which edge the Crna Ri Jeka cut its bed. The rock shelter 
facing the South is protected against the cold winds fro• the 
Horth and West by high rocks. 

In front of the rock shelter there is a talus approximately 30 m 
hiah and it passibly indicates one covered little cave. At the 
botto11 of talus, on the surface, one artifact is found. It is a 
lara:e river round pebble primitively cut on both sides. Such tools 
are known as chopping tools. According to the type and shape of 
the tool it mey be dated very early but the appearance in Bosnl& 
is not rare during the period of Lower Paleolithic ( 6). 

Not far from Duga Pee is Dankova Jama cave near willage DelijaA. 
Cave is located on teh right side of river Crna Rijeka 5 or 6 
meters above water- level. Horphology appearance of cave is very 
simple. The entrance ls al.mos t rectenaular. two meters high and 
six meters wide. It is oriented exactly to the North. 

In the layer reddish-brown loam. just below surface, two flint 
artifacts and some bones of tinny animals. The determination of 
bones is held in Institute for Quart.ar Geology in Zagreb . The 
preliminary results shows that part of this remains belongs to 
Marmota Harmota, which point out of pleistocene o rigin of this 

layer. This confirme paleolithic origin of the find artifacts. The 
artifacts are only two catters without retouches. 

The third site is a small villa&Es of Sarajevo not far from 
Su.mbulovac near Hokro. A large rocky massif Orlovaea is located 
i mmediately behind the last houses . On the South and East side of 
this massif there are several speleolosical sites in line. 

One defined artifact has been found in landslide under the cave at 
this location. It is a grattolr sur eclat of Lower Paleilithic 
type. The bonely axe is found too. It's stratigraphic position ls 
not remarked. 

Proves the presence of the Paleolithic hunters in the surroundings 
of Sarajevo, have been found at the left bank of the river 
Mokranjska Hiljacka, under the hill of Zmijina Glava, oppc,site to 
the village of Bulozi. A several dozen smaller speleological 
sites, mostly facing the North, but some of the11 &re facing the 
West and East, are located within the lower part of the Northern 
slope of the hill of Zmijina Glava, sharply inclined to the river 
canyon. 

The artifacts have been found at a place which is the sole natural 
passage from the cave area to the large area of the village Bulozi 
because the inaccessible et.one sides of canyon raised on the 
upetream and downstream side. Therefore, the artifacts which have 
been found are doubtlessly in connection with the caves. 

Two uncharacteristic artifacts have been found at this location. 
One can be defined as a piece a encoche of the Lower Paleolithic 
88'8, 

The last. sit.a i.n a co.vc on tho Sout.horn rim of t.he Trnovo 
setlem.ent, towards the village of Tolii<H, on the Eastern slopes of 
the limestone hill Ruda Glavica ( 7). The entrance is arched facing 
the East. It coneists of one small trapezium room. The roora is 
four metera long and it is hiah one meter in entrance and 1, 5 m in 
the middle. 

The four sond dimension of 1 x l meter weer diged in cave. The 
cross-section makes followina layers: 

Layer 1' 0.00 - 0.08 dark brown soil with tiny 
sharp-edaed rocks 

Layer 2, 0.08 - 0. 40 red-brown sandy loam with 
many sharp-edged rocks 

Layer 3, 0.40 - 0.9~ compact sharp-edged rocks. 

[n the first and second layer bones of tiny and larae animals and 
some scattered coal particle was found. The third layer was 
completly sterile. 

In the area of four square meters 239 flints were diged from which 
defined shape or 27 X. In the comparison with other finds of 
paleolithic residence in Bosnia and Herzegovina, we can assert 
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that Ruda Glavica cave talls into the group of relative wealthy 
finds. 

Here we need to emphasize lage number of microlites. One example 
produced by colorless mountain crystal stands out among them. A 
few artifacts made by this 1naterial were found in Badanj near 
Stolac. 

4. CONCLUSION 

Althou1h, it is not possible to carry out the detailed analyses 
with regard to the cultural origin and dating of the findinas and 
sites, due to their quality and degree of site investigation, 
they, however, allow some conclusions to be made. Although, few in 
number, they will be useful, in any way, for future 
investigations. 

First of all, thes e artifacts are characteristics of the Lower 
Paleolithic. The copping tool from Duga Pee Cave makes and 
exception because the layers of the older cultures may be excepted 
due to the thickness of talus. 

The size of the structures and estimeted thickness of deposits 
indicate the permanent settlesnent at such locations. But, in tact, 
they were the temporary places of settlement during the hunting 
periods. The large constant settlements and residences should have 
to be eerached. 

Although find Ruda Glavica cave by Trnovo abound in define 
artifacts, on this level of investigations, there are no serious 
arguments to put together with Hedi terranean or Pa.nnonian region. 
Because of this we have a tendency to put paleolitic find Ruda 
Glavica cave , at least now, in one separate, perhaps 
Msniddle-bosnia cultural region·· , surely because of regional 
belonging of the place, more then resons which are point out 
former. 

The findings and sites o f the surroundings of Trnovo are of the 
particular interest because it is a part separated from 
Herzegovina, with two saddles. Rogoj and Sarajevska Vrata. on 
Treskavlca mountain. Therefore, it is necessary to provide more 
detailed recognition of the caves near Dobro Polje and Kalinovik 
as transit zone between two different region in terms of 
aeographical conditions. The Hajdueka cave in Piligrad hill above 
Dobro Polje may be considered, for the time being, as an 
interesting structure with regard to archeology. The possible 
discovery of paleolithic findinge and eites within this zone and 
their cultural definition and dating will provide better 
understanding of the problems with regard t o the human settlements 
of sapiens kind over the areas not included in the Paleolithic or 
Mediterranean region. 
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CA VE I N SIDERITE 

ANDRAITCHUK, V. N . - KOVALTCHUK, A. J . - BELOKRYS, I. A. 

na!\EPA B CH)\EPlf!'AX 

Bo e peMI! 03H3KO!.lllCHIII! C yHllK~JlbllblM l!teJle3opya;HHM (cm1ep1<TO

Bb1M) MecTopollta;eHv.eM e peRoHe r.6aKe n (Ypan , CCCP) e 6opTy oa;Horo 

H3 a;eACTBYJJIIlllX KBpbepoe Jl8TOM 1968 r. 6~na 06Hapyllte11a nOJIOCTb. 

0He 38J!Ol!t8 H8 no KpynttoP TpeOlHHe A ><MeeT npOTl!llt8HHOCTb 26 .. ' nno

n:Bl\b - 90 ,.2 ' 06-beM OKOJIO 500 Mj. lll•pHH8 xoa;a H3UeH11eTCI! OT 

I . 0 1.1 a;o 4. 3 M. B1,1c0Ta nonocTH Kone6neTc11 OT 2.5 M a;o 6 . 0 -? .0 u . 
npea;nonaraeTCII cnea;ylOUlv.P MeXBHll3M "10pMllp0D8HHII OOJIOCTV. (3TBnhl): 

I. 0KHCJleHv.e CHa;epllTOB B np1moeepXHOCTHOP 3 0He MeCTOpOlltll;8HHII nOJ\ 

a;eP.CTBHeM BTMOC,l,epHblX H rpyH1'0BblX BO!\. PaCTBOpeHHe - BBlltHSI! 

COCTBBJIIIJJIIlSF npo11ecca OKY.CJleHHII c11,;epHTOB. 0KHCJleHl<e npOHCXOll;HT 

no TpeWHH8M, OJ\HSKO, ceo6oa;Ho:e nOJIOCTH He o6paayDTCP , nOCKOJlbKY 

Tpem~Hbl OD;HOepeMeHHO 3800JIHl!DTCII npoa;yKTSMll OKHCJleHHII - oxpoV , 

JIHMOHHTOM. 

2 . BcKpblTHe TOJIOlH KSpbepOM' HCKYCCTBeHH<le n oH•llteHHe ypOBHII noa;3e••

Hb1X eoa;. Bcnea;cTBHe 3TOro - cy<'~03HOHHblP Bl>HOC pblXJIOro MBTe{JHS

JIB ( OXpbl) H3 nOJIOCTH . 

3. Ocy 01eHHe nonOCTH 8 pe3yJlhTBTe I;OSJl bHePwero nOHllllteHHII ypOBHII 

nO)l3eMHdX eon;, ee BCKpblTlle ycTynOM KBpb8p8 , p838111'lle o6eanoe 

11 "'OpMHpOBBHHe r nbl60BblX OTJ!Ollt8Hl<A 

As is known, the opening of large subsl.lrface cavities in the 

cou.rao of oxploi tation of iron ore deposi ta h: e. familiar but 

infrequent phcno11enon. General data on the probleo can be fow,d in 

G.A. Maxi.movich'a work ( 1975) dedicated to caves and cavities 

fonned in ferruginous qua:rtzites of Gabon , Venezuela and Brasil. 

The volume of one of the caves developed 1n Belinge. and Ba tusla 

massifs (Gabon) is J OO00 m3• Rami fied cave syeter.is w1 th grottoes, 

galleries and subsurface water circulation have been d iscovered 

there. At Sierro- Bolivar deposit (Venezuela ) collapses, indicating 

subsurface caves and cavities, and springs have been revealed at 

the top of and around the ore bed hill . Having used the data obtained 

by some investigators , G. A. llaximovich cited a long list of Brasil 

and Venezuela iron ore deposits where extensive cave systems more 

than 1 km long with failures, springs and even limoni te nows tone 

were encountered. 

After G. llareecaux (197J} G.A. llaximovich explailled the 

formation of' large cavities 1n ferruginous quartzite by retard 

solution of silicate components through joints . Solution of 

f'erru.gineous quartzi tea resul ta in removal of silica and concentration 

o'f iron. So, weathered (subjected to solution) :rerrugineous 

quartzite& enclosing cavities a.re considered to be the ores high in 

iron content. According to G. A. Kaximovich, ore rich 1D iron is a 

result and manif'est.a tion of' s i l 1 c a t e k a r s t called by 

bim "b r a d y le a r s t" (from Greek word " bradia·h - slow or 

weak). It is believed that fomation of' silicate caves takes millions 

of years :11arescaux:, 1973, lla.xiJ:lovich, 1975). In the USSR there 

are some deposits (Kurek Kagnetic Anomaly, Krivoj Rog) famous tor 

silicate karat aanUeatatioo (Kl.ekel, 1966; Odoll:y, 1966 ; Odo]Q' , 

Sec1kin, 1966; Pe~run, Pirogov, 1962). In Kurslc Magnetic Anomaly 

area brady karat :tea tures are performed by closed baaina and small 

poljea 1.5-2. 0 km long, o. 1- 0.4 km wide and 90 m deep. In Krivoj 

I 

In the couroe of the firat- ha.nd acquaintance with w1iquc 

iron ore (siderite) deposit in the surroWldingu of Bokal city 
(Ural , u:;.;R} cevity developed in the 3lope of one of the 

operating quo.rrico \IUS discovered in sumr.,er, 1986. The 
cavity 26 r:, loni; ( total squnr~ - 90 ,,2 ; volwne - SOC rn

3
) 13 

found to be associnted \iith large joint. The he;Leht of the 

cavity varies fror:i 2 . 5 n up to 6 . U- 7 .u r,; the l'lidth of its 

corridora - f r orn 1 . 0 11 up to < . J n . 'i'he foll O\•;inG mechu.nim:i o! 

cnvity fo:rr::!ntion (sto~eo) io propo~ed : 
1 . Uxida.tion of siderit e by otmospheric and underground water 

in the near surfc.ce zone of Ceposit . Jolution i:1 knO\m to 
be en L~porter.t constituent of the process of siderit e 
oxidation . Lxid~tion is thrOUGh the jointo, but cavities 
free of fillil"'.:_; r.interiel have not been oboervetl there oincc 
joints arc simultaneously fil l ed with oxidation products 

(ochre and limonite). 
2 . Jtrippin{; of rock thicknesa by quarrieo , mnn- mnde lowerinc 

of s~baurfc.ce \'tater table result in au!fooionnl reaovnl of 
loooe material (ochre) out of the cavity . 

J . Drying out of cavity caused by subsequent lowering of 
sub3 urface \'Ioter table , its rcroofing by quarry, forDntior. 

of fail ures nnd block depo~ite . 

Rog area small , chiefly slit-like cavities, about 10 m3 1D volume 

filled with water and, her e and there, with limonite flowstone, 

developed at intersection points ot tectonic joints were discovered 

by boring. These cavities were called "k a r s t - s u t t o s 1 o n al 

(V. P. Petrun, B. I. Pirogov, 1962). 

fig. i. Ceoarafhlcai position of Sakal siderite 
depoai . 

Thus in terruginous quartz! tea and oxidized iron ores , 

cavities due to solution and retard removal of' s ilica are to 

develop. All the above exampl es of iron ore deposits tall UDder 

the same wide-spread type associate with f'erruginoua quartzit ea. 
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A large cavity , discovered 1n one of the benches of aouth 

highwall of Voatochno- Buland1kh1na]Q' quarry ( l!akal a i der ite 

deposit} 111 1985, was carefully- illveatigi,ted b:, joint field team 

of 111111ng and Geology- and Geochemietr:, Inatitutee of Ural 

Department of the USSR Academy of Sciences in J une, 1988 (Pig.2 }. 

The cavity entrance,located in the middle of a worlciDg bench 

6 m thick, is an oval inlet 1n vertical -.J.l cutting (> 50•) 



steeply dipping aider! te beds (Pig. )). Dimensions of hollow are 

1.ox2. o m. The cavity is sited along a large bedding joint 

(joints) spreading deeply into rock thickness 1n SS--.7 direction at 

an acute angle (abou t 40°) to the bench plane. The oval entrance 

slit leads to a long corridor with pronounced faces of fissure, 

collapses and accumulations of block material. The corridor is 

19 m long, 1. 0 m (near entrance) - 4.0 m wide and 2 . 5 ( near 

Etttrattce 

f'iQ,!. Locatiott of Siderite Cave in relatiott 
to rock beddini ln lli2hwall benclles 
of the quarry. 

Seal• of lltteaf I: ~00 
Scale of helaltt I : ~oo 

N 
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entrance) - 1.0 m high .. It terminates 1n a cooplex narro,Yed. 

joint filled with water and one face "swallen" (Pig.2) . Water 

m1neral1zation 11s 0 . 935 mg/1 , pH - 6 . 8 . free CO2 - )2 . 5 , so 

Ku.rlov I s formula can be writ ten as: 

o. 9 S0~1 HCOh 
ll;i;51ca45(Jla-.k) 

The total length of the cavity is 26 . 0 m, squ.e.re - 90 m2 , 

volume - 500 m3 • Cavity bottom 13 covered with fallen blocks of 

various dimensions i its ceiling, pitted w1 th niches I pockets and 

cracks, is rather rough. 

Walls of the joint are formed by sider! te transfo:nned I to 

a certain extent, by through joint oxidation. A pronounced block

like structure of the rock is easily observed (?ig. 4) : siderite 

blocks , preserved to some extent their former composition 

and structure , are divided by interblock jointed zones, tilled 

with loose limonite. Dimensions of siderite blocks are 15x20 c.it, 

while those of dividing limoni te zones - 5x10 cm. Monolithic 

blocks are of light-grey and yellowish colouri material of 

oxidized zones is bro,m. Small limonite stalactites ( 1 co) are 

encountered in loose , divided by strong partitions 11.monite mass. 

Close to the described cavity there are some small ones 

(0 . 2 m 1n diameter) tree of or filled. with l oose ferrugino\13 

formations .. 

The problems in question are : what is the mechanisc:i of 

cavity formation and ho>1 solutional processes , usually identified 

with karst ones , relate to the cavity formation? To answer the 

questions synonymously , much :further research is needed . The 

principal task of the authors is to expl ain the fact under 

consideration bearing on available data and experience gained. 

Fia. l+. Characterl$tic structure of Sideri te 
Cave walls . 

The process of hypergene transfonna tion of ores 1n near 

surface zone (zone o:f oxidation) has ta.ken and is talcing place 

at many mines 8.1\d deposits, Bakal aiderite deposit included . 

Oxidation of siderite and its subsequent transfonnation into 

limonite are due to the activity of the agents of landsca pe media, 

of which fresh water, free ox.igen and temperature fluctuations are 

of primary importance. Higll jointing of oi dori to in near surface 

zone contri butes to and is conditi oned a t the same time by 

hypergene process and the effects induced by unloading. 

Solution plays an important rol e in siderite oxidation. It 

i s a key process 1n a chain o:f geochemical r eactions developed 1.n 

stages. which can be schematically written as: 

aiderite 
1, PeCOJ + HzO = Po(OH)z + CO2 

2 , Po(OH)2+ o2 + H2o -- Po(OH)J 

J. Po(OH)J + HzO -- PozOJ •nHzO 
limonite 



Solution and transfonnation of siderite take place in water 

permeable zones, i.e. through joints. So, 11.monite tills joints , ot 

various genesis and dimensions , developed in siderite. Depending 

on the stage of oxidation and diageneeis, 11.monite formati ons have 

different states (gel . flowstone, crusts and partitions, ochre and 

loose concretions) and colour (:from light- yell ow to brown and red) . 

lbysical properties of limonite filling material vary greatly : 

equally with dense crystalline and flowstone formations there are 

1oose (ochre) and lumpy easily subjected to suffosional removal . 

A characteristic feature of siderite dissolution as 

compared with the other carbonate rocks is that dissolved matter 

is not removed away from solution completely 1n the fo:rm of ions 

(due to lesser density than that of the former material). but 

being transformed, fills potential voids. This is a reaction of 

substitution similar to that of meta.somatic type , taking place 

under hypergen conditions . In the course of further transformations 

(crystallizatiob) limonite becomes more consolidated and turns 

into highly cemented ferruginous rock with secondary voids and 

heterogenous structure. 

In the case under consideration, oxidation process, in all 

probability , spreads into jointed zone easy of growid water 

access (Fig. 5). Preliminary estimations show that the zone is 

15-20 m below the surface. Due to tra.nsforma tions, a large 

inclined vertical 11.monite lens has been fo:rmed 1n the zone . Ochre 

traces on the surface of blocks, probably, prove the fact that 

interstratal oxidized zone is to form by loose 11.monite components -

ochre and lumpy material. 

Stripping operations in eiderit e result 1n water level 

l.owering, changing of hydrodynamical and hyd.rogeochemical 

zonation and active ground and subsurface water circulation. At a 

definite stage ot subsurface water level lowering, due to 

f'luctu.ations of one of tho intormedinto levelo cutting horizontally 

the oxidized zone, loose material can be easily removed (contact 

suffosion) . Getting free of the filling material, the oxidized zone 

turns into a cavity which bottom has traces of ferruginous material 

and walls have no indication of leaching (because of a short 

period of interaction with circulating water) . 

Deepening of the quarry and lowering of subsurface we. ter 

level make the cavity absolutely dry and bring it into a zone of 

active weathering. I t results in failures of the rock and 

accumulation of lump:, material (Pig.5). Not long ago the cavit:, 

was opened up by the quarry and turned to a cave accessible for 

investigation. 

G. A. llaximqvi ch (1975) attributed aiderite , a carbonate of 

iron , to karstified rock. He pointed out that the solubility of 

Peco
3 

is lower than that of calcite. At 18°C and pC02• 1 atm, its 

aolubilit:, mal<es 720 mg/1 , while that of calcite - 1100 mg/1. 

Under pC0
2 

being increased, solubility of aiderite is also 

increased and under pC02 •86 atm it achieves 770 mg/1 . 

Having used the data by A. L. Jasnitsky and O. P. Sergeev, 1962 i 

L. A. Pentegova, 1965 ; Y. A. Daviden.k:o, 197), G.A. Ka.ximovich stated 

that filled up ancient karat sinkholes were characteristic of. the 

root ot Bakal s i derite deposit, while caverns and cave-like 

cavities (1-2 cm - o.5-1.0 m in diameter) were typical of siderite 

rock thickness . After D.S. Korz.hinsky the above authors believed 

that the cavities were due to eolutional activity of hydrothermal 

solutions of carbonate deposits and removal ot matter through 

joints. Thi s fact proves G. A. Maximovich's supposition. At tbs 

same time one should be aware of evident distinctions between 

karstification of sideri te and that ot the other carbonate rocks 

(dolomite, limestone. marble etc.) In the fi.rst case the main 

resu1 t of solution is an oxidized rock - 11.moni te - which 
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"blocades" the development of potential void or, under a definite 

condition, can be moved away by auffosio».. In the second case the 

processes of solution followed by synchronous rernoval ot their 

products are active enough to fonn voids which initiate other 

new processes and phenomena (failures, landscape transfonnations 

etc . ) 

Under active subsurface water circulation direct fonnation of 

large cavities in sidsrite is highl.y probable since reaction o:r 

Situation Main processes 

Oxidation of siderite in 
near surface zone due to atmo'f heric and r.ound water actl-
fh\~k~~s~t; i~~• •~silfe~;t:olu 

'" tional pratuses developed in 
L stao.es ln t1,e course of time 
::s volts filled with the p,oducts 
... or oxictatlon - ochre - are 
,. formed . 
z 

Opening or siderite by ~" -
arrv at\a lowering of sulisur
face wate, lever. $11ffo,io -
nal removal of loose mate-

., rial out of the void when 
::s ~~;f:csee ;!t!~wi~~na\ ~l ~~b--
0 

.. 
"' 

curs in the z.one of sub -
surface watn level fluctu
ations. 

1-------------l 0 

~ 

Side,ih 
Cave 

,= 

DrvinQ out of the void co• 
" ur&ed bj further lowerl~ of 
• sub111rface water lnel; doro
t-- oflnQ of void resultect from 

excavation, dl!roofin11 of void 
resulted from ucavatlott, 
d1velopme11t Of faih.tru atttl 
formation of thick lumpy ac· 
cumulation material. 

J>islocated rock thickness enclosina siderite 

filled with oxidation products 
Voids in siderite : free of oxidation products 

Fig. 5. Scheme of Siderite Cave formation 

oxidation can be broken at a stags of iron hydroxide, when 

limonite has not been :to:rmed yet . However, an active water 

exchange in sideri te is hardly possible because ot very low 

penneability of the rock for concentrated water flows. Pilm, 

condensation, pore and infiltration water possesses no s~:ticient 

energy to transport and wash away the products of solutioD, so 

the process is completed with formation of limonite. 

Having put forward the mechanism of' formation of large 

cavities in siderite 1 the authors do not except the other ways. 

The moat attractive is a hypothesis that claims the formation o:t 

cavities due to leaching o-f "residual" dolomite, i.e. a dol omite 

l ens avoiding 11sideritization11
• However, this supposi.on meets· 

considerable difficulties which authors failed to overcome. 
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CONSIDERACIONES EN TORNO A LA CUEVA DE PEN CHES (BURGOS) 
Y SU S REPRES ENT ACIONES P ARIET ALES 

MARTI NEZ DE CARAS, Jacinto J . 

La CUeva de Penches, OOicada en la Provincia de Burgos, representa W\a 

de las escasas manifestacialeS oon arte ~ de crmologia paleolitica, 
existentes en la Mes.eta Norte de la Peninsula Iberica. 

El presente trabajo constituye un cstudio del cita<b c:x:njunto artistico. 
Partiendo del anili.ais del sqxlrte de la obra parietal, es decir, del propio 
tenareno car&tico con sus caracteri.sticas geolOCJicas, m::,rfogeneBis y desarrollo 
tq::ografico, pas.r.os al estuclio de las represe.ntaciooes parietales desde 

w,a c:ptica f~t.altrente te:noestilistica, que nos pe..rmitir& fcnular, 
en tenainos relativos, ..,.. posible adscripcion cronol6}ioo-cultural para 
el y.riniento que nos c:a.pa, defWdo por \Ila particular prct,le-Mtica, derivada 
de su situaci6n a caballo entre los •rioos• oonjmtos cantahri008 y las 

estac:iones parietales de caracteristicas mediterranea.5. 

l. O'.lffl:X'JO GfX:GRAFICXl Y m::LAVE GroL(X;JCXl 

l.l. Coltexto Gecqrafico 

La Cueva de Perches se Wica dentro del term.inc nutlcipal de Barcina 
de los Mqntes, al N.E. de la Provincia de Blrgos, en el sector nor-central 
de la Peninsula Iherica (ver fig. l). 

~sde un pmto de vista geogrAfico la cavidad se halla enclavada en el 
apendioe orient.al de las estribacicnes meridia,al.es de la Ctrdillera cantabrica. 
La crografia que caracteriza a esta %ala, apareoe definida por un oonj\D'lto 
de relieves pl.ega<bs de direoc:iOO predaninante N. 0 .-S. E. O::n::retasrente par 

CDS alineaciooes mcntanosas de cronologla rresozoica y altitudes prax.imas 
a los 1.0CO metros, integradas F,Or los ll'Oltes de Cillaperlata al Nxte y 
la Sierra de Cna al sur. 1ffl:las alineacialeS se encuentran separadas por m 
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OJeva de Penches, located in &Jrgos Provirce, represents one of the few 
exa,ples of Paleolitic Olrmology ~ian art existing in the spanish 
Heseta Norte. 

'!'Us report is _a stlXly of the aforesaid artistic writ, begilVling by the 
analisis of the parietal work base, that is to say, of the cave itself with 
its qeological features, morphogenesis and •~ lenght. 

Afterwards, a study of the parietal representati<X\S is made fran a ~ 
stylistic wiewp:>int .itidl will allcw us, in relative tems, to express a 
possible chnn>logical-cultural classificatioo fc:c the stu:lied site, def ined 
by a particular prd>lenatic due to its situatioo between the •rich• Cantabri.an 
sites and the ~terranean featured statioos. 

est.rectx> valle la.gitudinal de di.reocifu E-W, par el cpe diecurre actual.J:rente 
el denaninaao 1trrayo de Penches. 

La cavidacl al:re su estrecha bJca en la vertiente derec:ha del citado valle, 
8 metros por encima del nivel. del arroyo, en · ...-.. temdno ccnocido p:r los 
lugarenos oc:m:, Valdelacueva, situa<b a 2 , 5 kilcmetros de Barci.na de loe Montes, 
practicamente en la linea diviscria COl el termi.no nU'licipal de Pen::hes y 
a e9:aSOS metros por encima de la actual carretera que desde Barcina se 
dirige a 00... 

915 ooordenadas cartogrUicas son (l), 

l. 2. Enc:LaVG Goologioo 

Longitud, 

Latitud, 

Altitud, 

627.170 

902.250 

829 m.s.n .m. 

At.erm.endo a \D'l criterio est.nctural, la cueva se ennarca dentro de la 
alineacifu mesozoi.ca de ma, flarqleada por el sinclinal terciario de Villarcayo 
al llorte y por la depresion te«:iaria del lllro al SUr (2). 

Dicha ooidad de relieve aparece <XlrlStitulda por m conjunto de anticl..inales 
y sirclinales de direa:i6n N.O.-S. E. goo: afectan a materiales o:rrprendi.a:J8 
entre el Jura.5ico y el 'n!!.rciario, vienoo&e las cstructuras mas meridional.es 
int.ernnpidas por el te.rciario de la depresi6n del Ebro, discord.ante 
score ell.as. 

OeSCE un punto de vista geolO]ioo, la alineaciClll aesozoica que nos oc:upa 
aparece definida por una litologia tipica del Cretkico &perior, ccnstitulda 
fundiwrentalmente por IMteriales ca.rbonataoos. En ccn::reto la boca do la 
cavidad se abre en .., estrecro pa~ de calizas del Cenananense (t acies 
marina) , pcx:o potente y oolaoi.ti:zada, integrado por calizas arcillosas y alg'""'8 
intercalacicnes de areniscas ca.lclreas, desarrollandoee su uni.ca galeria 
a favor de terrenos de.l 1\lr0nenSe Inferior, ccnstituid:ls per calizas y margas 

calcareas (3). 

2 . ►mroGEMSIS Y NW.ISIS 'l'Cl'CGW"ICXl 

2. l. Mcx-fogenesis 

La eueva de Perches es un fencmeno carstico de desarrollo loogitudinal , 
con ma 6nica galerla de direcciCI'\ 0-E, que tradlx:e en el S\DSUelo el pano('amil 

estru:::tural del exterioc. 

9.1 espe.1.eogenesis se explica en terminos generales por la acci6n emsiva 

de m redx::ido ac:ulfero hipogeo a favcr de una diaclasa ocientada cx:nfone 
a la estructura. Ello detenaina el aspecto de grieta <JJe caracteriza a todo 
el recorrido de la galeria. La actuaci6n erosiva de la cxrriente stmterrinea 
se efectu6 en d.iversas fases, en relaci6n con la variabilidad cl.i.JMt.i.ca 
exterior, factor detenainante de un mayor o menor aparte de agua. Este fenCJrenc) 
di6 lugar a la fa:macilin de irclpientes lineas de comisa, oonespcn!i.ente 

a suoesivos niveles de encajllRiento erosivo. 

fll la actualidad la cueva se encuentra en est.ado f6sil, hallandoee 
int.emllpida la circulaci6n hidrica, exoepto esporadicas oca.sia,es en la 
que la intensa plwiosidad orlgina pecpenos ~ ocasiooales, nllnCa 
inp:rtantes. 

2.2. Analisis Topografioo 

a, el presente analisis he utilbado cono marco de referencia el 
levantaniento u:,pografico efectuado par el G.E. Niphargus de ll,rgos (4) , 
en el cpe podemos ct,aervar adeMs de la planta y el perfil longitudinal 
pro,oectado, las secciones y '"'l'liaciones de l os sectores IMS r,presentativos 

de la cavidad, lo que nos pe,Tllite hacernos W\il idea IMS oa,pleta del aspect<> 

y nnrfologla do la IIWIM (ver fi9. 2). 
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CUEVA DE PENCHES 

Barcin1 da loa Montea-Bur901 

G. E. Niphargu• 17·9·1977 

ta caverna CE Penches cuenta ca, un desarrollo espelearietrico glci>al 
<e 175 rret.ros tcpografiCX)S. El ao:eso a la misna en la actua.lidad se efectfia 

a traYes de W\i1 angosta galerfa de o, 7 metros de difuetro Y. re5nivel 
ligerarrente descendcnte que a los 6 metros ~ en la galer.ia principal; 
aurqie segurarrente e5te no fue el aspecto de la entrada criginal, a ju:z.gar 
p:>r el hWldimiento y posterior o:n::reciO'\a'l\iento re estt? sector. La galeria 
principal present.a una secx:i6n diaclasifcrrre y dir-ensiooes relativanente 
hcrrogeneas en todo su recorririo, con una anchura ~ oscila entre 0,5 y 2 

rnetrois y lD"'ta altura cmprendida entre 2 y 5 rretros. F.sta tonica general se 
ve interrurpida en el traro central, en el que la galeria aparece .sli:xlivirl.ida 
en dos pi sos px Wlil cornisa intemedia. 

Por lo que se refiere a la \Dicaci6n de las representac:iones parietales 
en el citacb marco tc:pogrclfico hay que senal.ar en prirrer lu;tar, la abundante 
presercia de diversos trazos lineales de carclCter no figurativo en las zona.s 
elevadas del traro 10-35 metros de la galeria principal. 

. Centrancblos en los ca,juntos figurativos (de crooologia y tecnica 
diferente a los anteriores), el OUCleo principal se ccrrpme de clipridos y 
se sitGa a 37,5 rretros respecto a la lxx:a de entrada y a 3 metros de altura 
scbre el nivel del suelo. En sus proximidades, entre 41-42 rret.ros se dispcnen 

una serie de manchas de color ccre y nnrfolo:Jia indefinida. Finalme:nte, a 
los 78 metros respecto a la boca se \Dicaba Wl nuevo cl.prick>, en la actualidad 
desapareci<b bajo los grafitis oontarporaneos (ver fig. 2). 

En suna, los se::tores mis proximos a la entrada han sicb los ma5 utilizados 
mientras los trana; mis alejados se hallan prac:ticarente desprOYistos ~ 
cualqrier indicio re representaci6n, he::ho que tal vez ha.ya que p:,ner- en 
relaci6n ca, las coodi.ciones de inpenet.rabilidarl de los iilti.nos trana;. 

3. IINALISIS 'ffOII(X) Y ESI'ILISTIOJ DE LAS REPRESrn!'ACI<M:S 

Centro del caijunto de represent.acia-.es l.ocalizadas en la cueva de Perches, 
en el presente trabajo SOlo ha.reros referencia a las de ca.deter figurativo, 
integrada.s casi exclusiv.-rente p:,r capridos, exoepci6n hecha de algl.hos 
trazos lineal.es de dilicil lectura interpretaoos por algunos autores 0CIID 

presmtos antrcpooodos ( S) • 

Fbr lo que se refiere a las prin'eras, el l"alCleo central, situaa:> a 37 ,5 
netros de la entrada, se ha.lla integracb por 4 cabras asociadas por "parejas", 
tbs en el rruro de la izquierda y ot.ras CDS en el de la derecha, 

- La pareja de la izq.rierda es la menos detallada • Se ccq,one 
<lf:' dos. capndos parclaltnente figurados. El inferioc es acefalo y apenas 
tiene 1.nslnua&s las extremidades posteriores, mientras el supericr careoe 
de la pa.rte anterior de su cue.qx>, asi caro de sus patas. Hay que destacar 
en este grupo, la utilizaci6n de un caivenc:ionali!ll'O frecuent.e en el arte 
paleolitioo caro es el representar al animal de perfil y la (.X.')nanenta 

fraltalmente en wt claro ejerrplo de perspectiva torcida. 

'J'ecnicamente arbas figuras han sin:J ejecut.adas por grabacb. El trazo 
sinpl e y la incision profunda prochcen un marcacb cootorneact:, de la 
figura. 

Oesde un p.rito de vista carp:,sitivo las dos figuras se hallan 
yuxtap.Jestas dentro de un mi.S'l'O radio de acci6n nanual, c:bservancbse c:nro 
particularidad represent.ativa WI incipiente atisbo de sinet.ria d::>licua 
paralela. 

- La pareja de la derecha contrasta ca, la anterior por su mayor detallisno. 
No <DStante esta afirmaci6n SOlo es valida. para el clipricb infericr 

, ya <1-le es situacb scbre e5te se halla tartbien in:xnpleto al carecer 
de sus cuatro extrem.idades. Hecho cpe tal vez responda a un recurso 
representativo del artista prehist.6rico, a la denaninada perspect.iva par 
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ocultaci6n parcial, B":f)leada para oonseguir sensaciCl'l de perspectiva cuando 
se representan dos figuras parcia.ltrente ~stas. 

Desde W\ punto de vista tecnioo se utiliza el misro procedimiento que 
en el oonjunto anterior, el grabado prof\l'ldo, cuyo efecto vollXtetrioo se 
va aoentua.ndo por la descalci f icac:i6n superficial del sqx)rte. 

Tarrbien hay que apiitar en contraste con la pareja anterior, el enpleo 
de Wlil perspectiva "oorrecta• en la representacic5n de los cuernos. 

- Finabrente hay que hacer referencia al capri<b situ.ado a 78 netros 
de la entrada, desapareci<b hace ya al(J\rlOS afios pr la acci6n incx::ntrolada 
de <ESaprensivos. Para su analisis segui..reros los testincnios graficos 
publicados par -...iez Pacheco. (6) 

Sin tlur.Jd, ~ t.r:al.dlld. de la Ciqw:-a tna.s inlecesanLe de5de el pw1Lo de vi5to 
tecnic:o pues cxnbinaba grabado y pintura. F.J. contorno general de la figura 
aparecia grabado p:,r finas inci siones y revelaba m perfe::to can:::-imiento 
anatanioo. Ademas el efecto de rrodela<D volunet.rico se habia senalado oon 
fines haoes de tra20S incisos en el cuello, dorso y cuarto trasero, asi caro 
por la extensiOO re un difuninado en negro a determinadas partes del animal 

(cuello, dorso, etc.) . De esta forrna la pintura carplmentaba al grabaOO 

ccnfiriendole al animal una expresifu de volunen de la CJ'.:e carecen el resto 

de las representacicw,es. 

4 • CIN<;IDDUCIOlf.S <XNCLCGIC>S 

ta adscrip::ifu cronolO(_Jic!l de las repcesentaciones de la CUeva de Penc:hes 
ha sido tratada por diversos autores en funci6n de cri terios generalmente 
esti listicos. 

Ya en 1917 -...iez Pacheco (7), siguiendo est.a 1inea estilistica aurque: 
carg:ada de m rra.rcado subjet.ivisTD, situ.l el coojunto central de cal)ridos 
en el Maqdaleniense Infericr, apoyandose en el detallismo oon el <pe se ha 
representa<b al clpricb infericr del muro de la derecha, frente a la . mayor 
sencillez figurativa de las otras tres cabras a las que llega a ~parar 
con representaciones a'O.i.fiacienses. 

For otra parte, adscri.be el ultirro capri<b grabado y pintado al t-logdale
niense Medio, a.parandose en el "elegante• estilo (1.le caracteriza al animal 
y en el a.pleo de tecnicas mas • E."/Olucionadas" . 

Al.go despues Brevil (8), situarcl tock, el coojunto de Penches en el Magdale
niense ~o, apoyanclose t.ant>iCfl en analogias estilisticas. 

Ieroi Go.lrhan (9), cita Penches entre su repertorio de cuevas con arte 
paleolitico, pero se abstiene de eni.tir ningfu juicio cronol6gico mas preciso, 
ni tanpx::o los arqunentos q.>e le llevan a tal adscrip::i6n. 

Ripoll Perello (10), revisa la cueva en 1957, pero oo apart.a nada nuevo 
en ma.teria crooologica. 

ca.sad:> Lepez (11) , visit.a la cueva en la ckada de los •10-, desc:\i:lriendo 
al(J\8"10S tra20S de escasa especificaci6n que le haoen basar su crcnologia 

en la dada. para las representaciooes animdisticas. 

Posteriormente, .Jorda (12) , en fun::iOl'l de: criterios tecoo-estilisticos 
situa el CQ'ljunto de:ntro de SUS dencrninad:>s •estilos de transiciOl'l del 
Magda.leniense Cantabrico". 

Por su pa.rte Garcia Soto (13), sitiia los cuatro capridos del ccnjU'l.to 
central dentro de un estilo IV antiguo de: Leroi Galrhan, rnientras adscribe 
sin argurentos convincentes, el iilt.Lro clpricb y los presuntos ant.rqxm>rfos 
al estilo IV reciente del citado autor. 

Corchon Rodriguez (14), relaciooa el ccnjW\to de: Penches con los santuarios 
erpobrec:idos en tenas cai tendencia al esquematisro, situados en una fase 
avanzada del ccrrplejo magdaleniense coo arpones, es decir, hacia el Magdale
niense Final. 



Para l-blre Rananillo (15), tanto la tecnica, de trazo sinple y iinico 

cx:rro la existenc:ia de Uneas de despiece y la prcpia ~ici6n avalan una 
crooc,logi.a paleolitica. Pero la ausencia de pruebas ooncluyentes le :itrpiden 
apuntar una dotaciGn mas precisa. 

Personalnente considero fuera de lu:,ar el establecimi.ento de una CI'alOlogia 
absoluta para el prese:nte CO'ljunto, ante l a i nexistencia en la cavidad de 

m1teriales arcpJOOl6gioos que hicieran posible la correlaci6n entre arte rq::estre 
y estratigraffa prehistorica. tb abstante, ello no es OOice para apuntar 
una cronologia en termi.nos relativos. En este sentido, la utilizaciGn de 
oonvercia\ali.sn'os de representaciCll del arte cua.ternario ocm::> la perspectiva 
torcida, las ~iciooes o la perspectiva deriva& de la ocultaciGl'l parcial, 
respaldan plenarente W\a cralOlogia paleolitica. 

~r otra parte, y a pesar de ~ las tecnicas no sierrpre cxnllevan un 
valor cr<n>l6gico seguro, hay tJJe argurentar que el erpleo en la representaciGl'l 
del ultimo capI"ido, de un fino rayacb interior, q.ie nodela la figura y el 
difuninado en negro que cxnpleta la acx:i6n del grabao:>, ~tituyen tecnicas 
especificas de expresiOO del volunen que podrian nuy bien encuadrarse en 

1..-.a fase magdaleniense. 

Est.as afim1a1Ciooes ro son del toc:b gratuitas y podrian ser apoyadas de 

fonna indi.recta por ma argurentaci6n de tipo arcpeologioo, derivada de la 

existencia en las pra<imidades de la estaciOO que nos ccupa, de algunos 
yaci.mi.entos ca, crcnologia del Paleolitico SUperior (16}. 

Desde un punto estilistico el errp::brecimiento tenatioo y la tendencia 
al esquerratisro de al«:Jl.l'l,aS representaciaes, tal vez nos lleguen a o::nclusiones 
similares a las ya apmtadas. No cbstante, hay que va.lorar ace::uadanente 
el alcance de estas ideas, ya "2 el ccntext.o eco-aabiental que emerca a 
la Cueva de Penches (abierto a influjos atlantioos y neclite.rraneoG}, le aleja 
b.1.stante de los ooojuntos cla5ioos de la Comisa Cantabrica. Ello hace arriesga
cb extra.polar los sistemas estilisticos elaborados en ot.ras unas, al arte 
neseteno, defini<X> por Wla. prcblE!Mtica especifica en la cpJe sera preciso 
proftn:lizar si se (1.llere s~ar la mera c:a.paraci6n fttmal y el analogisro 
estilistioo, para llegar a alcanzar o::nclusiones mas s6lidas y cbjetivas, 
que no s6lo cattenplen estos aspECtoS refererciales sino tattrl.Efl los caracteres 
int.raespec:Ificos que: definen a las mmifestaciones artisticas de est.a zoo.a 
geograf ica. 
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PRINCIP ALES ET APES DE L 'ETUDE SPELEOLOGIQUE DE LA GEORGIE 

J;:JPIANI, Shalva - TINTILOZOV, Zurab 

PRIJICIPJ.L SUGBS 01' SPXLBOI.OGICAL S'l'IJDY II G.BORGIJ. 

The following d1Tieion into periods of speleological 
study in Georgia are offered by the authors. I .Pre■oviet il:riod 
ie divided into two stages. During the first stage coTer 
tho period from the antique till the second half of .Ill centu
ry, the general information on karat landecapea waa collected, 
The aecond period - f'rom the fifties of the XIX century till 
t ho establishment of the Soviet Power in Georgia ia apecified 
by the acCUIIUlation of the actual material on the eaaily acce
ssible lllllall cavea. The speleological features of mountain 
maaeife ,...ained unexplored yet. On the whole the preaoviet 
inveati,gation of the caves waa occaaional. II, Soviet14eriod -
f'rom 1921 up to date) is characterised by the oomp hinsive 
and syetematic etud1 of Geo!'Sian karat ·end ie divided into 
4 etagea, 1. 1921-1'40J 2,1ll41-19451 ),1946-19571 4. from 1958 
up to date. The eaaent al achienments are observed in the 
s tudy of karet and speleology on the territory of Georgia 
during the last stage. Iew acientific trenda aa are I geomor
phology of karat, physical speleology, hydrology and hydrogeolo
gy of karat, underground landscapes have been aucceafUlly 
developed. Special consideration ie given to the dnelopment 
of theoretical points of karetology and speleology of mountain 
regiona aa well as to its acientitic background for the purpose 
of utilisation of karat caves in the national economy. 

L' abondance des phe'no.Jenes k:aretiquee aur le terri toire de la 

G~orgie fait de cette d erniltre une contrJ'e classique du Karst. Ce 

relit::-qk:aretique a jou4 ,depUie lee temps lea plus r6cule's ,un rSl.e 

important dans la vie du peuple 3'orgien .. Son ltude glographique 

date de 11 antiqui t' et ,i pris une grande extension dans la p:rio4e 

c ontemporaine. 

De l ' antiqui te' a nos jours ,cetta etuie n'a,bien entendu,paa 
, . ' , su.1.&li un rytbme regulier tant en ce qui conserne 1 intensi te dee 

recherches que extension g~ograpbique eur e aouelle elle portait, 

ceci 4tant d U,d'une part aux cbangements eociaWC et politiques 
:t..... ef., - \ • 

survenua dane lqv.J.e du peuple gorgien au cours des aieclee et a 

1 1 Cvoluti on de l''tg,t d'conomique agricole d u paya ,d'autre part 8. 
~- evolution m~me du Karatol~ie .. Ausai ,peut-on dJ11m1ter tr~s nette

cient cette 'tude ap~l8ol°S1que du karat de la Georgie en deux peri• 

odes bi en diatinctes , l a premieJ'e allant depuia sea debuts jusqu · 3 

l, instauration du Pouvoir Sovi~tique en ~gie (1921) ,!.a sec9ode d< 

1921 8 nos jours. 

Juaqu'en 1921,l'on peut dire qua 1'etude du karat de la 08-

orgie se 11■1 tai t h 11 enregi.strement des tai ta concrete 1.nteres

sant le tarat ( extension terr! to1~e des pbe'nolllenes karstiques , 

description de certainee pbenomenes karati(!ues ,en puticulier de

scription morpbographique-morphometrique des cavern.es et gouftre.e ! 
male 1 'aepect 8$n8tique dee pb8no-nea en question ~tait quelque 

peu negltge'.11 taut tlgalement pl"eciser que dana cette prem1tre ~

riode de l '9t1.lie ap~leologique de la ~orgie~;htnom&nee karetiou

ea etaient rarement ~tudies pour eux-~mee ,leur e'tude accompagna-

1 t le plus eouvent ,et au second plan ,!1,ea recherches entrepr1eea 

pour l' etude d I autres probl8mee S:ograpbiques.,J:~~tude du karat 4!ta• 

1t llmit.:e,ne posaid.ant d'ailleur~ pas son_ prop.re organi.ame cen

tral pour diriger lea travaux.Blle n• avait pas encore euscite' 

1' 1nter:t de l!Etat et lea recherches dane ce domaine ~taient for

tuites ,de'peaiant aeulement de la curioai t~_ ac1ent1fique qu ~elles 

Vv:lO..>.-!!:.b ~U.ia -.:,1;,.J,u\J).Oftl-u,,(0,1 A:i,!:.!HO..: f1\ ffJ:O.i,'. 

A11ror" RF8~JIBfnUT CABAYn~,D R8fHO~H38UHU cnaA90AOrH48CKOR H2y
~8HHOCTH ri:ys'4!-1 : .1. • .,_ocoaeT,~KH~ nepHOJ1 HONH .D8Jli1TCii H8 nan 3Tana. 
~a _n3F3CN 3TOne , L~H3meMCtt OT OHT~QHYX :a~ewe~ AO ~TOFO~ noA05~~H 
:,l ;'. CTOA8THA , H8i<OOJ:H30Jl~CC OOKOTO~l18 O&IHS C38n.8HH,1 0 KllrCTOiH::IX 
JIBHZ,,m~,tTBX, '!a aTOfOM 3T3~9, OXB8TH38~Q8M BfB,~n OT dTOfO~ ROJ!OdH
!-1~ .'-l.·. a.no JCTOH03Jl8HH'1 ..,oaeTCKO~ ii.Ji8CT~ B I):y3HH, nro.n,oJi~8TCii 
H8KOnnett:1e ~KTH"18C:tOro M8T8p1a.na O Jl8rKOAO!!T:, nttliX :-teaoJlb!DHX na
~ erex. 0cTBo8J!SCb H8H3Y4BHH~NH cneA80AOrH48CKll8 48FT• r o,HliX wac
C~BOB . J uenON , roooaeT~K~~ nspHOA H~CJ18~088H~~ ne~ec HOCHJJ ~P.y~a-
9.H,~ X8J:8Kl'9f ; :i. ~038TCKH] nepo.n ~CC~9.Z:Od8Hail 'C El:l r. no '!OCTO
AQ88 are~nJ , C2H0NBHOBdam;,«cA rtf.a1iOM8CHnW H BC8CT0£0!-IH~M H3:~9l.f~9M 
K8t:CT8 fr; 3H'1, :i8MH il8JJHT~n HO ~ 3T8n8 : 1. lS£:l-I ~4 J ; C:: . iScl -:~4 5; 
J. E45-i ',';7 ; 4 . c l ~ 53 r. no ~acTo,11:ee aFev.,1. ''o no~ne.11tte11 3Tone 
SCCT.8)10o8HIIA H06nua,>TC,i cy~eCTB8HHli8 ClJ,oHrM d K8J'CTOJIOl'O-CR3J!80-
J!Or•48CKOII •sy4eH~• TefP•TOfMH ffY3HM . -.:03naHw H pnaw-io ra3aMaa
DTC• HOu.e HBY4Hli8 H8R~8BA8HN1 - reoMOfqJOJ!OrM~ KOFCTa, ~M3H48CK8~ 
cna.11ao.11orMn , rKni:011orH--i H rH.14i:oreo.norHn 1rn;:cTo, no.nsewttoe 1i8Kr.l!a
j T038,:eHae ; OJO!loa B'!IIIM8H"8 ;;.neJH8TC,I f83~860TK8 T80f8TM48CKHX 
aonpoco.3 K.a!"CT039JI8HKA " ,:::neneo1.:or~rn roJ:HYX reriiOl.f03 , a TaK;re l.fO
Y\jl.fta.X OCHOB JlM HCOOJlbSOO::HHA KafCT03t.lX ns:..ef D ttaro.n.HOM XQ3;;JCTi39. 
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pouvaient ~ve1ller che+el ou tel chercbeur . 

Depuis ll 1.natauration du pouvoir eovift•que,1' t!tude sp~1e=:-. 

ologique a prie un tout nouvel es~r ,euivant en cela le dJveloppe~ 

ment intense ~\:tpl'enait l' 8tude de tous lea phenomenes de la na

ture; 1 •tttu:ie des pb~no,;t?P.8 kai-atiquee ae fait sous un angle plus 

vaste;on ne ea limlte plus B la description de la r~partition des 

phlno;\nea karstiqllea aur le terr! toire et ~ l!'ure descriptions 

particuli~res , la recherches porte auesi sur leur ge'n~seJaouvent 

l'~tude du monde souterrain est li~e a 18 recherche de sol utions 

pratiques dans le do111aine d l 1~cono11ie du pays. Non seulement 

les chercheurs scientifiques et le corps enseignant dans cette 

branche participant 8 l' 8tude du karet,-aie ~ eux se joignent 

Jgalement des organis=,ea d ' Etat lea plus divers; entre autree ce-

u.:z: groupant des inge'ni~a . La nJcees1t; d \ un centre de coordinati--: 

on dee recbercbea lcaretiquee s ' eat fait sentir davantage cbaque :· 

jour et ,ef:tectivement ,l~ on a proc~e' ~ la crlation d' un tel cen-

tre. 
L'Jttne ape'lf!ologique de la Georgie dens ea premi~re p:r1ode 

n ' a pas Jt9 uniforme en anipleur et en. 1ntena1 te . L 'on Y dietingue 
, 

plueieurs etapes .. 

.!_A _tr!J!i~ft ~.!!.f_e (di te antique_!.t r:odale !. a' rfterwl depuia 

lea temps lee plus recule'e juaqu 1au milieu. du X1x8 ai~cle.Dana 

cette premi'ere 18'\:ape, l" etude du karat eonsiste en une descrip-

tion d" ense;ble dee pb~nom&nea karat1quee , particuli°ereIDBnt 

dee e&Ternee et grottee, ~ 1 ~ occasion de 1' 9tude de la nature du 

paya ou d ' ~v,nementa hiatoriquea dont ile eont l e cadre. c' eat 

aina1 que l' on trou"f'e nombre de rense1g_ne1Zi.ente dens ce domaine 

dana lea 9cr1ta d'e:uteura et de savant• de 1'.1ntiquit"e et de 

1'8poq,ue t9oclal• (par e:z:empl e I dens •Lee Argonautiquee" d
1 

Apol.l., 
. . 

loniea de Rhodes, n~ e. av. J .-c.- "La G8ograph1e" de Strabon, 

1-e e.av. J.--<:.-lee oeu.vrea de Pseudo Plutarque, n-e •• de 

notre 'ere, - dana •La vie de la G8org1e", "Le Chevalier 'a la 



_p•sa. de Tigre" de Cbota Rouetave11. XII-e &.-"Relation de la 

Colchide boggi detta llengrellia" d. Archangelo Lamber\i, 1654,

"l)escripUon geographique de la Georgie• de VakhouchU Bagratio-

111 1745 -"l'eregrinaUs Georgica• d'I.A.Guldenstadt, 1787-1789-

"Vo:,age auteur dD Caucaee", de Dubois de llontp9reu.x, 1839-184),atcJ 

La deuxi6me 8tape {dite ~tape capitaliate) coe111ence 

au milieu du ei9cl~ dernier. Bile co·lncide avec las progffs 

~tonnants qu' e~gietrent vers cett• 9poque lea aciem:ee de la 

natu.N en .ID.lrope et en Russia I c' eat ~ga1ement "Tera cette p~riode 

qua la Ruaeie 1mp8riale ea p~occupe dee territoirea aitu9s 

dana la region dU Caucase ,et particuli9rement de la oiorgie en 

raison de ea poai tion atrat8gique. O' est pour cette raison que 

l' on proc'ede au relev9 topographique dU terri. toire de la G~or• 

gia at ~- i'8tuda dee conditions naturellea du pays. 

Ioue oitona ci- deaaoua l ea oun-agee parue ptindant cette p9riode 

et qui ont plus OU moins trait a1X phenomenas qui DOUB int4"reaa9' 
. . . 

ents OUvragae de S-ographia gen8rale 1 &l.lleclue .1881,at 1111tree; 

Ou-n-116•• de geologiei .Lbriouteld 18';2,-H • .Lbich, 186~- G,Chtcheu-

roTOld, 1862 -L.Bateevitch et S,Silll..,oYHch, 1873 -S, Silllonovitch, 

~.'Soro~ •t D,Bat■nitch, 1874-1815 -s.>~VRB, 1875 -•-~11.ior, 
, . "=-. 

1896.•t autrea; Ouvr86U d• biogeograpbi•t C,I.lladd.•, 11166, 187) et 1901 

V .I, ToharlliaYOld, 1877 '. 1879~ 1882-188) •t _ 1887- •.».ilboY 188.:J" 

1894, 1896 et 1899 - Iv • .lld.Idev, 1894 -11,P. ICallnine, 1895,1899 ot 

1902 -~.v. I;(loaldllo, 1902 et autrea; 01'n-86os d'archeologie1 P.Baiern 

1871 - V,I. Tchorlliavsld, 1879 et 1882- v""ng"'• archeolasique de 

'tbillasi, 1881- A,I,VTedenald, 1882 -£. Weidenbawa, 1882- A,Bernat

eld, 1884- 01YaroYa 1887, 1891 et 1904 - V,Si&hoY, 1899, •t"'1t~o; 

Ouvr86os d' er\ m1llta1r• et de atat1st1que aillh.ire et autrea1 

11:ra;Yitch, 1870 -V.T.lla£YOld, 1896-11.Sergueev, 1898 -I.I,PantiollkhoY, 

1896 et au:treaf Xn outre, en trotrra dea descriptions de_ pb9no~nea 

kara1:1qu•a dane dee ·ouvragea concern.ant 1"etude de la nature de 

la o8orgia ou des moDU11ente hietoriq_uea _du p~a, le ph.enom'en, ka.re-

1:iqua 9tan1: coneideN aoua tel ou t~l &DSl•. Ce aon1: ceux d• : K.B. 

pfaff, -.&..SteiSDov, 1876, et S11treaJ mc"eat au cours de cette daux.1.-. 

\me etape qu.e 1' ~ '1'(!1'1: appara'ttre lea premiers OUTrag•e consaci-Bs 

nronrement au Karst de la o8ona:ie . plus particuli8rement aux caver

noa et gou!freo karstiquas, Gr,K,Krenholm, 187)- l,Zikhatchev, 1887 -

•• Sakharo"T, 1892 -A.P.Ivanov, 1898, et d" sutres-1. Au coure de 

cette We l;tape, aurtout "Ttre lee rl.Dgt darni'eree annees, a~ afti.rme 

1' etude dea pha'nom:"'nes karatiquea aoua 1' angle g8aetiquei I B.A.bich, 

1e52 - s: s1.mo110vitch. L: Batsnitch et 1.:sorokin•, 1873-1875 -B. 

Pabre, 1875- 11.ll: ilboY, 1893-1899 -JI: • .Pourllier, 1896-11,V.Sorgueev, 

1898, at d
1 
autr••• 

de 

L6 troisi'eme 8tap• {dite 2-eme etap• capitaliate) de 1'&tu 

ap.:1ft>logiqu~ de la o8org1e, a; 9tend eur le preaiar qua.rt 

dl1 n-e si\.cle (jUllll'IL, en 1921), All coura de ce\te periode e inten

aifia la daacript:ion g:ographiqu• dee phenom'ene■ karstiquea, 

· not..,.nt du point de we du no■bre dee chercheure et de l' axtenaion 

des objecU.fa. 

L' asp• ct gln4tiqu• c111 l[ara\ d• la Georgie a ete par\icullere

ment ~tudi8 cbes lea auteurs sui"Tsntaa T~'l'~Leonov, 1902 et 1910- ll,V. 
. . 

Sergueey, 1904- ~.ll.llargoliu, 1905-M.~.Jlariel, 1910-V ,Babe\, 1915-

A,A..KX'Ul>Or, 1911-1912 et 1915, et d' 111tres, 

~ coura de 1' etuda du Karat g9org1en, lea autnza ci-aprtlla cit4ta 

ont port8 una attention tout. partic\111'ere aux aapecta pratiquaa dee 
. . . 

probl~me• eD"Tiaag8a1 K • .&..Satounine, 1911 - L • .&..Eoniouche"Tald, 1913-

Xlll-a eollgNs dee 11edecina at lla.W%'aliataa ruaeea, 8 !billaei, 1913, 
. . . . 

etc., •• Iae mteure sui"Tant■ a'attachent 8 1'etud, de la tlore dee 

roches calcairest A..•. ErunoY, 1901 - I,I.Voro110v, 1905-1906 et 1908-

J...B,CbelkovnikoT, 191), etc, et 'a calla de la t'aune canrnicolea A. 

Sta.ellOY, 1901 -A.II. Ohougourov, 1907-1908 -I.A, Satotllline, 1911-1913-

B,P.OU.varov.-, 1912 -1'.Smirnov, 1018, et d' autrea. 
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Dane des ouvrages parus au cours~tte m'.3me pe'r1ode ,on trouve no

mbre de reneeignemente intOreaaants dane le domaine de la g~ographie 
. , I 

et notamment dans celu.1 de la geomorphologie; parmi lea ouvrages de ge-

ologie ,ci tons ceux de& A.M.Margolius, 1902 - E.lfeber, 1901-1902 - G.11. 

Smir110v, 190g - L.JC.Koniuchovski , 1913 - V.V.Doub1ansk1, 1915 ot d 1autres. 

Pan:i.1 lea ouvragee d'arch:ologie,oeux de:St.Kroukovaki ,1914 - '?. Marg

velacbv111,K. Tchirakadz8 et T.Djaparidzr{,1914 - ft . Schmidt et L.Koslo-r-

• ski , 1919 et d • autres.Parmi lea rapports conccrnant lee raleve'e topog

rapbiquea ,ceu.x de: K. I.Podozersk.1, 1902, et d' autres .. Parmi les descripti

ons de la nature et lee 1"9cite de vo:,agee ,ceux de\l{.K.llatchavariani 

1900 ot 1914 - A.V.Zelonine,1902 - ?I.I.Chouatak,1903 - A.Jr.Diatchkov

Tarassov, 1903-1904 - A.G.Poredelsld, 1908 - JC.A.Satounine, 1911 et d'✓ 

autres. 

Une telle masee de renaeignements ont 8t9 raaaembl's au com-s de 

cette ~riod.e qu '11 a ~te possible d '~tablir une carte oll :tait d4'u-

m1 t:e la premiBre ~gion karetique: l' auteur en Jtai t A. L.Rein-

bard, 1917. ., 
, , .J..:.etudo J. 

Abordons maintenant la periode sovietique de'r'a'u1c:arst 0 or -
, , 

glen.lei encore ,cette etude a euivi une courbe variee quant a 

1' intenai.t: et h. llextenaion dee rechc.rchee et ,de ca tait,l'on 

peut y diatinguer quatre 8tapee. 

~ Eemi$r!_Jt~ v~e _!!21 ~ 1941.Au coure de cette p~

riode 1•8tud.e dee ca.vernea karatique n"eet pas encore organisee 

sous l' egide d • un orgeniame a~ci aliee' et lea travaux enregiet

ree dana c8 domaine eont due ;., I.' initiative pereonnelle dee cbe

rcbeura ,relevant partois i' organism.ea qui ne sont pas d.irectement 

int9reae8s Q la branche de la g80gr:1pbie. Cepen:lant ,on publie ••u

rtout dana les derni"eree ann&'ea de cette p'remi8re 8tape ,des rap

ports de travau.x scientfiquea tr8a impc,:-tX1t$ et dee ouvrages 

de vulgarisation ecientitique ,concernant la g6ograpbie et qui. 

fournissent des renseignements prl!ciew:: eur l• karat Georgi.en; 

ce;taine de ces ouvrages concernent la ge{omorpbologie ,ce sont 

ceu.x de:A.J.Djanelidz9,P.S.Pan1outi.ne,~.A.Kandelaki et o .. s .. Dzo

teenidze'. ,a. A.Gvozdevsk.i ,L. I.U:arouachvlli ,Cb. Llipiani ,et d 
1 

aut

ree; certaine ,lea clia19.ta ap~leologiques et l' hydrologie ,ce eo-

nt ceux de: A.G.Balabouev ,P. S. Panioutine et B. I. Kavrichvill, -

certains ,1..9 8'ogr3phie des sol's et la bioge"ographie ,ce sont ca

we de: 5.A. Zakharov ,A.A.KolalcoTsk.1,A.A. Sedoveki ,I.A.Biritein, 

v.G.lopachov, P.A.Zaitaev,D. G. Kharitonov ,et cl~ut-

res. 

~ &.ixi~ ~.!!P! de l' i/tude sp91t!ologique en Ge'orgie dane 

la pe%'1ode aovi6tique ,compreDi lea annees de la Granda Guerre 

nation!lle de 1941-1945.Au cours de cea ann9es,l' :tuda du karat 

tut aubordollllelt aux probl'emes poa8e par la d8tenee nationale • 

d eat ainei. que dee travaux de recbercbea trf!e important• ont 

8t9 accomplie concernant lea grottea et cavernea d
1 
Imer8tie ,de 

Ratcba et de Mingr8lie ,en vue de leur utilisation ffantuelle; 

citons lee auteurs de ces travaux:G.Davdariani,G.lokotcbacbTiU, 

L. I.llart1uacbvili ,A.A. Sadovaki ,et d 'aut-ree. La publication de. cee 

travaux n'a eu lieu que dane la pdriod.e ult8rieura. 

~~o~~e'_!!p!,_8'19tel'.n aur ladioada qui auit ls fin 

"do la guerre (1946-1957-.0u anisto alora ~ une intanaification 

de 1 ~ e'tude ap~l.:'ologique ,laquelle ae aanifeste ,entr• autrea ,psr 

la publication d' un grand nombre d• rapports scientifiquea et 

d ' ouvragea de YUlgarisa.tion acientitique .Ci tone parmi lea noma 

des auteura ,ceux de: N.A.Gvozdetak:1,:t.r .. ~ouacbVill ,Cb.I.Ki.pi

ani; maia 11 taut cepeodant signaler qua la recberche dee caver

nee taratiquH a encore un caractire e"piaodique. 

_l!~triBme 8ta2!,_ (ou 9ta~• actuella) de 1'6tud~ s~

lftlogique en Ge'orgie dans _pe'riode aovetique ,d1'bute en 1958 et 

ee prolonge de nos joura.C.,eet alors que 1' ~tude du karat e'or

ganise v;ritablement en ae'orgie~ elle a•organise sous 1, 8g1de 



des cbairea de g8ographie des bautes e'coles de la RSS de Geor

gie (Universi te' d 1 Btat de Tb111ss1 ,Institute p:dagogiquea 

d 'Btat - Institut p8dagog1qued.t Etat A. Teouloulcidz~ de Koutais

si , Institut t~agogique d 'Btat 11,Gorld. de Soukhoumi - etc ••• ); 

un laboratoire de karatologie- spel_~ologi.e ii 1> Institut Geogra

phique Vakbouchti Bagrationi de Tbilissi;de ~me qu'un centre 

de coordination,appele' conseil de spl!18ologie_.rattache a l' A.ca· 

demie des Sciences de la RSS de Georgie; toujours pour 1' etuie 

du karat ,des services sont fond8s aupr~s d ' organismes divers, 

tels que: la section de karstologie-speleologie de
1

pealant des 

services ecintitiques de la Soci8te de Gtfogr-aphiei le Com1 t~ du 

sport ep818ologique rattach8 a la Societ8 Sportive d e la RSS 

de c8org1e et aux Syndicate I la section de sport sp919ologique 
,. ., Toue~~iemes 

aupree de l Union du '?ouriame de RSS Gtorgie .. ront contribue 

aux progTes de l' ~tude du karat, a son developpement et 8 

la cr8ation de nouveliee branches scientifiquee, telles qua 

la g:omorphologie du karat , ap8180logie physique , hydrologie 

et hydrog9ologie du karst , 8tude du paysage aoutheraint on 

a attach9 beaucoup d' importance aux 9tudea des questions 

th9or1ques de la karstologie etde la ap818olog1e des Ngiona 

de montague, ainai qu _, aux 8tudee dee tondements ecientifiques 

de 1 _, utilisation des cavernes et dee grotte dans lee bute 

de 1"'8cono11.ie nationale. 
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Rapports scientfiques et ouTragee de wlgarieation ecien

tifique ee multiplient 'a la suite de 1' extension des recher

cheat citons ceux dei B.A.Gvozdeteld, L.l.- l(aruachvili, Z.K. 

Tintilozov, G .I .Gigineichv111, T .Z.Kiknadz8, L.A. Vladimi rov, 

C.D.Tsikarichvili, K,Ch.RakTiachYili, K,G,llgeladze, L.R. So

loviov, K.V .Sokhadz8 , B,A.Guerguedava, A.A.Ok:rodjanachvili, 

D.D.Tabidz9 , &.ll,Abachidz8 1 D,Ch.Gabetcbava, S.11'.lfemanich

Tili, V.)I.Djichkariani, K.V. Kavrichvili, Ch ,I.Kipien:1, et 

d' autres . Signalone l a parution de recueili specia1ia8s , 

entre autres en ep818ologie . 

L'on volt done que 1'8tude du karst de la G8orgie a 

pris un grand eseor 111,aia 11 raste encore bien des probl'emes 

de sp818olog1e & 8tudier et 8 8lucider. ll ne taut pas 

e'en 8tonner, car chaQ.ue nouvelle 8tude d'tin pb8nom'ene kar

atique entrai..ne 1' apparition de nouveaux probl'emee 'a 

r8aoudre pour le chercheur. 
, " Li tterature: K;lRi.a,.J::u. _mi . ,Principales etapea de 1 et\.de 

geographique du karat de la c:Jorgie et problemes actuels dans 

ca domaine // 5 . Internattonaler !Congress :r~ Spele'.ologie , stutt -

gart, 1969 ,Abbandlungen,11,j;,cben ,Bd.1 ,119/ 6~ ~~l\!l.i_CIJ.. , Le karat 

de la Georgg:1.e • tome 1 ,Tbilisai , E:litions "l(etsbiereba", 19741en 

gt{orgien , resume en :rrangais1..!.i!!.t!J.4!0:!_ ~K.• , The Karst caves of 

Georgia (Morphologicai analie-.;.. ) , Tbilisi ,house "lleteniereba ", 

1976, en rusee ,resume en englais. 



PARAMETER DER HOHLENGROSSE UND RAUMGROSSE 

l:RIEG, Walter 

some parameters responsible to development of 

long cavesystems and/or hugh rooms are discussed: 

Host important for both seem to be a low density 

of fissures, a long time of development and a big 

hydrological are.i.. Less important are the existence 

of vegetation (with high variation), a great amount 

of precipitation and a well stratified limestone oi rocks with 

strong tectonic history. Very important for long 

caves (but not for big cave-rooms) is a small 

In diesem Referat wird ausschlieBlich Uber die Verhaltnisse 

an und in Karsthcihlen im Kalkgestein diskutiert . Es fillt auf, 

daO je nach den regionalen Karstverhiltnissen sowohl die 

HOhlengrOOen als auch die RaumgrOBen sehr stark differieren 

und daB man gegeniiber solchen an sich auttalligen Verhalt

nissen eher "betriebsblind" wird. Trimmel nennt die Entwick

lung der HOhlengrOBe mit Recht einen "komplexen, im einzelnen 

schwer faobaren Vorgang" und die frustrierenden Vergleiche 

zwischen einem Arbeitsgebiet mit einer Vielzahl enger Klein

hOhlen zu einem anderen mit Riesensystemen und gewaltigen 

HOhlenraumen (bis zu 5 Mio m3) werden verstandlicherweise 

selten angest.ellt. 

Allgemein darf davon ausgegangen werden, dao sowohl HOhlen

grOOen als auch RaumgrOOen vom Wirkungsgrad der korrosiven, 

erosiven und inkasiven Prozesse abhangen. Auch die Parameter 

dieser Prozesse sind bekannt und sollen im folgenden vorge

stellt werden, eher unsicher sind aber ihre qualitativen 

Richtungen und Schon gar ihre quantitativen Wirksamkeiten. 

L Die tektonischen Bedingungen sind sicherlich von besonderer 

Bedeutung: AusmaO und Intensi tat von Faltung kann das Ein

zugsgebiet des Karstobjekts determinieren und die Vorbe

dingungen filr die HOhlengenese (und wohl auch die Raum

genese) bestimmen. - Weitaus wichtiger ist nach allgemeiner 

Erkenntnis die Kluftdichte. So zeigt sich nur an den Riesen

hOhlen von Tennessee, sondern wohl in allen Karstgebieten 

der Welt, daB geringe tektonische Beanspruchung und des

halb in der Folge ein weitmaschiges Kluftnetz mit sehr 

wenigen und nur engen Kliiften zur karsthydroloqischen Be

vorzugung dieser wenigen Klilfte und zur lang anhaltenden 

wasserbenutzung gerade dieser Kli.ifte, schlieBlich somit 

zur Ausbildung groeer HOhlensysteme und HOhlenriium.e filhrt. 

Umgekehrt bewirkt ein besonders enges Kluftnetz eine gerade

zu fliichenhafte DurchflieBung des GesteinskOrpers durch 

Karstwasser, soda& Korrosion und Erosion an Einzelklilften 

so klein bleiben kann, daB sich i.i.berhaupt keine befahrbaren 

HOhlen entwickeln, obwohl das Areal extrem verkarstet ist. 

Dies gilt etwa filr die Dolomitkarstvorkommen der Alpen. 
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l.ltltude-difference between surface and karst

spring . 

These parameters should work combined, either in 

addition or in contrary. Therefore are the regional 

typic hugh domes in small cave::.systems only the rest 

of former bigger systems. Long systems with small 

rooms should be early phases in development, and the 

altitude should be small. 

Bereits B6gli hat festgestellt, daB kapillare Fugen, also 

alle Schichtfugen und viele Klilfte, nur unter Druck durch

flossen werden kOnnen, sodaB sich an ihnen ausschlieBlich 

in phreatischen Verhiiltnissen HOhlen bilden kOnnen. Fi.ir 

vadose Entwicklungen sind demnach nur {offene) zf!rrklilfte 

und auch die schon phreatisch aufgeweiteten Klilfte und 

Schichtfugen geeignet. 

Eine geringe Kluftdichte erweist sich somit als wahrschein

lich wichtigste tektonische Voraussetzung fiir die Entwick

lung groBer HOhlensysteme und dementsprechend auch groBer 

IIOhlenrOumc. 

2. Der Entwicklungszeitraum sollte auf HOhlen- und RaumgrOOen 

nicht nur linear wirken. Denn die OurchlSssigkeit steigt 

mit dem Grad der Entwicklung und die Initialphase der 

HOhlengenese dauert wegen der beschrSnkten hydrologischen 

Fiihigkeiten in vielen Fillen sehr lang. Dabei kann die 

Ourchlissigkeit (B6gli folgend) im phreatischen Raum vor

wiegend an Schichtfugen und im vadosen Raum vorwiegend an 

Klilften erwartet werden. 

Hit Recht wird immer wieder betont, daB HOhlengenese mit 

irgendwelchen theoretischen geographischen Reifezyklen 

schlecht korreliert werden werden kann und daO solche Ror

relierungen zu sehr unscharfen schematischen Vorstellungen 

fiihren milBten. Trimmel erinnert daran, dae zumindest bei 

der Raumentwicklung Phasen vorwiegender Raumerweiterung 

und Phasen vorwiegender Raumerfilllung eintreten kOnnen. 

Dies sollte nicht in dem Sinn verstanden sein, dao dies 

eine notwendige Aufeinanderfolge von Phasen ist, sondern 

durch Sedimentation kann die Evakuation ganz oder teil

weise gefiillt werden. Von •tossilen HOhlen• sollte deshalb 

erst dann gesprochen werden, wenn der Konvakuationsraum 

tatsachlich null wird. Bloee Inkasion vergrOOert die 

Oberfliche des Gesteins gegeniiber dem lOsenden Medium 

und kann daher die RaumgrOBenentwicklung noch beschleunigen. 

HOhlensysteme und HOhlenriume mi.issen demnach wachsen, so-



lange ihre Entwicklung andauert. Nur durch Erreichen des 

Stadiums einer fossi l en HOhle oder du.rch ganzliches 

Trockenfal len - beides hat eine Anderung der geologischen 

und/oder geomorphologischen Parameter zur Voraussetzung 

i st der Entwicklungszeitraum tatsiichlich beendet . 

J . Die GrOBe des Einzugsgebiet es diirfte eine mindest ebenso 

wichtige Gr06e wie die Llinge der HOhlenentwicklung sein. 

Von ihr hilngt die Ourchflu6gr0Be ab, und je nach der Relief

grOBe, den stratigraphischen, l ithol ogischen und tektonischen 

Verhiiltn issen sollte das summierte absolute Mao der Kalk

l Osu ng vorwiegend auf die Entwicklung der HOhlengrOBe oder 

d er Gr6Be einzelner HOhlenraume wirken. 

4 . Die Niederschl agshOhe und der DurchfluBcharakter ergeben 

sich vorviegend aus den Klimawerten des Areals. Wahrend 

HOhl en- und RaumgrOOen mit den NiederschlagshOhen linear 

steigen sollten, ist der jiihrliche AbfluBgang im Karst

system weitaus schwieriger einzusch.iitzen: Jahrlich wieder

holte Hochv.iisser filhren nimlicb in der vadosen Hochwasser

zone iiber de':ll KarstwasserkOrper zu verstirkten Erosions

leistungen, reduzieren aber die chemische LOsungsfahigkeit 

drastisch, sodaB die an sich so bedeutsame Korrosions

l eistung wesentlich geringer ist als bei gleichem, aber 

relativ gleichmii.Bigem Wasserdurchsatz. 

Daher wird insgesamt abgeschatzt, daB der Ourchflus

charakter als Parameter der HOhlengrODe und RaumgrOoe 

von geringerer Bedeutung ist als die absolute jilhrliche 

Abflu8menge, die neben verschiedenen anderen klimatischen 

Bedingungen vor allem von der absoluten NiederschlagshOhe 

abhingt. 

5. Andere wichtige J<limawerte sind filr das Ausman der Wir

kung der Hischungskorrosion verantwortlich. Aus dem 

Tempera turgang an der Erdoberfliiche und aus der Nieder

schlagsverteilung resultieren die Dichte und die biologi

Sche Aktivitat der Vegetationsdecke, aus ihr ergibt sich 

Bodenbildung, aer Gehalt an Humussauren und an co2, die 

mit deG.1 versinkenden Karstwasser in das HOhlensystem ein

gebracht werden. Weil der Chemismus des Karstwassers umso 

mehr var iiert, je vielfilltiger diese Voraussetzungen an 

der Erdoberfliche sind, stellt nicht die gleichmii.Big ge

schloss ene, einheitliche Vegetationsdecke das Optimum 

filr die Entwicklung im Karst dar, sondern eine rDOglicher

weise lilckige, im Bodenaufbau und unter den Pflanzenge

sellschaften vielftiltige Vegetation. Dazu kann auch das 

Relief der Erdoberfliche beitragen: Ein eng gekammertes 

Hi.igelland ist der HOhlen- und Raumentwicklung eher fOr

derlich als eine einheitliche Pl'3che. Umgekehrt bietet 

vOlliger Vegetationsmangel ein Minimum £Ur die HOhlen

entwicklung. 

6. Die Wirkungen der stratigraphischen und lithologischen 

Verhlltnisse lassen sich im generellen weniger gut ab

achitze n , obwohl sie im Einzelfall oft eine dominierende 

Rol le epielen. So haben reine oder unreine Kalke sehr 

v erachiedene LOsungswerte und vird auch die Frage der 

Sedimerrtation von Losungsrilckstinden oft wichtig, doch 
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sind gerade unreine Kalke (eventuell in wechsellagerung 

nait dUnnen Mergel bilnken) in vielen FAllen filr den Mechanismus 

der wasserwege bedeutsam: SchichtgrenzhOhlen weisen auch nach 

Trimmel eine deutliche Tendenz zur GroBraumbildung auf. 

Welters wurde bereits darauf hingewiesen, daB Verbr uchvor giinge 

durchaus nicht zum "HOhlenverfall • filhren mUssen, sondern iaa 

Bereich des Verbruchs eine ErhOhung der LOsungsvorginge durch 

VergrOBerung der Gesteinsober flSche n - und dami t eine Ver

grOOerung des HOhlenraumes, in dem ein inkasiver Vorgang 

stattfand, bewirken . 

Gegen die naheliegende Vorstellung, daB sta.ndfester, reiner 

Xal k die Bildung von GroBhOhlen und Grooraumen fOrdert, 

spricht auch die berechtigte Vorstellung Boglis, wonach filr 

die HOhlenentwicklung eine Kombination von Schicht- und Kluft

fugen (wie gerade in unreinen mergeligen oder sandigen Bank

kalken hiiufig) optimal ist, da hierdurch nicht nur gUnstige 

AbfluBbedingungen entstehen, sondern auch die Hischungskor

rosion gefOrdert wird. 

Angesichts der Unklarheiten in der Bewertung dieser Para.mete r 

wird in die Auflistung lediglich aufgenommen, daB eine 

generelle Auswirkung der stratigraphischen und lithologischen 

Verhiiltnisse auf HOhlen grOBen nicht behauptet werden darf . 

HOhlen sind auch in unreinen Kalken h3ufig. FUr die Ent

wicklung von GroBriiumen kann aber generell eine geringe 

Standfestigkeit des Gesteins als gilnstig bezeichnet werden. 

7. Die GrOBe des Reliefs zwischen Erdoberfliche und Karst-

quelle muB fUr die Entwicklung der HOhlengrOBe a ls emirlent 

wicht1.ger Parameter angesehen werden: Herrschen doch bei 

kleinem Relief weitaus eher phreatische (und bei gro6em 

eher vadose) Verhal tnisse im GebirgskOrper. Die GrOBe des 

HOhlensystems wachst gerade unter ph:eatischen Bedingungen, 

BO<jli formuliert sogar, dao bei lang konstanter Karstwasser-

f liiche die Gangquerschnitte bis zur Bruchgrenze des Gesteins 

anwachsen kOnnen, was im Evol utionsniveau an der Piezometer

fliiche geschieht. Kleines Relief ist also auf die Entwicklung 

von Gro8h0hlen programmiert, wobei zwa.r auch die RaumgrOBen 

anwachsen, doch ohne daB dies eine ilhnliche Bedeutung erlangte . 

FUr RaumgrOBen sind hohe Reliefbetrage sogar eher zust&ndig, 

indem innerhalb der vadosen Zone bei steilen Gangsystemen 

oder Schichten zusatzlich zur Korrosion auch die Erosion 

in betrachtlichem Ausman wirksam werden kann. 

So scheint die These richtig zu sein, dao - anders wie bei 

den vorher besprochenen Parametern - die ReliefgrOBe zwar 

filr die GrOBe des HOhlensystems sehr bedeutsam ist, fiir 

die GrOBe von HOhlenrii.umen jedoch nur eine untergeordnete 

und schwer abschitzbare Rolle spielt. 

Die Ergebnisse der Diskussion der vorgestellten Parameter 

werden in der Abbildung dargestell t. Nicht darstellbar ist 

die hohe Bedeutung der phreatischen oder vadosen Genese von 

HOhlen und HOhlenraumen. Sie ~st schon das Resultat einer 

VerknUpfung von dargestel lten Parametern. 



Abb., Einschiitzung der Wirkungen (nur tendenziell) 
der Parameter 

[A H0hlengr08e b] Raumgr08e 

so ist in der Praxis vor allem an Kombinationswirkungen 

der Parameter zu denken, die derzeit nicht wirklich ilber

blickbar sind. Es lassen sich jedenfalls sowohl blo8e Sum

mationswirkungen a.ls auch Aufscha.ukelung und AuslOschung 

durch Wirkungen mehrerer Parameter erwarten. 
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Mit aller Vorsicht lassen sich aus dieser Diskussion folgende 

schlilsse ziehen: 

a) HOhlen- und RaumgrOBen sollten tendentiell korrespon

dieren 

b) Die filr manche Regionen typischen grooen HOhlenraume 

in kleinen HOhlensystemen stellen wahrscheinlich Reste 

ehemals gr08erer Systeme dar 

c) Lange HOhlensysteme mit kleiner Raumentwicklung sind 

relativ friihe Entwicklungsstadien, die sich bei kleinem 

Relief gebildet haben . 

In diesem Papier wird versucht, von sehr eingeschrinkten 

genetischen Deutungsversuchen, wonach nicht Entwicklungs

stufen eines HOhlensystems, sondern lediglich einiger HOhlen

riume gedeutet werden, in allgemeiner Weise hinwegzukommen . 
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PROSPECTS OF SPELEOTHERAPY IN POT ASH MINE ENTRIES 

XRASNOSTEJN, Arkadty E. 

Results of long-term (11 years) investigations carried 

out by the stuff of unique speleohospital organized in 

Berezniki town ( Penn area) are summarized in the report. 

Physical end chemical peculiarities of koliwn mine microclimate 

and mechanism of its curing effect proposed by the authors 

The Soviet Union possesses the world ' s largest potash deposits. 

One of unique for its area dimensions and mineral composition the 

Upper Kama deposit is situated on the western slope of the Urals 

and came to be developed in the )Os of our century. Since early 

60a there started developing the second in amount the Starobin 

deposit of Bieloruesia. At present there ore 10 potash mines in 

Western Urals and Bieloruasia whose annual private mean output 

makes up about 7 million tons . 

The total worked-out volume in these mines equals about 

800 million cubic metres . 

The productive strata of the Upper Kama deposit occurs at 

the depth of 200 to 600 m from the surface and is represented with 

5 commercial seams , of which 3 seams are workable - Kp II (6 to 

8 m thick), AE (2.5 to 3 m) and B (6 to 18 m) . 

The bedding is regular, complicated with shoaly folding, 

having a small inclination from east to west . 

Under the commercial strata there occurs an old rock- salt 

aeries . 

The Starobin deposit also has a regular seam bedding with an 

inclination angle of 2 to 6°. The potash occurs inside thick 

rock-salt seams and forms three persistent enough potash levels. 

The upper seam having an average thickness of J . 5 m occurs at 

depth of 250- 300 m, the median seam lies 60 to 70 m below the upper 

one and is 2.6 m thick. The lower seam lies at the depth of 500 to 

900 m from the surface and is divided in three benches . The lower 

bench only of the.total workable thickness of 2 to 8.5 mis of 

commercial importance . 

Since late 50s Penn Polytechnical Institute and then 

Leningrad Mining Institute and the Mining Institute of the Urals 

Department of the USSR Academy of Sciences have carried out a 

detailed research into fonnation regularities of gas , aerosol and 

ion composition and microclimate atmospheric parameters of potash 

mines. 

The results of these investigations obtained already by late 

60s convincingly testified to the fact that the qualitative 

atmospheric composition even in working potash mine entries 

deposits a considerable exhalation of passive and active gasous 

and suspended admixtures of natural an~ technological origin 

creates very favourable prerequisites for highly active 

speleotherapeutics of respiration diseases. 

Based on these investigations, the world's first allergological 

are analized. Current and remote results of speleotreatm.ent, 

dynamics of different functional and laboratory tests in the 

process of speleotheropeutics are considered. Attention is 

paid to the perspectives of speleotherapeutics on the basis 

of talium mines of Verhnjaja Kama region. 

nursing home built in the potash mass received patients in 1977 

at the Pirst Mine in Berezniki of Penn Region. Within 12 working 

years this nursing home has treated about 5,000 patients suffering 

from respiration diseases of various ethyology and degree. 

The main therapeutic effect made up 70 to BO% with remote 

results of 1 to 3 years which practically confonn with those of 

other speleohospitels. 

Without concentrating on the n.nalysis of strange to us purely 

medico- physiological aspects of speleotherapy in potash mines, we 

proceed to consider physico-technical problems of purposeful 

formation of an optimum set of atmospheric sanitary and psychogeneric 

conditions detennining the patient treatment efficiency and 

capable, when observed, of considerable extention of the 

therapeutic effect spectrum of human organism. 

To the number of such undoubtedly interdependent factors 

requiring optimization, there should, in our opinion, belong: 

- gas, aerosol and ion composition of the atmosphere; 

- microclimate parameters; 

- bacterial semenness; 

- psychogeneric factors . 

The principal difference of our approach to speleotherapy 

from the conventional one in this aspect consists in the fact that 

we propose no limit to the use of the existing natural facilities 

arising in a natural way in the vicinity of the speleohospital , but 

on the basis of mine aarology and thermal physics achievements to 

purposefully form optimum atmospheric and sanitary environmental 

factors with a maximum use of the entire potential of natural and 

techogeneric agents. 

The report framework does not permit to cover in necessary 

details all the formation aspects of the above mentioned factors, 

the more so because the scope of our immediate interest includes 

only the first two groups of parameters for the third and the 

forth ones we can lay down our general considerations only. 

The atmospheric gas composition formation in working potash 

mines occurs Wlder the effect both of natural and technogeneric 

factors. The composition of natural gases differs from the 

common one in an increased hydrogen content (from decimal fractions 

to 20 and more volume percent) , sulphur containing gases (hydrogen 

sulphide, sulphur dioxide, mercaptans), heavy hydrocarbons. Among 

technogeneric gases the greatest place is taken by carbon and 

nitrogen oxides. In much smaller amounts hydrogen sulphides, 

254 



sulphur dioxide and aJ.dehydea are fonned , 

Three main fonnation features of the gas condition in potash 

mine entries can be brought out opening up reaJ. ways to optimize 

this factor. The first one consists in the fact that the presence 

of gas in potash and containing rock (except carnalli te) is 

extremely low (not exceeding 0 . 5 m3tm3 ) , and the capped-porous 

the du.st formation source , the aerosol concentration by weight 

being to 5 mg/m3• 
A similar dynamics is observed for the aerosol dispersive 

isotopes and their elements : potessium- 40, radium, thorium, 

uranium and others. The naturaJ. radioactivity initiates exhalation 

of microquantities of rodonium, thoronium and actionium 

salt structure detennines insignificant gas penneability of rock, radioactive amanations and a faint ionizing radiation leading to a 

Therefore the solid draining zone does not exceed 0 . 1-0.5 m from considerable correction of ion composition of the atmosphere. 

the exposed surface. Complete draining time ranges depending on Aeroionic prospecting of potash mines have shown that whereas 

the degree of the outline block disturbance from a few days to a the surface content of light aeroions does not exceed 250 to JOO 

few months. Exhalation of natural gases , in a majority of cases, per cm3 with the unipolari ty factor of 1 .2 to 1 .J, yet in pit-

in JO or 40 days already sinoe the surface exposure becomes bottoms the total amount of light aeroions increases up to 700 to 

inf'initely HIIIRll and does not effect the gas condition fonnation . ,POO per cm3 and the unipolarity factor becomes lower than 

The second feature consists in a high chemosorbtion activity (0,8 to 0.9). To say the truth, near shafts there remains a very 

of potash which detennines the process of neutralizing the main high concentration of heavy aeroions (10,000 to 15,000 per cm3).· With 

poisonous components of technogeneric origin . Having no remoteness from air supplying shafts the aeroionic air composition 

opportunity _to go into further details describing these processes, continuously changes towards a content increase of light aeroions 

sacrifice it to note that their foundation is, on the one hand, the and unipolarity factor reduction. The most favourable aeroionic 

natural radioactivity of the solid , being a complimentary condition arises in worked-out chambers and on the general mine 

activation source (tens and hundreds of times) both of gas molecules outcoming stream where the light aeroions content 1.n 1 cmJ reaches 

and surface molecular layers , and, on the other, condensation 

process. 

Both these phenomena exercise a considerable catalytic effect 

leading to a gradual neutralization of nitrogen oxides and carbon 

oxide with a fonnation of chemically bonded finite products. 

The third feature of the gas condition fonnation is the 

presence of great volumes of worked out apace coW1ted by tens of 

millions of cubic meters and filled with air which went through an 

extended and highly effective gas cleaning. 

2,000 and more with the unipolarity factor of 0.7 to 0,8, and the 

heavy ions concentration reduces to 5,000 to 6,000 per cm3 • 

One of the most important factors most likely detennining the 

efficiency of any speleotherapy , is microclimate. Nwneroua data 

on speleotreatment testify to the absence at present of somewhat 

convincing evidence of optimum microclimate parameters being present. 

~oat striking is that an approximately same therapeutic effect is 

gained in diametrically opposite microclimate conditions : at low 

(5 to 7°C) temperature and high (up to 9o%) relative humidity and 

The presence of these volumes creates in essence an inexhaustiblrelatively high (over 20°c) temperatures and low (below 40%-) rel~Live 

and renewable stock of highly conditional air masses which can be air humidity, With this , a growing number of investigators come to 

used for a required hospital air treatment . the conclusion that a decisive importance does not belong to the 

The gas condition formation features mentioned contain the key composition. With remoteness from duet formation sources the large 

to Wlderatanding the directions to optimize not only the gas size particles content decreases steadily. In stabilized aerosolic 

composition proper but the rest of all the atmospheric factors composition zones in working entries with outcoming ventilation 

detennining the effect of speleotreatment. We shall therefore make flows 97- 98'1> of aerosol particles have dimensions up to J to 5 JAM, 

use of the key mentioned only after considering the formation dynamic the size of more than 50% of the particles not exceeding 1 to 2J4m• 

of all other components of the air environment. 

Unlike the gas condition the atmosphere aerosolic composition 

is detennined by the action of technogeneric factors alone . 

The essential here feature of the aerosols is their real and 

dispersive coaposition as well as dynamics of these factors in 

various points of the ventilation network . The real composition of 

potash aerosols is generally determined by the composition of the 

seams Wlder development. However , the quantitative ratio of the 

separate components of the initial duet as far as it is in a 

suspended condition and moves along entries and changes greatly. In 

relative proximity to dust fonnation sources and at a small distance 

from air supplying shafts the Upper Kama mine aerosols include CaC12 

(20-24%), llaCl (60- 7o%) , llgC12(0.4- o . 6%), Caso4(2.1- 2.4%) , organic 

The moat stable aerosolic composition is observed in the 

atmosphere of worked-out spaces, especially in large volume 

chambers developed by blast hole drilling and having cross-section 

dimensions of 80 to 100 m2 and more and length of no leas than 150 

to 200 m, In these conditions aerosol concentration by weight 

does not exceed 0.5 to 1 mg/m3 and the dimensions of a greater 

majority of particles (80-9o%) are within the limits of sub

microscopic (0 , 5jlm) values, 

A characteristic feature of the aerosolic composition 

formation of potash mine atmosphere is its direct dependence of 

relative mine air humidity. 

As is known, hygroscopic material particles when in a 

matter (1 . 2-J . 5%}. The microelemental composition of potash aerosols suspended condition in the air of humidity close to criticaJ. begin 

is also rich. They contain ferrum, nickel, cobalt , copper, zinc, to increase rapidly in size passing therein two stages: 

rubedium, iridium, yttrium, barium, chrome, vanadium, titanium and a condensational and coagulational growth with an intensive progress 

number of others. of sedimentary processes to follow. 

With remoteness from dust fonnation sources the crganic matter The potash saJ.ts criticaJ. humidity makes up 65 to 7o%, for 

and water soluble salts content decreases, Stabilization of the sodium chloride 78 to BOIi,, Por this, even smaJ.l humidity variations 

concentrational and real composition in entries with constant lead to a sharp content increase of NaCl particles in aerosol at the 

relative air humidity takes place at a distance of 1.5 to 2 km from expense of KCl particles decrease. Por the same reason, there is an 
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increase of relative content of insoluble residue. 

A specific feature of potash magnium ores is their natural 
radioactivity created by the present therein radioactive 

microcl ~oate atmosphere parameters proper but to their time 

stability. Therefore the subject of optiinization should likely be 

considered to be not the atmosphere -relative humidity temperature 

value (the air movement velocity and the barometric pressure have 

) rivate values) but rather their variation level within the curing 

oeriod . 

On this sense the USSR's potash mines are no exception , in 

whose entries a wide spectrum of microclirnate parameters 

combinations can be maintained in natural way . 'lbgethe-r with this, 

should their time stability be accepted as a foundati on , then 

likewise in relation to the gas , aerosolic and ionic atmosphere 

composition, quite definite requirements should bo put :fornoard to 

the sel ection of the hospital installation zone within the rock 

mass ond its ventilation scheme. 

semennese reduces abruptly and in worked- out areas it practically 

disappears at all . With this, even in stagnant zones ventilated 

via dUfusion only, there occurs a rapid air regeneration via the 

introduced microflora which fact is extremely important for 

exercising restoration functions of the hospital ' s atmosphere after 

otaying of patients there . 

To the forth group of factors concerning the hospi tal 

condition effect on the human psychogeueric sphere , bel ong : 

hospital 'a aesthetic merits or faul ta ; sound background, presence 

of technogeneric noise , especially sporadic , of elivated level and 

unpleasant frequency spectrLVD ; the patient 's confidence degree in 

guaranteed safety of staying in the hospital ; psychological 

unloading (music , reading, watching TV, games etc. ) ; the comfort 

level (enough room for the required ward equipment , mutual rooms , 

room for physi cal and preventive treatment , etc.) 

The possibil ity analysis of the factor optimization of this 

group in potaah mines brings us once more to the conclusi on about 

In fonnulating these requirements one should proceed from the expediency of arranging hospitals in working potash mines away from 

fact that in the vicinity of air supplying shafts it is impossible the workint; zones in sites worked out long ago and having stabilized 

to provide in natural way even a rel ative stabilization of seodynamic and rock formation processes. 

microcl imate parameters. A minimum remoteness from the Shaft along Dra,ving a line to the factorial analysis of the ways of 

the ventilation duct where conotant temperature and relative air optimization of placing spel eohospitals it is rightful to conclude 

humidity are achieved, makes up 2 to 2.5 km. that the USSR ' s potash mines (and first of all in the Western 

At this distance th.e air temperature practically become3 equal Urals) are one of the most perspective concentrat ion areas for 

to that of the rock, and the relative air humidity becomes equal to underground health establishments capable of treating no less than 

the critical one for the given salt composition fonning up the 

containing massif . In this sense the most stable conditions are 

observed in worked- out chambers situated reciotel y enough from the 

air s upplying sbafto. 

:Placi ng hospitals in outcoming floY, areas or in worked- out 

two or three thousand patients at the same time. Theref ore i t 

seems expedient to create in the ~eatern Urals one of the world 

speleotherapeut ic centres . 

A high level scientific assi etence to such a centre is 

ensured by the presence in Perm of the Mining Institute and the 

Institute of Ecology and Wicroorgnnism Genetico of the Urals 

zones of potash mines compl etely meets the minimization requirements Department oft he USSR Academy of Sciences as well as by a 

for the atmosphere bacteri al semenness . Observations have shown that concentration of great scienti f i c power of the mining, geological 

with the air advancing along potash mine entries its bacterial and medical types of Penn 's high schools . 

( Penn, USSR) 

256 



PREDICTING THE RESPONSE TO RECHARGE OF PARTIALLY INSTRUMENTED 
KARST AQUIFER: TOW ARD AN ADAPTIVE HEURISTIC MODEL 

GUNN, John - WALTERS, Iestyn D. - WILCOCK, John D. 

Abstracr- : Given th@ outp11t ot' -.ny karat ayet-em there are 5everal 
possS ble models whtc-h would expl ~1 n the oheerved -re~ponae to 
rech&rce. The solution or thte problf"m can he v1"1Wftd as A e"31arch 
throuch "karat spec.-", 1.e. ft\l pO!"Sible karl!t s y p t-em .. . for which 
several heurist i c search !lls;or-1 thma are available. Thi~ et-•Jd!I h'ls 
investi&ated the ~ o-<'alled e:enetic alenrtt"hmR. 

The Castleton kara t- e-yetem, Oerh:,,Rhtrf'II, UK h 11s • ver!' unusual 
response to rechar.ce tnvot vine; hoth major "lnt1 ■1 nnr fl•-1ct-ua t 1 ona 
with periods roans,:tns from hours t-o J!\inutea. An 1nt~!!;r!!l.t"e'1 c-omruter 
support @nvlronment contaln1nc thr4"'e yeArr <" f me.ou111rem~~1's hl'IS be@n 
set up. Thfa haa pl"oved 8 corotf'ortable ,nd -,rrt~fent envlr-:,nrotent 
within which to apply &f'lnett.c 8 lcor1thfflp; to the detA. St-el"tins: with 
a completely incnr-rac t inttSal conrt211r-'!t,..lon, t'ln iterl'ltlve process 
ot evolution has pror1uced a model which will adart inore f'ul lY as the 
bod~ ot d'!lltA increases. 

! . Introduction 

Most ka[stified liaestone aquifers a[e coaplex 
hydrological systeas which pose uny pcobleas to vould be 
aodellers. Due to the lack of infocaation on the inte[nal 
structure of the aquifer, black box aodels have to be used. 
Recent advances in aachine learning suggest a aethod whereby 
all available input/output data is used to t[ain an adaptive 
aodel to sucessfully ■iaic the black: box behaviour of the 
aquifer. Once trained, it is hoped the ■odel aay then 
reveal hitherto hidden details of the aquifer. 

These ideas are being tested in the Castleton karst, 
Derbyshire, England. 

l• Adaptive Modelling 

If we disregard Divine Creation, then by definition 
Nature is full of self-adapting systeas . By this we aean an 
entity which gradually alters itself in order to better fit 
its enviconaent. The aechanisa is at once extceaely siaple, 
yet produces subtle and spectacular effects. 

It is the 'auto■atic' nature of this adjust■ent which 
is interesting, and suitable for iapleaentation on a 
coaputec. There ace tvo coapleaentary approaches, each 
borrowing ideas fro■ nature: 

Genetic algorithas 
Neural nets 

~-!· Genetic Algorithas 

The process of cu.aulative selection is based upon 
replication. Once an entity (a aolecule, say) is able to 
replicate itself, ■any copies will appear. Inevitably 
errors will occur in this replication. If the resulting 
■utan~ is also able to_ r!plicate, then we have two types of 
indi v1dual. The ind1 v1dual that •ost fits the envi ron11.ent 
will be aore likely to survive and replicate. Note that in 
this instance the 'entity' does not adapt. It either 
survives or fails. It is the population of entities which 
gradually changes. 

Cuaulative selection aay be viewed as a great sieve, 
weeding out those individuals unable to survive. It is a 
general optiaisation process, searching 'entity space' to 
find the aost successful type of entity. ( 'Success' is 
synonoaous here with survival.) The search is a highly 
parallel one. A rather cc-ude analogy is that of searching a 
aaze with people. They are fed in one at a tiae at the 
entrance. Once inside they aove about at randoa, but with 
one proviso: they do not follow another person. With enough 
people to saturate the uze, the exit is found quickly (by 
the population, if not by the individual). Darvin first 
proposed the aechanisa of natural selection (SJ (a ■ore 
sui table tera than cuaulative selection vhen applied to the 
natural world) in 1859. An interesting note is that 
although not iaplied, sexual reproduction is widespread in 
nature, showing perhaps that two parents gives a greater 
convergence rate in the search entity space than siaple 
asexual replication [ 12 I. 

1·1· Neural Nets 
The idea of neural nets as an inforaation processing 

paradiga has been well known since the 1940s ( 11 J. It is 
only recently that coaputer hardware has becoae powerful 
enough to enable siaulations of such nets in software. 
Neural nets are siailar yet coapleaentary to genetic 
algorithas. The basic infor-aation pc-ocessing node in such a 
net is the neurone; it should be noted that neurones in 
a.niaals are not well understood, 'neurone' being used here 
in its synthetic sense. Neural nets are built_ by con!."ectin~ 

LA PR!.DICTION D!. LA R{pnNsl!: ). RF.rKARGp; 
POUR L!:~ AQUIFF.RS IHSTRUH!HTf.s PARTIP.;f.S: 

UN MOn~L1'; AVF.C AOAPTATJOH HF.HftTSTTQHP' 

Re'suau!: Pr.t'aur~"si l 't!tt'ufllon d 11J n 9 yat-~ffl"! karatlQue ll v a 
~lusieur9- m-:,d~l e e POfl!' t I'll e~ pout" l 'f'l'IC['l t C1't ion de l#\ r,;ponee ~ 
rachar.i,:e observie . On pe•1t regl'IMer le Aol•1t- loti ~e ce probl~me cor.lffle 
'.Jne recherche d ' un "out a l "au,.re "tl't-S[H1ce ker-~ti']ue", c ' e!"'t-\-dire 
toue le• s v•t-~mf'J s ka1"1\t-1Quea. Il -:, a pluaieurs alcorlthmea 
heuristiques pour chercher: cette ltude a e,xamtn& l@a Blsorithmea 
-:!1 ts s:lnlt lqufU'!.. 

Le systeme karsrtqu@ l C4atl'i!!tnn, Derby11htre , Roy!lume Uni 
cont Jent une rf'ponll'le A rech4rce un peu , ext-raor<!inalre avec 
fluctuation t1'nt m-'ljeure "l\le mntndre et pertodir.ttf' qui a e rane:e 
d ' he•Jree P.n mtnute~ . TJn "!nvlronnement- •upportant tnt.Ccral a 
1•~rdinateur avec 111est1reirea tH>ll1" trot11 a.nn4'ea a• .(tablit. Vole! un 
env1ronnement cont'or t ahle @'" auf'f'1aant pour l 'applicetion des 
alsorithme!! z:~n,t!queB, Pour comntttnc~r avee une conttcuration 
compl~tement Jncorre("t'f!, un co1.Jr~ tf'erat-tt d'lvolution 9 prot1uit un 
mod~le qui se d~velorrera de plu• en p\118 quAnd les donnies 
'lucmenteront. 

a any neurones together ( 14 J. Many nets have a layered 
stcucture. A neurone has ■any input wires, each coa.ing froa 
neurones in the pcevioua layer, its single output connected 
to neurones in further layers. Bach of these wire& haa an 
associated weight. Once the topology of the net haa been 
decided, it is the wei ghts which define its behaviour. The 
total input to a neucone, then, is the sua of the weighted 
outputs of previous neurones. If this is larger than aoae 
predeterained threshold, then it 'fires', passing a l on to 
othe[ neurones. This signal is of course adjusted by the 
appropriate weights before arriving at the destination 
neurone. Such nets have been shown to posses& a aelf
adapti ve behaviour t 21, an iaportant part of which can be 
attributed to the weight adjusting algorltluo [13,8). There 
is an analogy between neural nets and digital signal 
processing which is appc-opriate to this study due to the 
tiae series nature of the data ( 15). I.t seeas plausible 
that such a net can be built to aiaic the behaviour of the 
aquifer, the intention being to extrapolate such a aodel to 
reveal interior detail of the aquifer. 

Two aajor problems aust be add[essed when applying such 
adaptive approaches: 
(1) They do not aap well to conventional von Neuaa.nn 

coaputer& , although efficiency is not an issue in this 
project. 

(2) The environaent in which the aodel grows is difficult 
to specify. Real vorld data on the cave aystea la 
required if the aodel is to aiaic the ca.ve syatea; 
synthetic data will not do. 
The first problea is addressed by the uae of 

transputer& (101. A transputer ls a 32 bit VLSI coaputlng 
eleaent consisting of a 10 NIPS, 2 JIIP'LOPS• processor, 4 
kbytes of static RAM and 4 high speed inter-tranaputer 
serial co-unication links. The links ace the iaportant 
part of the architecture, allowing a large concucE'ent 
network of transputer& to work on a single problea at once. 
The aassively parallel natu[e of this approach lends itself 
to iapleaentation on such a parallel architecture aachine. 
Soae workers suggest that a super-lineal' apeedup aay be 
obtainable [12). 

roe this aodelling study, the environaent will be 
actual recordings of sys tea input ( rainfall and point 
recharge) and output ( stage at the thre• resurgence•). Thia 
will allow both the building of a the aodel and its testing. 

_!. The Study ~ 
Located in north central England, the llMstone area of 

Derbyshire has a aoist cliaate with '1 IIOderate annual 
rainfall of 800 - 1200-. The Carboniferous Liae1tone area 
consist& of an elevated block of exposed liaestone with 
aarginal reef coaplexes, a.pproxiaately 450 ka2 in aE'ea. It 
is sporadically covered with a thin layer of aupeE'ficial 
deposit• of Tertiary and Pleistocene age, conaiatlng of 
sand, gravel, wind-blown loesa and boulder clay, together 
with extensive deposits of scree. The liaeatone ia bordered 
by shales and sandstones of Upper C.-E'boniferoua (Naaurian) 
age on its vest, north and east side&, and by Triassic 
sandstones to the south. The geneE'alised structure is an 
anticlinal doae, which was extensivelr diaaected in Tertiary 
and Quaternary tiaes to give a coap ex pattern of valleys, 
aost of which are now dry. Interbedded with the liaestone 
are intrusive and extcusive basic igneous cocks of olivine 
basalt coapositlon. 

• Millions of Instructions Per Secontl, Millions of Float
ing Point Operations per Second 
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The area has been subject to lead aining since at least 
Ro■an tiaes and the ■ined cavities and drainage levels 
( locally called soughs) have extensively affected the 
drainage patterns. The above features, together vi th the 
local structure (e.g. the dip of the beds, the tcend of the 
folds and the presence of faults &nd ainecal veins) control 
the local hydrology I 6, 7 I. 

Castleton lies at the northern end of the Carboniferous 
li■estone aassif of Derbyshire. The Peakshole water flows 
through Castleton to feed the river Noe. It lo fed by both 
Peak Cavern (Sk 149825) and Speedwell cavern (Sk 139828). 
These two systeas are believed to be hydrologically 
independent, except in ti■es of flood vhen the water in 
Speedwell backs up and flows through Peak C&vern. under 
nor■al conditions the water which discharges froa Peak 
Cavern is entirely autogenic, whilst that fro■ the Speedwell 
Cavern risings (Slop Moll and Russet Well) is aainly derived 
fro■ allogenic streaas, which sink in the Perryfoot area (SIC 
0981, 1011, 1182, 1282} to the north vest of Castleton, but 
doe a also include soae autogenic recharge . The allogenic 
streaa inputs are fro• the sandstones and shales of the 
Upper Carboniferous (Na■urian} period on the north-western 
border of the Oerbyshice2Doae (Pigure 1). The catchaent of 
the syste■ is about 17 ka in area. Slop Moll and Russet 
Well are connected probably by soae sort of u-tube 
configuration, as lovering the level of discharge at Slop 
Moll causes Russet Well to cease flowing. 

The hydrology of the area is coaplex, since it is 
influenced by nuaerous aineral veins, locally called rakes. 
cavers have entered only a saall part of the aystea1 further 
exploration requires diving of the nuaerous suaps. Several 
hydrological studies have atteapted to advance exploration 
by deducing the nature of the presently inaccessible 
conduits (1,3,4,9). 

,!- The~ Progra-e 
The Liaestone Research Group at Manchester Polytechnic 

baa (aaong other workers), been interested in the hydrology 
of the area for a nuaber of years, and the systea is 
instru.aented as follows: 

C!l Inputs 
( 1) A Didcot Autoaatic Weather Station, installed in 

October 1984 at Oxlow Bouse. Seven out of eight 
cha.Meli record the fol loving every five ainutes: 

- Precipitation 
- Solar Radiation 
- Net R&diation 
- Nind Speed 
- Wind Direction 
- Aabient air teaperature 
- wet bulb/dry bulb teaperature 

( 2) Ott lll6 Autographic water level recorder on a coapound 
broad crested weir at Pl. 

( 3) Two Ott type x autographic water level recorder a on 
FRBP fluaes at P6 and P9. 

( 4) Obseraet data logging rain gauge ( tipping bucket) at 
Pl. 

(S). caaella tilting aiphon rain gauge at P6. 
(~l outputs 

( l) Obseraet data logging water level recorder on a 
coapound weir at Buxton water. 

(l) Ott type X autographic water level recorder on a 
coapound weir in the gorge outaide Peak Cavern, but 
before the influx of water fro■ Russet Well and Slop 
Noll. 

(3) Obseraet data logging water level recorder on a siaple 
broad crested weir, at the bridge in Castleton. Thia 
water includes that froa the Gorge, and fro■ Russet 
Nell and Slop Noll. 

THE CASTLETON KARST : HYDROLOGY, GEOLOGY & CAVES 

[ G.oloey a en .. ,_ hdl OHO)] 

~ ,, 
_ ... -1''!!1•..J'~ /-\~~!!L ------

Other dat& includes water quality inforaation and the 
result of ■any dye tracing experiaents. This will probably 
not be used in the present atudy. A set of electronic data 
logging equipaent has been developed in order to provide 
coapleaentary data. 

.!-!• Blectronic data-~ 
The 'hoae-brev' logging kit is based around Grant 

Squirrel battery powered data loggers. These are capable of 
saapling 4 voltage sources at set intervals of between 
second and 99 ainutea. The input voltage range is O - 2V. 
A signal conditioning card has been designed to interface 
transducers with a logger. The aajor requireaent for the 
signal conditioning is that it should be battery powered. 
The boacd as designed takes a continuous current of less 
than l a.A. It is unfortunate that our pressure transducer 
cequires 10 a.Al To date, the loggers have perforaed well, 
anoaalies being corrected as they occurred: 
C 1 l stage 1& aeaaured by a Bell , Bovell BBL-4104-00 

pressure transducer with e range of 150 abar (which 
translates into a depth range of approxiaately 1. Sa}. 
This is supplied with 5 volts rathec than it& 
ceca-ended 10 V in order to reduce its current 
conauaption. Due to the long tera i-eraion of this 
part, it was felt necessary to seal the cable asseably 
by potting the probe in a polyurethane potting 
coapound. 

(2) conductivity is aee.sured by a flow through electrolytic 
conductivity cell. This too has been potted. 
Bxcitation is by a SO ez triangle wave fora to avoid 
polarisation probleas. The cell is aounted vertically 
to avoid sediaent falling on the electrodes. The 
electrodes reaain clean, and are brushed when the 
logger is serviced. 

(3) water te■pecature is recorded by a theraiator glued to 
the conductivity cell housing. The water teaperature 
has reaained (perhaps unsurprisingly) very constant . 
The epoxy resin does not appear to be holding up well 
after 3 aonths i-eraion. 

( 4) Originally, It was intended to ■ea.sure the pe of the 
water. This has not been iapleaented due to perceived 
proble■a with the long tera drift properties of pH 
probes. Thi& conveniently allows the 4th logger input 
to aonitor the battery voltage. 

( S) The cheapest source of non-rech&rgeable power available 
is alkaline D-cells. 10 of these are used in series to 
generate 15 V when new, and 8 V when flat. The signal 
conditioning card operates within this li■it. Probleaa 
have been experienced with the variation in the battery 
capacities, however . One of the 10 batteries has 
tended to go flat before the others. It then rapidly 
becoaes reverse charged, to the sea• voltage being 
supplied by the other nine batteries. The circuit then 
receives very little voltagel An inveataent in sealed 
'■aintenance-free' rechargeable lead acid batteries is 
likely because of this problea. 
The electronic data loggers take their readings at a 

fixed interval (currently set at 10 ainute1), each reading 
being 1 byte. 2 loggers are available, each vi th 8 kbyte of 
aeaory, which is sufficient for 2 weeks' worth of date.. At 
the end of the period, the logger in the field ha• to be 
exchanged vi th a fresh logger, and taken back to the 
laboratory. This is fairly inconvenient, especially aa the 
second logger is also required in the field for recording 
data. 
TWO recent develop■ents will auch iaprove the situation: 

Cl) A cugged hand-held coaputer with a large se■iconductor 
aeaory has recentlr been provided by Microacribe Ltd. 
of CVllbr&n. This vi l allow the loggers to be left in 
situ, whil.e the data is down-loaded into the 
Jllicroacribe. The sophistication of the Microscribe 
will allow checking of the data foe errors to provide 
on-site weening of hardware failure. 

!!,s:!:!!.,! ! - The Study Area 
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- (2) New Squirrel data loggers are now available with 32 
kbytes of ■e■ory. Perhaps ■ore i■portantly, they 
provide a signal 5 seconds before they sa■ple. This 
will allow the signal conditioning cards to be switched 
off for ■ost of the sa■pling period, thereby 
allev.iating power supply proble■s and extending battery 
life to over a year. 

.! ·1· Preparing !!!. archive 
The raw data coaes froa aany sources and is stored in 

aany foraats. An iaportant pa.rt of this study is the 
setting up and aaintenance of a general data bank. All 
relevant data will be collated and stored on coaputer in a 
coaaon file foraat. This creates ■any advantages - not the 
least being a uni fora interface. A tool1et is being 
developed for use with a Sun workstation. This uchine was 
chosen for its graphical display. One of the first tools is 
a siaple 'chart viewer', replacing the ayriad of paper 
charts the hydrologist presently has to contend vith. 

!-1-!· Processing the .!.!! data 
With a sa■ple period of ten ainutes and a saaple 

consisting of 4 bytes, then each logger provides so■e 12 
kbytes of raw data per aonth . Being already digital in 
nature, this data requires only a little post-processing, 
for exa■ple that of converting stage to flow rate. 

The charts fro■ the autographic stage recorder■ are a 
different utter, however. There are aany of thea, each 
recording approxiaa.tely a fortnight'& data. They are 
digitised by following the curve by hand with a stylus on a 
digitising pad. As auch inforaation as possible is recorded 
during this process, including obvious errors. For exaaple, 
the rise in stage when stepping stones were placed across 
the weir one afternoon will be kept. 

Thankfully, data fro• the autoaatic weather station and 
the digital rain gauges/stage recorders •lao requires little 
re-work. 

~- Suwcy 
The pucpose of this study is to aodel this co■plex 

c•ve/hydrological systea on the co■puter, using various 
statistical aodelling techniques . Bydrographs and othec 
data froa over three yeacs' observations are currently being 
loaded onto the coaputer workstation, vi th the hope that the 
aodel aay throw so■e light on the configur•tion of the 
passages between the sinks and risings. This progress is 
for the future, but already soae encouraging developaents 
have been ■a.de in deciding what the ■ost suitable 
statistical aodelling technique is going to be. 
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A WAY WITH THE WIRES 

HOLLAND, Ernst 

Abstract : Wire 1w been placed in caves either as a prOlcctivc device and 

method of defining pathways or to conduct electricity. The first known 

placement of wire fencing in the Jenolan Caves was in the early 1870s. 
Many other cave systems in Australia were to follow this elllllllple but 
there is little evidence to suggest that the rest of the world used wire 

netting for cave prOlection. Breakdown of wires by chemical changes 

causes pollution and staining which compromises the aesthetic appearance or 

the caves and interfers with the mineral and carbonate processes. Electrical 
wires are removed for replacement or realignment and wire netting for 

improving aesthetics. Today the development of new materials such as 

carbon glass, electronic devices (beams), fibre optics, etc. has opened up 

complete new areas of cave protection and Jighting without the use of wire. 

INIRODUCTION 

Tourist cave development in the l990's will avoid the use of wire. Where 

wire must be used, ilS type will be selected as to minimise harmful effects 

on the cave environment and its location chosen so that it is effectively 
invisible. In fragile parts or the caves alternative lighting and protection 

will be devised so that even the 'invisible' wires are obselete. This paper 

presents the past, present and future use of wire in caves from an 
Australian perspective. 

Many of the caves discovered in the nineteenth century in Australia and 

New Zealand and subsequently developed as tourist attractions were narrow 

with many fine and delicate decorations. It was soon realised that damage 

to these caves would easily result due to careless actions of visitors. The 
-desire to show these caves to the general pub1ic meant that they had to be 

protected in new ways and developed differently From the larger European 

Caves. The Jersey Cave at Jenolan, for enmple, contains a 100 m section 

of passage Jess than a metre wide and two metres high decorated with 

many eratic speleotbems. 

"The .formaJions of walls are extremely delicate, some of i1 is white and 

some Wre yellow coral, The roof has been slightly tkfoced by certain 
nineteenth century cads. In various places the 'mark of the beasf in 

lampblack has been produced by holmng candles nuu to the ceiling and 

moving them about gradually. The sooty Heiroglyphics remain unu, this day 

as an evidoJce of vanity and folly. The floor which was once Wre alabaster, 

is now soiled by the tramping of fed" (Cook, 1889). 

To answer to this need for protection, wire netting was introduced to 
distance people from cave decorations and minimise funher damage. 

WIRE NElTINO 

The premier tourist caves in Australia are Jenolan Caves in the 5tate or 

New South Wales. Until the 1980's wire netting was regarded as the only 

prOlcctive device for masses or delicate speleotberns in small passages and 

those that are close to the edge of pathways. 

The first reference to any wire netting being plaoed in the caves at Jcnolan 
cornea from a letter written by Jeremiah Wilson, the first caretaker or 

Jenolan Caves, on the 18th of March, 1879 to the Minister for Lands: 

"will )'OU be so /cJnd as lO have some money roted so that I can have wire 
~ and Olht:r proUdk,n made to kt:epe ll from beitig datro~ by 

people wolkJng on It. II is 1IOl my mtmtion to take odu:r visilOn to this 

caioe for -,,,; time lO the -,,ry lm1'fO"'l'IDll4 is doM I believe this cave 

is one of the _prdliat sigl,ts in the Coloney.•(Harwnl 1934) 
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Resume: Les fils metalliques dans Jes grOltes sont places la soit comme 
moycn protecteur en dclimitant les voics de visite ou encore sont ccux 

qu'emprunte l'elcctricitie. C'est au debut des anocs 1870 qu'en rernoote 

leur premiCre utilisation connuc. Bien que d'autres centres similaires en 

Australie suivirent cettc example rein ne lais.se 3 pcnscr que ceue utilisation 
a des Fils de prOlection Fut adoptee par le reste du rnonde. La 

deterioration de ces fils par changemenlS chimiques est non seulment la 

cause de pollution et de souillure qui compromct !'aspect esthetique des 

grottes ma.is aussie agit pemicieuscmcnt avec les mincraux et proccssc 

carbonique. Les fils electriques soot enleves soil pour etre rernplaces OU 

encore realigDCs et pour cc qui est du grillage d'amelior a'des csthetiqucs. 

De nous jours l'inlrOduction de materiaux nouveaux. te1 que verres au 
carbone, moyens electroniques (rayons), fibres optiques, etc. announce une 
era nuovclle quant a la protection des groucs ainsi qu':i leur eclairagc. 

Jeremiah was acting purely in the cause or conservation and was so 

concerned that the caves sbould be protected immediately that he hand 

wove the first neuing used (A. Wilson pers. comm.) 

As with many other iMOvatiom in developing tourist caves, Jcnolan Caves 

pioneered the use or wire and the rest or Australia followed. Buchan 

Caves in Victoria apparently received this information from Jeremiah 

Wilson's brother Fred Wilson on bis move there from Jenolan. Oliver 

Trickett the superintendant or caves for the Department of Mines travelled 
extensively around Australia, visiting caves and spreading the technology 

widely. The consequence of all of this was that hideous corridors of wire 

netting appeared throughout Australian caves whether they were needed or 

not and even spread across the Tasman Sea to New Zealand. 

The support for the wire netting was a rough form of round or square 

steel uprights. The principle method or fixing steel posts and steel 

suppons in caves was to drill a bole slightly larger diameter than the base 

or the steel post. A cement-waler mixture was then made, plaoed in the 
hole and the steel post inserted. Bo1IS placed in stalagmite or bed rock 

were also used to fix the wires. No.8 Fencing wire (a steel wire 3 mm 

diameter) was strung between the posts and the netting Fixed to this by 

smaller diameter wire. 

There is little evidence to suggest that the rest or the world used netting 

to protect speleothems. However, it would appear that other places were 

aware or its application and considered using it, ro, Clllllllple Cango Caves, 
South Africa. 

•on the 31st of August 1903 the Chief Inspector of Public Works 

fo,ward,d this report to his Secretary, with a handbook de=ibing Jeno/an 

Cavts in Australia to illustrate how the caves had been protected by win 
netting.• (Oaven, 1986) 

The rest or the world fortunately did DOl accept netting but another 

Jenolan innovation was univenally accepted - electrical wires. 

EU:Cl'RICAL WIRE 

In 1886, electric lighting replaced the Far more damaging magnesium wire 

and caodJes as a means or lighting Jenolan Caves. 

The use of caodJes and magnesium wire for lighring Jenolan Caves was of 
major concern to Jeremiah Wilson because or the resultant combustion 

products and he reported on the matter to bis superiors at the Department 

or Mines. Others noted the contamination: 

'The principal feJJIUreS of the nighl caves an illuminated by magnesium 
light, which is rich in CMmical rays and bums with great briJJilJney. There 



should not be allowed in the caves any colorific or odlu light which would 

cause smoke by imperfect combu.ttion, or mw volalik substances likdy 10 

change the inluior hues. I f thdr pristine beauly •• .or as much of u a., 

remains._ is to be presorved. Tiu, cavu ought to be illuminated by electricuy, 
which wiU ndllu,r affect the tempera/we nor soU t!u, most delicate of 

natwe's handiwork.• (Cook, 1889). 

On July 22, 1880, E.C. Craclcncll temporarily illuminated the Margherita 

Cave with electric light. This was the first recorded use of electricity for 

lighting any cave in the world and came only two years after the electric 

lighting of the Thames Embankmenl, London (Harvard 1934). 

In those early days there was no auempt 10 hide the electrical wires; mains 

wires were strung from insulators a11acbed to the cave walls and light bulbs 
were suspended in a similar manner. Later, electrical wires were pinned 
to walls and speleothems and special groves or trenches were cut to take 

the wire cables. Poorly planned cave lighting inherited from earlier rimes 

is still in place today and can be observed throughoul Australian and New 
Zealand caves. 

TIIE NEED FOR IMPROVEMENT 

In the late 1970's it became clear that at Jenolan Caves some of lhc most 

beautiful caves in the world were being displayed in an archaic manner; 

the protective wire netting and the elcaricaJ wires were detracting from 

the enjoymenl of informed cave visi1ors. On aesthetic grounds alone wire 

should be removed from the caves but there are many other reasons to 

remove it. 

• Deterioration of the netting results in foreign iron and zinc compounds 

being formed causing unpleasant staining of spclcothems, contamination 

of pools and slippery areas on the pathways. lbe breakdown of 

electrical wires that are sheathed in lead produce lead carbonale 

(cerussile) an unpleasant whi1e compound and copper wires react 10 

form the blue and green basic copper carbonate minerals, azuritc and 

malachile. 

• Wire netting collects massive accumulations of lint from the air and 

from visi1ors clothing as Ibey brush pasl. II has been suggested that 1he 

netting co11ccts the lint and prevents it accumulating on the cave 

decorations. This is 1101 what has been observecJ at Jenu1an; the 

accumulated lint on the netting can be knocked onto the tracks and if it 
gets wet it rorms a pulpy slime, whether wet or dry it will spread 

around the cave. 

• Defective netting and wire rope handrails can splinter when held or 

brushed against. In the past wire splinters have been removed from 

several hands. The sharp pieces of wire also 1ear clothing. 

• Little is known about the impact of wires and their decomposition 

products on the micro-fauna in the caves. It is suspected that the lead 

andopper compounds arc toxic to cave fauna. 

Oearly a case could be made for 1he removal of all wire hu1 Ibis is no1 

practical. Present cave management practices require that any wire is not 

intrusive in the cave scenes being viewed by the visitors. At Jenolan 

Caves this philosophy has mean1 1hat many of the eyesores of lhe past 

have been removed and replaced less obivous fonm of protect.ion and 

lighting. 

REMOVAL OF WIRES 

The removal of wire fixtures is not easy. If they have deteriorated, the 

wires and their casings break up into small pieces requiring the sw-rounding 

cave area 10 be cleaned. A use for 1hese old wires has been found a1 

Jenolan by encasing them in a plastic material believed not to decompose 

and setting them as reinforcing in concrete pathways. 

The steel post bases arc more difficult to remove because they have 

expanded on rusting to become 1igh1ly fixed in their cemen1 beds. A 

variety of methods have been tried. When removal was attempted by the 

use of gas torches it was found to be very damaging because heat causes 

exfoliation of both the limestone and calcite. Use of steel saws to remove 

the post to ground level covers the sw-rmmdings with a very fine dust and 

a significant amount of the fining left in the rock to decay. The removal 

of these steel fixtures is now accomplished by periodically tapping them 

wilh hammers and after a while they become loose and can be removed 

with little damage to the rock or spcleothem. Even though there is now a 

satisfactory melhod for their removal, steel supports can still be seen 
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protruding from the spelcothcms in several Australian caves. 

lbe removal of electrical wiring is somewhat easier, al1hough where 1he 

fixtures have been set in cement, problems arc similar to wire netting 

removal. The more attractive antique electric lighl fi1tings have been left 

in place and are used to illustrate past technology during historical cave 
tours. 

REPI.ACEMENr 

Wire netting is being replaced with controlled lighting which creates a dark 

zone between track and decora1ions, lhat is lighting is being used for 

protection. An al1ernative method being tried are electronic beams which 

when broken activate a siren. This method is being used extensively in 

lhe 1ourist development of Cluta Culla Cave, in the Nonhern Terri1ory. 

Some caves arc small and fragile, one such cave is the Ribbon cave at 

Jcnolan. In this cave unattractive metal wire netting bas been removed and 

yet a screen is lhe only practical way of protecting the multitudes of 

helict.iles in ilS narrow, low passages. Carbon glass has been trialed but it 

bas two major problems, one is abrasion or the surface the other is 
collecting condensation.. Both limi1 the clarity wi1h which the speleotbems 

can be viewed. For this cave, three other methods of protection arc now 

being considered they arc clear plastic netting, widely spaced plastic 

covered wire and healed glass. Healed glass especially, must be studied 
with care so as to avoid any problems wit.h changes to the microclimate of 

the cave. 

At Jenolan Caves, the replacement of obselete electric wiring has been a 

long 1erm project. When this takes place lhe wires can be realigned and 

the type of cables selected so thal they do not decay. On rewiring it is 

found tha1 1he length of cable laid can be reduced by 1he use of more 
powerful bulbs, concentrating the available light on a restricted area using 

focussed beams and reflectors. Features of the cave tha1 require individual 

illumination can now be lit from a distance. 

Despi1e the fact that there have been significant reductions in the length of 

cables laid in order to illuminate the caves, at Jenolan caves more 

concealed cable than ever is being laid in the inlereslS of public safety. In 

1988 a complete telephone system was installed to a11ow emergencies to be 

rcponed immediately. Also a complete emergency lighting system has been 

installed in10 existing swi1ch boards - 1he supplies of candles localed on 

the 1ops of swi1ch boards are no longer required. 

In order to do away with the wires and associated fittings in selected areas 

of the caves, fibre optics have been sucessfully trialed. At present lhe 

economics of this 1echnology is competitive with mains electricity and geis 

cheaper by the day. 

Caves are being shown commercially at Jenolan without the use of wire 

under the guise of "wild cave tours". The the visitors use electric torches 

and the numbers in the party are kept small so thal lhe accompanying 

guides can educate and protect 1he cave. This IU%UfY can only be for the 

privileged few; Jenolan Caves has over 250,lXX> visitors annually. 

TIIE Fl1I1JRE 

The end of netting can be forseen. Protective screens arc all expected to 

be either dark zones or electronic beams. In contrast, it will be many 

years if ever before mains electrical power is superseded as the major form 

of lighting for caves. In these days of space travel it is conceivable that 

fuel cells, longlife balleries and possibly even nuclear cells can be placed 

in specific places in caves powering light sources. 

Education and public awareness is an imponant way of resource protection 

and this approach is being considered by lhe management of Jenolan Caves 

for lhe fulure. lbe approach requires specifically designed educational 

material with emphasis on conservation and preservation~ With a well 

educa1ed public 1he need for protective devices will be considerably reduced. 

Management education is also important. The AustraliMian Cave 

Management Association has been formed and meeis 1his need in Australia 

and New Zealand. lbe group has a newsleller and meelS once a year 10 

discuss matters associated with caves. It is imponant 1hat cave managers 

arc not isolated in their search for new methods; communication with the 

rest of the world is essential to keep up with the latest innovations. 



OONO..USJON 

There is no doubt that the over protective practice of using wire netting in 
the past has preserved the spcleo<hems and enabled decisions regarding 

their future proc.ecc.ion and management minus the wire. The use of 
electric lighting, however aesthetically unappealing its placement, has 

allowed many thousands of visitors to appreciate the beauty of the caves 

and their decorations. Jenolan Caves have been shown commercially for 

over 100 years and it is hoped that the caves wiU be displayed for 

thousands of years to come. Decisions made today arc critical as an ill 

informed one could lead to the destruction of pan of our heritage. So 

away with the wire only if the alternative is fool proof. 
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THE ROLE OF MIXING CORROSION IN THE GENESIS OF THE CAVES 
OF THE NULLARBOR PLAIN, AUSTRALIA 

JAMES, J. M. - ROGERS, P. - SPATE, A. P. 

AMtroct: It is difficult to reconcile the impressive size of the caves that 

lie below the Nullarbor Plain in Australia with the belief that the 
plateau above them has been arid since uplift 10-15 million years ago. 

A brief introduction to the geology, geomorphology and hydrology of 

the Nullarbor Plain is given. Selected results of recent surveys of the 

water chemistry of the Nullarbor caves are presented. A review of the 

theories of genesis of the Nullarbor caves is given and imponant 

revisions made on the basis of new water chemical data. The 
conclusion rea,;hed is that the caves result from the mixing of fresh and 

saline waters providing enhanced chemical erosion of the limestooe. 

This process is active during arid periods and bas been continuous 

throughout the karst development of the Plain. 

lntrodllt:don: The Nullarbor Plain on the southern margin of the 

continent of Australia (Figure I) is one of the largest continuous 
aposed karst lands in the world with an area in excess of 200,000 

tm2. It bas been classified as a semi-arid to arid karst (Jennings, 1983) 

and in proponion to its area is poor in known caves .. The caves that 

do exist are sometimes large and extensive with the largest chamber and 

three of the longest caves in Australia. Some of the cave systems are 

almost entirely flooded with saline waters, for example, Cocklebiddy 

Cave CODlains 6.2 km of waterfilled passage; the site of a world record 

cave dive. The locations of the Nullarbor caves discussed are shown on 

Figure 1 and their descriptions found in Mathews, 1985. 
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The accepted theory for the genesis of these caves is that of Lowry and 
Jennings, 1974, who proposed that the caves bad a sballow pbreatic 

origin. The initial passages were drained when enlarging outlets 

improved circulation and lowered the watertable thus allowing cave 

enlargement to continue by salt wedging and collapse. Lowry and 

Jennings, 1974 addressed the question of bow groundwater could obtain 

sufficient aggressivity to hollow out such large corridon below a 
desert. Their conclusion was that there must have been a past wetter 

period or periods when the Nullarbor Plain would have been covered in 
vegetation. A period of higher rainfall is supported by relict river 

courses on the plain and old calcite speleothems in caves. Calcite 

precipitation bas now been replaced by crystallisation of gypsum and 

halite. Therein, lies a problem, as many other studies have concluded 

that the Nullarbor Plain bas been mostly arid since its uplift in the 

Miocene (Benbow, pers. comm.). Grodzicki, 1985, not acknowledging 

other palaeo-climatic studies, simply resorted to times of much greater 

rainfall to create the large passages by dynamic pbreatic solution. He 

explained the absence of correspondingly large surface karst features as 

due to more rapid erosion at the surface than undergrouod. 

Although the importance of salt wedging in enlarging these giant caverns 

bad been recognised, the presence of salioe waters and thus the 

possibility of enhanced chemical erosion of the limestone in the 
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Raumm: Es diffcil acomodar el tamano impresionante de las cuevas 

que se encuentra abajo del Nullarbor Plain de Australia, con la creeocia 

que el llano arriba ha sido arido desde su levantamiento del mar bace 

10-15 millon aiios. Se presenta una introduci6n breve de la geologfa, 

geomorfologfa y hidrologfa del Nullarbor Plain. Tambicn se presenta 

datos recientes de analisis quimf ca de los aguas. Se da una re vista de 

los teorf as de gc nesis de las cuevas con cambios important es basado en 

Jos nuevos datos quf mi cos de! agua. Se logra al conclusi6 n que las 

cuevas resultan de la mescla de aguas dulces y aguas saladas que causa 

corrosi6n aumentada de la caliza. Este proceso es activo durante los 

tiempos a ridos y ha continuada durante el desarrollo entero de! karst de! 

Nullarbor. 

fresh-salioe water mixing zone (Back, 1965) bad been largely ignored. 

The hypothesis presented here is that the necessary aggressivity for 

lime<tone solution below the Nullarbor Plain is oblained by mixing 

corrosion. This process will occur even during extended periods of 

aridity. However, the greater the rainfall, the more fresh water 

available and thus a resultant increase in solution in wetter periods. 

Geologic lddng: The Nullarbor Plain lies within the Cretaceous-Tertiary 

Eucla Basin. A detailed discussion of the geology of the western Eucla 

Basin can be fouod in Lowry, 1970. The caves are developed in four 

- borizontally bedded limestone strata (Figure 3) laid down from 
Late Eoceoe to Middle Mioceoe. Uplift of the limestones probably 

occurred at the end of the Lower Mioceoe. The limestones are mostly 

very porous and perroeable. There is evidence for a number of normal 

faults of modest throw. Weak jointing expresses itself in both relief 

and in the caves. The weak jointing and absence of folding or major 

tilting suggests that the region has remained relatively Slable since uplift. 

Geomorphic lddnt: The Nullarbor Plain is a plateau with little relief, 

its depressions drop and ridges rise some 5 m. The southern edge of 

the Nullarbor Plain is fringed with cliffs. Set into the Plain are 
thousands of blowholes and a few hundred collapse dolioes. The 

collapse dolioes are more frequent in the southern part of the 
Nullarbor. Both the blow boles and the collapse dolioes may lead to 

cave Systems. Air photographs display linearity of depressions and 
collapse dolines and these can soroetimes be related to the positions of 

caves. A typical semi-arid to arid karst, the Nullarbor Plain bas limited 

karren features (Jennings, 1983). Solution and precipitation of calcium 

carbonate is nccurring on the limestone surface as evidenced by case 

hardening of the limestone and the formation of calcretes. 

Praent climau: The Nullarbor Plain climate varies from warm in the 

extreme south-west to a bot desert in the north. The avenige annual 

rainfall over the Plain is 250 mm. The rainfall is unreliable and bas 

little seasonal pattern, with plant growth being constrained to sporadic 
intervals as a result. Localised rainstorms can be very intense and cause 
considerable lncal flooding. Evaporation exceeds precipitaton tenfold. 

Hydroloty: There are no permanent surface streams on the Nullarbor 

Plain. However, there are numerous intermittent short waler courses. 

During intense rainfall water nows into depressions or collapse dolines 
and rapidly disappears underground. The streams that flow into caves 

have only short courses before they disappear into Jakes or sink in 

boulder piles. Ephemeral lenses of freshwater have been reported on 

the surfaces of the cave Jakes (Jennings, 1985). The fresh water lenses 

do not persist as the temperature profile in the cave Jakes shows that 

the warmest water is at the bottom. Hence the in-.ading cold fresh 

waters wiU mix rapidly with the underlying saline waters unless the 

density due to salinity is higher than that due to temperature. 



The water surface in all caves with lakes is 1-3 m above sea level. 

This uniformity of water level over hundreds of kilometres has led 
Lowry and Jennings, 1974 to suggest the concept of a regional karst 

watcrtablc beneath the Nullarbor Plain. The surface level of this 

watcnablc is believed 10 be controlled by scalcvcl. Thc flow of water 

in the cave systems is from nonh 10 south, although there may be 
exceptions (R. Webb, pen. comm.). Flow in one of the cave lakes has 

been reponed as 0.003 m s-1 {Jennings, 1985). Assuming this flow is 

through a passage of cross section 100 m2 {a modest size for a flooded 

Nullarbor cave passage), 9.S million m3 of water wiU pass that point 

each year. An alternative approach is that for each mm of precipitation 

that reaches the aquifer, {assuming 20 major conduits) some to million 
m3 of seepage water will have to pass through each major system 

annually. Despite this, there arc DO known large springs issuing from 

the coastal cliffs and dunes and there arc DO known submarine springs. 

Waler Chemistry: The 1988 Pannikin Plain Caving Diving Expedition has 

collected a large suite of water samples for analysis. The methods of 

collection and analysis of the samples and the results and discussion of 

their water chemistry together with results from previous studies will be 

published elsewhere (James, Roger, and Spate, in prep). Figure 2 

shows some of the results from this paper. 

F"igure 1a shows the variation of chloride concentration in the surface 

waters of twelve. cave lakes over 40 years. Nurina Cave on Roe Plains 

has an analysis that is the most characteristic of seawater and 

Mullamullaog Cave water, arc the least like seawater (Figure 1). It 

appears from this limited sampling program that the water chemistry of 

the caves remains stable over long periods. 

Figure 2b shows molar calcium/magnesium ratios for the caves compared 

with salinity. There is an inverse relationship be.tween these parameters 

indicating dilution of seawater by ca1cium containing waters. 

Figure 2c shows calcium and magnesium concentrations (mg L -1) 

plotted against chloride concentration for samples from Pannikin Plain 
Cave. The line of best fit bas greater slope for magnesium than for 

calcium, indicating the presence of seawater in the system. 

Figure 2d sbows chloride concentration plotted against depth in Pannil<in 

Plain Cave. Chloride is fairly constant until -20 m. where it increases 

rapidly indicating a denser, more saline region. In contrast, there is 
insi&ni{icant variation in chloride for waters at the top of the w::nert.1ble 

when plotted against distance (up to 850 m) into the cave. 

FIGURE 2 
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Mi.ring 'Zona: The water chemical studies show that there arc three 

zones within the cave conduits where the mixing of waters would 

increase their potential to dissolve limestone. 
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'.Zone a - is where percolation waters mix with the saline groundwater 

at the top of the watcrtablc. The chemical compostion of the saline 

waters from this zone is such that on mixing they would have dissolved 

calcium carbonate {Herman tt al., 1983). Seepage is rarely obscn'Cd in 

the Nullarbor Caves but there is indirect evidence that percolation 

waters reach the watertablc. 

Zone b - is where the concentrated saline waten and the dilute saline 

waters mix. At present, insufficient is known about this zone to assess 

its aggressive potential. 

Zone c - is where runoff waters mix directly with the saline waters in 
the region of the cave entrances. At this time, the water chemistry will 

dramatically change and the mixed water, will become highly aggressive. 

The c.xpcctcd gcomorhic evidence of solution incuts on lake edges has 
only been found in Mullamullang Cave {Hunt, 1970). 

Gmau of 1M awa: All of the mixing zones presented have a role in 

cave genesis. Thc series of stages in Figure 3 for the genesis of the 

caves is the same as that proposed by Lowry and Jennings, 1974 for the 

•deep" caves. The major addition is that the aggression for solution is 

generated by mixing solutions of differing ionic compositions. 

&age 1 initiation - the caves begin through solution of limestone by 

the mixing of focused percolation waters and saline groundwater in 

Zone a. This a1tack can take place in any of the limestone strata and 

its location is governed by the position of the watcrtahlc. The 

thousands of blowholcs on the Nullarbor arc formed in this way. For 

cnmplc, Maralinga Blowbolc formed when the saline watcnable was 

higher than at present. There arc three distinct horizontal levels of 

joint-widening in the cave; indicating three major rest levels as the 
watcrtahlc dropped. At the same time cavities can be generated much 

deeper in the karst in mixing Zone b. 

FIGURE3 
STAGES IN THE GENESIS OF THE NULLARBOR CAVES 

STAGE 1 STAGE 2 

Cocklcbiddy section (Lowry and Jennings, 1974) 

&age 2 development of conduits - the caves and cavities formed in 

Stage I may never become pan of a main conduit system. For conduits 

to form the drainage needs to be directed by either bedding or 

fractures. For example, the waters that formed Old Homestead Cave 

moved south preferentially along more heavily jointed zones creating a 

maze of shallow phrcatic passages. Funbcr south the mixed waters 

have been channeled into a limited number of conduits. Where jointing 

is frequent within the caves there arc shallow phreatic mazes in addition 

to the major conduits. The uniformity of the conduits and the 

uniformity of their water chemistry funbcr endorses the theory that the 

necessary aggressivity for limestone solution by mixing corrosion is 
available throughout the system. 
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Stage 3 devclopmcnl of chambers - the dongas oonccntrate runoff but 

the surface depressions do not develop because only a small amount of 

limestone is dissolved lhere and most of it will reprecipita1c within the 

depression. The most continuous aggressive attack on the limest"Onc by 
mixing corrosion must take place at the percolation-saline water 

interface, mixing Zone a, at the top of the watcnable. At the present 
time, many of the major conduits are several metres below the 
watenable and solution will be talcing place in the rock mass above 

them. If the rock is sufficiently competent and jointed, shallow phrcatic 

mazes will develop. More frequently. bloclcs loosened by the solution 

process collapse into the passage below. 111c cave divers report fallen 

blocks throughout the flooded passages. 

Any fall in the watertable assists the passage enlargement process. 
loosened blocks, no longer supported by water, fall, resulting in the 

roof stoping upwards more rapidly. When the passage is dry this 

upward growth of chambers will be aided by salt wedging. Lowry and 

Jennings, 1974 report that breakdown is still occurring today. As 

breakdown will soon fill a cave because of its greater volume, solution 

must be occurring below. This necessary additional solution is most 

likely to be taking place in Zone b where diluted and concentrated 

saline waters mix some tens of .metres below the present watcrtablc. 

Stage 4 for-omion of collapse dolincs - finally, upward cavern 

excavation processes reach the surface: and a collapse doline forms. The 

conduit now has an enu-ancc through which runoff has direct access to 

the watertable. 111c mixing ·chemistry of, Zone c is now operational. 

This mixed solution is theoretically the most aggressive to limestone but 

is only sporadically available and can have only been in action since the 

formation of the oollapscd doline entrance. 
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In conclwion: Preliminary chemical inves1igations of Nullarbor Cave 
waters indicate that their compostion is ideal for solution by mmng 
corrosion. Within the caves there arc three distinct zones where mixing 
can occur and all have a suitable chemistry for limestone solotion. This 

process docs I\Ol re.quire an extensive wet period to generate large 

passages althougb limestone solution will proceed faster at such times. 

This hypothesis provides an explanation for mature karst development 

underground while the surf ace karst remains immature. 

REFERENCES 

BACK, W. & HANSHAW, B.B., 1965. Chemical Gcohydrology. In: 
Advancu in HydroSICiertll. Academic Press, New York, 2: 411~109. 
GRODZICKJ, J., 1985. Genesis of the Nullarbor Plain caves in 
SoU!hcrn Anstralia, Z. Gmmorph., 29: 37-49. 

HERMAN, J.S., BACK, W. & POMAR, L, 1983. S~lcoCct>CSis in the 
groundwater mixing zone: 111c coastal carbonate aqriifcn of Mailor<:a 
and Mcnorca, Spain. Proc. TUS. Cong. Ban:dona, Spain, 13-lS. 
HUNT, G.S., 1970. 111c origin and development of Mullamllllaag Cave 
N37, Nullarbor P.lain, Weslcrn Australia. HdiaUe 8: 3-U 
JAMES, J.M., ROGERS, P. & SPATE, AP., (in i'!"'P-), W....
chemistry of the Nullarbor caves - evidence for """"II CXJmlllion. 
JENNINGS, J. N., 1983. 111c disregarded kant of the aid and semi-arid 
domain. Karsto/ogia. l: 61-73. 
JENNINGS, J.N., 1985. Kant Geomorphology. Blacl<well, Oxford. 
LOWRY, D.C., 1970. Geology of the Wes1crn A--.i.. part u the 
Eucla Basin. G,o/.. .sun.. W .A.. 122. 
LOWRY, D. C. & JENNINGS, J. N., 1974. The Nllllarbl,r Karst, 
Australia. Z. Gcomorph. N. F. 18: 35-81. 
MA'ITHEWS, P. G., (Ed.) 1985. Australian Kant 1ndu AUStralian 
Speleological Fedcnnion. Sydney. 

THB UliIVERSlTY OP SYDlmY 
11.s. w. 2006. 



CA YES OF ZONGOLICA 

WARILD, Alan 

SUMMARY 
Zongolfca is a small part of the much larger ISO 1an2 Sierra Mazaleca karst in the 
Mexican state of Oaxaca. The Sierra lies 17° N and has a tropical climate 
modified by its I 500 m average altitude. The Zongollca caves are all found 
within an area of 5 lan2 in the North-West comer of the Sierra. The Zongol!ca 
caves and those of the nearby Sistema Huautla make this area one of the richest in 
deep caves in the world. The caves are characterised by their extreme 
verticality. Most reach their ultimate depth with a depth to traverse ratio of I :2. 
The Australian "Mexico '85 Expedition" was the first group of cavers to visit the 
area and the Zongol!ca caves have since been the objective of two major 
expeditions. Within Zongollca's 23.S km and 9.6 ,·crtical km of cave there is 
evidence of a complex history of cave developmen . Theories will be presented 
as to how these vertical caves developed and their -elationship to the present 
surface topography will be discussed. 

RESUMEN 
Zongolfca cs una partc pequeiia de la ow grande ISO 1an2 karst de la Sierra 
Mazateca en el esmdo Mexicano de Oaxaca. Las Sierra est.a ubicada 17° N y por 
eso tiene una clima tropical modificada por su altura mediana de 1500 m sobrc el 
Divel del mar. Se encuentra las cuevas de Zongollca dentro de un Area de 5 1an2 
en el limite noroeste de la Sierra. Por causa de las cuevas de Zongollca y los del 
Sistema Huautla al este, esta sierra es uno de los rm s ricos en cuevas verticales del 
mundo. Las cuevas son caractcrizada por su sumo vcrticalidad. Casi todas 
logran a su ultima profundidad con un trayccto me,os que doble su profundidad. 
El primer grupo de espele61ogos a visitar el Area ft,e la expedici6n australiana 
"Mexico '85" y desde entonces las cuevas de Zongrllca han sido el objcctivo de 
dos expediciones. Este informe describe las cucva:i de Zoogol!ca. Dentro de las 
23.5 km de trayccto y 9.6 km verticales de cuevas hay muestras de una historia 
complicada de espeleo-evoluci6n. Se prcsente teorias y argumentos sobrc la 
cvoluvi6o de estas cuevas verticales y como las rclacionen al superficie actual. 

Figure 1 LOCATION OF ZONGOLICA-CHILCHOTLA 
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INTRODUCTION 
The Sierra Mazateca in the Mexican state of Oaxaca (Figure I) has a long history 
of being by-passed. Even in the heyday of the Aztec civilisation the land of the 
Mazatecs was a cultural backwater. Like so many minority cultures in the 
central American sienas, the Mazatecs have clung to their language, religious 
beliefs and isolation to a degree which frustrates foreign cavers and Mexican 
authorities alike. 

The first cavers to visit the region were the Canadians, who in the early 60's 
began the exploration of S6tano San Agustin. Throughout the 70's, Sistema 
Huautla, as it became known, proved to be the grea•.est vertical caving area 
outside Europe. A decade of successes by North American cavers was capped by 
the exploration of Li Nita, the first "New World" 1000 m cave which connected 
to S6tano San Agustin and rocketed the system into number three in the world. 

Zongolica's history as a caving area dates back no further than April 1985 when 
the Australian "Mexico '85" expedition did a reconnaissance of the area. The 
result was several good entrances and a 430 m deep, still going cave. At the end 
of that year, the first of two expeditions based in the village of Zongol!ca
Chilchotla explored several deep caves in the immediate vicinity of the village, 
the largest of which was Guixani Ndia Kijao. The =ond expedition in 1987-88 
had similar success in the village and also explored several caves in the 
surrounding area. Part of the focus of the trip was even deeper caves and to this 
end the highest areas of the massif were prospected, although success was 
limited. The deepest caves seem to be located in and around Zongol!ca village at 
an altitude of 1600 m to 1700 m. 

GEOGRAPHIC SETTING 
The study area on the NW flank of the Sierra Mazateca is almost completely 
enclosed by the municipality of Santa Maria Olilchotla. The local limestone 
relief takes the form of a plateau which drops stepwise from the 2100 mas! 
heights of Agua de Cerro in the south to the suspec1ed resurgence areas along the 
Rlo Petlapa at 400 m asl in the north. The Rio Petlapa forms an effective 
northern and western boundary. To the south is the underground watershed to 
the Sistema Huautla. The east is a grey zone of ter,a incognita. The "plateau' is a 
large-doline/cone karst with little surface water, al•hough Zongotrca does owe its 
existence to the presence of several local drainage springs. The rainfall for the 
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region is estimated to be 3500 mm to 4500 mm annually (Lazcano 1986), most 
of it falling in the wet season from June to September, although deluges have 
surprised cavers at any time of the year. The original tropical forest of the area 
has long since fallen victim to heavy population pressure and the area is as 
intensively cultivated as hand farming methods will allow. While we may lament 
the destruction of such forests, it also allows us to sec the karst beneath. 

GEOLOGY 
The Sierra Mazateca is a large thrust block of Lower Cretaceous limestone with 
localised areas of shale, chert and Tertiary igneous intrusions. The entire block 
is unconformably underlain by Upper Cretaceous shales sandstones and 
limestones. It is at this unconformity were the major resurgences are found. 

Zongotrca is characterised by thinly bedded, dolomitic limestone, especially in 
the upper levels. Faults/joints play a much greater part in passage control than 
bedding, which is often near horizontal. Occasional beds of shale and chert are 
encountered although most of the chert is in nodules. Limestone colour varies 
from black (smelly and gritty) through to pale grey and marbled. Some caves 
(Na"cha Jao, Sondanga, Sonyance) have prominem dykes showing in the walls. 

SURFACE KARST (Figure 2) 
The area is covered in a cone/doline karst. Most high points are conical and only 
slightly modified by local geological structure. Al,nost all dolines are deeply 
conical. Flat bottomed dolines are rare. At times dolines form elongate glades 
although by far the most apparent form is of complexes of dolines within dolincs 
within dolines. The heart of the Zongolfca area is a large (2 km2) asymmetric 
doline complex which concentrates any water able to run off from the higher 
ground to the south. While much of the area has a good teffa rosa soil cover 
(for karst), there are extensive areas of exposed limestone showing a great 
variety of surface features. These vary in size from the spectacular 20 m high 
pinnacles above the entrance to Nita Xonga down t!l finer features such as 
rilleolcarrcn, solution pitting and rundkarrcn. Mo: t often, the outcrops form 
fields of small pinnacles 2 m to 3 m high or crevice karst. 

Cave entrances are common. Most are found in small dolines on the sides of 
larger ones. A few caves, notably Nita Xonga and Guixani Ndia Kijao, take 
surface streams. However, the majority are isolated entrances with very little 
apparent catchment area. 

CAVES (Figures 2&3) 
Ignoring all holes less than 150 m deep, a total of 9.6 km of vertical cave and 
23.5 km in length has so far been surveyed. 

Cave Length Depth 

Guixani Ndia Kijao 2287m 956m 
Sonconga 1844m 943m 
Nita0i6 2554m 894m 
Sonyancc 1791 m 743m 
Nita Xonga 1568m 740m 
YuaNita 1360m 704m 
R~a Man Kijao 2347m 613m 
NitaOiaki 1060m 493m 
SkaKijao 1095m 380m 
Stonind6 Kijao/Nita 660m 330m 
ToaolThilfsa 1830m 292m 
NcaNita 420m 290m 
Dachiki Nita 1769m 283m 
Sondanga 339m 230m 
Oiatsi Kijao 276m 221 m 
Na'cha Jao Nita 348m 220m 
Cuetzo'jia Kijao 368m 220m 
Ching'ya Nita 310m 216m 
Na'cha Jan Nita 250m 200m 
NitaDccho 450m 200m 
Nia Quien Nita 312m 160m 
Nita Ching6n 150m 150m 
Ya'chao Nita 150m 150m 

Total Cave Length 23.S km 
Total Cave Depth 9.6 km 

The area is typified by extremely vertical caves which tend not to connect to 
form systems. The deeper caves have a tendency to drop to base level as a single 
simple passage, with very little joining or leaving a ong the way. All caves show 
a dominantly active vadose form with the occasional phreatic remnanL Some 
have large tracts which have been modified by wall breakdown. As may be 
expected from such active caves, there are few speleothems. Nevertheless, many 
of the drier areas do have liberal coatings of cave coral, and towards the bottom 
of Sonyancc there is a very nice blood-red stalactite complete with a calcite 
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entombed spider. The typical Zongolfca cave has a depth far in excess of its plan 
length. The usual trend, apart from down, is north to northwest, a good 
direction for maximum depth potential. The two caves which reach the lowest 
altitude (Guixani Ndia Kijao and Nita Ch6) both end at the same level and 100 m 
apart. Both also flood back easily after rain indicating a possible base level at 
650 mas! which may be difficult to pass. 

The classic deep cave form is that of fault controlltd upper levels which switch 

back and forth beneath themselves. These vadose rrench passages are often dry
walled due to draughts and show some degree of gypsum exsudation. Most have 
a small stream which picks up no major lributaries until 500 m down. Below this 
zone they have a short horizontal stream section and end in a impressive large 
chamber or shaft. The major exceptions to this are the long stream canyon in 
Guixani Ndia IGjao which runs from -100 m to .6(1() m and R1a Man Kijao, 
which at -350 m slrikes a large but gentle streamway which it follows to its 
demise in two big chambers at -550 m -600 m. 

The caves in the Thao/Thiffsa Kijao complex, Ska Kijao, Dachiki Nita and 
Cuetzo1ia Nita have a different morphology. These caves have large, inactive, 
old degraded vadose passage which has been invaded more recently by underfit 
streams passing across the original system. The invading streams are generally 
small and diverge, forming tight young passages which cannot be followed far. 
All have considerable exsudation gypsum deposits in the form of sand dunes 
metres high and fine crystals coating the walls. Caves in this section all have 
extensive areas of breakdown blocks. These caves appear to be the oldest caves 
in the. area, and are relics from a time when there was abundant drainage from 
overlying shales which have been long since removed. Most of the smaller caves 
take the form of the upper few hundred metres of a deep cave where the 
continuation to the rest of the cave could not be found. 

GEOLOGICAL CONTROL 
Looking at the rocks alone, the Zongolica area seems like an unlikely place for 
deep caves. Very often the limestone is thinly bedded, contorted, dolomitised 
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and interbedded with chert - quite simply rotten! Areas of shale and igneous 
intrusions weather to give vast amounts of clay to clog up the caves. 

But caves there are. The isolated non-karst rocks ~erve to concentrate drainage 
as well as forming springs which flow only as far as the next limestone outcrop 
before sinking. This water becomes further concentrated close to the surface by 
impervious interbeds until they form streams capable of cutting a p~bl~ cave. 
Any stream which does all this al a fault produces a deep cave. The mtrus1ons 
have probably conlributed by causing localised ponding resulting in the larger 

chambers as well as metamorphosing the limestone to form the higher quality 
rock so characteristic of the lower reaches of the deep caves. 

ARCHEOLOGY 
No specific archeological studies have been done but some limited observations 
were made in the course of exploration. Pottery remnants were found in the 
entrances of several caves, including Guixani Ndia Kijao, Nita Xonga, Stonind6 
Kijao, Thao Kijao and Thi Kijao. Of these, Thi Ki: JO is the most interesting as it 
also contains the remnants of a stone wall, leveled areas and steps cut into the frrst 
pitch, probably in search of water. There is also a large overhang cave 200 m 
SW of Stonind6 Kijao which has polychrome pou, ry remnants and a small 
"beehive" tomb containing human long bones and skulls with the back area 

deformed to produce a higher, wider head (a common pre-Columbian fashion). 

CONCLUSION 
After two expeditions much cave passage has been found, but the exploration of 
the Zongolfca-Chilchotla caves is far from finished. 
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SOME PROBLEMS CONCERNING THE ])ATING AND STRUCTURE OF PLEISTOCENE 
CA VE DEPOSITS IN THE TRIANGULAR CA VE IN THE KARST SPRING REGION, 
WEST RHO DOPE MOUNTAINS, BULGARIA 

RAITCHEV, D1mller 

Vhen invastiJ■ ting tha cave sadin111nts in the Triangalar 

cava .soma Plaistocona cave deposits h av a baan found. Ona of them

• stalagmite - 1.1as discovered at a depth of I .SO II and was d atad 

by tho Hanover laboratory to 38 390:3~8 years /N :H .II084/ . Tho 

conclu-,ion was that it corresponds to tha incraasa of the chH1ical 

d~nuda tion and the deapar infiltration during t ha Intarplain -

glacial period a ;id raprg~,ants t h e cold phasa of tha fraaza "'aath

aring, u han the deposits and tho sad imants have bean f orme d . 

Soma bonas of Ursus Sp■laaus hav a baon datad, too, 

from t uo laval.s: Lower la val - 17 745:455 yaar.s old 

Uppor layar - 1 5 570:310 years old 

Our i ng tho f o l louin~ stfudi.as of tha sadimants in tho 

above cnantionad 1 ayar and in s oma lo1.1ar onas, up to 6 .00 ra , soma 

othor daposit.s hava boan round : calcita covers, stalact it3s 1 sta

la~mit;,s,atc ., uhich i mposed nau problam.s and thay will be the 

s ubject of di.s cu.ssion or th~ saction . 

U• should like t o b~ provid~d ~1th I m2 or shouing 

pl ace du r ing tha discuss ion . 

Tha report uill b~ acco~paniod by slidos. 

The- kars t spring .-eg1on where th Triangul.:ir cave 

can be found, is situated beween 24-14 ' and 24-10' Greenwich 

ea&tern longitude and 41-33' up to 41-44" northern latitude. 

It occupies. the ea£>tern part o-f the Vel1a-Viden region of 

the Rhodopa mountains . Jt has a ll the features o~ a gaoeor

phologic evol ution in the Western Rhodopes. The land1;,cape is 

111ountainous, formed during tho Ouarterna.ry, when 

i ntensi vt: upr.:ii si 1,g of the 111ount •in con.tatenced. The r 1 vers. 

cut in the surface and formed dec,,p ri...,er valloyn and canyonn 

in the kar1a.t regions, with ii,l&ep wall a and crown& of rocks 

/slides 1 and 2/ . 

The thicknem.s of the marbl e r ocks, their strongly 

fissured natur& and the highnesa created good conditions for 

larstif1cat1on. 

Tht.' Spr 1 ng river g i ves the naffte of the l.arst 

region. The gorge 1t ~ortns, is ~ot very big, but mor-phologi

.:ally interesting. It ·slowest poi nt is 8~5 m near Toshel 

and tho highest point 1s 1320 fll at Mount Asar Teppo. The 

l ansca~o has n11ar 1 y .all of t.he l:i&rst for■£> , which h.ave been 

t.tudittd in the Rhodope mount.1ine. Tho karst surface is 1000-

1200 in above t:.oe 1 evel . 

The cliinate, according to Subev and Stimev 1963 1 

is <nountajnous, tri,ns1tional .:-nd continent•l, under the 

constant ir1fluence of the southet n eye.lone, gen¥rating in 

the we&tern areas of lhe Nad1 ter1·ancan. The i!'verage annual 

temperature -for the highe•l regions of the karst l andsc ape 

is 3 .8., C ar,d 8 . 4° C -for the lowest ones. 

The mould-carbonate soils are connected to the 

basic rockt. - the marbles and a re not so fertil• . The 

holocene soils •pre...,ail , but in Lertain purts of the karst 

rogion and outside it there •re also f ragments of olde r 5oi l 

sedi11ents, niainly on th11 slopes and the terraces. Soll'le upper 

and middle paleolitic findings wore discovered a l ong the 
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terrace& c,f the river . They included flint artefacts. , the 

Spout, the Transforaiator , the t.iose, Orph&us v. and aC>lfttt 

other . Sotne of them had been p reci pi tatvd, others preaerve'd 

1n situ, or influenced by sul iflwdonal proce••••• During 

the invest i g .al ion in the deeper 1 ayer& som• pol ygon•l 

;.l, uctur es were found. The thi ckne~s of their f i s surea wa5 

4-5 cm, and thRir- dial'lla trns were fro• 20-40 c,. up to ;'i0-60 

cm. Soll'!e of the fissures wer& filled up with whitish or 

yellowish and red fraction-.. Simi l ar pol)•gonal structurea 

Mare discovered in the watermechanical sediment& in th• pre

~ntrance part c,i tho Triangular cave at ._ depth of -4 . 80 -

:5.20 ,n. 

The cavv i s s i tuo\t.ed al l'llost in the ai ddl e of the 

l-:arst region . The two entrances can be found in the base of 

a c.rown of rocls 1 facing •outhwards. , at a 2240 8'I •bsolute 

h1ghness And 130 Pl re-lative highnaaa. The entrance• are 

•l ,.ost parallel. Twelve ,net.res inside they for,n • hall , 

developed eaatward5. Jt i• t en 111etres l ong and seven •atr e• 

wide. After that the cave -forms a paasaga with averag• width 

of 2 -. , leading north-eastwards . The totcl length is 1H • • 

The -floor is fl at and co,.,ered with sei111ttnt• •nd rock pieces 

that t.how up in certain places. 

Defore analysing the p r oblem J wish to thank to 

all the young men who volunteered and c3.rried out a gr&•t 

deal of the inveati gation work. Wel 1-•annered, 5howing g r eat 

interest and knowledge in studyi ng th• aadimunt& , they 

"fanted to work a• SlUCh as they could. They quickly got into 

the 11ethodology and wor~ed on their own,without Any any 

assistance. I wish to thanl< them once again, for they ••d• 

real thi Iii report:, too. They were wonderful. 

l was Gupported also by a lot of orga.nikations and 

fellow spelROlogists. The pa.leotic group of the Jnstit.ut• 

-for Archeology helped u a in -finding out the trace• of the 



•ncient dwellers. I wish to th•nk to proi.Lisak Starkel fr04n 

th~ Institute for Geography in Poland. 

The inveutigations were included together with 

some other caveK in the S~8PROJECT 15B-B program,ne 1 cre .. ted 

by the Intern.,tional Quatern.,ry Association /INOUA/. 

We determined four zones of investigation of the 

sed.lnients along the axis and horizontally. 

1. Pre-entrance part I including ~he space in front 

of the entr.,ncas. up to the rock walls. 

2, The Entran':e part - the 1 it-up and th& dark 

:ones of the cave. 

In this p.;;)per we shall an•ly1-e 150,ae peculiarit1&'a 

and findings in the Pra-vntranca zone. It represents a aiope 

in -front of the two entrances to the ca.ve,facing s.outhwards, 

30-:S5o staep. The highest level o-f the cave sediments could 

be -found in the weata-rn entrance. 

• We had three ,nain tasks.: 

1. We had to -find the oldest pleii.tocene sediments 

in this part of the mountain. 

2. We had to enlarge our information about pro-en

trance part& of the caves and their devglopment. We lacke<l 

that in-forination when •tudying the pleistocene sediments of 

the Sorickov·s cave. 

3. Wa, had to nia.ke clear ,.orphologic evolution of 

the entr•nce parts of the caves. 

The foloowiug genetic types of sedi111ents were 

discovered: - Therrnogr:1.vitational, built up by rocky 1narble 

pieces with different •i.:es and pointed on the edges.. 1 and 

variously coloured clay-;.. Under the holoccn layar th1E.--r2 wer~ 

an upper Wurm 1;teri le lay~r and an upp~r Wur-m -fo~si l l aye,· 

Hith remnants of Ursus spelaeua, herbivorous .3.0d predator:, 

._ninial s . The thickn11ss in the weatcrn part 15 - 2.15 m .. nd 

in the ••stern part - 2 . 40 ,n. 

- water11nechani cal types I bui 1 t Up in the lowes t 

levels by gr•vals and sa.nds 1 clay fraction5 with di.-ffaront 

coiouring - green, yellow, up to yel lowreddi sh . At a depth 

of - 2.30 - 3.05 111 so,ae bonas of Ursus spelaous \oler-.:1 

discovered together with a lowliir ja.u 13f a herbi vorous 

pleistocen ani,nal. 

Unexpectivly t.hre11 parts of Gtalagruteti were found 

in t.ha pro-antr.1nco p~r~ in c i tu - in front oi tho entrance. 

- The fir£t piece wa& a E.tal.ig,,.ite with .a calcite 

cov•r and sintr1c pockets. It was found in the western part ◄ 

of the area, lying over a fi11e frectic,n of sands and cl..,y'i 

-froa\ water-mechanical sediinent• at a d~pth of - 1.e1 .,._ It 

was 28 cm 1 ong and h•d .a di .'.Uftc.>tre of 17 c • •• 

· - A frag,nant of stal agmite .at a depth of 1.90 m in 

theri:-09ravit.ational sedimants in the eastern part o-f the 

are.a. A piece of the stalagmite, together Mith two pieces of 

bonaa of Ursus apel.aeus.1 lying in upper atr .atigraphic 

l.ayfirs, were 5ent to prof. starkel for d.ating. 

Tha -following paleoclimatic characteristics were 

received, 

St•l agmi te 1-arApl e N HV 11084 dates 38380-930 

830 

and corresponds to the i ncrea.&ad che,ni cal denudation and 

deeper filtration of w.atars durir:'9 the- lnterglaci.a) period. 

The lying over sedi111Rnts corra&pond to the cold phase of the 

cold Rroaion. Th1t two bone• of _Ursus spelaeua f;...oni the 

foaai l layer date 17 740-465 •nd 1~ 57.0-310. 

- A st.alagMite for,..ad right over .a basic rock in 

the •••tarn · p•rt of the :zone - 3 • in front of the eastern 

entrani:&. 

·· Tho•~ findings ••~e possible the dating of the 

ti,ne when Ursus sp~~eus and the_ .. ~_th~ pleis~~C;.!!1 • . ani111als 

dwel led the ciave, and · ':"• -al•o received information about the 

da,nud&tion of th• entrances - they h.td become 5-6 in more 

'narrow during Wunn II and Wurn1 Ill periods. Huving in 111ind 

th• da.ting of the deposit• and theire position insitu in the 

, sedin.enta, we• c~ stat ■ that. the cave was. in a water roginie 

of flowing of the underground river during the Upper Ri s 

Wur"' ar-v} Lower Wur.. . The sediments under the layer of the 

atalAgait• had b een .for111ed .-.t th.-.t. ticne as well . The 

Tri.angular cave•.• aedieents are the 'oldesr inve·sligated 

1utdl11.ant• ln the Rhodop• mountains. 

During the .-.utuinnal excavations of tha 

w•termechanical sedi•ents in 1988 in the pre-entrance zone, 
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s.onut new sa,aplt?s were -founJ - ~lo15'tuct:!11 de<,Jo•1ts -

s talactites on different level s from 3 . SO up to 6 . 80 ,n. They 

had different l enghts and diameters. The cross section of 

the samples ir.pressed us inost with their ~ truc:ture, which 

can be" analysed in severo1l aspects. 

1. Strongly expr&51ied radial f i ••eres. S0111e of 

them are 'liiilcondari ly cracked by the flowing water /pictures 

50b• 1 3. 2. 13 and partly in picture 10 and 5 / . 

? . All of the cro51o saction~d sa,nples show 

concentical fi:aD\.ll'ESl r tou. The flowing water had cracked 

secondarily some of theia 1 too / pictures 5b• and 13/. 

:S. In tha more s.trongly radially conc:entrical ly 

fissured sample• we could notice certain s ieconda ry 

cry'.»tal l i zation . 

4. lilhen sp 1 i lt i ng out some of the deposit& along 

the radial fissuras 1 wo could notice well deiined s1ntert. 

and 1econda1·y crystallization /pictures 6 and S/ . 

DISCUSSION OF" THE PROBLEMS 

The f i rt.t group of prbl enis is connected t•i th the 

-fissures oi th• deposits .and 1:omo 1111 neral ogt st!S define three 

ways oi origin: 

- singenetic way - the f is5ures were fornieC 

tigather with the thickening of th& deposits. 

- epigeneti.:: way - the doposits h.:id be"in -form&d 

and fissures appeared as a secondary process as a result of 

deformation in the depos.i ts. 

- diagenetic way - the proc~ss of hardening and 

drying led to the cracking of. the deposit.Iii. 

The origin oi the fissures could Lu~ attributes 

als ':o a cornbin~tion of these three ways. r 

The second group of problems is connected with tho 

d at. ing of the d&posits. We a.im&d to r&caive inforatation 

a.bout the cl iaiate and to define the paleoc l 1 fflati c and 

p.aleohydrologic conditiom, in the k.tri.t region. 

The structure of the d~pot:.i ts brought up fiOme 

other problems, too, connectec! ""ith the morphccli,natic 

conditions in the evolution of the underground network. The 

investig.-.tion o-f the structure .iiind the crystal -formations of 

the depofiits would givei..as the chance to receive information 

a.bout the underground climate if the karst hollows. 

Before r°eceiving the laboratory re1.ults. frort the 

e xccavations. 1 would like to give ,.y theoretical opinion on 

the matter , using the achi&vements of speleocli,aatology and 

relying on my t:n:p11ri11nce. 

1. The deposits were forr:,ed under the 1 cayer o-f the 

dated stalag1nite - 1.90 m during the Upper Pleistocene-1 the 

end of Rit. Wurm Interglacial, Wur,a I •nd tha- first ha.If of 

Wurm II. The climate was not stable and the Trianguliar cave 

could be de-fined as. !..~""ntilation cave. During the time of 

the formation of the dop';lsits the two entrances were under a 

rocky opening - an entrance wi lh two 9al leries, that were 

6-7 111 longer at least. The two gal lortea were situated on 

different levels. The cave was in a water reginie and, 

probably, it had an open pot-hole, but it la.:::kttd a constant 

water siphon. Tho£.e three pleistoce:1e O?eroings c,;. the cave 

provided the condition& -for the unstable climate of the 

ventol ati on typ& of caves. 

2. During their f'ormation the deposits had a very 

uns.table hydro1111etry. They wera not flooded entirely and the 

percolating water was with a inconstant ch.-.ra,;ter. Tho 

vertic.-.1 fissures created conditions for a secondary 

dissolution. The deposit& were in a "stalagtite - spouts" 

stage with an inconstant f _low of water. 

The conditions of ventil,..tion cave 1 the unstable 

climate. and the inconst.mt hydr-ocnetry caused concentrical 

and radial fissuring of the dep·osits. 

The unstable ·cl ilftate and the cold processes led to 

the breaking up . _of 

st.alactitea 1 which 

in its direction . 

the cei Ii ng and di sledging of the 

fell in the underground stream and cnoved 

Thprefore, the pre-entrance zone 

represented the spring par"t of the cave durir'lg the upper 

pleistocene~ As a result of the cold proce&ses tt.e 

ther•ogravi tational sediments - marble rocky pieces and 

clays - fjlled and closed some of the pot-holes and oponings 

of the cave and created living conditions for Ursua spel aeu15 

and oth.r pleistocene ani,aals. During the holocene the 



entrances, together with the cave of the Arrows, were us•d 

as inconstant dwelling pl aces by tho inhabitants of th& 

region. 

l think you are not very n.ach 1mrprised by thes e 

findin'gs in the Triangul•r cave, but it is siyua.tad in the 

most south&rn parts of the European continent and it wi 11 

arous interest mainly for the revoaling of its paleoclill'.atic 
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proce&t.es during the Upper pleistocene. Our fellow 

Speleologist& will have the chance to COll'lpare their work 

with the investigations in the- cave. I believe in their 

benevolance and let's hope for our future mutual assistance 

in solving these problems and acquire new in-for,a.rition about 

the pleistocen& development of th• depoaita of different 



HINWE I SE AUF AUFS TEIGENDE KARS TWASSER IN ALPINEN KARS TQUELLEN 

PAVUZA, Rudolf - TRAI NDL. Helmut 

1. Zusa1111enf as sung 

An vielen alplnen Quellen kann das Ph!nOfDen des glelchzeitigen SchOt
tungs- und Mineral1sationsaaxi11ums beobachtet warden. Oieser Effekt w1rd in 
der Uteratur oft als Folge des ·p1ston-Effektes· verstanden. kann aber, 
entsprechend den hydrogeologischen und hydrodyna.,nschen GesetZIMOigkeiten, 
auch als Potenttaleffekt in der phreatischen Zone des KarstwasserkOrpers 
gedeutet werden. Durch die f• zent ralen Gebirgsberelch bzw. 111 Bereich der 
max Ima len Kuh11inat ion des Karstwassersp1egels hochste Potent ta 1 le Energia 
des versickernden und auf den Karstwasserspiegel auftreffenden N1eder
schlagswassers in Re lat ion zu der der aaargina len, t ieferl iegenden Aquifer
beretche werden die tieferen, auf grOBeren Ulllwegen zur Quelle fQhrenden 
Wasserbahnen kurzzeit1g verstirkt akt1v1ert. In d1esen Bereichen 1st durch 
den er htihten Druck das Kalk-Kohlenslureglelchgewicht tnfolge einer erhtihten 
C0.2:-LOsl1chkeit in Richtung zu hdheren Gesamtionengehalten verschoben. 
Oiese relat,v ilteren Wisser warden nun durch den beschr1ebenen Effekt fOr 
kurze Zeit - bis der Energ1e0berhang abgebaut 1st - zur Quella emporge
drUckt . 

Dies bedeutet aber, daP in den t ieferen Aqutferbereichen zusatz 1 ich 
zur Mischungskorrosion e1ne weitere, tmer wteder e rneute U:SsungskapaziU.t 
fOr Karbonate vorhanden 1st und der Tiefgang der kar sttyp1schen KalklOsung 
wohl noch grOBer 1st als bisher angenamen. Hinwetse auf das PhinOIH!n der 
CCD (Calcite Compensation Depth) und die Ergebnisse der Ttefbohrungen fOr 
die Kohlenwasserstoffexploration 1111 kalkalpinen Raume IIIOgen dies verdeut
ltchen. Auf der anderen Seite steht man tndessen, daO gerade zur Ze1t der 
hclchsten SchOttung und wohl auch des hochsten Erosionspotentiales dte t1e
fen, aufste,genden Quelllste 1n vtelen Flllen a,a stlrksten aktivtert war
den. I n der Tat zetgen nun auch auffallend viele alpine Riesenquellen 
eind~ cksvolleauf stetgende Quelliste, die ZI.D Tail in betrlchtliche Ttefen 
fUhren. 

2. Beobachtungen an alptnen Karstquel len 

I n der einschllgigen L tteratur w1 rd hlufig ein Zusarrmenfa 1 len von 
SchOttungs- und Htnera11sat ionsmax h11\D bet Que 1 len 111 Karbonatkarst er
w!hnt. So etwa bel HOLLER et al.(1980), KOLLHANN, W.(1975), CSER et al. 
(1986), Ul'I nur e1ntge wentge zu nennen. Auch bei den eigenen Arbeiten (PA
WZA 1982, TRAINDL, 1982, PAWZA & TRAINDL 1985) wur de der Effekt beob
acht et. Jen fo l genden werden nun e1nige alpine 8etsp1el e ercSrt ert, wobet der 
Zusannenhang zwischen SchUttung und Hineraltsation verwendet w1rd, der d ie 
"Hystereseeffekte· (s1ehe auch WALLING & FOSTER, 1975, EDWARDS, 1985) 
besser zeigt. Die beiden mode1111i01gen Extreinf lil le - SchOttungsmaxi11un bei 
gletchzeittgem Mtneraltsattonsminimn (wohl vor allem bei f ret flieOenden 

1 11'11 
_.tht1hr.11ifftffllilt,1t"ltlH 

Abb. 1+2: Zwet HodellUlle fOr das Q/Htn-Verhalten alptner Karstquellen 

vadosen Wlssern gegeben), sowte der oben beschrtebene 11it gleichzeitigen 
Hax1aa (stehe dazu die Abbtldungen 1 und 2) - zetgen deutl1che Unterschlede 
tn der Kurvencharakteristtk. Doch sind bet den meisten Ouellen tnfolge der 
Heterogenttit tia Aquifer sicherltch watt wentger etndeut19e Ergebnisse zu 
en,arten. In den Abbi ldungen 1 und 2 stellt der Beretch A den Oberwtegenden 
dtrekten E1nflu8 des noch nieder ■ineral isierten Niederschlagswassers, B 
h10gegen den Bere1ch hOher11tneraltsterten offensichtltch hochgedrOckten 
T tefenwassers dar. 

Das erste praktische Betspiel stamt vcwa Nordwestfu8 des hydrologisch 
bereits caehrfach untqrsuchten Dachstetnaasstves (OberOsterreich). Die 
"Brunnbachquelle· der Wasserversorgung der Ortschaft Gosau (siehe dazu auch 
PAVUZA & TR.AINDL 1985 Sovie TRIMMEL & PAWZA 1988; die Traceruntersuchungen 
von F.Bauer & G.Vtslkl (Wien) wurden noch nicht publiziert), die ihr Ein-
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Slaaary 

With many alpine springs the phenoaenon of simultaneous aaxiaa in 
dischar ge and mineralization can be observed. In literature t his effect is 
often r egarded as a consequence of the ·p1ston effect·; it aay, however, be 
interpreted as a potential effect i n the phreat 1c zone of the karstwat er 
in accordance with hydrological and hydrodynamic laws. t n the central 1AOun
ta1n area respectwely area of maxt111.n cu1■1nation of t he karst water l evel 
the potent'ial energy of the precipitation draining away and reaching the 
karst water level is h1gher cmpared to that of the 11arginal l ower aquifer 
zone. Due to this fact the deeper waterways reaching the spring after de
tours are being activated enormously for a short period of time. In these 
areas the CaCO:s- 002-equtltbn.n is shifted in d1rectton of a higher t otal 
concentration of ions, caused by an increased solubility of CO2 and in
creased dissociation as a consequence of high pressure. These ccmparat tvely 
old waters are pressed up to the spring by t he effect mentioned above for a 
short time until the surplus of energy has disappeared. This means, how
ever, that 1n the deeper aqu1fer zone there exists a further continously 
r enewing capacity of carbonate corrosion in addtt ion to the mixing cor
rosion, and that the area of carbonate-solution (which is typical for 
karst) reaches 110re deeply than assl.aed so far. For illustration see re
ferences to the phenomenon of CCD as we 11 as the results of deep dn 11 ings 
for the exploration of hydrocarbon:,; tn the r.~1r111r-o/.>~S Alp~r:e Zone. 

On the other hand it can be seen that the deep and rising branches of 
many springs have their highest activity just at the time of aa.xtmum dis
charge and erosion capac1ty. Indeed strikingly many alpine giant springs 
show rising branches partly leading to considerable depths. 

zugsgebiet im ausgedehnten obertriassischen Oachsteinkalk hat, der den 
Uben'1egenden Tail des Gebi r gsstockes aufbaut, wurde w&hrend und nach etnem 
heft igen Ntederschlagseretgnts kurzfrist ig beobachtet (Abb.3). 
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Abb. 3 SchOttungs- und Minera 1 isat ionsverha lten der BrunnbachQuel le 

Es tritt deutlich der erwihnte Effekt zutage, vobe1 die "'Drehrichtung· 
interessanterweise umgekehrt 1st (Gegenuhrzeigersinn) 1111 Vergletch ,nit dem 
Hodellfall (Abb.2). Dies ■ag etn erst ar H1nwe1s auf die Uneinheitlichkett 
des Karstaquifers sein (siehe auch Abschnitt 3) . 

Ira Ostlichen voralpenbere1ch in der Gegend von Weyer (Obertssterre1ch) 
konnte an vtelen Oue.1 len ein &hnl icher Effekt beobachtet werden (PAVUZA 
1982, TRAIHDL 1982). A.ls 8eisp1el wird die Qualle Oberland angefOhrt 
(Abb.4), dte 1hr Einzugsgeb1et 1n den obertriassischen · opponitzer Schich
ten· hat, die hier unter einea 1181st bewaldeten Grilnkarstgebtet anstehen. 
wte bet der Qualle am Oachstetn 1st auch hter ein U.ngeres Anhalten der 
hohen Mineralisation in Relation zur SchUttung zu konstatieren. Beide Quel
len ltegen ,m Talbereich, der relative Karstwasserstauer jedoch weit dar
unter. 

Es fragt sich nun, w,e gut langfnsttge Bebachtungsrethen, etwa i111 
Honatsrhyttmus. die ja vtel eher vorliegen als 1<.urzfristige (u. U. ta Stun

deninterva 11 ! ) fur derart ige Untersuchungen ven,endbar stnd. Bet der Que 1-
le Oberland (Abb.·0 stnd solche Punkte etngetragen, wobet aus GrOnden der 
Vergleichbarkett der Zeitratn Oar Schneesct'lrlelle ntcht verwendet wurde. Jra 
vorl 1egenden Fal le sche1nt eine gewtsse Aussage hinsicht heh des Tiefenwas
seranteiles bet genCigend langea Beobachtungszettratn DKigl 1ch zu setn, ob
schon bei derart tgen llngerfnst igen Beobachtungen schcm rein stat 1st isch 
gesehen die Sch0ttungssp1tzen eher selten erfaOt warden. 
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Abb.4 SchOttungs- und Hineraltsationsverhalten der Quelte Oberland 

Bel der Alpeilqualle an der Hetterwand tn T1rol, d ie etwa 2 Jahre lang 
ungefahr tm Zweu10natsrhytt111us besucht wurde, zetgt stch offenbar atn aar
kanterer EtnfluO von Tiefenvasser (Abb.5), wobef durch das gAnzl tch vegeta
tfonslose Einzugsgebfet eher durchschaubarere Yerhaltnfsse zu en1arten 
stnd, d.h. Varfat1onen tn der Hydrochemte stnd von externen Faktoren (Bo
den, Vegetation) praktlsch ntcht abhingtg. 
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Abb.S: SchUttungs- und Mtneralfsat1onsverhalten der Alpe1lquelle an der 
He1terwand ( lrast, Tirol) 

Ota hydrogeologfsche Situation 1st recht interessant: Es handelt slch 
um ein hocha lpines Karstgeblet von ausgesprochenem Kettengebi rgscharakter 
■it extre11 stet len Flanken, wobet d1e Quel le an der Grenze voa sehr gut 
verkarstungsflh19en Wetterste1nka1k zu den relat1v stauenden Ralbler 
Schtchten (Sand- und Tonsteine) austritt. D1ese allerdings - und d1es ist 
recht selten der Fall - fallen gagen das Tal etn, vodurch die Basis des 
Karstvasserleiters 1111 Beretch der Ouelle erst tn betracht11chen Tlefen zu 
erwarten 1st (Abb.6). 
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Abb.6: Hydrogeologische Situat1on der Alpetlquelle 

3. Zur HydrodynMik des t1efphreattschen Bereiches 

Ota phreat1sche Zone alptner Karstaquifere, die tnfolge verschiedener 
lokaler Effekte zwe1felsohne nur ,in grt>Oerem HaBstabe betrachtet eine dem 
klassischesn Grundwassersptegel vergletchpare, metst gewcSlbte FUche tm Rat1n 
darstellt, waist in vielen Fallen etnen 1tul11tnattonspunkt trgendwo 111 Ber
gestnneren auf, der - je nach den geologischen Randbedingungen - stark 
azentrisch in Bezug zur GebirgsgeOIH!trie setn kanO:. Trtfft nun versickeren
des Ntederschlagswasser - 1r1 Ideal fall 111 gesamt.;·n Aqu1ferberetch gletch
zeittg und in gletcher Menge - auf dtese Fllche, so ergeben sich nach der 
Theorte von HUBBERT (1940) fOr frete, ttefreichende Aquifere AbfluBbahnen 
tn Rtchtung zur Resurgenz, die ZUIII Tetl sehr t1efretchand stnd. Hach der 
Potent ta ltheorie ergeben stch fOr das tn Abbi ldung 7 dargestellte Mode 11 
die tiefretchendsten Wasserbahnen voa Ku1■1nat1onspunkt des Karstvasser
sptegels zur Quella. 

Der Verlauf der ~utpotential 1 fnten bedeutet ferner auch, daO be1 zwei 
hypothettschen KlOften (in Abbildung 7 als A und B bezetchnet), dte unter
schiedltch lief retchen, jedoch an ihrer Basis dte gle1che ~qu1potenttal
lfnie antreffen, die Wasserstlnde gleich setn ■Ossen - ein hydrodynuischer 
Effekt, der bet rein stattscher Betrachung der Konfiguratton des Karstwas
sersptegels sche'inbar widersprtcht. Otes 1st nun zwetfehohne etne der 

Erk l.!lrungsacjgl tchkeften fOr manche zun!chst befreadl tche Beobachtungen an 
ganz offenstchtltch phreattschen Hohlenstphonen. 

Bet Annahme, daO gegen die Teufe zu die hydraultsche OUrchlisstgkeit -
aus welchen GrOnden auch ttrner - abntant, sind abgeflachere Fl teObahnen 
anzunetaen (Abb.8), was jedoch aa Konzept an stch n1chts Bndert. Von grij-
6erer Bedeutung fndessen 1st das Rel 1ef des Karstwassersptegels: je grOOer 
dies 1st, desto t tefretchender 1st der oben erwlhnte Effekt (FffiER, 1980). 
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Abb. 7: Hydrodyni1.'?11k des phreat ischen Bere1ches (nach FETTER 1980) 

Abb.8: Fl1eOverhaltn1sse 1n der phreat1schen Zone bei Abnahme del" hydraul1 
schen DurchUssigke1t gegen d1e Teufe 

Es 1st aber nun so, daO die auf dem Kul11tnationspunkt auftreffenden 
vers1ckernden H1ederschlagswlsser efne deutl tch hohere potenttelle Ener91e 
aufve1sen als die der naarginalen Aquiferbereiche. Be1 annlhernd gleich
ze1t tgem Auftreffen ■Ussen dahar d1e t 1eferen Wasserbahnen nach de,a Model ~ 
in Abbi1dung 7 solange versUrkt akt1v1ert warden, b,s dteser EnergteOber 
hang abgebaut 1st. L1m1t1erender Faktor 1st zwe,felsohne der grtiBere Ru
bungsverlust der t1eferen und langeren Wasserbahnen sow1e lokale StHref~ 

fekte, wte plotzl tche Ouerschn1ttsveranderungen (PREISSLER & BOLLRICH. 
1985). Wenn der Hiveauuntersch1ed zw1schen hOChstem und t1efst8'1 Punkt des. 
Karstvassersptegels ein besttmtes HaB unterschre1tet, w1rd der T1efenvas
sere10fluB ausgeschaltet und von,iegend hochphreattsche wasser, d1e Z\alin
dest in der ersten Phase nach dem N1ederschla9 Mufig noch nieder •tnera 1 i 

s1ert s1nd, erre1chen dte Ouelle. Ill vetteren Verlauf treffen dann aber 
auch wteder COz-relchere und da,a1t subsequent hoher 111tneralhterta Wisser 
be1 der Quel le ein. 

FUr den Hodellfall und die Beisp1ele (Abb. 1 - 6) trttt also 11.111 Zatt
punkt der hochsten Schut tung (hoel"lstes Potent 1algera11e Im E intu9sgebiet J 

offens1cht 11ch ze it l 1ch begrenzt Wasser des t 1efphreat tschen Beretchefic 
zutage. 

Zweifel las 1st aber auch z.,. ZeitPUnkt der hochsten SchUttung e1n 
gew1sser Antet l an hochphreat1scheal Wasser tn der Quelle anzutreffen, wt. 
ja durch Harkterungsversucha 1• alpinen Rat.a mehrfach geze19t vurde. Auch 
stnd be1■ vor11egenden Hodell d1e vadosen 0uella5te ntcht berOckstchtigt. 
Otese Restrtkttonen sollten vor Augen fOhren, da8 eine krtttklose Verallge
scernerung von Thesen gerade 1■ Karst sehr problenattsch 1st. 

4. Hydrochatsche Aspekte 

Ota t■ 3. Abschnttt entwlcke1te These aus der Beobachtung der hohE ... 
M10eralisattonen bei• SchOttun9S11Ax.ix.111.111 waist offens1cht11ch auf e1n4 
hbhere Htneralisat1on der tiefphreat1schen Wisser hin. Otes kann nun ther
eodynamtsch auf etne Verschiebung des Kalk - Kohlensluregletchge-.,tchtes 
unter erhdhtem Druck tn R1chtung zu versUrkter Bildung von Hico, und ver
starkter Dtssoztatton derselben auf Kosten des aggress1ven und des Gle1ch-
9evichts - COz zurOckgefOhrt warden, vas letztendl tch etne verstlrkte Kalk
Hisung tn t1eferen Aqu1ferbere1chen zur Folge hat. Zud• steigt d1e phys1-
ka1 tsche L0s11chkett des COz tn Wasser t■ Teufenbere1ch von wentgen hundert 
Matern U11 rund o. 2 ~ pro Meter. 

Ohne auf dte mfassende Ltteratur zur KalklHsung hier nlher atngehen 
zu kcinnen, se1 ledtg11ch auf das Phinomen der CCO, der "Calcite Coapen
sat1on Depth" tn den Ozeanen verwtesen. Es 1st bakannt (s1ehe dazu etwa 
MRAZEK, 1988). daB unter etner besttmten, tsrtlich verschttdenan Taufa 
(4000 - 6000 m) tn den Heeren keine Kalkausfiillung bzw. etna Kalkltssung 
stattfindet. Grund dafOr 1st eine erhohte Ltssungskapaz1tlt, die b1ogen, 
aber auch chemisch - durch druckbed1ngt erMhte Otssoztat1on der Kohlen
slure - begrOndet 1st. Es gtbt tndessen nur wen1ge Ml;Sgl1chke1ten, dtase 
verttkalen Variationen (stehe auch PAVUZA & TRAINOL, 1085) 1• Karatwasser 
dtrekt zu erfassen. Hfnwetse auf erh6hte KalklOsung kcaNn von den T1efboh
rungen 1• Ratwien der Prospektion auf Kohlenvasserstoffe ta kalkalp1nen 
RaUll8 (WESSELY 1983), die etnersetts starke Karstvasserbewegungen 1n groPen 
Ttefen (bis Ober 5000 ml bet erhtshten Gehalten an Erdalkalt1onen ohne E1n
flu0 van Saltnan,issern, andererseits das Aufdrtngen von ebenfall1 hydro-
9enkarbonatre1chen Karstwllssarn an den Thermen des Kalkalpenoatrandes nach 

lan9e11 Wege t■ kalka1p1nen Untergrund des Wiener 8eckens erbrachten. 
Durch diese Oberlegungen vtrd das Hodell des glaichzetttgen SchUt

tungs- und Mtneraltsattonsmaxhru..as auch aus hydrocheatscher Stcht varstlnd
ltch. 

FOr Karstgebtete att etner starken Vegetation btetet sfch freiltch 
zunlchst auch etne andere Hypothese an: Durch 1as varstckernde Nteder
schlagswasser wird zunlchst das extrea COz-retche Bodenwasser tn den Aqui
fer gedrOckt, dann erst folgt das etgentl1che Htederschlagsvasser, das zwar 
allgemetn die COz-Produktton h• Boden erh6ht, durch die gro8e Menge tn 
$1.mDB aber doch eine Verdilnnung dteses hohan COz-Potent1als bewfrkt, sodaO 



letztlich ntedrtgere M1nera11sat1onen zu konstat1eren s1nd. Oas he1Pt. daO 
auch hier dem nfederschlagsbedtngten M1nera11sattonsabfall e1n aehr oder 
■inder ausgeprlgter Mineraltsattonsanstteg vorausgehen ■OOte. Ooch tst 
damtt aus hydrodyna,atscher Sfcht das oft beobachtete vollk0111en gletchze1-
t1ge Auftreten der betden Maxiaa auch in GrOnkarstgebfeten nur schver er
kllrbar. FOr Kahlkarstgebtete schetdet das Modell jedenfalls aus. 

Oas Phlnoaen. daO die erhohten Mtneraltsattonen Unger andauarn als 
dte SchOttungen (mgakehrta Orehrtchtung 1• Q/Mtn - Diagram 1• Vergletch 
att dea Hodell tn Abb.2) konnte gegebenanfalls tn etnem gr0Bri1.ntgeren 
Aufdrtngen tiefphreatischer Wasser, die die Quella z1.a Tetl erst aft VerzO
gerung erretchen, erklirt warden (Abb. 9) 

Abb, 9: Hodell fOr ntchtpunktuelles Aufdrfngen ttefphreat1scher Wiisser 

5. Spe Uo logtsche Konsequenzen 

Ota vorl tegenden Oberlegungen weisen efnersetts auf einen groBen Tief
gang der Wasserbewegungen ta phreat tschen Beretch bet best f•ten hydrologf
schen Zustlnden hin, andererseits 1st auch in dtesen Ttefen eine stgnifi
kante Erhohung der Kluftporositit durch druckbedtngt erhtshte KalklOsung zu 
postulteren. Otese guten Wegfgketten zeigten stch wtederholt bei den katk
alpinen Bohrungen der Erdt>lindustrte, oft auch bet Markterungsversuchen, 
bef denen Tiler unterfahl"en wurden. Dies fOhrt wteder etnaal vor Au9en, daO 

dte Hohlra....- bzw. Ht>hlenbildung extre11 ttef l"etchen kann, was Ja ansatz
vetse auch bel"efts durch spektakulll"e, frail tch oft auch tra9isch endende 
Tauchglnge in situ festgestellt warden konnte. Es 1st dabet bezeichnend, 
daO bet Vorl tegen best trmter. oben genannter Voraussetzungen gerade die 
aufstei9enden Wasserbahnen zur Quel le ztn Zettpunkt der hochsten Schfittung 
am akttvsten sind. Infol9e der aaxfmalen Strt.un9sgeschwtndigkeit tst aber 
gerade hier das Erostonspotenttal 811 hochsten. In der Tat findert stch bet 
vielen alpinen R1esenque11en gewalttge aufsteigende Quelllste; 1nteressan
terwetse auch oft deutltch Ober deni heutigen Talniveau, was paliohydrolo
gisch van entschetdender Relevanz 1st. Orei alpine Seispfele sollen das 
PhlnCD&n abschlieBend anschau11ch vor Augen brtngen: 
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ST£Jll!ACHllEU.£ (kat,Nr. 1125fl) 

Abb.: 10-12 Beisp1ele alpiner Rtesenquellen aft aufsteigenden Quelllsten 
nach KIRC114AYEJ! ( 1984, 1988) und Leutner ( 1983) 
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SUBCUTANEOUS DRAINAGE AND CAVE DEVELOPMENT IN THE INTERLAKE AREA, 
MANITOBA, CANADA 

SWEET, Geraldtne 

The Interlake area is aade up of several thousand square kiloaeters 
ot carbonate bedrock. Predo■inantly dolo■ites ot the Ordovician 
and Silurian, these beds fora the eastern lip of the Williston 
Basin, a large synclinal syste■ extending into the Northwestern 
States. In the north the surface has been exposed to aerial 
weathering tor about 8,000 years, since the glaciers retreated fro■ 
the region and represents a tre».endous potential for Karst 
developaent. There are thousands of hectares of paveaent and 
sinkholes, poljes and caves litter the area. over forty caves have 
been found in the last three years. They are s■all, up to 160 
11eters long, and they are all within 25 ■etres of the surface. 
There is soae controversy with respect to the processes of 
formation and age of these cavities. Presently the •ean annual 
precipitation is less than soo-., ■uch ot which accuaulates as 
snow between Noveaber and April. Spring ■alt is a very llportant 
source ot water for solution and cavities that are totally dry tor 
aost ot the year, till with water for a period of three weeks to 
two months at that ti■e. During heavy swm.er storm.a water strea■s 
down the walls of several caves, although they are dry at other 
times. These two sources ot water ■ay play an i a portant part in 
the modern develop■ent of the caves. 

An ongoing study of the area to the west ot Lake Winnipeg 
(Fig. 1), has resulted in soae interesting reclassitication ot 
pavements and has added significantly to this author's knowledge 
about hydrologic regiaea in carbonate terrain. The greatest 
addition to the infonaation on Karst developaent has coae in the 
last three years, and is the result ot a syste■atic search tor 
caves in the region. In the last three years at least forty caves 
have been 1ocated in tvo distinct areas of the :Inter1ak:e. :In tho 
north, close to Grand Rapids and in the south, around Hodgson. 
There are several other locations in the Interlake, but these have 
not yet been fully investigated. Of those that have been explored 
more than twenty have been accurately surveyed (Fig. 2) . 

... 

Ct 

o u so rs -
• Sampe siles 

.,. 

Figure 1 

275 

CONDUIT D • RCOQLIKBHT SOUS SOL BT DBYBXPPMRNT DES CAVltS ENTRBLACS 
DO NORD MANITOBA, CAKApA, 

La region Entre-laca eat faite de pluaieura de ■ill•• kilo■etres 
carre de lits de roe.her carbonate. Predo■inent dolo■itea de 
1 1 epoque Ordovician et Silurian, ces lits for.a la lave des basin 
Williston, un grand ayat8118 syndaical extendu d.ana lea Kta.ta Unia 
du Hord-oueat. Dana le nord la surface a etaia exposer par lea 
tops aerieua pour au pres de 8,000 annees, depuia qua lea 
glaciers sont retraitee de la region et represente un potential 
formidable de develop11e.nt du Jtarat. Il y a des ■illea d ' bectarea 
de pavee et de dolinea, poljes et caves qui daasordre la region. 
Plus de quarante ont etaient trouvees dans las derniers trois 
ans . Ila aont petit, juaqu•a 160 aetrea de longueur, et ila aont 
tous entre 25 ■etras de la s~ace. Il y a quelque controverses 
par respect des procs de la toraation et l 1 age de cea cavites. 
En ca .a.ant la precipitation 110yenne annuelle eat .ain de 
500Jla., le plus en accu.ul.ation de neige antre Novaabre et Avril. 
La fondue du printeapa est una traa iaportante source d 1 eau pour 
solution et cavites qui sont totalllent sec pour la plus grand.a 
partie de l'annaa, se re.apliase d'aau pour une periode de trois 
se.■aines a deux aois a ce temps. Pendant lea tortes oragaa d 1ete 
1 1 eau coule en flot en bas dea ■urs de plu.aieura dea caves, 
quoique ils sont sec d I autreteapa. Cea deux aourcea d ' eau 
peuvent jouer un part i■port.ant dana le developaent ■oderne des 
caves. 

Figure 2 

The karat landscape has d&veloped in rocks of the 
Devonian, Silurian and Ordovician periods. These are predo■inantly 
dolomites, but there are significant beds of li■estone, calcareous 
s andstone and soae concentrations of gypsu.■. The area is large 
stretching for about 10,000 square kilo■etrea . So tar study baa 
been concentrated in the two areaa ■entioned above. The cave a at 
Hodgson are in Ordovician liaeatone and cherty dolo■ite. Tboae of 
the Grand Rapids Uplands are in Silurian dolo■itea . 

Thia paper considers only the develop■ent in the Grand 
Rapids area. The stratigraphy include■ a ■-ixture ot reefal 
deposits, algal ■ata and atro■atolites, over draped with finely 
bedded dolo■ites, all of which are found at the surface. The area 
was glaciated as recently as 10,000 b.p., the ice reaoving any 
surficial ■aterial and the result ia a ■aasive area ot pave■ent in 
which the cave entrances are found. 

With continued exploration and study of each of the caves 
a more coapetent picture of their developaent eaerges. There i• 
apparently ao■e correlation with respect to the processes of 
formation and the probable age ot these cavities and they fall into 
two general categories ot physical shape. They are all quite a■all 
with a aaxiaua length of 150 aetres and they are all located within 
tifty ■etres of the surface. There are ■aall vertical pita, 
generally between 5 and 10 ■etraa in depth, tapering oft to nothing 
at the base. Secondly there are steeply sloping shafts, vbich bell 
out into horizontal cha.hara or passages at the botto■• The 
■axi■UJl depth of any of the features found so tar ia less than 20 
■etres below the surface. This is well below the frost line in the 
ground, but not necessarily deep enough to avoid fracturing in the 
past as a result of glacial co■preaaion and release, nor to prevent 
frost action today, in the shaft. 



Fro• the exploration and surveying of the laat two ye.a.rs 
a distinct pattern of cave type is -•rglng and th• develop•ent 
vithin those caves 1• clearly defined. 

1) None ot the cavitie■ i■ very large, the aaxillua length 
aea■ured i■ about 45 aetrea and the pa■■agea are not ■ore than 3-
4 ■etrea vide, or 6-7 aetre■ high. 

2) They are all priaarily joint controlled and thara i■ little 
developaant of aide pa■■agea, loops etc. 

J) All the cave■ ■how evidence of breakdovn, especially in the 
entrance zone. 

4) Not all the cave■ have aajor evidence of ■olution and re
precipitation la ■poradic. The developaent of ■peleothaa i■ non 
exi■tent, in the very early ■tage■ ot tomation, or take■ a very 
long till• to fora. 

5) Entrance■ are generally a.all, often vith a vertical or 
near vertical drop, vith the developaant of a aain challber below 
or ■lightly to the ■id• of that entrance. 

6) Kany of the ■--ller cavities are ■i•ply enlarged gryk•• in 
vhich the top of the gryke i■ partially or fully blocked vith 
breakdown and local detri tua. 

7) Th• cave■ are all apparently independent of each other and 
■e•• to have individual bydrologic ay■t•••. 

8) Cavea have been found in eeveral ■tratigraphic unit■• 
9) Hone of the caviti•• have peraanent water in the■ or 

paaaing through thua, but both floving and atanding vater baa been 
Hen in aany ot th .. during the epring aelt period. 

10) Cavitie■ are tound in the expo■ed bedrock and belov 
overburden and there doea not appear to be a aignificant difference 
in tora between the two environ■ent■• 

ll) It i■ apparant that the rock type and the local vater 
tabla coabin• to create a.n hydrologic environ■ent vbich is 
conducive to eaall i■olated cave developaent. 

Initial reeearch in the province auggeated that the caves 
vere relatively old. In ■oae place■ drill core■ ahov cavities 
filled vith Juraeeic eediaente, but these are at depth. 
Neverthele■a it doe■ aaan that cave developaent ha■ occurred iy 
earlier geological ti•••. It ha■ been ■uggeeted by aoae author• 
that the exposed cavitiea are the r .. aina ot auch larger cave 
ayate-, vhich vere eraaed by glaciation. Thia author would 
diapute thia. There ia nothing in th• area, which above any 
reananta of a larger ayatea. one would expect to aee at least a 
fev exuple■ of truncated pa■aagea in the present caves or in the 
vall• of the overlying acarpa for thi■ to be a po■eibility. The 
only opening■ in ■carp vall■ or cliffs ia along the shore■ of 
■evaral lakes and I think. these can be attributed to vave/ice 
action. 

Early analyaia by thia author proposed that the caves 
were the result of waraer t-peraturea and wetter condition■, 
probably in the laat interglacial period. There were several 
reasons for thia direction of thought. Moat of the caves do have 
eleaent■ of breakdown and solution in thea and there la aoae 
incipient ■p■ leoth .. in aoae of the cave■• Postglaoial conditions 
have been generally dry. Th• araa gata leaa than 400 - of 
precipitation per &MUii. study of the caves during the auaaer 
above th .. to ba alaoat perfectly dry. water eaapling in on• cave 
in particular takH about thrH weeks to catch a 500 aa bottle ■at 
under the aoat active drip. During the late tall or possibly early 
epring there appaere to have bHn a little •ore activity. Thi■ is 
evidenced by the toraation of an ice ■telaetit• all th• vay down 
one vall of the aupled cave. Thia ia often atill in place aa late 
a■ July. In any avant tha total vater flov in the cave■ vas 
apparently very a■all and hardly conduc ive to the developa ent of 
even these aaall cavities. 

However the condition• i .n th• Sanguon interglacial 
period were varaer and wetter. Reaearcb in the area of bio
gaoqraphy indicate considerably ■ore variety and luahne■a of 
vegetation, for exaaple. Thi■ would be a auch aore appropriate 
environ.ant tor the foraation of caves. The secondary 
precipitation taltaa the fora of a very thin veneer of flovatone, 
including aini goun and popcorn/cauliflower. There ere a few very 
aaall atalactitea actively, but alovly developing. The aaount of 
breakdown could be explained by the increaaed pre■aure exerted on 
th• bedrock during glacial advance and the sub■equent relaaae a■ 
th• ice retreated. Everything then pointed to inter-glacial 
developaent, vith aoae ■fnor JIIOdification in the poatglacial 
environ.ant. 

Purther atudy of a nuaber of the cavaa, over the laat tvo 
yeara baa encouraged aa to reconaidar. Thar• are aaveral 
condition• vithin th• ■yet .. that point to poatglaoial developaant. 
Although there 1■ not auch glacial till in the area■ a Yhole, there 
are ■ignificant aaounta in ■any of the bedrock hollova, throughout 
the region. Deepit• thi■ there 1• no evidance of glacial till in 
any of the cavH, vhich aight be expected if the caviti•• had been 
there vban ice aoved over the ar■a. The only depoeit■ are fine 
clayey aateriala, probably a ra■idue froa the cave aolution. In 
tho■• cave■ vith a ■loping entrance paaaag• and ■ain cha■bar beyond 
there ia little or no evidence of breakdovn in that aain ch&llber, 
daapite the tact that th••• cha.her■ are clo■e to the aurfaca. Th• 
entrance paaaagea on the other hand. ara largely breakdown. Thay 
are axpoaed to tha outaid• ataoaphera auch aora than the iMar 
cbllllbera, indeed aid-winter t .. peratura difference■ are aa auch a■ 
15 degreH. In rook outorope in the area, the breakdown i■ in 
evidance to • depth of 15 to 20 aetrH. (llhat i■ not knovn i■ the 
internal extent of that breakdown, although epot drilling in the 
area baa ehown cruehed rock to a depth of 20 ••tre• in eoae holH.) 
If the cav- exiatad before th• laat ice advance■ one aight expect 
to find ■oa• collap■- thi■ olo■- to th• eurface. It i■ po■-ibl• 
of cou.rae that the ice waa not thick enough to cauaa coapraa■ion 
and relaua, but all indication■ are that even the laet aajor 
advanoea extended into the U.S. ■o the ice thiokn••• vould have 
been ooneidaral>le. (Th• local quaternary 9eologi■t■ euggHt >l,000 
utr••·> 

Perhape th• aoet penu■-ive arg,ment for poetC)laoial 
devel-,,t i■ the recant dieoovery that the cevH are eubjected 
to a 9r■-t d■-l aore vater than VH previouely thought. DUrillCJ the 
■-r till& th• cavu are elao■t totally dry. It i■ poHible to 
rw, a fin• fia of clu■t off th• vall■• In the vinter aoi■tur• 
cannot enter the cave■ because the aurfaca ia tro1en, aa i• the 

1 Looltery, A. per■onal coaaunication. 

ground to so■• depth. Kotvitb•ta.nding the.re are tvo aituation• 
when the cave• have a great deal of water flowing through or 
standing in the■, on a regular baaia, aoaati••• for aeveral day■ 
or week• at a till•. 

All the cave• are vithin aeveral aatr•• of the ■urtace. 
The bedrock 1• generally vall jointed and in ■o•• ca••• . fractured 
aa vell, the aurficial debria i• allloat nonexistent. Vegetation 
1■ coaprised of Jack Pin••, Juniper buabea and a variety of 
lichen■ • In th• winter th• total accu■ulation of snov aaounta to 
at leaat tvo aetrea. When thia aelta in the apring the aelting 
begin• fro■ the top down, the aeltvater passing through the 
decoapo■ing anov into th• ground. Apparently the ground doe• 
freeze, for thia aeltwater pond.a on the surface. I.n April and May 
it 1■ not unuaual to have aignificant ponding in depressions and 
the bush as a whole le aaturated with water. Melting of the snow 
is u■ually co■plate before the ground unfreezes, allowing the 
aa.xillua aaount of water to be available to pa■• into the cavities, 
vhen that occura. 

The re■ult is water strea■lng dovn the valla of the cave• 
and concentrating to fora aini spout■ in the aain joint ayste ... 
Thia water 1• cold (anov aeltvater 1• known to be enhanced with 
respect to CO2), so it ia highly aggressive, it paaae■ directly 
froa the surface to tha subcutaneous zone, as there ia no 
calcareous overburden. It then paaaea into the cavea, quite 
rapidly, over a period of several days and it aay have bean 
slightly enhanced by it■ prolonged a■-ociation vith the vegetation. 
so solution should be a ■ajor process during these periods of 
flooding. Certainly the phyaical appearance of the cavea, 
enlarg .. ant along aajor joint orientation, aaoothly sculpted valla, 
and vertical solution poclc.eta in the roof, attest• to thia. 
Becau■a the cave• are ao close to the aurface outaide air 
circulate& freely and toward the end of the aelt the aaount of 
water sliding down the walls leaaena and evaporation could be 
expected to take place. Thus the aecbaniaa for the flowstone 
veneer ia also eatabliahed. 
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Eventually th• vater pa•••• through the cavea into 
whatever space■ there are below. So far two different ayatua of 
drainage have been noted. Generally the outlet fro■ the cave is 
such that so■e ponding occur■, either because the input la greater 
than tha output, or becau■e the floor of the cave is ■till frozen. 
Although the ground would not be frozen to thia depth, the fact 
that ■o■• outside air doea lover the cave teaparatura, belov zero, 
aeana that the tloo..r would also be below zero. As a result the 
water entering the cave ponds to various levels. In Kay 1988 the 
water in Hoose Ara Pit (J"ig. 3), vaa about a aetre deep, preventing 
acce■• to the aecond chaaber of the cave. Thia water va■ slightly 
above freezing point, de■pite the fact that the outeide 
t .. perat urea vere in the upper 20 1 a. Lesa than 48 hour• later the 
water had coapletely drained, which iapliaa that once th• floor of 
the cave becoaea unfrozen the drain■ are relatively large, possibly 
incipient cavea. In Bat cave vater vaa entering the cave at a rate 
of ■ore than one litre per second, dovn tha fracture zone at one 
end of the cave. Despite a oaa ponding on the floor, ao■t of the 
water drain• away as fa■t a• it antara, again indicating relatively 
large drain■ below th• clay floor. 

Evidence of the ponding le apparent in aevaral foraa. 
In at laaat ona ot the caves, Moo•• Ara Pit (Pig. 3) , there la a 
notch around the wa1l aark.lng the level of ponding. In Bat Cava 
tha val ls bell out cloae to the floor, auggeating aora ■olution in 
that zone (Pig. 4). In yet another cave th• rock aurface in the 
lover level ahova a for■ of fretwork suggesting differential 
s olution. Thia aay be another reault of the ponding, or at leaat 
evidenc e of water straaaing dovn the wall■ aoae of the tia e, and 
dry at other■• 

J U , .. ,~ u •• ' ti - •nu--,_ ...,._, _ _ ....,______ ~ :::: :: 

Figure 3 

.o .. o . {]. 

Ill ltl St It 

I J I ___ .. 
--·-__ ,._ 

Figure 4 

~-~- ... ---~--_,_,. ________ .. , 

t 



It ■Has entirely po■■ible that annual repetitions ot 
this ••ltvater flooding couJ.d be a aechani■- capable ot creating 
aolutional cavitie■ of the aiz• found in thia region. De■pite the 
tact that doloaite 1■ ■lov to di■aolve, the cav•■ could have been 
tor11.ed by this proceaa ■inc• the last ice advance■, 9, 000 year• 
ago. Certainlr aolution ia occurring to day and these cave■ are 
part of an act va eyate.. 

Du.ring the suaaar precipitation in thi■ area la ■poradic, 
it taJt■■ the fora of thunder atoraa, the raault of inten■a 
convectional beating. These stora event■ produce heavy rainfall, 
■oae ot which i■ absorbed i-iately by the crackling dry lichen■ • 
and later evaporated. Again so•• ponding occurs in the depra■aiona 
and thi■ water vill pa■- quickly along the joint■ into the 
subcutaneous zone, and thu■ into the cavea . For axaapla l••• than 
24 hours after such a rain stor11, water vas encountered pouring 
down the vall■ of one cave. Thia water too vill be available tor 
aolution. The lack ot overburden aeana that thia water 1• still 
fully aggressive vhen it reach•• the bedrock. Thi■ water vill be 
■ore li■ited in its ettectivene■a than that available earlier in 
the year. It will not have a■ high a CO2 content a■ the spring 
■alt. There i• not nearly as auch water available at any on• ti■e, 
ao the length of tiae for potential solution will be le■a, but any 
aggrea■ive water vill cause so- aolution, all of vblcb add■ to the 
overall proceaa. 

I a■ al■ost convinced that the proce■ae■ ■ention•d above 
are sufficient to produce ao•e ot the cavities found in the Grand 
Rapid■ area, over a period of ten tbou■and year■• I aa quite 
convinced. that they do not explain all the cave■ tor ao■e are 
obviou■ly breakdown foraationa. I alao think this tranaient 
subcutaneous water is re■ponslble for secondary develop■ent in the 
caves. 

When there ara large quantitlea of vatar flowing through 
the ■Ubcutaneoua zone into the cave■ that water 1• alvaya 
aggre■■iva. Th••• large aaount■ of water should react vith th• 

277 

bedrock causing ■olution. However in thia particular environaent 
the water doea not provide a pe.raanent or even long la■ting 
condition. In■tead ■oat ot tbe ti■a tha cave vall■ are dry. So 
the cava valla are saturated., for a abort ti.a• they are awaah. 
Then evaporation occur■ firat drying the actual vetne■a fro■ tbe 
valla, then drawing the aoi■ture fr011 the ■urface layer■ ot tho■• 
vall■• There appear to be three diatinct aurfacea developing a■ 
a resuJ.t and each i■ found in a ditterent phy■ical. ■nvironasnt . 

So■e of the caves have a very thin veneer of tlovatone 
on the walls, generally not aore than 2 - thick, although ain.i 
goura have toraed Vb.are there la a change of angle on the wall. 
Thia .. y be ao thin bacau■e of the inconaiatency of flov, and the 
vary ■aa.11 a.aount ot ■olution that vi.11 have occurred in the vatera 
passage fro■ the aurtaca . It ■altas sen■• that the tlov at non 
flood tiaes, vbich vill be very slight, i■ aore likely to have ■oae 
carbonate in solution, than the flood water■ vbich reach the cave■ 
■o quickly. In ■oae ot the cave■ there are excellent it ... 11 
aaaaea ot vb.at appears to be cave popcorn, but vbich va■ apparently 
not foraed under vatar. It clo■aly re■aable■ cauliflower in tom, 
although it la ■uch aaallar and occur. in cluatar■ on rock ledge■ 
and camera, particularly in enlarged. joint ayat ... , which are 
partially clo•ed at the ■u.rtaca. La■tly, aany of the cave■, 
regard.le■■ ot aiz.a or ■tratigraphy, have a covering of tratvork or 
trelli■ on the lover valls, toned pre■u.ably by the rapid 
alternation ot very vat and ultra dry condition• in the cave■ • 

There la obvioualy a great deal of vork to be dona in 
tbia area, before any definitive anaver■ are torthco■ing. In the 
■ea.nti•• exploration of the r~ion and the discovery of ■ore 
cavitie■ adds to a gradually expanding bank ot knowledge on the 
geneei■ ot the■e feature■• At tiae ot writing ve have ju■t bean 
told ot a cave, tvo ■ilea long, vith aide pas■agea. Even aa I 
vrite excavation ot the entrance qrovs apace, and by the ti .. tb.i.a 
paper i■ pr-■anted the atory uy have changed again. one thing i■ 
claar, d■■pite the eiaplicity ot the rock ■tructure, the Interlake 
area ia aa co■plax as any found in thia country. 



KARST PAVEMENTS, DEPRESSIONS AND CA VE DEVELOPMENT IN THE INTERLAKE 
AREA OF MANITOBA; A RANDOM RELATIONSHIP? 

SWEET, Geraldine 

In the Northern Interlake area there are large areas of dolo■ite 
paveaent, exposed by the last glacial advances about 8,000 years 
ago. On this surface there are lnnuaerable shallow bedrock 
depressions, varying considerably in size. In the last three years 
over forty saall caves have been located in the area. These are 
roughly clustered in groups. With very few exceptions the caves 
entrances are horizontal openings, in pave■ents, with steep 
vertical drops into the cave . There are at least five different 
■orphologies in the paveaents, these generally correspond with the 
differences in stratigraphy. The caves are apparently found in 
several of the stratigraphic units, and entrances are found in 
different environ:aents. The depressions •ay be gently sloping 
inwards or have vertical aides. The initial finding of this author 
and her colleagues is that the cavities are found randoaly 
throughout the area and neither the ■orphology of the pave•ents, 
nor the location of the depressions is necessarily linked to the 
caves . A possible explanation is that the caves were foraed before 
the surface was exposed and thus the surface has developed 
independently. A second theory would be si•ultaneous development. 
Lastly the syste.a aay in fact be directly correlated although this 
does not appear so at first glance. 

Twelve thousand years ago the whole of Manitoba was 
covered by ice. The last aajor advance of the Quaternary ice 
reached as far south as The Pas and Long Point, where an end 
moraine was created fro• the calcareous debris collected froa the 
bedrock i .. ediately to the north (Fig. l}. That debris was 
collected from an undulating surface, where thin beds of finely 
grained dolo•ites are draped over algal aats and stromatolites, 
primarily or the Silurian period. The whole area sits above an 
escarpaent 85 ■etres high. Lake Winnipeg, imaediately below this 
escarpment creates the ultimate base level tor both overland and 
underground flow. On top of the escarpaent there are several 
glacially scoured lakes of various sizes, which add local 
complications to the hydrology of the region. The rest of the 
surface is •ade up of exposed bedrock with pockets of till in the 
hollows. This then is the environment which is home to a nu.aber 
of karat features. Vast areas ot paveaent are littered with 
sinkholes, caves, •aasively enlarged joints, shallow depressions, 
and scars. There are several distinct types of paveaent, the 
physical properties of which are related to the stratigraphic 
units, which are exposed on the surface. Otherwise initial 
observation leads to the conclusion that there is apparently no sat 
pattern to the davelopaent of the landscape. 

Paveaents in the area north of the The Pas Moraine cover 
an area of several thousand square kiloaetres. In ■any places 
these are sparsely covered by boreal forest, •ada up largely ot 
Jack Pine, Taaarack and Spruce and its accompanying undergrowth ot 
Juniper bushes, ■oases and lichens. There are also large areas 
that have been cleared of this vegetation, either by aan, or •ore 
frequently by natural fires. That they are generally naturally 
cleared aay be one of the peculiarities of these pavements. There 
are distinct physical characteristics and in some cases cheaical 
differences, which help to divide the pavements in this area into 
at least five distinct categories. Obviously there is so■e 
lithological control, but a second iaportant factor in deteraining 
the characteristics of the pavements is the cliaate of the region. 

The following is a visual, physical classification of 
those paveaents, with an atteapt to link the. to the various 
internal structures ot the bed rock. In some cases this ■eans 
particular stratigraphic units, but not necessarily. The different 
pavement types are found exposed in a number of places, throughout 
the area, but it is proving very difficult to link theJl positively 
and particularly to stratigraphic ■embers. In most cases the areas 
ot exposure are large enough to see both the aicro structure and 
the overall ■orpbology. 

The very thin-bedded rine grained doloaites break up 
easily under solution and frost action. These ■echanis■s have been 
enhanced by the co■pression and release produced by glaciation. 
The result is a pave.a.ant surface •ade ot a shillow/felsenaeer like 
rubble, which extends to a depth of 20 centi■etres or ■ore. The 
clasts range in size froa three to thirty centi■etres and are very 
brittle, breaking easily fro• any pressure. This particular fora 
is confined to one stratigraphic unit. This platey rubble, 
includes large nu.abars of bi-valve fossils. Initially frost action 
appears to be the doainant weathering process, but closer 
investigation shows that the edges of each clast are s■oothed and 
rounded by solution. The clast surfaces are rough froa solution 
weathering. Where thia •aterial is found in vertical exposure the 
solution is very obvious and is probably the first weathering to 
occur. 
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PAVES MBST,DEPRESSIONS BT DBYILOPMENT DB CAYE DANS LES REGIONS 
ENTRBLACS DR MAHITOBA; UM'R PARRNTB AU RASARD, 

Dans la region Entre-lacs du Nord 11 y a des grandes superficies 
de pave doloaite, exposee par la dernier progrea glacial d I a peu 
pret 8, ooo annees passe. Sur cette surface il y a d' innoabrable 
depressions superticiel de lits de rochers, d'une variete de 
grandeur. Dans lea derniera trois ans plus de quarante peti tea 
caves ont etaient trouver dans cette region, ceux-ci sont 
rudeaent grouper ensemble. Avec peu d'exceptions lea entrees des 
caves sont d I ouvertures horizontal, en paves, en chutes rapide 
vertical dans la cave. Il y a au aoins cinq differentes 
morphologies dans lea paves, ceux-ci correspondes general■ent 
avec les differences de stratigraphie. J\pparenaent les caves 
sont trouver dans plusieurs des groupes stratigraphic, et les 
entrees sont trouver dans des enviroruaents different. Les 
depressions peuvent etre douca.ent en pente interieur ou en cotes 
vertical. La decouverte initial de cette auteur et de ces 
collegues est que lee cavitees sont trouver par hasard entre 
toute la region et ni la aorphologie des paves, ni la location 
des depressions sont necessail"llent lier aux caves. Une 
explanation possible c • est que lea caves ont etaient foraee avant 
que la surface fut exposer et de cette aaniere la surface a 
developer independantment. One seconde theorie serait un 
development aiaultane. Entin la systea peut en tait etre 
direct.Jlent correlatif quoique ce-ci n 1apparait pas au pre■ier 
coup d'oeil. 

J\ second aajor pavement type, found throughout the 
region, is auch aore traditional in for.. Soae of the rock is ■ore 
thickly bedded, and often includes some pack.stone, with fossils. 
Where this is exposed it breaks down slowly and is apparently •ore 
affected by solution, than by frost action. As a result the 
pavement is in large well defined clints, with long straight 
grykes. rn this case the edges of the clints are rounded and there 
is occasionally a hint of runnelling. Solution pitting is in 
evidence on the surface of the clints, often fossil oriented. In 
areas which have only recently been exposed the surfaces are aaooth 
and the grykes very narrow. In other locations, where the rock has 
apparently been exposed to the ataosphere tor ao•e time, the grykes 
aay be as auch as half a •etre wide and extend through •ore than 
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Figure 2 

one atratU11. In several cases it is possible to cliJlb into theae 
enlarged jo_inta to a depth of several aetres. 

The atroaatolites toraing a large proportion of the bed 
rock in the area ra.nge in areal size fro• several centiaetrea to 
several aetres in diaaeter. Thia bas a very distinct influence on 
the type of pav8Jlent that develops where these stroae have been 
exposed by the glaciers. The very large stroae have retained their 
aorphology and the result is an undulating surface of s■oothed 
gently rounded hUBJ1ocks, indiapersed by large star shaped hollows. 
In several areas these surfaces have been cleared of vegetation by 
a succession of fires in the last forty years. As a result the 
fol'll is easily seen. Little weathering, cheaical or ■echanical has 
al tared these. The smoothly rounded surfaces are apparently the 
tops of strome, the rock thus foraed is relatively res istant and 
frost action is ainiaal. water would run into the hollows, so 
little aoiature would be available for solution. The hollows are 
sometiaes lined with a sedi■ent layer up to half a ■etre thick, and 
appear to be sink points, frequently tilled with aspen and 
sometimes containing a pit of soae type. 

Where they are exposed, the very &llall stromatolites fora 
a cobblestone effect. Particularly good exposures are the result 
of fluvial erosion and ca.n be seen in a now dry river bed. A cross 
section of these stroae reveal the• to be very thinly la.alnated, 
as a result the individual cobbles aay be partially eroded, froa 
the centre out. Frost apparently causes a fona of spalllng and 
soaetiaes the exfoliated 11hell& are 11een on the surface. Here the 
typical clints a.nd grykes are seen again, the fractures cutting 
across the whole, enclosing large diaaond shaped clinta. The edges 
of which have been rounded by solution. The individual beds of 
stromatolites are only 5 to 10 centilletres thick and in several 
places blocks of pave.■ent have been lifted by the action of the 
river and it ls possible to see the g·rykes to a depth of several 
tens of centimetres, generally cutting through ■ore than one 
strata. Since the diversion of the river, twenty-three years ago, 
frost has become an i■portant agent and in soae patches the 
laa inations are splitting, to fora thin platelets on the clint 
surfaces. 

By far the most interesting of the pave.■ents is that 
found in the areas of aid sized stroa e, ranging fro■ thirty 
centilletres to about two aetres in dia.eter. Here distinct 
differences occur, depending on where in the vertical aass of the 
stro■atollte, the glacial shearing has occurred. If the slicing 
is close to the top of the stroaatolite, the feature retains its 
domed fora and a paveJ1.ent of large cobbles results, siallar to that 
described above. However if the stroaatolite is cut off closer to 
its base, the resulting pavea ent is different indeed. There is an 
initial dissection into large clints, two to five aetres wide. The 
grykea are straight overall, but locally bend to acco-odate the 
rounded edges of the atro■e. These fractures, with well rounded 
vertical edges, extend well over a ■etre down, often into a 
different stratigraphic unit. The surfaces of the clinta have 
definitely been affected by solution in two distinct ways. All of 
the surfaces are liberally speckled with solution pitting, and 
ainute depressions with very sharp undulating edges, are comaon. 
In addition the surface is littered with large holes, where the 
centres of the stro■atolites used to be. This part of the atroae 
was apparently less resistant to erosion, and has been r8Jloved. 
These holes are quiet deep and usually spread laterally below the 
surface, often coalescing. The first half aetre or so of such a 
pave■ent is very rotten, and highly susceptible to both solution 
and frost action. 

It is interesting to note that si■ilar areas which have 
had .a shallow calcareous overburden, until recently(Tventy Years) 
present a coapletely s■ooth paV811ent with the internal structure 
of the strolle clearly outlined. There has been little or no 
weathering, probably because water reaching the rock was already 
saturated. Now that the surface is exposed it will be interesting 
to study these over the next few years and see it any changes 
develop. 

Where the vuggy, units are exposed the pav8Jlent has 
little or no fora. The rock breaks down very easily, especially 
under the influence ot frost action. The reaul t la a rubbly 
shillow, which is found in individual pockets, so■etimes over a 
■etre deep. This rubble ls very cruably and disintegrates al■oat 
upon touch, thus forming small patches of sedillent, which could be 
re■oved by water. These- pockets occur between the ■ore traditional 
pav8llent found in the breccias surrounding thmt. 

It is quite obvious that the paveaento are lithologically 
controlled, and as such do not have a rando• distribution. However 
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the different lithologies are not peculiar to specific 
stratigraphic units. Stroaatolites are found in at least three of 
the six identified stratigraphic units in the 1-ediate area. The 
thinly bedded dolo■ite i■ :round at ■everal depths. Thia doee not 
create a randoa pattern, but it la certainly chaotic. 

This chaotic eituation apparently continues into other 
aspects of the karat develop■ent in this landscape. There are for 
exaaple significantly enlarged jointa scattered throughout the 
whole of the Interlake region. These feature■ aeaaure anywhere 
fro■ five to fifty aetres in length, they at least three ■etre■ 
deep, so•etaes cutting through aore that one lithology and they 
range fro■ leas than one to five ■etres in width. Physically they 
develop a wide variety of shapes, but are all a continuua of the 
grykes developing in the various types of pave■.ent. 

In this northern region the ■ajority of these features 
are long and narrow, often with slabs of the local paveaent lodged 
in the top. Many of thea are just wide enough and plenty deep 
enough to explore. So■e have evidence of secondary precipitation 
in the.. These enlarged joints develop in a variety of 
stratigraphic units and are apparently not affected by such factors 
as distance fro■ the edge of the escarp■ent, or the location of 
surface depressions in the bf,drock. After careful analysis they 
can be classified into two types according to physical ■hape. 

The first of these is the long narrow ■lit. In this case 
the ratio ot length to width is always ■ore than 5: l and ths depth 
in all surveyed cases is greater than three aetrea. The 
enlargement is always joint oriented, but ■ay follow ■ore than one 
joint, so the features so■eti■es have a dog-leg appearance. In 
almost every case such features show evidence of differential 
weathering and are therefore seldo• uniform in width (Pig. 2) . 
These have been found al■ost exclusively in open pav8Jlent, they 
probably exist in the till covered areas too, but would be buried 
a.nd lnfilled. Photographs ta.ken during the excavation of the 
forebay for the local da■ uncovered such joints tens of aetrea 
long. Bxawiples have been found isolated on the pave■enta, in 
clusters and in direct relation to so■e of the explorable cavities. 
There are soae within 100 aetres of the scarp edge, others are 
several kilo■etres inland. They are found in ■ore than one 
stratigraphic unit, the only pattern to their develop■ent is that 
they are joint controlled and they all therefore fall within a 

thirty degree orientation. 

The second clasa is a wider feature, with a length, width 
ratio of 2: l. In this case there are generally two or three such 
features in a line all oriented on the sa■e joint. Such features 
are at least as deep as they are wide and there la always auch 
breakdown in the forwi of big blocks, in the floor. Other 
characteristics of these trenches include wall developed 
undercutting at various levels in the walls, short explorable 
tunnels in the end walls and various a.cunts of surficial debris. 
There is a greater variety of shapes in this category and greater 
variation in the ratio of solution and breakdown in their 
foraatlon. 

Both types exhibit predoainantly solutional weathering. 
The edges of the blocks torwiing the lip of each trench are rounded 
and covarad with a icro pitting. I'n aoRt the ■ORR growing wall 
within the crack is ■oist at any tiae, suggesting that these are 
local sinking points. Moat of the wide trenches are in fact in 
slight depressions, but the long narrow ones rarely are. This 
probably aeans that the depression is the result of the 
enlarge.ant, rather than the other way round. Indeed the breakdown 
in the vider ones and the fact that aany of the s■aller ones are 
narrower at the top than lower down, suggests that these features 
opened up fro■ below. In which case solution has to be the 
■echanisa. There is also evidence of breakdown in ■oat, if not all 
the trenches, and it is particularly significant in the wider ones. 

In none of the features found to this date has there been 
any evidence of erratics, or till in such features, which leads to 
the assUllption that they were not opened up onto the surface until 
the post glacial period. Their initial ton>ation aay have been 
earlier. The last inter-glacial was wetter and war.er than the 
present so they may have been developed fro■ that ti.lie . In 
addition it is probable that the ice in this area was wara based 
for at least part of its history, so solution could have been a 
vital a echanisa below the ice. 

The discussion of the location of auch features leads 
naturally into an analysis of the location of cavities in general. 
The two are obviously connected, in fact, in ■any cases, it is 
difficult to quantity the point at which the enlarged joints becoae 
caves. There is undoubtedly a continuu■ , the end points of which 
are easy to define. For the purposes of this paper caves are 
considered as features big enough to ■ove about in and which have 
at least a portion of their length cut off fro■ direct accesa to 
the surface. They can be classified into different physical types. 
Those divided into an entrance tunnel of sorta and at lea.at on• 
challber, those extending as a passage or aeries of paaaagea and 
those that open out into a chuber-like cavity 1-ediately below 
the s a all surface entrance. Ranginq in size fro■ .5 ■etrea to 40 
metres in length all the caves discovered have bean within 30 
metres of the surface. In all cases there ia a diatinct 
orientation to the cavities that is the aaae aa the JIUlin jointing. 

Caves have been found clustered and singly. They have 
been found in at least three of the stratigraphic units. They have 
been found close to the eacarpllent and at a distance fro■ it. 
There appear~ to be no correlation between cave type and distance 
fro■ the escarpment edge, nor is a particular type of cave found 
in particular units. Moosa Ara Pit has a large cha.bar like roo■ 
which is praarily solutional , While Microwave cave (Pig. 3) i• 
al■ost exclusively foraed by breakdown and the two are in the aa■e 
stratigraphic unit. They are both about the sa■e dietance fro■ the 
escarpment edge. At the saae tiae Bat cave la al•oat identical in 
physical fora as Noose Ara Pit, but is about 20 Jdlo■etre■ farther 
fro■ the escarp■ent, in a different unit. 

Within one area, about 4 kilo■etres aquare, ao■• twenty 
caves have bean located (Pig. 4) . Included are aeveral long 
passages, a fine exa.ple of a solutional ch&Jlber and a breakdown 
passage descending to aore than 20 ■atrea. There i■ a natural 
Bridge, a large collapsed sink and several sat■ of enlarged j ointa. 
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PORCUPINE CLUSTER 

Figure 4 

Inside the cavea the characteristic• are equally diveise. There 
are incipient apeleoth8Jl in so■e, one has fine s&11ples of Dogtooth 
Spar and another is totally bare of any secondary precipitation. 
There are solution pockets in the roofs of several of these caves, 
and scallop• on the walls of others. Kost ot the cavities are very 
si■ple in shape, but one or two have apparent stages of development 
and separate sections. All but one of the caves in this area are 
entered vertically. Even where they are comparatively close 
t ogether the caves are not necessarily the aa■e type and there is 
no evidence that they aight link up. 

Sinkhole• are an i■portant coaponent of any Karst 
environaent and have been variously described by a n\J.Jlber of 
authors. In this particular area the sinkholes are generally of 
tvo types. The ao■t obvious are shallow, saucer shaped, features 
foraed in bedrock. Secondly vertical joint junctions are well 
developed throughout the area and serve as drains. Both types are 
~learly discernable on aany of the paveJ1ents and are indicated by 
ohanges in vegetation where they cannot be readily seen. over 
:t, ooo were identified within 10 kilometres of the local da■ site, 
during the surveying tor that site. Relationship to the esca.rp■ent 
odge is cowplex. 

co-only the saucer like sinks are stepped invard and in 
~any cases the floor of the sink is covered in forest litter. The 
l argeat of these depressions are over three hundred aetres in 
:Uaaater, two or three ■etres deep and have one or ■ore actual sink 
;,iointa in thea. These sink points are characteristically s■all 
,jpenings belling out below the surface to a depth of three ■etres, 
vhera they are plugged with tine sediaents. While such features 
have been found in ••veral areas they alvaya seaa to be associated 
v itb a local atep of the eacarpaent. The depressions developing 
in the lova between the big atroaatolites, ■ay also have a ateplike 
edge, but it la correspondingly a■aller. Yn a n\J.Jlber of cases th••• depresaions also have a definite sink point, but ■any do not. 
I n all of the cases observed so far the sink point haa had bedrock 
expoaed in it. Saaller depressions of this type are also found, 
in •o .. ca sea they appear to be the centres of atro■atolites, which 
have eroded preferentially, but others are round in places where 
the atroae are not exposed on the surface. 

The vertical ainlce are typically in saall aharply defined 
-!epreaaiona, deeper than they are wide. They are round everywhere, 
but it ie difficult vhan to define thea as sinks ae opposed to 
siaple enlargaaent ot the joint. Once again the idea of a 
.;ontinuua co■es into play. The other problea is that these can 
~nly be inferred if there is any kind of overburden. Water sinks 
relatively rapidly in thia environ■ent, .ao the drainage points aust 
be ■any, however the total a.aount of water available is saall, so 
they would develop slowly. Yn aany of the observed cases the 
drain• are tilled with aediaent, but this doe• not appear to retard 
the &inking aigniticantly. Sinka of any kind are not significantly 
l arger or ■ore abundant close to the eacarp■ent. 
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The aain front of the escarp■ent is about 85 ■etrea high. 
It follows a so■ewhat curved pattern northward, parallel to Lake 
Winnipeg . There are a nu.ber of eabaYJlents, the ■oat pronounced 
of which contains Buffalo Lake (Pig. 5) . Above the aain front 
there are a series of steps at intervals, ranging in height fro■ 
2 to 10 aetree. These stretching back troa the edge tor several 
kilo■etres, for■ing distinctive scars, ■oat of which are oriented 
se.J1i-parallel to the aain eacarp■ent . This orientation beco■ea 
leas obvious the greater the distance fro• the ■ain scarp and there 
are a few scars that do not see■ to follow any particular align■ent 
at all. 

The steps are eroded in several different stratigraphic 
units, but the edges are best defined in the bedded dolo■ites . The 
leading edge is generally concave and is very weathered both 
che■ically and ■echanically. There are exceptions. The scars 
which are not aligned are generally straight or convex and show 
less solution. Clints and grikea are well defined, short s■all 
passages have developed at right angles to the edge, and although 
s■all cavities have been found, no aajor caves have been discovered 
in these leading edges . In a nu.bar ot places there is evidence 
of water sinking at the base ot the step. 

The steps the■selvea ■ay be stepped or have a ateep 
front. In each case there is a scree coaponent to the edge and 
often there is a alight depreaaion bah ind the leading edge . The 
height of the steps changes radically froa step to step and 
soaeti■ea within the length of one step. That ice enhanced these 
scars is probable. That poatglacial solution has occurred is 
possible. Lake Agassiz is supposed to have covered this area for 
several thousand years. 

Does all this add up to a randoa distribution? Quite 
simply no. There is an order or pattern in the distribution of 
11any of the types ot features. Quite obviously the caves, like 
the joints are not randoaly distributed. There is a definite 
relationship between these features and the tectonic effects. That 
the caves and the enlarged joints are part of a continuUJI is also 
apparent, al though the tvo do not specifically follow each other. 
In so■e locations there are enlarged joints, then caves in the aa.ae 
line, but this does not occur regularly. 

There is however a chaotic distribution of one set of 
features and the next, cave entrances are found in different types 
ot pavements and in different lithologies, sinks ■ay not be 
associated with caves and so on. The reason tor this ■ay not only 
be attributable to the ■ethoda of for■ation, but also to the ti■e 
ot foraation, both length and chronology . 

The do■inance ot solution in the develop■ent of one set 
of features and not in another paves the way for ao■e interesting 
hypotheses on the age of develop■ent. Thia ■ay also be a key to 
the apparent lack of order that appears in the location of 
different features. So■e ot these features could well have 
developed prior to the ■oat recent phase of glaciation, the 
solution of joints tor exa.ple. Possibly so■e of the caves were 
developed ■uch earlier. The scars were probably cut as the ice 
sheets •oved over the area, tro• ■ore than one direction, The 
paveaenta as they are nov are al■ost certainly postglacial. Thus 
vary different cliaatalogical, hydrological and physical conditions 
have contributes to the develop■ent ot this landscape and therefore 
correlation between existing features would be unlikely. 



SUMMER SYNUSIE AND DISTRIBUTION OF THE FAMILY HELEOMYZIDAE 
(INSECT A, DIPTERA) IN A CA VE OF THE WESTERN CARP A TIANS 

JCOSEL, Vladlmtr - MARTINEJ:, Vla.dutav 

l. INTRODUCTION 

Diptera of the family Heleo,,zyzidae regularly penetrate into 

some caves and are parts of parietal associations on walls and 

roofs of cave thresholds /Motes et coll., 1967 1 Negra S., Neerea 

A. 1972, Jefferson 1986/. Though the species composition of cave 

heleo~zids being well known, there is little information about 

their synusiae /taxocoenoses/, space distribution end dynBlllics. 

/Collart 1940, Decu-8urghele 1963, Martinek 1987, 1982, 1984/ • 

The present paper deals with the summer synusiae and space distri

bution of Heleo~zidae in a cave of the Western Carpathians in 

Slovakia. The material was collected from the same cave in the 

course of two stm111er periods in 1986 end 1987. 

2 • DESCRIPTION OF THE UlCALITI 

VlHe diery Cave /'llolf Holes/ lies in a karst mountain of the 

Slovensky raj /Slovak Paradise/ National Park. The cave is develo

ped in triassic limestone in south part of the territory south of 

a village of StratenB. The entrance of the cave situated on fores

ted slope with the el<J)osition to north reaches en altitude of 990 

m above sea level. The cave hes epproximatell,y horizontal passa

ges without underground streams and pools. The length of the main 

passage reaches about 60m and a total length of the cave attains 

about lOOm. Due to• debris r w:,part,the cave entrance being dimi

nished with a hight of l.4m and width of 0.8o but the main passagi, 

maintains n width mostly about 3m end a bight up to 5-7m. 8etween 

polygonal points 7 and ll there is a narrow rock fissure that se

parates the main passage from the terminal hall /Fig.l/. Substra

te 1n the first 40m is clay, in the fissure and the hall rock with 

sinter debris. 

3. IIICROCLDIATIC CONDITIONS 

Temperature and relative air moisture inside the cave were 

measured at 5m sections lm above the fllor. Table l shows the va

lues of the temperature within the main passage where the flies 

occured. The temperature is relative low end beatdea the entrance 

does not exceed 5.5°c. It fella down from the entrance up to the 

fisaUN /about 4011/ due to the descending character the main passa

ge. Higher and stable temperature /about 4.6°c/ is only 1n the 

hall. Very low a1amer temperature 1s caused by -high a1titude 1 -

north el<J)oaition of the entrance, -small dimension of the entrance, 

-forested surrounding end by accumulation of cold air 1n the dee

dending passage. 

In the whole threshold, relat1Te air huaidi~ had values of 

1001. In the periods of atudiea1 the floor and walls were wet be

cauH of great &110unt of water which dropped froa the roof. 

Th• peaaage with direct d&,Yl1ght /euphotic zone/ ia very short 

113 a long/because the nut part of that being rectangular. Di-
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ffuae light is noticeable up to 29 m and all other parts of the 

cave lie in dark /ephotic/ zone. Illumination was measured by 

a luxmeter /PU 150, Metre Slanako, CSSR/ and the data are 1n 

Table 1. The lost measurable date were obtained at a distance 

of 10-13 m froc the entrance /0-3 lx/. 
Air movements within the cave are negligible and therefore it 

may be considered es relative static. 

4. ~ 

The cave passage including aidebranch with pocygonal points 3-
5-6 were divided into longitudinal sections each with a length of 

5 m. Flies were collected £rem walls within each section separa

tely up to 2 m above the floor /Ko§el 1976/. As a sampling tech

nic , exheus tor was used. 

5. ~ 

A total ?45 specimens were s8:!lpled 1n August 8, 1986 and 335 

ones in July 281 1987. In both summer samples, 12 species of He

leor:Qyzidae were represented. Seven species ot them occured in 

both years. In 1906, ECC OBS and sea VEN were absent, in 1987, 

IIEL SER, SCO 8RA and SCO prope SCU /Table 2/. 

ECC PAL •as the cost numerous species in both years /422 and 

255 spec./ with the highest dominancy /72.4 and 76.l $ respecti

vely/. All other species wer e conspicuously leas abundant with 

the highest dominance of 9.5 - 10. 6 J /Table 2/. It is interest

ing, that in spite of a large difference in total number of the 

flies between both seasons, dom.i.nances in the same species were 

similar in both samples. 

In the case that a species occured in low quantity /l-3 spe

cimens/, it was represented mostcy by one sex - male or female. 

In the most abundant species ECC PAL the sex ratio can be consi

dered l:l, though females inconspicuous prevailed /52,8 end 53.3'1. 

The females prevailed distinctly only in HEL IIOD /2:l and 3.7:l/. 

The males prevailed mor or less in SCO CAB /1.1,1 and 2.211/ 

and SCO SPB /1.8:l and 4:l/. 
The bigb .. t nuaber of fliH /51.0 and 51.2'1 oocured on the 

well• within tbe aeet1ona 0-5 and 5-10 • with direct da,yligbt 

/Tabla 3 end 4/. Relativel.J' high number of flies waa oollaoted 

also within tbe aeetiona with diffuse light regiu1 10-15, 20-25, 

25-30, but on the other band th17 were 1n low qwu,tiV in tba aao

tiona 15-20, 15!2o'and 20:.25~ In dark zona,beb1n4 tb• Hction 

25-30, the n1ea oocured onlJ' aporadicell;r, 

Tb• aoat abllndant apeciea 1n tbe cna ICC PAL bMI llaan diat

riblated alaoat within all aectiona where beloOIIJ&ida occured. 

Tbe •- distribution baa alao aoat otbar apeQ1H tbooap tbq aq 

abaant at aoae Hotiona. OnlJ' nur tha entrance within Hotiona 

0-5 and 5-10, BCC IIIA, BCC OBS and aco propa l'CtJ aoeUNd. In deep

er part ot tba threabold only SCO BIA wu folllld /ou p1Hea/. 

.la regard• the diatriwtion ot tbe n1aa aooordin& to an, 



there hes not been found out BI\Y distinct and regular rul.e. It 

seems, that the 1181.es of SCO SPE tend to prevail at the near

entrance zone, on the other hand I the feaales tends to prevail 

in deeper parts /20-30 a/ in ECC PAL. /Table ~/. The similar si

tuation appears to be in males of SCO CAB. 

To obtain the cbrecter of synusie /texocoenoses/ within parti

cu1ar sections, dominances of the species represented were calcu

lated. In both years and within almost ell sections, ECC PAL wee 

high dominant species with e aunilllel dominance of 50.0\1\. Of the 

other species, only SCO SPE and SCO CAE /only 1986/ have some

tl.Jles dominances above 10\1\ mainly in the sections 0-5, 15-20, 

15:.25•, 25-30 and 20-25 /in l9tr7/. Table 3 and 4. 

Figure 1. The plan of Vlfie diary Cave /Wolf Holes/ with marked 

sections tarter Hochmuth, 1970/. 

Station 
Tuperature Light 

Hwaidit.)' regiae Lux 
8.8.1986 ,!ll. 7 .1987 s 

Outside 16.7 11.4 

Om 6.2 550 

5 m 5.1 5.1 100 eupbot. 1-10 

10· . 5.1 4.9 100 euphot. 0-3 

15 ■ 5.0 4.7 100 dif'f'uee 

20. 4.9 4.6 100 dittuae 

25. 4.4 4.4 100 dittuae 

30. 4.4 4.1 100 di:tfUae 

35 a 4.2 4.0 100 apbotic 

Ball 4.6 4.6 100 apbotic 

Table l. Microcli■etic peraaeters of Vlfie diery Cave. 

Diptera of the faail.7 Heleo■yzidae as a part of parietal asso

ciation in th• tbrubold of a caye /the Western Caapatbiana/ were 

studied. TwelTe specie• were found during two._.. ••••on• 1986 

and 1987. A total 545 and 335 apeciaena reapectiT&l.7 were collec

ted froa the walla froa the entrance up to 35 •• In both :,ears, 

Eccoptoaera palleacen• was the ■oat nu■eroua species with do■ nan

o• of 72.4 S and 76.1 s. Other apeciea bad the doll.inane• aostl.7 

1e11 than 10 S. M01t apociea were represented b:, both sexes. 

llalu prnailed 1n Scoliocentra cae1ia /1.1:2 •114 2.2:l/ and Sco

Uocentra 1pectabili1 /1.8:l and 411/. Fe■alu preyailed diatin-

ctl.7 only in Heleo■;yza modeste /2:1 and 3.7:l/. In Eccopt011era 

pellescens 1 sex ratio was epproximatell,y 1:1. Spece distribution 

of flies was studied within sections 5 11 long. The highest number 

of flies /51. 0 and 51.2S/ occured from the entrance up to 10 • 

in euphotic zone. Most species were spread within the whole thresh

old and only Scoliocentre prope scutellate, Eccoptomere emargine

ta E. obscure occured near the entrance. There was no distinct 

and regular distribution of the flies according to sex in parti

cular sections. The aein species of synusie in most section was 

E. pallescena with minimal dominance of 50.0 s . 
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1986 l9tn 
Species Sign 

n D$ n 

Eccoptomera 
-emarginata Loew, 1862 ECC DolA 2 0,4 2 
-obscure /Meigen, 1830/ ECC OBS 2 
-pallescens /Ueigen, 1830/ ECC PAL 422 77,4 255 

Heleom_yze 
- ceptiose /Gorodkov, 1962/ HEL CAP 2 0 , 4 10 
-modes ta /Meigen, 1838/ HEL MOD 6 l,l 14 
-serrate /Linne, 1758/ HELSER 5 0 , 9 

Scoliocentra 

-brect,ypterne /Loew, 1873/ SCO BRA l 0 ,2 
-ceesie /Meigen, 1830/ SCO CAE 46 8,4 32 
-sebroskyi /Gill, 1162/ SCO SAB 1 0 ,2 3 
prope 

-scutellete /Garrett , 1921/ sco scu 2 0,4 
-spectabilis /Loew, 1862/ SCO SPE 58 10,6 15 
-ventricosa /Uecker, 1907/ SCO VEN 2 

Total 12 545 100,0 335 

Table 2. Number end dominance of Heleom_yzidae found 
for two summer seasons /1986 1 19ll7 / . 

Section 00-05 05-10 1~15 15-.!0 

Species D IY,6 n IY,6 D IY,6 D 0% 

ECC EIIA 2 4.a 
ECC PAL 24 57.1 192 79.7 79 90.8 11 57.9 
HEL MOD 2 o.8 1 5.3 
HBL SER 2 o.8 1 1.2 
SOO CAB 4 9.5 20 8.3 3 3.4 3 15.7 
soo scu 1 2.4 1 0.4 
SOO SPE 11 26.2 24 1.0 4 4.6 4 21.1 

Total 42 241 87 19 

To Be Continued 

Section ~25• 20-25 .!5-JO 30-35 

Speciea n IY,6 n IY,6 n IY,6 n IY,6 

~ 

0,6 
0 , 6 

76 ,1 

3,0 
4,2 

9, -: 

0,9 

4,5 
o , 6 

100,0 

15:.20· 

D IY,6 

9 60.o 

2 13.3 

4 26.7 

15 

Total 

00 00 

ECC PAL 4 57.1 10 81.4 32 74.4 l 20.0 199 223 
IIEL CAP 2 2.3 2 
lll!L MOD 3 1.0 2 4 
HELSER 2 40.0 3 2 
SOO BRA 1 .!.3 l 
SCO CAB 2 28.6 5 5.8 5 11.6 2 40.0 24 22 
500 SAil l 1.2 1 
SCO SPII 114.3 8 9.3 2 4.7 37 2l 

Total 7 86 43 5 

Table 3. Quanti to)' and dominance of Heleoll\Yzidae in parti
cular sections on 8 Al18Uet, 1986. 



Section ~5 05-10 10-15 15-20 15!-20• 
Speciaa n l)IJ!; n l)IJ!; n l)IJ!; n l)IJ!; n DJ 

ECC BIIA l 1.7 l 0.9 
ECC OBS 2 3.4 
BCC P.AL 48 81..3 99 sa.3 45 ~6.2 7 70.0 
IIXl. CAP l 0.9 3 5.1 
HBL IIOD l 1.7 3 2.7 3 5.1 l 16.7 
SOO CAB 6 10.2 l 0.9 4 6.8 3 30.0 3 50.0 
SOO SAB 2 1.8 
SOO SPE l 1.7 5 4.5 3 5.1 2 33.3 
SOO VEIi l 1.7 

Total 59 112 59 10 6 

To Be Continued 

Section ~25• 20-25 25-30 ~35 Total 
Species n DJ n l)IJ!; n l)IJ!; n l)IJ!; 00 00 

l!CC BIIA l l 

ECC OBS 2 

ECC P.AL 40 74.1 16 50.0 119 136 

Bil CAP 3 5.6 2 6.3 l 33.3 3 7 
BBL IIOD 2 3.7 3 9.4 l 33.3 3 11 

SOO CAB 8 14.7 7 21.8 22 10 

SOO SAS l 3.1 3 

SOO SPB l 1.9 2 6.3 l 33.3 12 3 

SOO VEIi l 3.1 2 

Total 54 32 3 

Table 4. Quantity and domi.nence of Heleom,yzidae in parti
cular aectioru, on 28 July, 1981. 
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Sec PAL SCO CAB SOO l:>'PB 

Section 1986 1987 1986 1987 1986 
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; 
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~35 0 :l 0 :2 
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THE REMARKABLY CONS T ANT LONGITUDINAL PROFILE OF TOOTHPICK S TREAM, 
FRIARS HOLE CA VE S YS TEM, WEST VIRGINIA, U .S.A. 

SASOWSKY, I ra D. - WH I T E, Wllllam B. - MEDVI LLE, Dougla s M. 

1. OVERVIEW 

"'1 wlY9Stigation ol S<Jrlace and soosurface longittJCinal stream profiles In the Aj>palacnan karst belt 
(Sosowsky, 1988J revealed a 4.5 km reach ol cave stream wi1h a noar1y constant~ ,.;,tin the 
Friars Halo Cave System. Whal is ,__ is 1h11 the stream, along i1S reach o1 constant ~ 
does not folow a straigt,t. down-dp palh, blA r>lhe, folows a complex, sigmoidal palh, wllosG ovoral 
p1an . ...., trend is at 90 degrees to the rnajof 1rond o1 the Friars Hole Cave System and valey. The = - addr.,... possible causes lo, the - phenomena ,.;,tin the con1ext of the regional 

1.1 Study Site DescrlpUon 

The katst ol Friars Hole is probably 1he second most studied In the Uriled &ales, with Mammoth 
Cave, Kentuc:t<y. being the first. Beneath these i.s and -• of Pocohanw and o,
Col.wlties. West \'irginia, ie 68.9 kiomelers (42.8 mies) ol cave passages, rnalcing the Friars Hole Cave 
System one ol the longest known In the world. 

The area (figure 1 ) is oo the eastam edge ol the Aj>palacnan Plateaus proyince. k is ,eparaled 
from the Valley-and-Ridge promce by Droop Mounlain lo the SOUIIMeSl (l;ssection of the pla1eau has 
'-1 complicated In this area by the presence ol kar- ilholog;os. and a b<oad flexure known as 
the B,own's Moootain "'1bcine, ._, wllosG wostam nank the study silo ios. The strike wi1t'in the 
study area averages 030 degroos IN30EJ, wi1h a ........., dip ol 5 degrees to the nonhwest 
(Wonhing1on, 1984). TlYust 1au11s - and - by Wonoogtoo (1984) have an approximate 
strike o1 025 degrees (N25E) and dip IO the WeSl These thrusts have '-1 lnlerpro1od as bad<llvusts 
o1 relatively ..,.. ~ associated wi1h an ..-an1 dippw,g thrust beneath Droop Mountain. 
The oldest rodts exposed wi1l'in the study area are the 0,- Group of Mississippian age. The 
valley floor elevation is near 720 rnoters (2400 feet). Wdh nearby mountains, known locally as "knobs". 
rising tt881)1y to alavations of 1200 meters (.COOO feet) o, so. 

. In ascer>ling stratigraphic order the lonna1ions wt,;ct, outcrop In this study area are: Hilsdale 
...._ooo, Sn<s Grovo Limestone. Panoo ...._one, laggard Formation. Pickaway ...._ooo, u,,;oo 
...,_ooo (al entrances 10 Friars Hole Cave System a,e in this formation). Groenwlo Shale, and 
Alderson Limestono. lying above these, forming the mountains, are the elastic Mauch Chunk and 
PoU.- (Pemsytvllrian) Groups. 

The Y3ley of Friars Hole is dry. Slreams wt,;ct, rise oo the elastic 11anks of Droop and Brushy 
Mounlains, and Jacox Krd>. flow for a short cis1'"1C8 no the valey on stroarnbods armored '"111 elastic 
-s and are then - into the grooodwa10, flow system. p,wnarjy vm swalets. Dye 1tacing has 
revealed 1h11 wat• draining in1o this valley Ira-- kiomoters lo the south and then rosurgos In 
., •-on the east bank ol Spring Crook (Bake,, 1982; -· 1981). W1"1o and Schmid1 (1966) 
noted that frN $.Jl1aca conduil now OCCIIS at a depCh ot up to 300 meters (1000 feet) below the surface 
locally, and that the water 1able does not mmc the surface topogral)hy on this a,ea. The Gr
Rivor, wt,;ct, cootrols local base-. flows SOUIIMest &om hefo. pa,-.ig rog,onal strike. 

l.ocedon of Raid NM 

Loe.at.ion or the study are.a, on the eutem edge or Nort.h America. Dubed 
lines .... political (&tale) boundariH. 

f .2 Friars Hole cave System 

The cave (see ligu-e 2. ._ hal) roprosents a response 10 a vwy long and varied hydrologic 
~- The - _, in the cave •• _.,unately lour ....., years old (Wor11>ngton, 1984). 
W"'1hington has .-a - history ol the speloogooesis; wlich soows migration ol inj)u1s 
and -- roul9S 11Youghout the basin. 

N. ""'1anc:es ID the cave are. developed in the Uroon ....__, though the majority ol the 
- dovolopmont is In the Picl<rny ...._one. Jarno,on (1986) conducted a structural _, 
lr\llylil oo a portion ol the Ncx1h Canyon Passage in the Friars Hole Cave SyS1orn. lJ'"1g this ve,y 
- method he WU - to ltaCe the growth (~IOSis) ol the cave. Ho b.nd that the 
iraption o1 .con<Ut flow was conlrolod by bedding piano pa,1ings 37 percent of the lime. joints 29 

pol-,( of the -· and tJed.join1 im«cepts 20 - ol the lime. TlYust 1au11s and laul-joinl 
irureepU ..., 8Clod as high~ zones. 

The cavs c:urrnly -. ol IIYeo -• «ainago tysterns aach ol wt,;ct, oontains a maste, 
-- and "'-'!'O")US I- 1rilularias. The Toothpick Stream is a pert ol the oentral chinage. 
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(o portion al Friars Hole Cove System) 
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above, vertical exaggeration · 14 X ) 

Eiallm..2: Plan and profi.J,e views or portions or Friars Hole Cave $y5tem. Horizontal 
xale ia the u.me on upper and lower vie... Profile view ha.a vertical 
eugprat.ion • 14X. Compare with rollowing figure. 

2. THE TOOTHPICK STREAM 

2.1 Construction of the Pro/lie 

\ 
\ 

' ·' . ' 
' \ ~ 

The longiludinal p,oHe was coostnJded using surface data at 20 foot conlou, in1orvals from the 
u.s.o.s. 1:24.000 scale -acne map, and subsufface data from cave surveys conducted '"111 
hand-held ~ and indinomote,. The prolie, '"111 al data points indicated, is presented in figure 3. 
The ,_ """-"' ,_ 1ha1 this is a 1ruo longm,d;nal prolie. a plot of elevation ve,su, distance along 
the stream cha>nol. not a standard (pr<>ioded) C8Y9 pr-. 

2.2 Detalled Description of the Toothpick Stream Passage 

A smal stream in Ravens Nest Holow drains a Mace basn 3.4 square Uometers in area, and 
WU in lllS bed at the top of the 50 mete, thick Union Lmestone. The stJeam is seen in a bedding 
plane crawt widwl 20 meters of the ,_. point and a few metws bek>w it. The stream flows wesl for 200 
mecers at the base of a mufti-level ,oint in the upper Union. It then drops 20 meters via two 10 meter 
vadose shafts. This is the latgost s1ng1o Slfatigraphic drop along the entire rou10 ol this S1rearn In the 
cave. 

The begming ol the 4.5 Km, constant-gradient passage is at the base of these shafts. The stream 
flows at the base ol a 10 ID 15 meter sclutionaly enlarged joint trending wost and then nonh IOI a lac.I 
ol 120 meters. Al this poin1, the base ol a 20 motor shaft, ...,,_,o1y connocllng 10 the ""1ace and the 
T~ Cave entrwa. is reached. The passage turns to Iha north for 180 meters as a very low and 
- solulionaly onlqod bedding plane. 1wO lo IIYeo mote,s wide and loss than a mete, t.gh. The 
stream nows to the northwest and then SOUlhwest for 220 melers in a one meter t'igh and 6 to 1 O meter 
wide bedding plane. 

The stream then folows joints trending at Sf;(IN, su,pa,allol IO the strike (N20E), l0t ove, 800 
meters. The oailing ht,;ght gn,dualy increases to 1 o and then up to 20 meters. The passage ,rid1h is 
bolween 1wO and IIYoo meters. Atoog this 5'ICtion ol passage are found - short (1 to 3 meter) 
mops In the largely --floor. A gradual S1Jatigral)hic drop rosw in the the passage roaching the 

- Uroon -.... 

The stream passage then gradualy 11.mS 10 the WIISl·southwost in 10 10 t5 rnoter t.gh joints and 
then - 10 '1o wost IOI another 700 motors. descending in1o the ._ Pickaway Limestone. The 
passage conf9,ntion changes from doveloprnont along joints, characteristic ol the Uroon. lo 

doveloprnonl along solulionaly enlarged beds, """" characteristic of the Picl<rny. Passage ceiling 
hoq<s along this __,. drop 10 IIYoo and then less than 1w0 meters - the _, remains a111voo 
to l<u .-.. The ICl'eam flows oo limestone --Yrilh shale and silt partings .- in the wals. 
Vortic:al stytoites, - a characteristic ol the Pickaway, are viwlo as well. 
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Longitudinal prome or the fflt.ire Toothpick .Jtttam.. Vertical IC&le is 
ua,aerated.. For detail of the constant gradient reach see preceding figure. 

I 

The passage g,adually turns lo the north-northwest, then to the north, '"1d finaly to the north· 
northeest. par-.g Iha local strike (aboot N20E). Passing beneath converging surface valeys 
...-....ng sning streams. sevural n-s enter from the east wt high joints in the Urion Limestone. 
Consequentty, the vcune of wato, in the cave so-earn about -. although the stream ~• does 
not increase. 

,.,, the passage lfends ID the NNE. the so-earn nows in a sem;.flooded sootionaly-enlarged bed, 
two IO ttvee meters wide aid 50 cm to one mater high. Larger (ten meter wide and 5 met&f high) 
passages are loond above and - as .__ routes. Occas;ona luting is also seen along and 
-.. the .....,., passage_ The strike of these - varies between N40E '"1d N50E and the dip ;,; to 
the SCUOheast a, 10., 15 degrees. Whie the fds affect the passage cross-section, they do not appear 
to affect either the passage directional aignmenl o, Iha so-oam ll(ll<tient 

AltM about 200 mete,s, the various .vets me,ge and the stJeam flows at the base of a single 
conduit. rectangular in cross section, six to 89lt meters wide and and up to fo...- meters high. The 
passage trends N45E fo, 800 meto,s ,rith the so-eambed alternating between sand, sma1 - and 
limestone bedrock. 1hs entire passage lies in the upper 12 mete,s of the P'lckaway imestone. 

The stream then dtops three mete,s through a smal (one melef diameter) hole in the bed,ock floor 
and flows in a tubtAar passage up to one mete, ., ciameter for another 80 meters to the west 
terminating at a surrc>- The ~ in wllch the stream had been llowv,g continues to the north ..i 
northeast. finally rejoining the stream and S8MlQ as an overflow ,01.rte. 

Beyond the sump, the stream i.s seen again a few meters to the west and resumes its flow to the 
north~I along slrika lo, 400 rneto,s in relabvely smaJ passage in the,_ Pickaway. TNs 
passage, dne melefs wide and two to three meters high, i$ paralleled by several othet highet·9evel 
paralef passages wtictl S8MJ as overflow routes. The upper pas.sages, the floats of which are about 
Ikea meters above the stream, become large, lo the northeast, reaching 20 mete,s in width and up to 
1 O meters in heighL Severa interruptions exist ., the continuous traverse of the stream; these are 
caused by rod<lalf and short sumps. 

The stream is then seen ogarn, stil flowing in a ~ enla,ged bed less than a mete, hogh 
and I.() to ttvee meters wide. This bed is 10 meters below a continuation of the latger uppe, kwel 
passages noted above. Sicl<eosides seen rn the ceq cl this ._ passage lolow a fwt plane 
<ippir,g 15 to 20 degrees ., Iha east-southeas1 (strike of the I...« parallels the str,ke of the ""8stone: 
about N20E). Attar 2.50 meters. the upp8f" passage descends to the stream. 

The oontinuation of the stream passage, ttwee meta,s wide and up to 10 meters high, trends NNE 
tor anothef 500 mete,s, remaning in the upper Pickaway limestone. The ceiing then lowers to within a 
law cm. of the water surface and after 50 meters, a conf'AHtoce with a higher gradient stream, entanng 
from the east. "' niached. Just beyond this junction ,s a 50 rneto, long nea,-500'4) caused by roclcfal 
and ~ pondir,g cl the stream. 

Just _,stream cl this pool. Iha passage I\Jm5 abruptly ID the west, linafly leaving the 2.2 Km 
long S11i<e-oriented passage complex in wt,;ch ft had been flowing, The passaga then l1ends ID the 
west, ~ to the dip. Passage dir'r1ensms <na<ge somewhat; becoming up to ttveo rneto,s in 
height and five melors in width. The stream g,adienl contirues ID be about one degree. The passage 
contiooes co the west and then southwest fa, 600 meters, maintanng a constant gradient. 

F"naly, after a ~.5 Km subst.rface flow path in which lhe stream drops 80 veroca, meters and thus, 
has a retawely constant gracienl of 1 degree, the gradient abruptly ©8a$8S. For the last 900 meters 
of lr'IV9rsible cave. the stream tolows the stri(e of the imestone, flowing first to the SSW, then 10 the 
NNE, '"1d linaly _, to Iha SSW. ()yo, this dstance, tho so-earn drops 60 ver1ica1 -e<s (g,edienl ,s 
3.8 degrees) prior ID termrnaling at a deep 5'.mj). 

This last S8Cbon of cave is fairty vouninous; 10 meters wide and up to 15 meters high. Over its 
length, Iha stream drops ttvough the 30 meter lhid< Pld<away Limestone and roaches Iha ._ 
laggard Shales, an 8 to 10 mete, thick k>cal aqu,ta,d. 

The terminal Sf.mp is ody 16 meters high&, than the spring where the cave stream nses, but 1s 
also l 2-6 Km. to tho NNE of Iha spring. Indeed, the direction from Iha spring to Iha surrc>, N23E, 
pa,alofs Iha regional strike. Also, Iha spring ;,; ilsel jus1 -.. Iha Tsggard Shales and ~ ;s possible 
that the entire now path ..,._, 5'JffllJ and spring ;s po,ched on this ...._ 

2.3 ObservaUons on the Constant-Slope Section of the Profile 

The C0nSlant gradient reach beo-lS in the sub-surlace, 3500 pl.an-view meters from the surlace 
wate, fjyide, The reach begins at an ekrvation of 720 meters, traverses 4500 meters of stream '8ngth, 
..i begins to drop~ at an elevation of &IQ_.,._ This yields a !Jadient of 0.0t8 (one degrae) 
fa, the reach (no&e conecbon from valJe pubbhed in abstract). Below this reach the cave stream has 
a gradient of 0.06 (3.4 degrees) IOI l kbneto, to the ,..,,,..,, 500'4>- Between the 5UrT1> '"1d the 
resu-gence (12.6 kiornete,s SIJ89lt line distance) the 8'evation difference is a,iy 16 meters. This is an 
average g,adienl cl 0_0013 (0.07 degree). although ~ ;s possil)lo the wate, folows a deeper plveatic 
loop. 

As a test for control bi/ a planar feature, an attempt was made to fit a plane to 18V8fal ot the data 
pornts 8long the constant gndent reach. 22 points -e .-.ad, and ~ was 10<.rnd that a plana 6pprlg 
in Iha direction 303 degrees (true) wrth ~ 2.25 degrees could accou,1 lo, the position of the 
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pons ,rith a ve,y high degree of significance_ TNs plane, and a representative plane of -.g, are 
shown in figu-e 4. wi.. this information lu<ther constrains the geometry (and the genesis) of the 
JNl5$898, it is rather contusa,g at frst: How can a eave passage wander in many different directions, 
have a constant g,adi>nt. and exist ,rithin a plane al at the same time? The answer is two-fold. First. 
these conditions can be satisfied geometrically only i, in plan view, the passage always has the same 
angular rocation (either clod<wise o, countor-docltwise) from the <ip direction of the plane ;n question. 
The constant ~ of the passage, then, WOIAd in effect, be p,o,rided by two cifferent •-t 
ops• of equal rnagnoude wittw1 the plane. Second, - the forn. c:ond<ion is not rigidly met ;n this 
-· • is --ad by the general orienta6ons of the passage. '"1d the low <ip of the plane 
serves to obsa.ra porbOnS where it is not met. The OY9tal trend of Iha passage is •down• lhe dip of 
the plane, allhough Iha passage -. to eithe< side of Iha <ip ine. much as a saiboat WOIAd ·tac11· 
into Iha wind_ 

VI Possible Causes of the Constant-Gradient Reach 

Two structtnl causes are presented, folowed by two hydrauic causes. 

2.4.1 Bedding-Plane Control 

8odding piano control cl Iha passage gn,dient (e.g. a ,.,_,, running directly down dip on a 
~ plane) was first oomidoted after the -.-~• react, was noted (see P-. 1987). 
The S9'10daf plan Yiow ol Iha passage. P'odudes this u a dir9ct caose, as do the results of planar 
regression on ~ and passage p,esented in figu-e 4. M a,vumen1 for irQPtion of the passage 
along ~. - by -.cutting might be made. but Iha problems of passage orientation and 
~ lowering from the ~ plane ,equ,e oxpfaination. In -., although ._ levels are 
noted on Iha prc,/io, (see figu-8 2) their P"esenc:e over Iha reac:11 ;s -. It ;,; possil)lo thot local 
variations in structu<e might have p,o,rided deviation from Iha rog,ossed piano wring passage n:eption. 
The orienta6ons of the passage are not inconsistent with Olq)8Cled ~e joint-581 directions g;-, 
Iha regional tectonic -.g, but field observation does not support Iha P'OS80C8 cl these jor<s. 

2.4.2 Thrust Plane Control 

The regional structuraf trend has produced minor beckthrusts in the araa. cl a _.. orientation 
that ,right provoe a plane cl weakness IOI speleogenuis. The hypothesis that the passage ;,; lonned 
8long a single thrus1 piano is rejected because observations ;n the cave show minor thrusts along the 
passage, but not a contn.Jous 51.Wface. In ao:ition, stra6grapt.c observations rl the cave show that 
theta ;s insq1ificant shortening cl section. It seems that Iha passage truy cuts _, straligraphical, 
and does not do so by structural shortening. 

2.4.3 Water Table Control 

Prelotontial - 8long a piezcmetric surface wllch mounded beneath Droop Mountain "' 
~ad lrikoly duo to the high slope of Iha plane the passage lies in (2.25 degrees). 

2.4.4 Graded Erodable Bed 

n - geomorphdogy. a surface stream ,rith this ~ pattern, and tNs nice, coostant 
~~ would bmg to mind the term "grade". This term given to riveo's ,rith aluviated beds and 
smooth profies OI usually applied ID high Older streams ,rith low gradients, and ~ 
c:h;wlnofs. The floor of the Toothpick Stream is bedrocll in general, wllch, along ,rith RS.._ gracien~ 
P'- this mechanism as a cause lo, constancy of prclio_ 

Plane containing cove pouoge 
( 213°, 2.25°) 

•· ... ·, 
I 

i 
I 

i 
i 

•• I ••J 

Geometric relations between the cave paqqe and planar elementa.. Set 
tut for diacuuion. 



3.0SUMMARY 

The reach of constant gradient is doubly remarttat:>,e in that it displays a Sinuous pattern in plan 
,new, and resides distincily ,rith;n a plane. The obS8fV8d lnO<J)hology. when considered - the local 
and regional geology appears to be best explained by a variation on the cause discussed in section 
2.4.1, beddi"IQ plane control. The constant sk>pe of the reach has been observed to consist or trWKH" 
'4)W81'd and downward _,ts, p,obal>ly localy controlled, wt,;ct, either served as paints of nception. 
"' local perctw,g layers. 
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EVIDENCE OF QUATERNARY . ENVIRONMENTAL CHANGES IN EASTERN AND 
SOUTHERN AFRICA FROM CA VE AND ROCK SHELTER SEDIMENTS 

BROOX, George A. - BURNEY, Davld A. - COWART, Jame.\ 8. 

1. INTRODUCTION 

Despite clear •vldence of foraer vetur or aor• a rid condlt.lon.s, there 

ara two baalc ahortco■lnga in Ute present aeat:e of knovledge about aaatern 

and southern African paleocli.aacea. Th••• era that vell-d.ated 

envlroraental hhtoriea are avallabh for only a fav altaa and that there 

h litth accurataly-datad evidence beyond c. 40,000 B.P. -- the range of 

the 
14

c datln1, .. t.hod. One n■-on for the lack of spatial data h that 

auch of th■ aurfaca area is either arld or ae■larld and pollen pre1arvat:lon 

la usually poor in the highly oxidizing condltlona (Fig. l), 

Sediaenta in caves, vhlch are n1.aerou. in aoa. African countrlea and 

present in al.aoat all, could provide t.ha apathlly detaihd data nHd&d for 

paleovegatatlon and paleocUaate aodelling. f\artheraore. u cave 

sepeleothau can be dated to c . 350,000 B. P. by the 230ni/ 234t, .. thod, 

and potentially to one aillion I . P. by the TL and £SR aethod•, cave 

■ediaente could extend our knovledge of African paleoerrvlror..nts vell 

beyond c . 40,000 I.P. 

I n 1982 a acudy vu begun to a••eaa the potential of cave aed.t..enta to 

provide paleoenvlroraencal data for eHtern and aouthern Afrtca vichln the 

range of the 
230

Th/234u dacing ■ethod and 1f pouible to develop long 

•nvlror..ntal hlator l aa for •elected cave altaa vlthln th••• regloru . 

Three aontha vere apant in Soaalla ln 1982 and nine aontha in Zaire, Kenya , 

Zaabia, Zlllbabve, South Africa, and Botavana ln 1987. Tan caves vere 

lOBATSE 

~ Utrtmtly Arid, Arid, ond Semiarid Re9ion1 

- Lowfond Forest Refuges 

D Moln MO<lton1 Forest Rolugu 
~ Lok11 

e Rock Sheller Situ 
• ea.,., 

"U,GALWEOA 

GOGOSltllS QABE 

Figure 1. Locations of cave research altea in eutern and southe rn 
Africa . Arid and Haiarld region.a are after Kalp (1953) and 
hypothetical ac,ncane and lowland foreat refuaH follow 
H.aailt.on (1976). 
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scudled in enviroraanu ranging fro■ hYPerarld to h1.mld tropi cal (Fig. 

1). An lllportant part of the vork vaa to a-i,loy a apaclally-deisignad 

electric drllUng rig to obt.aln cores froa large apalaothaaa that aigbt 

contain • long record of anvironaental conditions at the site. During the 

fialdvork, 190 ape laothaa aaaples vera collect.ad, in addition to 73 saaplaa 

of clHtic aedlMnta, and I aaaplH of bone. Aho, eight cores, 4.5 ca ln 

dla■eter, vere drilled fro■ e ight atalapitaa or vall flovatonu in five 

cavaa. TbeH corea ran,ad ln length froa 0.25 to 1.5 ■. 

2. PREI lMlNMX RfiSFMCH RESULTS 

Our prell■inary analy••• of only a fev auplu have already 

de.aonatratad the greet antiquity of aany of t.he cave aadl.Mnta and have 

shovn that apelaotheu aay contain rich pollen aueabhgaa. R.uulu of our 

studies at five of the ten cav•• exaainad will nov be presented. 

2.1 Drota)sy'a CtYI kUVIDA 

To date, our atudiaa of Droteky' • Cave in cha Kalahari Deaert have 

focused on tvo cores 1.0 and 0 . 5 ■ long that vare drilled fro■ a vall 

flovatone and a coluan, respectively. Tb• 1.0 ■ long core con.slate of 

layen of ... siva, un.r•cryatallhad calcite eeparat• d by broad zones of 

porou.a carbonate ahoving extensive reerys ta.lllaation of aragonite to 

calcite, Tbe layer of Wlrecryatalllaad cal clce at the aurface ha• bean 

230.rh/ 234u d..aud t:o 197,400 ± 41,300 BP. , th• old.ut: age yet reported 

fro■ the cave. Precipitation at the site today la c . 450 -- Dapoaltlon 

of the 3 ■ high flovatona, froa vhlch the core vaa drlllad, i■pliH vatt.er 

condltlona than ax lat at the cave today. >.. the outer aurfaca of the 

flovatona vae clearly •ubeargad and re•diuolvad by atandin& v atara in the 

cave after its deposition, lt ls evident that a aajor vat phase folloved 

197 ,000 B.P. 

Tvo urani1.m•aarlu agu for the 0.5 • long core (14,520 ± 650 and 5,360 

± 1,390 I . P.) i ndicate t h at it vaa probably depoaited ln the period c. 

lS,000 to 2·3,000 I.P. The core pruarves evidance of tvo perioU of 

increased aeolian act.ivity vhan sand vu blovn into the aouthvaat ant.ranee 

of the cave and incorporated into the groving coluan. flle earlier of theaa 

event• occurred between 14,520 and 5,360 a. P. and the later abortly after 

5,360 I.P. l■portantly, baaed on procaHln,a of tvo aaaplaa, pollen le 

preaarvad in the carbonate of thla core and pro■iaea the flrat record of 

l ate Claclal and Holocene vegetation changea ln the northern Kalahar i 

2. 2 Esho CIYt South Afrlst 

At Echo Cave anrual precipitation le 550 - co■.ing aalnly in the a\.llMr 

aonthl. Active apaleothau are fav and aaall . Sadlaant1 in th• cave 

indicate aajor phues of spaleothu dapoaitlon, and therefore ■ore 

available aoleture, at 227,000, 200-197,000, and> 43-29,000 I.P. Heavily 

ra•dluolvad apaleoth ... deposited 227,890 ± 36,067 and 191,764 ± 21,421 

I.P., and a vall flovstone dated to 197,101 ± 17,551 I.P., and later burled 

by claatic Hdi.aanta, euggeat. a aajor ph••• of surface lnatabllity above 

the cave after c . 197,000 I . P., poulbly during ilotopa ataga 6 . At lover 

elevation.a i n the cave thara 1• evidence of a aore recant period of clHtic 

HdlMnt deposition that vaa alao accoapaniad by flooding of paaaagu and 

re•aolution of apalaoth•.. . For axuq,la, In Ladder Cb&■bar, a wall 



flov•tone that stopped growing c. 31,000 B.P. vas lat:er burled by l • of 

1 .. 1nated sediment•, clearly laid dovn in standing water after being washed 

into the cave by particularly intense ralna (Brook 1982). 

2. 3 Calved& 10d Havla Cave Sonalia 

Flfteen speleotheas, slx froa Galweda Cave (rainfall < 50 -/yr) and 

nine froa Hayla Cave (rainfall 435 -/yr) have been ura.nlu■-serie1 da.ted 

along vlth three relict spring tufu. Agu indicate that deposition of 

these sediaents occurred only during interglacials and inter1tadials of the 

la•t c. 270,000 years, iaplying that these vere tlaes of lncreaaad 

hwaidity. The absence of spelaotheas and spring tu.fas during northern 

he■hphere glacial ■axt _ _.. laplles that thue vere periods of aridity in the 

Horn of Africa (Brandt and Brook 1984). 

Eight aaall subsaaples froa seven Hayla Cave speleothe■s, ranging in 

age fro■ 176,500 !LP. to aodern, contained a sufficient nu■ber of pollen 

grains for count.a of 400-600 grains t.o be poasible. Three of the ea.plea 

contained axtreaely large nu■bera of pollen grains and other ■lcrofosaih 

s uch •• cuticles and phytollt.hs. A aost aigniflcant prell■lnary finding 1a 

that the pollen in an early Holocene st.alag■lte dated to 9,995 ::t 1 ,500 B.P. 

indicates a aealc wooded savanna vegetation at this tiae alallar to 

vegetation in regions of Ea.at Africa today vlth a precipitat.ion of about 

1,000 -/yr. n,1a 1.apliea that early Holocene precipitation at Hayla Cave 

aay have been aore than cvice t.he present 435 ,-.,/yr. 

In 1985, a 2. 5 ■ deep excavet.ion at t.he Gogoahiis Qabe grani ta rock 

shelter near Bur Hale.aha in southern Soaalia {Fig. l) uncovered thirt:een 

individual burlale and exposed aedlaents laid dovn during the lut 30,000 

years (Brandt 1988). Textural variations in t.he sediaent.s at the site 

reflect the intensity of the che■ical veathering environaent and the 

den•ity of the vegetation cover at the tiae of deposit:lon. Finer sedi.Jtents 

vere deposited at ti.aes of aore abundant aoiswre, aore effective che■ical 

weathering. and a denser vegetation cover. It h significant that the 

evidence for vetter conditions at CogoshUa Qabe (finer sediaents) is 

supported by t.he evidence fr011 nort.he rn So■alia. Ph•••• of speleothe■ 

grovth at 11,800. 10,713-9,500, 7,600-6,300, and S , S90-4,020 B.P. at 

Calveda and Uayla Cave correspond vlth deposition of fine r-grained 

sedi.D.ents at Cogoshils Qabe (Fig. 2). The lack of speleothe■ deposition at 

Calved.a and Hayla Cave, and t.he presence of ll\.lch coarser sedl■ents at 

Cogoahlla Qabe before c. 12,000 8.P., imply 11Uch drier conditions in both 

northern and southern Soaalla in the period c. 30,000-12,000 8.P. although 

finer aedi■ants at Gogoshiis Qabe c. 21,000 8. P. suue■t. a brief vet phase 

during this interval. 

2.4 Katuoi Cave Zain 

Kaeupi Cave la at l, 100 ■, on th• veatern shoulder of the \lest.em Rift 

Valley ln northe.ucern Zaire. Vegetation is species-rich equatorial rain 

forest, the ■-an annual temperature 1a 21•c and annual precipitation ii 

1,687 -· Perhaps the 110st significant finding of our prell■lnary a tudy o[ 

sedl.aent■ fro■ Kat.upi Cave i■ that speleothe.u in t.hh cave frequently 

contain abundant: aicrofoHils including pollen grains, epores, phytolit.h1, 

£C••• cutlclae, and charcoal. Of seven speleotheu ex.aained, four of the■ 

(KAT 11, 14, 16 and 23) contained eufficient nu■bera of pollen grains in 

s .. ll eubuaples for count.a of 400-600 grains to be poHible. 

Pollen and spores identified in KAT-23, deposited in the tiae range 

14,820 ± 790 to 13,260 .t 520 B.P., and in KAT-16, a aodern act.:ive 

stalactite, are presented in Table 1. The presence of lim&a. pollen, a 

tvantlath-century int.roduction to sub-Saharan Africa, confiras that the 

KAT~l6 apectru11 la indeed derived fro■ a 110dern environaent. 

The late-Pleletocene and ■odern spectra shov reaarkable differences. 

Tha for■ar i■ doainated by pollen of graHland plants, vhereae these pollen 

typas are relatively scarce in the aodern speccrua (e.g., Craaineae, 67. 9 

va. 11.91; Cyperaceae, 10.3 vs. 4.SI). Significant traces of pollen types 

associated vlth high-elevation aontane e nviroraents in eastern Africa are 
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A AGE IN YR B.P. 

o..,o.,.P.,<>°.if>~.,_<f'.,<f' 
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8 AGE IN THOUSANDS OF YEARS* 

iL~I 
~ 0 40 BO 120 160 200 240 

DEPTH BELOW THE SURFACE (cm) 

~ Periods of speleothem deposition at Galwedo ond Hoyk, Cove 

• Radiocarbon dotes for bone opoMe charcoal, and CaC03 nodules 

* Estimated from sedimentation rotes 

Figura 2. Pha.sea of spel■otha■ daposition at Calveda and Kayla Cave in 
northern Soealla (A) coapared vit.b the •an gTain size of 
sediaiant■ at Cogoshlls Qabe rock shelter in sou1:hern Soaalla 
(B). 
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aleo better-rapraeented ln the Pleistocene spectrwa: Ericaceae, 3 vs. 

0.41; ~. 1.1 vs. 01; ~. l.l vs. 01. Ont.he other hand, 

the Pleistocene spectrua is virtually devoid of pollen types u•ociated 

vlth the ■id-elevation .. sic fore•t characteris tic of the •it.a t.oday, 

including l'.klli,, (0 vs. 2.21), Urticaceae-Koraceae-type (0.8 vs. 19.41), 

Hellaceae (0 v11. 4.51), 21.ll (0.8 vs. 3.71), and aonolete p■Uate fern 

spores (0.8 v•. 11.91). Prellainary e:r.amina.tion of pollen and spores in 

KAT-11, dated to 40,100 ::t 3,500 B.P., has revealed f.r.2.t.t.&. Craaineae, 

~. and 21.t.& as vell as gr .. inoid charcoal. 

The data for KAT-23 indicate t.hat during the Laat Glacial Ma.xi■ua the 

v e getation n.ar Mat.up! Cava vaa a savanna gra•aland and that high aontane 



vegetation aay bava exl•ted clo1•r to che 1ite than at present. Moderately 

vara. dry condltlon.1 ar• lndlcated for thh perlod. Pollen ln KAT• 11 

1ugge■t a hlgh••l•vatlon aont■n• vegetatlon near the ■lte c. 40,000 B.P. 

vith teaperaturaa lover th.an nov and ■t c. 14,000 B.P.; and drier 

conditlorui than today (Brook et al. 1989). 

l.Jllllll6II 

Fhldvorlt at. ten cave■ in Africa In 1982 and 1917 ha■ ut:ablhhed that 

the aedl .. nta at th••• 1ltea pre1erve evldance of changing envlroiwental 

condition.a. PTelialnary •tudlea of selected a•dlaent.a have daaon.ttrated 

the antlqulty of the sedlaent:ary recor~ pnHrved indicating that these 

udt .. nu vlll provide paleoenvlroraencal inforaatlon vell beyond th• range 

of the 14c dac.ii,;g .. thod. Kost algnlflcantly, v e have ahovn that .. ny 

ancient apeleotheu contain large nuaben of pollen grains and other 

aicrofoulh. that appear to provide reliable lnforaatlon on vegetation 

characurlatica near the cave at the ti.._ of ap•leoth•• deposition. We ■re 

particularly hopeful t.hat dated ■pehotheu fro■ Katupl Cave ln Z■lre, and 

Croa i..,andanl and Cha1l.■ba cavu ln coa1tal Kenya, vlll provide evidence 

about the bypothe■lz.ed tropical rain fore•t refugla that .. , have exlat.ad 

at or cloH to thue alt.ea durlng late Plelatocene &laclatlons (Fig. 1). 

Pollen pruerv■d in cave speleotheu aay ■ho provide paleovegetatlon data 

for arid and ae■iartd regions whne lake, 1pring, and bog dtea vlth good 

pollen preservation are rare. 
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WEATHERING STUDIES ON PS EUDOKARST- CA YES ALONG 
THE NORTHERN SWEDISH COAST 

SJOBERG, Rabbe 

1. INTRODUCTION. 

The Schmidt Test-hammer, also known as an impact hammer or sderometer, 

measures lhe distance of rebound of a controlled impact on a rock-surface. The 

dislanc:e ot rebound (A} gtves a relative measure of surface hardness or s1rength. 

The Schmktt hammer is light and portable and alk>ws in situ tests IO be made in 

the field. ll Is also relatively cheap and has proved lo be robust during extensive 

trials in vaiable conditions. With a lest hammer large numbers of samples can be 

tesled in a sman area In a short period of time (Day & Goudie, 1977). McCarroll 

(1987) has studied the instrument error, explained the sources of the error and 

made suogestions to minimize their elfects. The most important of which is a 

regular calibration of the inslrumenl. 

The Schmidt Test-hammer has been used by geomorphologisls for more than 20 

years. The firsl published paper seems 10 be by Monroe (1966), who used lhe 

test-hammer to study case-hardening in Puerto Rico and in Indonesia. Yaalon & 

Singer (1974) used the hammer to study cak:rete-crusts {Nari) in Israel. 

However, the most extensive field-studies with the instrumenl has been done by 

Matthews & Shakesby {1984), who used the Instrument In conjunclion with 

lichenometry to examine the relalive age of the outermost Neoglacial moraines in 

front of glaciers in the Jotunheimen mountains in southern Norway {Matthews & 

Shakesby, 1984). They concluded lhal "This first applicalion o l lhe Schmidl 

hammer lo glacial chronologicAI p,oblems suooest considerat>,e potential for the 

instrument in the differenliation o f the ages ot Holocene deposits.particularly 

when applied in conjunclion with other relative-age daling techniques, such as 

· · llchenometry•. 

In 1985 the Center tor Arctic Cultural Reseach initialed a broadbased study of 

prehisloric and hlstOJic seal hunting cultures in the Bothnlan region. One ol the 

main goaJ ot the project has been lo date sites and fealures from the Late Iron Age 

and the Medieval period • .about 1500 to 500 BP. Unfo<1unately many coastal sites 

from this period are found on rocky Islands and shores and consist solely of 

boulder and cobble constructions. For this reason the potential of lichenometry in 

erchaeok>gy was investigated (Broadbent & Bergqvist,1986; Broadbent, 1987). 

As the growth of the lichens aJso is dependent on the wealhering of rock, attempts 

have been made to measure the wealhering through quantifiable methods. The 

Schmldl Tesl ·hammer was used for lhis pupose (Sjclberg, 1987;1988;1989). 

Parallel! to this project lhe J)(esent aulhor also tested lhe hammer to try lo solve 

different problems in pseudokarst research. This paper presents some of the 

resulls of this research. 

1. Around lhe Swedish rocky sho,es, up 10 lhe highesl posl .glacial shore-level, 

there are a number of secondary round-abraded isostatically raised crevice caves 

which have been sludied by lhe aulhor (Sjclberg, 1981; 1986; 1987). Even 

lhose caves which are now silualed high above the present sea-level have as 

perfectly polished surfaces as those caves silualed at, or around, the present sea

levet. Is this seemingly non-existent weathering a fact or Just iluslonary? 

2. It has been suggested that several of the boulder-caves In Sweden, 

Bodagronoma, Gill:>erga gry1, and AOvart<flppan al NordingrA., etc., were formed 

by earthquakes during the mettlng of lhe Welchselian gladallon about 10.000 

years B.P., when the caves were situaled more than 100 m below Iha surface of 

lhe Battle sea (Sjclberg, 1987a). Could lhls neolectonlcal lonnallon be confwmed 
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by using the Schmidt hammer technique? Whal about caves of similar type 

situated above the highest post-glacial shore-lines? 

1.2. Method. 

The research-method is built on statislical calculations. On each Sile, tested by 

the Schmidt hammer. a minimum of seven inpacts are done. The statisticaJ mean 

and lhe standard devlaHon are cak:ulated. These values are compared to a 

weathering regression-line from a nearby rocky shore. wilh the same type of 

bedrock. This regression Une Is constructed as foHows: lhe wealhering is tested, 

with the Schmidt hammer, level by level, and the means for these levels are 

correlated with the elevation above sea-level. On a isostatic.ally raised coast each 

level above the presenl sea-level represents a specific time B.P.(MOrner, 1979; 

e.a.). By correlaling the weathering value (R) wilh elevation (m.a.s.l.) the 

correlalion-equation, and the correlalion coefficient for lhe equation, are 

cak:ulaled. 

2. RESULTS. 

2.1. Tunnelcaves at Lldberget , Nordmallng, N. Sweden. 

Three small raised tunnelcaves, Slora Lidbergsgrottan, cave nr. 9, and cave nr. 

10, at the Nalure Reserve ~UdbergsgrottOJna• in Nordmaling. N. Sweden. were 

investigaled by testing the walls of the horizonlal caves from the entrance to the 

inner parts {SjObecg, 1987). The caves are situated al an elevation of around 

100 m a.s.l. This investigation showed that the A-values increased toward the 

inner parts of the caves, fig. 1. This might be due to the fact, thal even in caves 

as small as lhese, a local climate Is formed whk;h protects the caves agalnsl 

chemical weathering. 

70 T""--r---,--T""--r---,--..--,--, 
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30 +-~+~-+-~--1---+-~+~-+--i 
0,0 2,5 5,0 7,5 10,0 12,5 15,0 17,5 2 0,0 

F,g. 1. Diagram showing the R-vafues inside three caves at l..icl:>erget, N Sweden. 

It can clearly be seen that the R-values increase toward the Interior of the 

caves, which Indicates a lower rate of weathering . 

In the inner parts of the caves the A-values are aOOve 60. Whal does lhat mean? 

To answer this question lhe weathering of a nearby rocky shore, formed by the 

same bedrock, was 1ested from sea-level up lo 41 m a.s.l., which, with an 

isoslacy of 0.9 cm per year, covers weathering of the bedrock during the last 

4.000 years. This weathering is described by a regression-equation, with a 

correlation-coefHcient of Rxy• 0.92, fig. 2. Figure 2 shows that R-values 
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F,g. 2. The highest (inner) R-value in three caves at Lidberget, compared to a 

weathering regression line on bedrock at SlavaJehalla, 5 km S of the caves. 

correspond to values on bedrock from around 10 m a.s.l. and downword on the 

weathering-curve. This shows that the caves. even lhough they are situated al 

100 m a.s.l., have been protected againsl weathering. During the lasl 7 000 

years, which is the time that has elapsed s;nce the caves were elevated above sea

level, the inner parls of the caves have not wealhered morn than the sea-cliff, of 

similar bedrock, which have weathered no more than a 1000 years. 

How generally appltcable are lhese results? To answer this question another 10 

caves in differenl parls of the Bo1hnian coast were lasted. The data for elevation, 

~nglh and R-values in the ouler{Rmin) and inner parts ol lhe caves (Amax) are 

gfven in table 1. 

T•ble ,. Tunnelc•v•• In the county of Angerm•nl•nd. 

C•ve m.•.a.l.lenglh Rmln Rm,x 

S lkl>ergsgrollan 85 23 42.9 58.4 
Udberget c.9 I 07 8 38 0 6:"t .. 
Udberget c. 1 o I 07 10 43.0 63 8 
Tjuvanlas grotta 90 25 34.6 62.1 
R.ickebergskyrkan 180 34 41 .7 46 31 

L R3ckebergskyrkan 180 22 43.8 64 8 
S6dra groltan. Ulv6n 8 55.3 63 7 
Noua grottan, UIY0n 14 59.0 65.0 
H.\mOkJubb 10 II 20 50.6 58.2 
H.\rnOklubb 11 I 0 15 48.9 62.7 
H.\rn6klubb 11 a I 0 5 48.9 60.0 
H1rn6klubb 14 0 10 59.1 60.4 
H1rn0klubb 15 14 50.9 52.3 

1 lhe roof within the inner parts of the cave is open. 

On fig. 3 the big difference between Amax and Amin is seen. This difference is 

also independanl of elevation. As most of the caves are formed in gneissic 

granites/sediment gneisses the values from 1ablu has also been compared wilh a 

weathering regression line. This is the one from Stavarhalla, described above. 
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Fig. 3. Diagram showing the lowest (exlernal) and highest (inlemal) R-vatues 

from 12 elevated sea-caves in the province of Angerman/and, compared to the 

wealhering-regression line from Stavarhalla in the northern part of the 

province. 
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The diagram, f,g. 3, indicates in acx:ordence with the variables, m.a.s.l., Amax and 

Amin, that local climatological conditions in the Inner pans of lhe caves 

protected these parts against weathering and that they are independent of the 

elevation above sea-level. Amax values lrom the higher elevated caves do not 

differ much from those in lhe k>wer elevated caves. It can also be seen that the 

Amin values in lhe k>wer elevated caves have values similar to Amax values in 

the higher elevated caves. To further lest the connection a three-dimensional 

graph was construcled from the values of table 1, were X- depth of the cave, v. 
elevation, and z- A-value. fig. 4. 

FiQ. 4. Three-dimensional graph showing the altitude, the lenghts and the R

values from the extemaJ and internal pans of the caves in table 1. 

From the graph ii can be seen !hat elevation is an independent factor in reference 

to lhe A-values inside lhe caves. The dependent factor seems to be the depth of the 

cave. As the reseached caves are formed in different bedrocks, such as sediment

gneiss and dolerite, lhe conneclion also seems to be independent to lhe type of 

bedrock. To further devek>p this problem speleociimatok>gical research has 10 be 

done. However, a previous study (SjOberg, 1975) has shown. lhal immediately 

inside the entrances of small caves, lhere exisls a different climatological 

si1ua1ion, than whk:h exists outside the caves. 

2.2. The cave Bodagrottorna, lggesund, N. Sweden. 

The cave Boclagrottorna is a neoteclonicalty formed cave-system in a small hill of 

gneiss-granite, reaching up to 35 m. a.s.l. The cave-system, which is lhe longest 

pseudokarst cave in Sweden, with a length of more than 2600 m, is situated al lhe 

coast near the village ol 'ggesund in N. Sweden. 

In this case neotectonics means fairty huge earth-quakes, caused by a very last 

isostatic upiift. which appeared bek>w the margins of the tee at the end of lhe 

Weichselian glaciation. During thal s1age, the roches moutonndes in which lhe 

cave was formed were still situated far below lhe surface of the sea. The 

formation of the cave is described by SjOberg (1987a). 

If lhe hypothesis of the subglacial format.on is correct. all sides ot the huge cave 

forming boulders released by the earth-quake ought to show similar weathering 

values corresponding 10 the weathering which has laken place s;nce lhe hill was 

elevated above sea-level. To investigate this live boulders on the 30 m level 

were tested on the striated upper side and on the lateral sk:fes. Only boulders with 

a clear slrialed upper side were chosen. As the lateral sk:fes of the boulders were 

exposed to diflerenl quarters, a certain difference in lhe A-values was expected, 

depending on k>cal-ciimalok>gical situations. The results of this study is shown in 

table 2. 

T•ble 2. Bod•grottorn•. 
R-v•luee on upper-, •nd laler•I aldH of five teated bouldara. 

11..o.11.J.d..L lWlU...llllL l!...illa li....llla 
43.1 48.8 
42.6 50.2 
45.6 47.t 51.0 
44.8 42.1 47.3 
41.4 44.0 42.1 

Reel mean 46.2 46.3 46.5 

The results show thal the expected variance between the A-values of the lateral

sides of the boulders did nol occure. Instead a clear similarity between the 



upper• and laleral skies Is shown, atter that the values are rectified lo the angle 

ol Impact. The values in table 2 have been plotled in fig. 5, where a romboid 

symbol shows the values of the upper sides of lhe boulders, and a black square 

symbol shows the values of the lateral sides. 

To test the hypothesis lhat the weathqring on the upper and laleral sides of the 

boulders shouk:I corresponded to the expected A-value of lhe 30 m level. a couple 

of wealhering regression lines from adjacenl localities were used. These were 

taken from a bedrock clilt and a raised boulder beach, both at Hornslandel, 15 

kms E of lhe cave. Hypothetically, the values from Bodagrottorna should 

correspond to a value for the 30 m level al lhe bedrock locality, or wilh 1he 30 

m value at the boulderfiekt The results of this investigation are shown in fig. 5. 

Here it Is shown that the values from the Bodagrolloma do not correspond to the 

30 •m level on lhe weathering regression lines. but rather lo a level of 7 • 12 

m.a.s.l. The reason for this might be that the bedrock at Bodagrollorna differ 

more from the one al Hornslandel than a visual examination of the bedfock 

indicates. Another explanation could be that lhe localities at Hornslandet are 

situated In a more exposed posffion, whilst the cave Bodagroltorna has for a k>ng 

time been situated In the inner part of a protected bay. The difference in exposion 

can be lhe cause of the different weathering conditions. 

Another minor study was done on a well rounded erratic, silualed on the aevlce• 

rich upper part of the hill. ·The situation of the boukier speaks against ils 

deposition by a malling glacier, but for its dropping from lhe bollom of an 

iceberg, aher that the hill had been split by an earthquake. The following R· 

values were noted from the erratic: upper-side R• 32.3, northern side A• 34.0, 

and southern side R- 37.4. These values show lhat lhe boulder, in spite of its 

roundness, and like the cave-boulders, has higher values on ils upper side, 

compared to the value on Its lale,al sides. The values are more in accordance with 

the values from the similar level al Homslandel, lig. 5. However, it is possible 

that Iha proporttOnatety low A-values on the erralic show that the A-values on 

the boulder do not onty depend on poslglaclal 1erres1dc weathering. The well 

rounded form of the erratic indicales that the boulder mighl have been a core

stone, removed In Its existing scape by the glacier. 
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FJfl 5. Graph showing the R-values from upper·, and lateral sides of surface 

boulders at th11 Bodaarottoma, and R-values from an adjacent erratic. ThasB 

values are compared fO the w eat.haring regr9sslon lines from a bedrock and a 

cobb/e-ffeld at Homslandet. 

2.3. The cave R6varkllppan, Nordlngri, N. Sweden. 

This cave is also formed by neotectonics. It Is situated on the southerri skle of a 

steep hill, formed es a roches moutonnt1es. The hill is 68 m high, and Iha base

level for the cave Is 47 m.a.s.l. The cave, which consists of sev8fal big rooms and 

passages between gigantic boulders, was lormed wllen lhe southern escarpment of 

1he hill colfapsed do lo a severe eat1hquake. Did lhls ear1hquake occur al lhe same 

period of lime as Iha one descrlled above, when Iha hill was si1ualed deep below 

tho present level ol lhe sea? II lhls was the case, hypothetically lhe A-values 

kom Iha outer part of Iha cleft, which dMlles the cave forming boulders lrom 

lhe molher-cfiff, ought to be equivalent 10 Iha ones on bedmck oulSlde Iha cave 

(with minor -'!"""• dependent on local clrnallc conditions). 
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F,g. 6. R-values from the Inner crevice at the cave Rovarldippan, compared to a 

weathen·ng regression llnB for the area. Two R-values for a recent exfolliation 

are marked with a blade square-symbol. 

Harness-surfaces on recently, by frosl•wedging, exforna1ed boulders would also 

be able to 

dillerenliate from lhose contemporaneous with the cave, by higher R•values 

than normal for the level. 

Firslty, a weathering regression line was constructed from sea-level up 10 the 

top of lhe hill, fig. 6. This line has a very high correlation coefftcient Axy• 0.91. 

Secondly, the A-values from the big cleft which divides the boulders from the 

mother•cliff was lasted. In the outer, western part of !his deh, the surface of a 

seemingly recent rockfall gave very high values (R• 52. t ). Correspondent 

harness-surface on the mother-rock had the value R-53.5. These values 

corresponds lo R-vatues for levels below 2 m.a.s.l., showing that these boukrers 

wern released about 200 years ago, calculated on an isoslatic uplift of 0.85 cm 

per year. In the ouler part of the big deft a value ol A- 47.1 was measured on lhe 

bedrock, and R-50.4 on the boukjer. Further into lhe crevice the A-values wenl 

down to A-38.9 on boulder and A- 44.9 on bedrock. Considering local 

ciimalok>Qical conditions these vatues are somewhat higher lhan expecled tor lhe 

level, fig. 6. A-values around 40 correpond to a level around 30 m.a.s.l.; lhis 

could indicale that the ear1hquake which formed the cave appeared some 3-4000 

years ago according to Iha shore displacement curve for 1he area (Miller, 1982}. 

This shows that the cave coukf not have been formed during the period when 

neolectonic aclivity normally was IO be expected, namefy 10.000 years ago, when 

these par1s of Sweden pcesumely had an lsos1a1ic uplift reaching rates of 20-50 

cm per year (SjOberg, 1987a). Instead, the cave seems to have been formed by 

an eanquake when the hiH alteady had been raised 10 a lerrester environment. 

This earthquake oughl to have had a magnitude of around 7 on the Richter scale, 

which is considerably higher than those of conlemporaneous earthquakes in the 

azea. 

5.4. The cave Vltterhu1el, Asele, N. Sweden. 

This cave is formed by gigantic rocks on the southern side of a roches moutonnee 

like hill in Aevsund-granite, around 305 m above sea-level, In the Inner parts 

of nor1hern. The elevation is dearty above the locaJ highest poSl1Jlacial shore

line. With an ice--movement from NW, during the Weichselian glacialion, the 

cave is situated on the tea-side of the hil. The cave forming rocks have one, or 

several, smooth harness-surfaces, showing that the rocks have been broken from 

the mother-rock, and that this breaking-up has occured along former joints in 

the bedrock. The "'eslion Is wither the breaklng•up of the rocks was formed by 

glacigen forces or by neotectonics. 

On the horisontaJ aest ol the hffl a A-value of 28.3 was measured This is so far 

the lowest A-value measured on bedrock. The very fast weathering of the 

Revsund-granite was also shown by recenl grus•weathering close to the tested 

surface. In the cave two opposite vertical suffaces were tested. One on a bec:t"ock 

surface exposed to the south (R.«.2), Iha olher on a smooth, vertk:al rock· 

surface exposed 10 Iha north (R-52.7). 



The situalion of the cave, on the lea-side of a glacigene roches moutonmJB, would 

indicate a glacigen formation of Iha cave. The high R•values in Iha cave, 

especially the one on the exposed northern wall, compared 10 lhe low R•value on 

the crest indicates. thal Iha cave was formed after the deglacialion of the area. 

Thus, the cave was most ikely formed by neotectonics. 

3. Conclusion. 

The Schmidt test·hammer, originally conslrucled to measure the quality of 

concreIe, has been used and proved to be useful f01 applied speleok)gical reseach. 

The method Is shown to be very useful as a relative dating technique. when 

comparable before and/or after dala are available. The Bothnian Sea region, 

with its thoroughly studied postglaciat isostatic uplifl, has given almost 

laboratory-like clrcumstanses tor this study. 
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SEVERAL REMARKS ON THE PROTECTION OF KARS T BAS ED ON EXPERIENCE 
GAINED BY THE S LOVAK S PELEOLOGICAL SOCIETY 

GAAL, Ludovlt. 

In the lnst yoars the extraordinlley i mportnnce of coves, 
and the crucial icportante of preserving thee, we.s referred to 
b7 mQJlJ authors in the f'ranework of UIG congressea P~d nlso in 
the raw,y speleolosical bulletines . At the se.me tioe nn ceiphnsis 
uas l dd on the intric,.cy nnd uniqueness of the subject. Knrst 
recioru, constitute a very unstable geosystec e,cceptionclly oen
sitive to exterbnl influences. In this highly or3enized geooystea 
ti very important role is ple:ed by cc.vco ,,hich are to n conoide
ro.bl o degree dependent on the processes tnl:.ing plt"ce on the our
.fPce /e.r.. ch·-ncos in vei;ctr.tion, in the checi.col co1:.1position 

or eP.rtb Pnrl air, tmter circulution etc . /. Due to n ntural or 
mo.ncac'e chPnges on the sur.frce the sh,~po of under1;round routes 

can be altered e.s Hell c.o the generel outline of the crve doco
re.tion Pnfi l:inds of contento: oicroclinc.te , biosphere 1 etc. Ca

ves help P. rapif\ l'lotr of k:-rst uater \-lith n nin.ir un of filtra
tion but the karat re!;ion, the nicrocliarte ,md low 

l evel of !.:una found there allow for a 01011 r~te of <Jecey of 
org:·nic oubst ·_nces. 1:ron thic it .folJ.o,,c that thore is r .fira 

link betveen the processes coinc on on the cu.rfcce OJ1c\ those 
under the errth uith which it can prove very dimgerous to inter
fere . We shoul d consi der carefully 110.ys of' protection and con
eervotion uhen deciding ror \/hich pu.rpoco the c<'ve is to be used 
/e . ~ . scientific, instructional , neothotic, rccrcntional , econo
mic an~ others/. Ao P. cnjority of visitors to covoc are speleo
l o(lists it is of crucie.l inportance to Get e. 11ide strata or the 
spelcclor.ic public involved in tho protection of l~nrst, rnd 
eopecially of the c ~ves tbecselves . It is neceosnry not only to 
conser ve the volue o! caves by speleolozicts, but es a str.xt it 
is necesottry t o obtrin nnd process in on appropriate \U!.J the 

i nforce- t i on pr ovided by theo conccrninG the conditions found in 
the c oves . A lot of v -lu~ble inforaotion on pollution f ound in 
c:ves an~ obysseo is beinc lost . Uec~uoe of this the Connittee 

0 1· the Glow:k Speloologic~.l tiociety for the protection oi' ?~erst 
produced tores which p.ro to be used by speloolocists to report 
on ne~rtive con<litions found in kru:ot recions. These cocpleted 
.for ms are colleCtod • proceosed and it need be pwsed on t b·· the 

aut hori ties • bodies conserved wi th nRture conservation or \'1eter 
suppli.ee ochr.inistrction. '11be cost f're -.,.uently reported sources 
of pollution is by a_,--riculturnl waste /fertilizers or other 
simil P.r nctivitieo dotling with agriculture/, I.ess frequently 
i s the.t uast e produced by industrinl r nd the huraon pol ulstion. 
Also the dcc£1e;e inflicted upon the decoration of crves is 
cn1Sed by tourisn, folloued by that due to the excevc.tion ot 
rev m; terir.ls and to an insensitive approach uhen opening up 

the c : vea to public view. A !ew cuses o! incroesed corrosion to 
st11l agmite end stElectite decoration due to the pollu tion of 
kerst waters or air /especiolly by sulphates/ poses very diffi
cult probl ec to 3olve . A vP.riation of npprooches to the protec
t i on or c ~ves accorcling to their voluo is also nee<led . In order 
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to reco:::;nize tho n~ turf·l • cultura l and the historical value of 

cr-ves a thoroUoh course of reserach is re(Juired uith tho re
qu.ired protective :.ction given t.ccorrlinc to the resultn . Spe

ciPlists in m ny ncio~ti!ic £iel~s are to be involved. In order 

to process tho drtron the values of cuves tho Co=ittee of the 
Slovak ~peleolo,::icPl Society for the protection of karst pro
duced in 191lt; n questionclre in uhich rec;ionel «roups of the 
Society recordorl nll icportr.nt coves . Their v ~lue was judged 
by the occurence of rlecorL•tion, coological or neocorphological 

shapes, pcleontholozicnl ,nd archeologice.1 finditl(lS alone with 
those rare rnh:a,·ls . Once the value of the conditiono .found in 
the cr.ves heel beon assescd the boat cethod ot protection could 
then bo followed , e.e . by clo3in~ the entrar.ce. The list ot 
iaport3Jlt c<veo is boine; updcted eoch yenr . /.s a result out of 
2670 cr.vea no\/ invostii;e.tedlo SlovL'kir., 200 cl\ves /7 ,4 'f,/ uith 
m turr.l anti cultural vc,.lue uere rea:istered b:, the 31st DeceLlber 

1~·sa. l•"ron this nUIJber 2? caves uero chosen to becoc:1e kno,1n 
ns a protected n~tural creation. In their selection not only 

was the exiotcnce /end other vclues coves/ tnken into account 
but also the thret: t posed to the co.ves and their representation 

of o p:rticulo.r ccographica l region were conoidered. A special 
regice for tho protection for cnvos ,Tith exceptional ocientific 

ancl culturol v r,lue is being produced . 
cosinrt the cntr:-nco to coves io still the nost uidespread 

en~ oiaplest ,.n:, of protection. Out of 200 registered caves of 
inport~ntc in ~lov~kic 90 ore at present cloaed . 8odly in tUe 

uost touristic ares.s thero are frequent oases of the breFkin.g 

rloun of the closinB bnrrier . 
Irrespective of these croee of vandalise the greatest 8Ilount 

ot inter£oronce to the internnl conditions ot cevco is due to 
i cnor ,.ncc t1n<" the l nck of inforcmtion . ~ecs.use of this ue co11-
sirter it to be of cruci~l inportanbe to support education 

throU£h i11forr-ll,tion , -,_lonG ,-,ith the supervision sioed specially 
et the c 11;..-oers of enterr,rices /uho deel vith the kcrst re::;ions/ 
a lone with the public. Opeleoloc ists r.,ust c.lno be includ ed in 
this . In t ho re:? of spoleolocice.1 rene. rch \te ore firstly con

cerned vith coP.servr.tion of sedineuts vc.luable for their 3trC1-

ticrophic r•nd r;.rchaeolociccl inforn::: tion /tho services o! spe
ciclists o.ro often needed for this/ . The CoUDittoe of S35 for 
the k,,rst protection gnvo guide-lineo for tho carrying out of 
tho speleolouicel recoo.reh in the ioportcnt coves, the use of 
uhich the opoleolot;ists arc c;uidcd ,,hen precious findings occur. 

~ou the ibove one rc!'lizes thut tho problens of c&ve con

sorv t.ion ia still uith uc. It is necesst>ry to oc.ke use of e.11 
>1or<:i i~e nd nrtione.l speleologicr.l octivities to pronote the 
i~e. o! kc.rct protection, espccinlly for the need to preserve 
the scientific und culturt-1 vc.lues of karat r~::;ions nnd coves 

80 ,,.
8

11 ca the hultinz of the conte.uir..::tion of undcrzround 

sp, ceo by 1·11 polluting oubotJnces . 

GAI.L, 'Ludovit 
L. Gvohodu 9/C:3 
979 01 Riarvskn Sobota 

Czechoslov2.kia 



SNOW AND ICE FORMATIONS IN CA YES AND THER REGIME 

MAVLYUDOV, Bulat 

1. SllOII AllD ICE PORIUTIO!fS (SIP) IN CAVES 

1. 1. Position of cave SIP in natural ice system 

Cave ice - specific class of natural ice, that have different 

origin but common place of e:tlstece - caverns, connected with 

surface and atmosphere. Cave ice is intermediate class of ice ar

ranged between the BU.rtace and grownd ice. Cave environments can 

be favourable tor tanning of Hydrospheric, surface and grownd ic~ 

1.2, Classification of cave SIP 

Hierarchic classification of cave SIP (modified from V,E. Dmi

triev, 1980) and specific classifications of different groopes of 

cave SIP is proposed (Pig. 1, 2). We will not describe different 

forms of cave SIP since they are occur in many publications begi

nning from R.G. Brown (1865) and others. But one point has to be 

mentioned is that congelation ice advantage to:nned in horizontal 

and inclined caves, sedimental ice - in inclined and vertical ca

ves, metamorphic ice - in vertical caves, sublimation ice (in me

teorological meaning) can be fo:nned in all kinda of caverns. 

1.3. Chemical composition of cave SIP 

Chemical composition of cave SIP depends from chemistry of w& 

ter and reflects environment conditions, where this water fo:nns. 

Cave SIP can be divided into: fresh (to 1.0 g/1), saline (1.0 -

5.0 g/1) and salty (more 5.0 g/1). Congelation ice can be belong 

to every of these types. Sediment-metamorphic ice can be fresh 

and saline; sublimation ice can be only fresh. 

1.4. Age of cave SIP 

We will concern with perennial cave SIP only. Usually cave SIP 
is not older than some tens years, but there are caves, in which 

ice more older (outside the zone of permafrost). In Dobshinska 

Cave (!!ssR) age of lowest layes of ice was estimated in 5000 

years (Droppa, 1964); in horizontal Kungurskaja Cave (The Urals) 

there is ice older then 100 years (Luk1n, 1965); in abyss Snezh

naja (The Caucasus) age of SIP is not lees then 500 years (Wav-
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Pigure 1. Claseification of can SIP 
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sources 

lyudov, 1980). On base of pollen-eporee analisis reliot stratum 

of ice in Cave llachodka (Kuznetsldy ilatau) was dated aa holocen

late plejstooen (Dmitrin, 1979). P.'f. Marshall ( 1981) auaseats, 

that nature of ice in caves can be determined, if one finds caves 

with ice formed in our tiae. Por example, liomaenakaja CaTe ('?he 

Urals) was n:posed by collapsing of cavern roof in 1950 (Oinin, 



1963), so age ot the cave glaciation is not more then 40 years, 

Generally Sli' age in caves depends both trom position ot cave and 

ot ice in cave, and trom conditions ot ice accumulation and pre

servation. Beet conditions of ice preservation e:tlets in caves 

in permafrost. 

2. RBOIIIE OP CUB SIP 

Regime ot cave SIP is studied very poorly. It depends tran 

climate variations in caverns and can be described as a complex 

ot prooeesee mainly on tbe surface of Sli', Tbs most important 

proceseea are accumulation and ablation of SIP. 

2. 1. A9cwgulat1on ot caye SIP 

Acc,umulation ot caTe SIP dependes trom tbe ebape ot caTern, 

which detenained1 1}eize and cbarecter of water inflows; 2)value 

of cold content. It solid water get into caverns eedi.mental ice 

tome, it liqid water now into caverns oongelation ice tome, 

and water vapour ie a source ot sublimation ice. Ice accumulati

on in caverns in permafrost depends only trom volume ot water in

put in caves. It water input in caves ie too large it leed to til

ling in them by ice completely. 

2. 1 • 1 • A99u:mu.lati9n Of' oon.gelation ice in caves 
Regularities ot congelate ice accumulation in caves ia not 

studied yet. Tbue we will uee tbe data on freezing ot ice outside 

caves, Average intencity of ice freezing is about 1.0 g/om2 on 

one degree of negative average day air temperature (Hodakov, 1978). 

Prom tbie data we can estimate possible potential quantity ot 

treesing ioe in caves. In reality quantuty ot freezing ice in ca

Tee will be •aller and will depend mainly trom water input. Por 

example, in Kungurakaja Cave only about 1 per cent trom potential 

possible quantity ot ice tonne taking into account cold content 

(Lukin , 1965). In horisontal oavea maxi.mum o~ water ~nput connoct 

wi tb ti■aure on celling ot gal~eriee, and there are ma:rtmum ot 

accumulation ot congelation ioe. In inclined caves main water in

put connect to cave entrance, tberetore quantity ot accumulated 

ice in tbBIII deoreaoe from entrance to tbe end ot cavern. 

2.1.2. A99wpu].ati9n gt eed1m9tal ige in 9avee 

Sedi.mental ice formed mainly in vertical caverns. Quantity of 

these SIP depends trom snow concentration in caverns (normal and 

snow-storm)• Normal snow conoentration dependea trom shape and 

size ot wells entrances and determined by angle ot natural elope 

ot snow at tbe edge ot wells entrances (Mavlyudov, Vturin, 1988), 

Normal snow concentration coetticient can be more tben 4 in fis

sure well, wben snow depth ie about 2 m on tbe eurtaoe. Snow

storm cnoentration in wells can be on tbe toreetleee areas and 

depends traa direction and velocity ot wind and tran position ot 

oave in reliet. Por Bsibekiy mountain ridge (Tbe Caucasus} at al-

titude about 2000 man t ow-a om concentration coetticient is eeti-
aated about 1,4 (llavlyudov, Vturin, 1988), but tor caves or Kuz-

netekiy Alatau it reaoba 16 (Dmitriev, Chuikov, 1982). Por Tbe 

Caucasus low boundary ot enow accumulation in wells be considered 

near level ot local toreet limit and below it snow-storm concent

ration ie absent. Upper boundary ot snow aoo1111ulation in wells 

connected with local snow line, higbar tban tbat level snow will 

till in all vertical caverns, 

2.1.3. AoclDUlation ot subl1JDatio9 ice in caves 

Accumulation ot aubliaation ice in_ caves depends on degree ot 

auper■aturation ot air by aoiature, quantity and velooity ot ■o

iature intlow into treasing caverns. Sublillation ice in oaTea is 

tro■triJae. Tbe main torms ot ioe are, gexagonal-pyraaidal and re-
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ctanglar-prismatio skeleton crystals. Becauee ot lack ct observa

tions ice aublillatin in caves, we have to use data on growth of 

atmoepberio ice. It' e maximum growth intensity was recorded at 

air temperature about -5°C (Harrie-Hobbs, 1987}, this air tempe

rature is ueually observed in caves with ice in temperate olimate 

regions in winter time. There are nan to nothing maaeunoente ot 

ice sublimation intensity in caves, but tr011 available data mart

mum intensity 1a o, 17 rtn/day (in water layer) in Kungurekaja Cave 

(Tbe Urals} in Pebriaey 1985, 

2.2. Ablation ot caTe SIP 

Ablation ot cave SIP consists from melting and ice evaporation 

It ia detenained by beat balance ot surface or SIP, which is sum 

ot beat tlow trom air, from ice and tran phase changes ot water, 

2.2.1. llelting ot oave SIP 

Intensity ot SIP malting in caves does not depend trom: 1)al

titude and latitude ot region, where cavern is situated; 2)ebape 

ot caves, but depended trom temperature and lees trom moisture ot 
cave air, Compatible influence of cave air temperature and mois-

ture on melting ot SIP is calculated from air equivalent tempera

ture, Te• T + 1.5(e - 6,11), (Puzanov, . 1956), where T - cave air 

t011perature, e - water vapour pressure. Study ot SIP melting in 

caves or tbe Urals, tbe Caucasus, tbe Pamirs abows tbat melting 

rate ia equal: A• 0,15 + 0,64 Te or A• 0,24 + 0,81 Tin mm/ 

day (llavlyudov, 1988). Por inclined and vertical caverns we can 

estimate year melting ot SIP: EA• (0,15 + o.64 T
8

}(1 - K}365 or 

EA• (0.24 + 0.81 T)(1 - K}365 im 11111 in water layer, where K -

temperature index of cave glaciation (look at B.R. llavlyudov "Ca

ve glaciation• in this book}. It is observed tbat low wind velo

city (up to 2 min second} weakly innuence on SIP melting in ca

ves. 

2.2.2. Evaporation ot cave SIP 

Evaporation ot cave SIP depends from air moisture detici t and 

wind velocity in caverna. Investigations in caTea ot tbe Urals, 

tbe Pamirs, tbe Caucasus and north ot Rueeian Plain ebowa tbat 

evaporation intensity in caves without wind can be calculated 

trom, B • 0.02d in rm,/day in water layer, where d - air moisture 

detici t in millibars. Bvaporation intensity ot SIP in cave a was 

studied for wind veloeity not more 1.0 min second. 

2. 2.3. llaee balance ot cave SIP 

llass balance ot cave SIP can be, 1}negative ; 2}zero; 3)poeiti

ve. It total mass balance of cave SIP is z~ro , SU are seaso

nal or perennial constant, It SIP mass balance is negative, SIP 

are perennial decrease, it it ia positive, SIP are perennial in

crease. In areas outside permafrost in cav,s witb perennial SIP 

there are 3 zones, near entrance zone and distant zone witb zero 
SIP mass balance and middle zone with positive balance. In incli-

ned and vertical caverns distant zones can be absent because tbay 

baTe little length. In eane caTea we bave opportunity estimate 

SIP apacitio mau balance, in horizontal, in Kungurekaja Cava -

-1:5 g/am21 in inclined, in Scbvava Cave (Tbe Caucasus} - +16 g/ 

am21 in Aakinakaja Cave (Tbe Urals) - +2.0 g/am2; in ve~tical: in 

abyss Snezbnaja (Tbe Caucasus) - +0.8 g/am2: Dittarenca between 

SIP epecitio mass balance in two inclined caves we can explain by 

different moisture conditions ot tbe Urals and Caucaaua, Negative 

SIP specific maae balance in Kungurakaja Caye ia reneoting an

thropogenic changing ot cavern ventilation regime and is showing 

tbat cave glaciation decreases. Analieie ot Sli' strata t!Uckneee 

structure abowe tbat SIP maee balance in caves can markedly osci-



llate !ran ;rear to ;rear and eometimea it change a eign, But gene

ral trends of oscillation• of SU maee balance 88 in caves and in 

group of caves of one countr;r will be probabl;r canon. SU abla

tion in cane 18 stable enough and wearl;r depends !ran oscillati

on of external conditions caaparing with SU acawzn.tlatic,,, Thus 

SU aaes balance in cavu ma1.nlJ' depends frao acOllllllllation, SU 

accumulation aainl;r indicates the variation of moisture conditi

ons outside the caves and in lees degree change of temperature. 

In general SU mass balance will depend !ran regional moisture 

conditions (if the shape of cave is constant). SU mass balance 

in saae zone of caves (for elUlllple, in Kungurskaja Cave) is found 

to be negative for man;r years. Therefore SU maea balance of the

se •ones in cavu IIU.8t be calculated not tor one ;rear but for 

longer t. period. 

J. COBCLUSIOI' 

Unlike other groups of cave sedillents, SIJ' are climatic depen

dent, therefore they change their ehape and etructure ver;r rapid

l;r (as regarde to other groups of cave sediments) during the time 

and in space. SIJ' toms abundance in cavee depends on ditterence 

of natural eituati'."' existing in oaves and by quantity of water 

that feeds caverns. Conditions of cave Sll' exieting defin1 tl;r di&

tinguish trca conditiona of eur!ace and grownd ice existing that 

allow to take new speleological and glaciological in!o:naation b;r 

investigation of cave SIP, 

Knowledge of regularities of SU accumulation and ablation in 

cavee allows in ver;r near future to investigate the question abo

ut precipitation outside caves during long period. 
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CA VE GLACIATION 

MAVLYUDOV, Bulat 

1. Ilf1'RQPUC'lIOI 

CaTe glaciation 1B ccaplex ot interacting processes and pheno

menona reBUJ. tad in existing ot BllOW and ice in ca...erna. CaTe gla

ciation h pourl.J' ltnOWD, in ■pita ot abUDdallt publications dea

ling with ice in CBTOB and caTO with ice (LiatoT, 18851 Balch, 

19001 Kruber, 1915 and man.r other). In theae publications authors 

examine causes and condi ticne ot cold accumulation in caves, ice 

accumulation tome, in some publications - structure and texture 

ot ice, and more rarel.J' - eTolution and age ot ice. Pew publica

tions concerned with regl.ae ot ica in oavea and distribution ot 

th••• caTerna. 

2. C.W81!8 .llD CORDITIOIS OP CJ.VB GLACWIOll 

llail1 teatures ot caTO glaciation are caTe walh treezing and 

eolid water existing in oaTes. I!x1sting ot caTerna ia neceaaar7 

tor caTe glaciatin. Theae caTerne oan be ertiticial and natural. 

Batural caTerne can haTe karetic, pseudokaretic, tectonic and 

eolic origin. Glaciation occur in caTerna ot Tadcze stage ot de

velopment oharacteri■ed b7 mature ■tate, i.e. without lardge wa

ter intlows. 

2.1. GfA•ru preregu1a1tee ot caTe glaoiation 

Tba■e prerequi.aitaa are• 1)climatio (external air temperature 

must be nagatiTe during some period ot 7ear)1 2)microclimatic 

·( c&Te air temperature must be negative during some period ot 7e. 

ar)i J)hTdrological (water muet intlow 1.n caTOrns). 

2.2. 9oildltitia et caxe ciaoiatf.u 

Two groups ot condition■ are distinguished, general and second 

order. General condition■ are, 1)taTourable combination ot air 

and rock ma■eit t•perature1 2)apeaitic cavern tom; J)preeence 

ot co~d content1 4)preaence ot water intlowa. 

2.2.1. CcabiDaUpn gt air and rock maaait t811peratuna 

Caye glaciation oan deTeloped 1.n all kind ot caTerna 1.n trozen 

rocke. It temperature ot rock maeeit iB poaitiTe caTe glaciation 

can be onlJ' in det1.nite external conditiollB, which can characte

rised b7 temperature index (K), which cOllllected with average Ja

nWU7 air temperature (Tj) and rock maaait teaperature (T,.)I 

K • -Tl(Tm- Tj), (llaTlludoT, 1988). Tm can be expreaaed b7 an

rage _7ear temperature ot llllrroUDded area (T
0

) 1 Tm • T
0
+ a , where 

a - additional m•ber. Por mallT caves ot West Europe a • 01 tor 

weak watered caTe■ ot the USBR a ia ueuall.J' t~ 2 to 6•c (ProloT, 

1976). Index X ehowa degree ot poseible cooling ot rock massits 

b7 cold winter air penetrating through caTerna. The greater ie K 

the higher ie caTerna cooling. Can glaciatiollB can exiehs onlJ' 

wi:,•~. K o, and it X 0,25 glaciation can be perennial. 

2.2.2. •uourabl• oaYt tom 
Po1&1bilit7 ot e&Ta glaoiatin 1.n pematroet areas does not de

pend trca tome ot canme. Perennial glaciatin in non permatroat 

area• oan be deTelopad 1.n e&Terne ot tollowing to""•• 1)horizon

tal, with entrencea ·at ditterent leTele1 2)inclined descending 
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(cold bag)1 J)Tertical (tig. 1) and compoUDd. In all these caTes 

negatiTO anomalT ot temperature can be tormed (fig. 2), in which 

average annual air temperature is below ot rock maeait tamperatu-

re. 

}-= ~ 
~~ 
-~~-:;-

Pig. 1. Caverns with glactation :~,.,,_ 
rature oscillations 1.n caves 
with SIP: I - horizontal; II -
inclined1 III - vertical 

.,, 

,.. 'Nl ~---~--~ --~ 
• •o • ~~J _,, 

l '...-.,._ ~ ... --·· m1 E'.SJ2 E::P • 
{.~ 

Pigure ). llap "The USSR cave glaciation•. Cave glaciation: I-ab
sent; II-seasonal; VI-seasonal and perennial ot separate moUDta:l.n 
caves. Perennial glaciation ot e&Tea1 III-separate; IV-majority; 
V-all; 1 - karat rocks. Permafrost boUDderies: 2 - continuous; 
J - discontinuous and sporadic. Boundaries ot cave glaciation: 
K • 0.7 - perennial glaciation ot horizontal eaTea; K • 0.25 -
perennial glaciation ot inclined caves. 

2.2.J. AcOUjl)!lation ot cold c94tent 

Cold content in c&Terne is equi.Talent to the amoUDt ot heat, 

which is neceee1U7 to return the thermal conditions ot cave in 

initial state betore cooling, when air and rock maaait temperatu

res are equal. Por origin ot e&Te glaciation 1e ';'-eceea&17 the air 

and roclc temperatures in e&Terne tall below zero. Cold content 1.n 

cane accUlllllatea a■ cold ot troHn wall•• and snow-ice toruations 

(SIP). In northen area■ cold content aeouarulatea ma1.nlJ' as cold 

ot caTern walls and in aoutben areas mainl7 as cold ot SIP. Ratio 

ot cold oontent ot BIP and total cold content in caves can be 

ueed as index ot glaciation extant ot apecitic caTOrns; this in-



dn: can varies troa O to 1, Cold cOJ1tent 1n caves can be preser

ved during short-term, seaeonal and parennual period, that can be 

a cause ot tol'IIBtiOJl ot correopOJlding glaoiationa. Cold content 

changes during the year, it minillUII is betore winter, it IIBX1mum 

is at the end ot winter, Cold cOJltent decreae tr0111 entrance to 

end ot caves, Cold content ot S:tP depend es on iliH and poei tiOJl 

ot water intlowe 1n caverno, Cold content is ditticul t to calcu

late, but it maniteetation can be eet1mated by average annual air 

temperature in caveo, It this temperature ie below +o,2•c peren

nial glaciation can erlete in oana1 it 1t changes tr0111 0,2 to 

1.o•c and more cave glaciatinn can be only aeaeOJlal ( or 1 t decre

es), Since average annual air temperature in eaves mostly unknown 

we can characterise cold content in caves by index K0
, which cal

culated also ae index K, but tr0111 average January air temperature 

in specific points ot caves. Karlmum ot cavern cooling can be 

reached when index K0 approecha to 1.0 and minimum when K0 is 

near to ~ero. Perennual glaciation can occure in caves with K0 

tr0111 0,05 to 1,0, 

2,2,4, Wahr intlowe in caves 

Water infiowe in caves are one ot general input of heat in ca

verns, It annual and eeaeonal heat input which water bring in ca

verns does not c001peneated all cold cOJ1tent in it, perennial cave 

glac1at10Jl 1e tormed (at positive S:tP maoe balance), It heat in

put by aeaaonal water infiowe is not c0111peneated by cold content 

in can but annual heat input is ccmpencated, then seasonal cave 

glaoiatiOJl is tormed, Volume ot water infiowe in caves detel'llines 

morphology, dietributiOJ1, volumes and maee balance ot SIP, Quan

tity of water infiowing in caverns depends tr01111 l)quantity of 

solid and liquid precipitations that get into canrne directly or 

through grownd weter1 2)conditione ot condensation and sublimati

on (in meteorological meaning) ot water vapour in caverns, 

2.2.5, Second order tactoro ot cave glaciation 

Cave glaciation can also depends tr01111 atmospheric phenomenons 

(wind direction and velocity, variations ot atmospheric pressure 

which infiuenoee Oil air movement in cavee)i cavern poe1 tion in 

relief (northen elopes and lerdge altitudes are tavourable); mor

phology ot caverns (size ot galleries, lenght, depth,heigth dit

terenoe between entrances)i vegetation (which promote to preeer

vaticn ot cold, but prevent• troa snow concentration). Infiuence 

ot sun radiation and rock ccmpooition tor cave glaciation is not 

essential. 

2.3, can glaciation stabilUJ 

Cave glaciation otability is detel'llined by ratio ot cold con

tent and heat input in canrn. It they are equal ( on absolute va

lue) cave glaciation is unetable1 it cold content is higher (on 

absolute value) ceve glaciation is stable and can increase; it 

cold content is maller (on absolute value) ot heat input cen 

glaciation can be aeasOJlal or decreases, 

2, 4, Caueea ot can glaciation variation 

Scale ot cave glaciation can variate following changes, exter

nal climate, water infiowe, morphology ot caves, Infiuence ot ex

ternal tU1perature and water 1nfiow var:l.atione 1e shown in table 

1. Change ot cave morphology can result ae in increase or decree

•• ot oold oontent in cavern, 

2,5. p1atr1but109 ot can g1ac1at199 

Perennial glaoiation occurs in nearl,Y 10 per cent ot all ca

nrns in temperate areae. The eouthen and lowest (in mountains) 

limi ta ot distribution ot caves w1 th ice co1nc1de w1 th 1eoline 
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Kao, the northen limits ot caves with aeaeOJlal 101 can be drawn 

along zero ieoterm ot wamoet month temperature, The territory ot 

the USSR can be divided into zones, 1)glaciation ot all caverns 

(Tm<O)i 2)glac1ation ot majority ot cane (K>l.O)i J)perennial 

glaciation ot selected caves, a)inclined and vertical (K fl'Qlll 

O. 25 to 1.0); b)horizontal (K tr0111 0,7 to 1,0), it ditterence ot 

height between entrances is not more than 70 m 1 4)eoaeonal gla

ciation ot cane, a)inclined and vertical (K fl'Qlll o to 0,25); 

b)horizontal (K tr0111 o. 5 to 0, 7). The map on figure 3 shows that 

glaciation distribution limits by ieoterme ot enrage annual air 

t•perature outside caves, tor horizontal - +4,O°C1 tor inclined 

descending -+1O.O - 12.o•c1 tor vertical -+6,O°C. In maritime 

climate (near the Bal tic sea) limi ta ot zone perennial cave gla

ciation follows along latitude 48°H, but at cOJ1tinental climate 

regions ot Kazakhstan this boundary shifts southward to 62°JJ, Ca

n glaciation zones in mountains are established the eeme manner, 

Cave glaciation includes two interacting comple I SIP and pel'IIB

troet, Cave SIP are the lower part ot nival-glacial belt ot the 

Earth, but permafrost 1e eporadical, Some scieniete (Haeberl1, 

19781 Harrie, 1979) suggest that permafrost bounder., have to be 

established by southen boundary ot distribution ot caves with 

Tabl e 1. Varia tion ot cave glaci ati on i n dependence t'r0111 changing 

ot water inputs and cave air temperatures 

water input cave air cold content ice content 
temperature 

C - ♦ ♦ 

♦ - ♦ ♦ 

- - ♦ -
♦ C C ♦ 

- C C -
C + - C 

+ ♦ - ♦ 

- + - -
where C - constant,+ - increase, - - decrease. 

Table 2, Combination ot ice formation zones in caves and outside 

them, 

ice formation ice formation zones in caves 
cones outside horizontal inclined vertical caves 

seasonal BC BC BC 

conrelation C C 0 
so) et wt 

congelat1on SC BC BC 

Cc) C C 0 

ct 
warm tirn BC BC • 

(wt) C C 

wt 
ot 

cold tirn C ct • 
(ct) at 

onow tirn at • 
(at) 8 

enow • • 
• · only in glacier caves and cNTaaeee 

permanent ice, Thus cave glaciation boundaries are equivalent to 

boundaiea ot penaatrost. 

2.6. lgffgmation 1onee 1.n gavee 

Si.nee cave SU are highl,Y protected trom extel'!llll infiuence 

the ioetormation zonn (Shumaldy, 1955) in them othn accord with 

higher zones ot orioephere, then zones in which caveo are situa

ted (table 2), 



2.7. In)eractipn bttw•en gave glaciation an4 enJ1.rpgpent 

:Proa geografical point ot new c&Te glaciation is highly azo

nal phenaaenon ot natuN, which creates local olimaUo ancaalies 

aa nil.• more rigorous oaaparing with aurtace oondition■1 en't1.ron

ment impact 1• local but strong and influences on litoaphore, 

hJclroaphere, ataoaphere and bioaphere ccaponenta, 

3. ogrowsI011 
In this report author try to ahow thet existence ot enow and 

ice in dittorent caTee in varioua conditions produces integrated 

natural phon011enon ot can glaciation, which hes its own origin, 

specific and regularities. Underetanding ot this phenoa,enon give 

us a possibility to approach to ezaminetion ot cave SIP and their 

regime in all canrne tr011 c,-on poai tions. 
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SOME CA YES IN SILICIOUS ROCKS IN NORWAY 

SCHRODER, Jain 

Jn Nor1otay #lround 200 caves in non - 1 ! ■est.one 
rokc'l are known. The count.Les At, 8jugn. Afjor-::1 
11nd the Hardanqerf j~rd arl!'a ,,1rp r~■11rk,111b l y rich in 
caves and 5he 1 lers. The oaive~ are •1' l n \ y 
de-veloped along te-ct...,nic -.tn•ct.ures, pri1u1rly 
pro■inent. fissure zones •nd nappes. 5 •odes ol 
ori9in see• reasonables 

t. Teet.on le ■ove■enls and q r#lv i ty 9 l i.d inq produc 1 ng 
f.1•sures. ttodi fi c11t.lnn of fissurP.o:; by ice And 
att l lwater. 

2.Pre feren.lial Weathering of brecciated 
for ■ed in thrust planes. 

J n i?"d<l t l > fin to nu.-erous I 1 •es tone r.,,,.ve"I , Horw11y h,111~ 
• f.-il" t11•oont of c5ve-i ii' ioneous ,·or.k,;. lh"! cave'!i 
d!'~Cr\ht!'d f<!ill 1rito the fotiow1nq C-l'teQCll'ies : 

a, lectonic caves. 

al IECJOHIC CAVF.S. 

TeC't~n1,:- cavP5 r-avttJe!'- 1 e~ult1nq fro• 
1111ov e • ents -and disloc ation~ 1n th'? e<trlh', c r ust. 
T"!C'tC1n1c caves can tie '11v1ded 1nto tw,, 
qrouos : 

Fi s sur e caves . 

L~roP • C"l"IPII, qr1•Pr.., 11 y vert i Ci\ l , fissures are 
'.JS•Ji!l I v Int.Jud 1n con!!cti'!ln with ~teep hi l lsidP.!' 
llnd ,He t.hC'uQt t.n be the result C"f oravity sliding 
tipping ~nd turni ng '!lf section~ of hilt s nr 
.,.ol•ntllin~. Very li"rQP fissure , are f ound in i're£1s 
with 9n"! 1 s!!s l ocat.ed on l ay~rs o f phy 11 i t~'i. 

In .. anv ca!'-e~ rrP - e111islinq f isores ■ay h,!llve hPen 
enl arotHI bv the exr,aruion i'lnd ■OVP.flent ~f 
durinq thP rlpic.tocene . F,-,r•/llt 1nnf C l' ltt-ed t>v ic~ 
And / or wat~r are found 1n l1 s3ure c~ves. fhe tr~• 
""~ndou~ i1111nunts of w11t.er ("resent during the end rf 
the ice - -'Oe'! •ust. oh.,.,ou-. 1v have had a 9rr~t 
in fl uence on the ■od ific,!lltion c,f these caves. 

Caves are for■ed by"F lo"Jr1no" and "Roo f inQ" of thP 
f i s sure lit. different levels, F l oors iJnd roof'! are 
for■ed by bloclts and 5l~b~ 9etin9 wedg~d. oftrn 1ro 
coabinat.ic,n with irrPqulartieos ~nch c'!i horisC"utal 
5h1 lt1 n9 of the fi ssure. 

Probi!lb ) y thP bes t e ,uu1ple of tec tonic caves in 
llorwav i<J the "Ljtt~hflet" C.: l, Sc hr•der 1980) l\l, 
1t-,I J 1nqdal, south - e astern Norway. 

"ljt1teh t1l et"(f ig . 2 >is 55 ■ deep and has a hori s ont,al 
•xt.ention of c1bot•t 70• .The fi s sure Js about 2• wide 
on top a nd a bout. a half a al the bot.to■, Vert i cal 
rope tecnique~ r1re nece!'sary to e111plore Ljt1th1let. 

L ilte ht1let. locate d irt !I steep hi1 lside with 
frequent •ino r ),11ndslide!'t , lndica tinq " cert;i1ln 
hl'ilability of the ground. lhe L j f\:.ehtl et fi~!lur~ '! 
,5re probl'lb I y the resu l l of grav i tat i oni! 1 force .. 
actin9 on ,an unstable pairt of the hill s ide. fh~ 
wll l l s of the lClWPr ("!<\rt. of the f i5!;UrP are v ery 
s■ooth and '5 I ickesided , 'Sl'QQe!5ting that 
the fracture was inilii,ted by she#lr forc es. 

ln the llardanger f jord area a great nu•ber o f v ery 
l11rg e a.nt1 def'p fi s !'-ures are known • fVlbe 
189b>. One o f the• i'i about 500• lon g -"nd u p t c 
60• deep. fhi s contains Cllves ,111\ ] t.o 3 l e ... e l s . 
During the '5now111elting in spring ,a.nd during heavy 
rainfall!>, a larqe st.re11■ run~ into the f i !f.sure, 
for ■ ing a 2 '5• waterfall. So far no passage that 
■ight. convey the wilter ha$ bPPn found, Nost likeiy 
it. jus t di'\"' ppe ars bet\•.'een the rock '5 un lh'! 
bot.to■. 

Ur\.o\NAt ION 0, 8YMOl8 

t:ecll .,..._, -••l..,. fr•• I l e 10 
e l \.lie f • ll•111..,. ~"'"• • • .,,.,., 
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3.l1issolut.lon of s■all li•est.one lenses within the 
gneises . 

.C,.Wave abrasion of pre - e,c:ist.in9 cavities 11nd 
f issures. 

5.The for■at.ion of gas pockets in cryst.ali n• 
rakes, 

In ■any cases two or ■ore o f the processes a pp•a r 
to have worked together. Abundant speleoth•• 
growth suqoests that ca l careous zones eMisl in the 
rocks. Gas pockets with the s i z'!! o f c.11ves are ver y 
rare in Norway, 1 ess th,H1 1 O are ltnown. 



55 m. 

tverr
sprekko 

skr3planet 

geit•krypten 
( le,rminu119711 

ioogang 

LJtTEHILET 

!a~o:~:~i:~r~der 

l jcitulupet 

So far l!bout 90 f issure cav•s are known fro .. a 
nu•ber of sites ■ainly in southern Norway. Less 
than hat f o f t.h•• are ex plored. Th~ n u,iber of 
f issure cave'.!!I is probably ■uch higher t.h5n the 
nu■ber reported of. 

Nappe caves (Thrust plane caves) 

Happe caves are hollows between two rock lay e rs 
having had a relative •ove■ent . The ■ove■ent. is 
thought t o have caused 9r i ndino and disintegration 
in the shear zone, leaving A stratua o f brecciated 
rooks and soil, very v ul nerab le to fl owing water, 
frost. wedging, 5ea breakers and other weathering 
effects. 

Exa■p l es of nappw caves 

The best known e,caap)e of Happe cAves in Norwoily is 
the "Gaupehola" Cl .Schr•der t982> , <R.SJ •ber9 1983 ) 
in Bjugn, s,r - Trtnderla9. 

Fro• a distance, what is thought to b e the re■ain5 
of a Nappe having a 30 deor•e inclination for•in9 
a ll •ost. ha lf o f the "Rt■■es f je ll " is 
c 1 ear I y s een . l he entrance to Gaupeho I a is 

GAUPEHULA 
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situated at. t.he bot.to• of t.he overh~nQinQ cll ff at 
An altitude of 11bout. 170•- es l. The pass11ges of 
Gaupehola are s hown ln outline in fig.3. The w~ ll 5 
and eel I ing of t.he cave ,1-.r·~ t.o i!l great. extent 
"1 lned" wlth "" crust of gypsu• . for•a lions 
The gypsue h,i11,S been dated(us ing t.he Uranu• •et.hod, 
bv S.E.Lauritzen) 1 to an a1e o f "'pp.10000 ye,,u·s. 
the end o f the last Jee age. ThJ~ llli'IY indJci'te 
that the cave lay on the t1ar inf! border at the end 
of the ice 11ge i'lnd W"-5 for■ed by brei111kers w.-shing 

out the brecciated st.rat.a. The develop■ent o f t.he 
gypsu• crust. started aft.er the l"'ndr ising had 
li fted the cave above sea level. Another eJt:a■ple 

o f what is thought t.o bf! a Happe cave Js 
"Pyntehula" ( K . Schr• der 1985), situ~ted 
just a few le• fro■ Gi!iltpeho)a. Pyntehu la l ie.; at 
about 160~ ~s1. and is probably l or■ed int.he sa~e 
■.-nner .-s Gi'l~oeh11la. The innPr•o~t r.-rt. o f thP 
cave is decoral!!d by fl owstone, s talactites <!ln'1 
'li la hg■it.e'!li I lndic-ilting t.h11t. the ror.k t~ 
the host of Calcite lentil • , or layers. 

b) Llt1ESTOHE LENT I L CAVES 

So■e caves f nund in 8jugn, Stir - Tr,nder1ag '.!!lee■ 

to h•ve been f or■ed. neither by lpclonic nor 
"t.rad i t.iona I " sea - breaker processe41. f\n e,c a■r, le 
o f this is t.he "'Ouehetlarhola "' (A . Hell11nd 
1889. I. Schr lllder1982). lhis c,1ve cont.a ins none 
o f the t yoica l rounded fo r ,a'!li created by bre11ker 
abr;,ssion, the cave se!!•ingl y ha"I a 5 o l id rock 
roof unlike fi ~5urr5 created by di!ilricatJon. JI, 
is t.herefor"' prn11osed th.ft the Cc!>Yt- i"I lhe re~u lt, 
of !io l u lton nf .ll largp l; ■e-;tone IPntil, .- uu"'h"r 
o f lentil !S nr l i'lvers of Cll lc ite.Duehellarhola li 0 "l 

abol•t. 130• asl .. both 5ea and •e Jt wat.er •tqht hi've 
been acting on the soluble rocks. 

Tht!' di !icovery o f a part.is!ll l y di~olved li ■e5 lone 
lent.He (1. Schr111der 198'r> about. two kR 
east. of Ouehel I arhol a, support'!li t.he " Ii •est.one 
lenti le cave hypothesis". 

c) SEA CAVES. 

Along the entire coast. o f Norw11y, ,11nd especial l y 
t.he west coast.. there are a great nu ■ber of caves 
for■ed ■ainly by sea breakers . They are sit.u~t ed 
at distances f ro■ O - S k• tro• today5 coast and 
lie fro■ O - 170■• asl. 

The de,crlbed caves have initia ly been f issuC"es 
created by Tectonic or solutional prosesses 
■entioned above. A s'.!a cave usuall y ls a 
co■bin,11,tion e1 f both a fissure And a tunnel-l J lfe 
cave . for■ed by breaker abrasion(R. SJ•berg 1q&6>. 

One of the lar9e5t and ■ost beauti f u l sea caves in 
Horway is t he wet 1 known " ►tarbakkhulen"in Af jord, 
S •r - Tr•nderl.i!Q CA . Helland 18'f&, R , 
Sj1ber9 1983 1 1. Schrlder 1986). Harbakkhulen I i ~s 
about I k• fro• the coast. at about 1 30■ • .i!Sl. Jt. 
consists o f an entrance cha ■bre 100• long, 31J■ 

h iqh, t 2• wide, At the e nd of the entrance cha■ber 
a 5leep hill leeds upp to t o■ below the celling. 
F ro■ ht!'r-e the cave branchft• -I nLQ two- f i s1;,1,.1rp 
'!1ihi111ped pa5aQes terainating at 30 and t.O■ 

respectivly, 

A close inspection o f the C"oof and wa 1 1 s of 
Harbakhulen shows that it is saoot.h and unbroken 

with no sign of any signif i cant. crack o r f l55Ure. 
This ■ight indicate that. the 5pe l eooenesi s of this 
cave s t arted as a Li ■es ton e 1 ent 11 or c a l r:: i tt!' 
layer dissolution prosess. 

Another s■al l. but beautiful) cave ls the 
" Nedre Fl alhei a h u l a" in Bjugn <I. Schrllder 
1984) lhi'!li l ies in the •idst of the forest about 
4k■ f ro■ the coast. It l ie, about. 1 2 0• .i!S l l'tncl i !t 
ltS■ long. The walls a re beatifully 5■oothed a.nr1 
rounded and t.he cave has the t.ypicl'II se11 r."ve 
profile with tunnel shape ln the lower part a nd 
f issure a bove, The floor o f the first. 20■ con'!li i st.s 
o f s harp cut rocks and aud - not a-s e,c per.t.ed -
roundwid rocks and pebbel'!li. The rocks probably have, 
been shoved in by a "pas in9" g lacier-. 



About 5 k• west of Hedre Fhheiahvla 1 ies "Stygg -
h•let"<plate11) 1 <L Schrfder \982, \98'1 > fro• a 
distance this saa•s to be a "pure" fissure 
cave, but a closer l ook reveals a fearly larQe 
breaker - for •ed hal I about 25• below the entrance 

Fro• the lnner•os t end of the hall ~ 

narrow f lssure leads i nnwards and uppw•rds 11nother 
'10•. lhe breakel" for•ed part of this cave •usl 
have been for•ed during one or ■ore inter•ediate 
ice age per lodes, wh i 1st the c 1 osure of the 
"breaker entrance" has been caused by rockf 1,l l or 
by glacier transported l'ocks since the end of the 
latest ice age. · 

d) GAS POCKET CAVES 

S•al l pockets in crystal ine roes are not 
in Norway. These pockets are thougt to be the 
result of the expantion of gaseous water or other 
gases while the rock was in a aag■atic state. Very 
few of these pockets have the "Size of a cave, so 
less than 10 such caves al'e r-eported of. 

Probably the best known exa■pte of such caves are 
the "Overgesteinholene" <Ora■■en og o•land 
luristforenlngs Arbok 1971, l. Schr•der 1983) Jn 
Hu11edal, -south - east er-n Norway, lying about 1100• 
asl. The Over-oe11.teinholene consist of '-' s eparate 
cavities within a distance of not more than a 
100■• the l ongest one is •bout 1S• l ong with a 
dia■etr-e of about ta, Old ,ayings tell that ther'! 
was an llbundance of bpaut.iful qullrt.-ite cry~t• I ~ 
in the,e paves a 100 years ago. Today, naturally, 
they are al 1 re■oved. 

One •ight of course specul..-t.e upon wet.her the 
Over9esteinholene, al I lyin9 in a steep •ountain 
s ide, once ~re par-ts of • ■uch larger cave that 
has been cut of during t.he ice - age , 
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THE MIANSHAN - TYPE KARST IN WEST CHINA 

ZHU, XUPVPll 

Introduction 

Cbine is a vi,st country ,nth co11p.Lax!.t1es & v,rieties ot 
Geoiogy , Topogr8 pny, Cilmate end S.1..oaco.Logica.1 environment , 

1<arat ot d.itrerent types are <11stribuu<1 wi<1e.1y, em <1eve.1opa<1 
1n c 8 rooDpte rocxs of buga tnic.talSSs or Cemt:ripa, Orclov1.c1,-n , 

Devonian, Caroon1:1'.t!r0us, Permipn and '0-ipssic. You can oos~rvtt 

tropic,.L & suotropic8 .1 Feogti.n liarstl p..,.~-rort<St p.Loin V1.tn 
pti1pK-tort!st depr1i!s~iolkt I or tower k11rst vi tn coc,cpi t ~prst) 1.n 

soutnern cn.i..nP, subtropics.L kprst hi.L.lS in centrpl. Qu.ne ,nol"ml'l 
arosion,.l kprst of tntt t~erete mnt;t in nortnttrn 011.ns, prid & 

stal-,irid Kprst in w~st-nortnt:rn Cni.na, par~us k.8rst of p.Lia -
t.,..u 8r..., in western Chine pad coast,u- ker•t in ...,atarn Cb1n8 , 

K,,rst ot 111.,.,..nan-type ve sholl discuss in the p,per is • sUb -
type ot p8 r,111>us kerst devalop"'1 under tne cood.1 tion ot solid 
al.piru> QUmete. 

Tlla &..,..11,.n moWJt,,1.n renga is si tu,,ta<1 on tba wastern edga 

ot Sicbua-;. basin, in the deeply dissecta<1 front ot eestern Clling

hei - Tl.bat plat...,u, on tha side ot tne Y~ - Ya.Ll.ovriver 
w8 tersna<1 be.LongS to the Yec,gtze R1 ver Bpsin. That is, vi th respect 

to tb8 topogr8 pbl.cal outl.ina ot tbree step vest-east st,ir cose 
ot Cb:!.,,.., it is on the western side ot tne secon<1-third step 
dividing l1!1e 8 t 8.l.8"ation verying batveen 2,000-5 , 588 -res,i,Dd 

it is 8 t .Longitude 10j. 5• ~ and latituda }j"ll(Figura 1;).Stretigro
ptli.cplly tbe atudy arep is covered ~ CPrbon.,.ta. rocks 1r1l>evora1.an , 

C.,rbomtaroue end Perud.pn V1. th. p tot,l thiekness ot 4 , ':150 matres. 

Systea composition 8Dd biitiisic cb.,i,ractartstlas o~ Jli.ensfff',o-typa 

~ 

•-b,,n-%YJI& karat 

1a coast1tu1:.ed by -o aumy- 3-"-ir'<---+-+-~;:--~-:._-_-:_.-_-cJlb,c--, 
•- in -.ertJ.c.,l sactJ.on : ; 
'tblt 111>unt,.ins parpm,us kerst 
of upper pert that 1a situ
atad in tna mount,in paak , 
ond tba gorgu temper,te; 

kora:t ot lover pprt, ond the 

8 1 ti tude ot tvo subsystems 
obo- is ,bout },700- 4,000 
-..es. Figure 2. shows th& 

basic ta,,turas o:C tbl.s 1<arst 

ay•-. 
Figµra 1. The ai tuation 
o:C Mi-llo,n-typa karat 
in aun. 
~ research area 

/ 
.Kuznl.ng 

A 

A,B,C - tile first step( 1000m), 
second step( 1000-2000,,.) , tllird 
step\2000-,000,.) ot topogrepb.y in 
Cla1.ne 

X - Sic:l>uan Bosin 

In fact I surficial karst phenomena of the mountains para

aous karst zone are not very prominent, but it~ geologic process 

is ,urked by the infiltration and recharge of karst water, and it 

actually acts as the main input source of energy and material of 

karstic springs and sinter deposits in the lower gorges temperate 

Karst zone. Co•paring with the te11perate karst zone 
I 

relative 

relief of upper zone of the aountain range is relatively gentle, 

and because precipitation in the forA1s of ice and snow can lag 
longer and melt gradually on the surface of ·paramous karst zone 

which is of broken rocks and nauch debris deposits fora ed by 

i ntense physical weathering, so obviously all these conditions 

Ff8ura 2. tn. basic features ot 111.anabi,n-typa Kerst 

k,,rst nonk,rst 'lllg,lt~tion 
taaturvs gaologic co,,.,. 

processes 

5-.~ -r-.=~- ~-0 rat 

.coo. . 
..... 

>800 

,000 
gorges 

temper.ta ;17 ~3 
karsi: 

b00-
800 

,000 

co._ in air dacreasas vi ta 'Cl:lle, raising or e.1.evat!.on, 1:ue. so.J..ubi..11-

ty ot ceco.s inc.re.es es a .il tt.L.e w1 tn. ta.e. drop ot temper.-cure. of 

envtroBJl!Dt .-rouad. \.Dlder tne. condition ot _constant :?co,., a.n 
tnis 81.so is 1.n f ,,.vour of CACO., dissoluti,on in -c,.1e course of Ka

rst ,.._,,;er mo..-ezaeat in tne pnramous zone. 'rll4!lre.tore , alttx,ugm the 

J)an.m:>us kArst zone of tne study erep nps broken lan.d.fol"'JIS wi ta 

b.1gtt po-c.eutipl & steep slopes I em mos-c part of this k,-rst zone 

is in vadose ?Ydrodynemi.ezone., and ttnls kprst Wp,ter cycles seve

rely, so tne to'Cel dissolvea s ol.id, ta.a temporary nardne.3s & uie 

S10 Vp..Lua of Ki:-rstic spring WPter io. lover temperate. Kp,rst zone 

Are mucn nigner tn,pn or common k,-rst discni:trga ;,re11 1 springs of 

ttueag.1ong Temple tor ex,,mp.La, are ooout O.}-o. ·tg/1,21-}b.4 a..._
mc n,,rdnass ~nd -0. 2.,-0.10 1Sic) lme,.n vodue: u.:,,,t> g/l ; 31.·t~; 
-0.Uj ). 

T.1• gorges t:omperate Karst zone ls ,..inly cn,,r,,terized oy 

steep topographic gr::r,dient, gr~-c dAily YprlatJ:an of t~ar~-cure, 

lwcuri~nt veg e"t::r,tion Pnd wide spread em.ergencdS ot i<Prst springs 

occomp,nylng by vi,st deposits of sinter. 

Springs issued .trom Kprst Pquita n,.ve dif.fdrent genetic 

types: v:1dosd springs, shAl..L.ow pur~~tic springs Pnd tnerme.l 

springs ot deep soturoted be.Lt ora t our distinguisti,,o.Le springs 

b,,sed on tlla ct,,,r0 cteristics o:r Vpter temper,ture, the total 
dissol-.ed soilds, the. ti.-rdn.ess, the. spturP.tion ind.ex-, tbe 

discharge oad u,a envtronmentpl isotope ot tne spring w,.ter 
om their dyn,,mic on.lyses, but oil o:C them ore rechorged by 

precipi t,,.ta. w,iter, pnd the cyc.L.e. o:r rectl.J!l7--v,,.v1es :Crom ,. tw 
ye.rs to b,000-7 ,000 yeors (Table 1. 2. ). 

spring tempe- totol disso- tempor, ry content ot 
types roture lved solids bardness UDCOmbinad. SIC Sid lol!l)CO.) 

(Oc) tg/ 1) COz tmg/ 1) 

YAdos 2.,- 0.1b-O. ;IQ 1.1b- 5->-12. 5 -0.24 -1.15 -2.26 soring n.a 15.':ltl 

st,,,llow 
p11re.t1c 5.2 
spring 

0 .01 31.75 13':l.':1 -0. 0} -1.02 -1.0} 

deep 

are favourable for aelt water to infiltrate downward and to 

recharge karst aquifer. According to the deter111inations
1 

the Sic 

value (saturation index of calcite) and the Sid value (saturation 

i ndex of dolo•i te) of precipitate water of raountains area are 

-1.61 and -3.61 respectively , apparently it has very s trong sol

vent power of calciua carbonate (CaC03). Although_ the density of 

pbre,tic 22.8 1. }':I 75.52 512.} -0. ~~ o.o, -0.50 
spring 
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T.hle 1. Pll!fsicol & cbeml.ool te,,tures ot springs ot ditrereat 
types l...,_.) 



spring 
types 

-' if (TU) Ii D {S1«711) $1fo lS!OI) 14c (age.d.) 

mo\Dtpins 
:n.7±2 -13~ • ., -1~. ti/ snow water 

v2dos ~1. 3±-f -<>5.3 -12.b2 spring 
Shp.llow 
pnttr•tic b2.2t5 -<1:1.2 -13.53 

spring 

deep 
55.0:!:2 -14.:,3 6,600!1~ pnre,t1c -101.b 

spring 

·raale 2 . 11y<1rogen "' uxygen Isotopes and G,irbon-14 dates of 
d1f!ierent springs 

Eeclt of tiraa type. springs is ,b.le to form its sinter 

deposits , but th<> deposition of tut. fo""""1 by u.a. phr••tic 

springs are tl>El doad.ni,m:. 

'l'bllr<> ar<> tnrea impotaat depositional sites of sinter in 

tr.a er"": 111.1,,nglong & Zllangji, gorges viii.ch pr& tl>a river bead 
of ~ng River; llbnigou gorge wbd.ch is a tributary· or Ki,n -

jiang R1 ver ( including .:rd,011P i l,kes, Linch.ongou gorge and 

Zhaga w.terf,11 etc. ) ,nd Fairy Pool & .il.u:zhaigou gorges wbl.cl:l 

era the. upstr&,.IIL re..cn of "8isnuiji,ng Riwr,of wniclu lb,aglong 
gorge & FAiry Pool are cb,,r.cterized l7j the com.lll.n,tion forms 

of flowstone d,-ms-pools pnd others are marxed Df both. Wpterf~ll 

-<L,cm and tut, terrpcl>S. So it is possiola. to divide depositio .. 

nal ~rem of trpwe.rtine into tnra.e cbiaf typl>S : the pool-tr,va
rtine, ttme Wpterfall-tr,vertine and sbo,l-tr.verune l Figure 3. 

i.. 5. ). 

Figure 3. TllB Pool- Trava
rti.l:la {1:11.JangJ.ongo~i'airy 
pooJ.s ) deposit 

b a 

" p--tlowstona -d;:a.m. pool 
b--tlowstooe. da~ 
c--leak ci.rcles 

b b 

FigUra4. 
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01.scuss and pr&limJ>ary conduaions 

8 - aboil tufa 
deposit 

b - secondaIY 
cave 

c - collapse 
la}<.es 

d - pool -tufa 
deposit 

e - bQse rock 

1. 111.ansir..n-'!ype karat i• a 1!11!.gb. .,UDtain-gorge. karst 

system constl. tuted by t110 subsyst""'9 of 1a>UDtal.n p,r,,a,us k,,rs.t 
~ gorges ta..tp ... r111tA ~p ... ·st iu .,.~ .,;ic~l spec~ 

~cal corrosion,l action of carbon,,te rock.s of 1:ll& 

aoulrtaiDB p,r,.m,us kerst zone. is still comp,retivel.y ectiva, 

8M ph.aaom8Dfil of b1ok111rst fllre 1tlsO easy to be Observed , but 
surf11ca Karst .te111tures era. not ra:a,,rk11bl.e, tb:l.s is bac,.uae the. 
going-81Ult,d-da.struction result1ag fro■ severe pnysicpl wa,,tlla.ring 

at a tligll speed of geomorphologic process. Today, distributed 

"""rywhere in ttu, morphologic,1 zone of mountains are,, at tba 

heigh.t of 3,500-5 ,000 m.etr1>S, tbsre are lots of teet11-pe.1CS , 

sti,,rp-poiated pagodps \pun,cle) , natural bridges and Yest dabri.s 

deposits wtuch ,re formed l7j geomorpho~ogic process of th.& frac

turing & collapse of hArd csrbonpte roCICS under j!','t condition of 

S""8rely ""ried temper,,ture. In Yi.ew of this , we. t111nk it is 

believe.,ble wi tit reg,rd to tile. viewpoint tll,,t relict Fenglln k,rst 

l.NUorms of 'l'.'erti,ry still ax:tsted in the par,..,us mna. of Tibet 

Pl,te,u until recently. 
o,rrespoadl.ng witb tile function of m,ta.ri,l inp~ of tile 

mcuata1DS pArpmous Karst zone, the gorge k:,-rst zone 1s the m-teripl 
output pre,- of Karst Wpter d..!..schs-rge. & sinter deposition. As tb.a 

whole of 8 system, both K,-rst zones shows PO orderly texture & a 

c.le,.r sequent verietion in ell aspects sucb. ;as tne. V'8rticPl di.t.fe
rence of 1<i,rstiricption, tne llydrodyn,.alc d1Vision zones of 1<prst 

v 8 ter, the 1.aput & output of m.pter1a1 end energy , tba. n-turpl 

lpr:siscape eod. so on. 
2. Tbe principal. f&eture of tile. kerst systlD is tba -.,,st 

daposit1oo of traverti.1111 at tba IIK>St pl.sea.a wb.er4 I<prstic spring 

flowed out. 
'l!ba daposi tioi> of tut, in f,ct re1'.lects a Kind or mata.ri,l 

output 1a ttie courstt of verlption & bs:tl11nca. of co., component & pco._ 
of KPrst wpter, it ls the adverst!-repctiol) of CpCOJ dissolution 

\ mptttrip..1. input J. Th.ere ,-re many f11ctors which arrect & control 
this depositio0pl process such PS the temperature, tne ev,-por,-tion 
& tr,-aspirptioo ot spring wpter, tne oiocn.em.1.cpl process, ttie EtVi

romaeut,-1 mtN:1.ium in cont8 ct with Wpter \ Btmospnere. soi..L, surrou
m:11.ng rocxs ) , tntt contl:!l'lt ot corrosive coa, the. ,-tmospheric pres
sure & nydrost.,.tic pressure, tna. cttprpctor ot surrolmd..ing rocKS, 

tb.a t1ov type end f.1ow ve..Locity or w~ter . Furthenaore, the time 001 

of k,-rst w11tli:!r net:d to get the DP.lsnce stpte. pnd tne rapture ot 
open or c!ose system e!so na- an important at.tact on the aaposi

tioo ot uavert1ne. .c:ilsed on ttlS: e:atnor 's stuay, tb.e aiert,irdcs ot 
sinter e1eposi "Cion or stua.lea. er&ft ,-rtt cnia.!J.y coatrol..1.ed DY tne. 
tamperp"Cure etract, tntt ai.oJ.ugy u.11vc ~ , ttJe pressure ertect pnd tne 

hydrodyn,,mic effect , of wilier> tha temper,.ture efra.ct is • wide

spread acti ..-a. !,-ctor. 
l!IJ.anglonguo end FP.iry Pool two plecl>S n,,ve more th.on thousands 

pooJ.-be.sim surrounded brf flowstone d.ms ot tr,.vertine, 11ad there 
pre co.tourfu.l eJ.g,..of d1.rterent types grow in tne pooJ.s. The photo

synthesis of ,.,1g8 e ti,is decre.sed the pco,. v,.lua. of pool w.ter pDi 

incre.sec1 the Pl£ V'JltJ.ue ,.t th.a s11me time \ ,,. high PH v,..1ue 1s possi
W.e to re,ch to 7. 7-<>. 1 pt noon ) , so the deposi tion,l ve.Loci ty of 

tr,-vertine h.eS been spaed.ing up gre,.tly in this w11y. '11larfttore, bi.o
loga effect tlDlds a ..exy important pprt in tile deposition of pool 

tr.wrtiae. 
?ra.ssure i:.ffect is quite important to tile sinter- deposits of 

tnem,,J. springs coming from RrteaiA11 aquifa.r , pe.rl spring ror 

instAnce,spring v~ter ~t the spring-mouth •.is o! boillng-w11ter-J..1ka 
bec11usa. A gre,.t deal ot co, esc.iaping trom tne w,-ter. Ooce. tn.e. k,-r
sUc 8rtesl,-o spring comes to tne surr11ce, the spring w11ter is in 

p over s,.turpted ..:st.-te bec,.use of a suddn drop ot pressure., tba 

src:O· 7'J-O. ~1. 
Spleslling veter drops & weta.r dX>iature m,,xes co~ component 

of spring v,-ter h.flve more ctiAnca to esc111pe , high-vaJ.oci ty !lov 
mignt bring ,oout tne drop of inner prussure or vata.r· ,.nd thUS the 

form,,tron of g,s cevi ty & g•• oxpJ.osion. t'bet is to spy, nydrodyn,,

mic e!rect is of signi!icence in tile process of daposi tion or water 
-!p.Ll-tr,.vertine & sho.1-trpvertin.a lDld&r the condition or v,-ter.ttllla 

•nd r•pids. 
Wa should point out th.ot, tile deposi t.1m> of tut, is in ,n 

open system. :rn ,-n ordir.ry w111y, the. tom,-tion & deveJ.opment ot 
sinter deposition in ,ny deposition.J. unit or depoai t1on of di ff a.r-
ent type tends to be tn~ resuJ. t of tile co-,ction & tepmvont of 

muJ.ti-mecn,,nics rptner tn.n be controuud on.Ly by a domin.Dt aach•nic. 

}. Tha pr&J.imillory study snows tn.t. sint~r dapoai ts of tile 

study •re, acclDUJ.,ted up in qui ta e tligh sp~"'1 • Poo.l tr,vertina. 

end shoel tr,wertlne n.11ve 11n l!CCu:muJ.ptionaJ. Vptl! o! o.:,2-:,.qt, 
m:n per ye11r, but v,.ter:CeJ..1-travertine re.L8t1Y8.J.y ti,i,s a higher 

speed of 7.:,0~35 •. n mm per yepr. C,.rbon-14 d,ta.s tell. us that 

sinter deposits of tne erae nave been forming since 11 ,OCX> yeprs 

j!:!lgO. 
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SEXUALZEICHEN IN HOHLE UND FELS 

X:JTTEL, Erika - WOLLBNJK, Franz 

Symbole sind Abstraktionen, der Teil steht filr das Ganze. Es 1st 

der Kllrper und seine Korperteile , die als Kilrzel filr Se:ruali tat 

venrendet werden. Sexualsymbole lessen sich daher relativ leichter 
bestimcen als andere, in Hoble und Fels geritzte Zeichen. In den 

verschiedensten Stilea und Spielarten kann aan sie von der Gegen

wart bis in historische Tiefen zurilckverfolgen, wenn man sich die 
wichtigsten Grundformen Tor Augen hiilt. 

Der aufrechte Strich 1st die einfachste Darstellung 

des miinnlichen Gliedes (penis} 

Allen voran manlfgstiert sich der ;Tunsch nach einem Koitus und 
eine11 Partner, Bs werden meist weibliche Genitalien und die Ver

einig-Jng von weiblicben und miinnlichen Genitalien im Geschlechtsakt 

dargestellt. Viele solcher Sex-Symbole fanden wir lm Tennengebirge 

und Hagengebirge , nllrdlich des Tauerntunnela 111 Bundesland Salz
burg. Sle staocen teils aus den letzten Jahrhunderten. 

!loch knapper das weibliche Genital : Punkt , Niipfchen, Se:rualsyrnbole Tennengebirge und Hagengebirge 

• 
• • 

Sc hale, Offnung 

Die Raute entspricht den Schamlippen (TUha) 
Ein Dreieck 11it der Spitze nacb unten steht filr 
das weibliche Schamdreieck 

Mit der Spitze nach oben 1st das miinnliche 
GegenstUck.?otenz • 

Drei Punkte, zu einem Dreieck geordnet, weisen auf 

die ?rucbtbarkeitsphase der Frau in jedem Uonat hin. 

(Zunehcender, voller und abnehmender l.{ond} 
Herz = berzliche Geftihle. Auch Sinnbild der 

weiblichen Brilste. 
\'leiblicbe Brilste , Rundformen, mit Brustwarzen 

Herausgestrecktes Ges1!B filr den Geschlechtsakt 
von hinten. 
Gewolbter Leib = Schwangersohaft, Gefii.13 der Fillle 

.C~----1 ,,~ 
~ -......;:::::_ :Yeiblicher Korper, liegend, 

~ ,, __ ) ~ Oberschenkel betont 

stehend, Brilste und Schenkel 
(!)· betont. Diese "Agypterin" auf der Expeditionswand 

,

Al :feibl!cner Xorper, 

1976" ii> !!agengebirge ist umstritten, weil die alte 
Ritzung brutal in ein modernes pin-up-girl U11funk
tioniert worden ist. 

Zwei ineinander verschrankte Beinpaare. Als "II" 

mit verscbriinkten Holmen filr weiblich, als "II" filr 

■iinnlicb. Gebildet aus zwei "V" warden sie latei
nisch als "VIVA" = Leben,gelesen. Umgekebrt gelten 
sie fUr "IIORT" = Tod. 

Gesa.mtkorper mi t geraden Strichen 

GesaDtkorper in Rundungen, beide '!erden jeweils 

nit ■iinnlichen oder weiblichen Syaibolen 'llusgestattet 
OVAL = !as Ei, Keil!!zelle des Lebena 
Tier, mllnnlich 

Soweit die Haterie, das Stofflioba. llun zu GefUhlen und Gedanken. 

Sycbole haben ainen "Sinn". Bei den Se:ruals,,.bolen 1st das 

"SIRN-llche" Element ziemlich deutlicb. In ihnen steckt Urkraft 

und Lebenstrieb. Heute aprechen wir TOD SEX. Er treibt die llen

soben an, Symbole in Bau11stii1Dme zu schnelden, mit Kreise, Stlft 

und SprllJ' an llauern zu ■alen. 

,rqp~Lf\i?A 
0◊00V ~ ~ 

Der llauc !.ofer im Saalachbecken ist vom Tal bis zur Baurngrenze 

voll mit Sexualsyc,bolen filr den Geschlechtsakt. Etliche sind sehr alt 

!lie letzte Figur erlnnert an eiszeitliche D,rstellungen von 

Frauen ohne Kopf und Filsse. Das herausgestreckte GesiiB hat einen 
?enisstrich, der Leib 7orne eine Art Schamdreieck,mit Penis+Hoden. 

Solcbe SexualsJ13bole ha:en bei den Hohlenforschern des Sundeslandes 
Salzburg wader moralische Entrilstung noch wissenschaftlicb - distan
zierte Ablehnung ausgelost. Gravlerte :Yiinde , die sie auf den lfegen 

zu Bohlen in alpinen :lildnisaen gefunden haben , meldeten aie dem 
Landesverein fUr Hohlenkunde in Salzburg. So konnten wir in den 
letzten zwolf Jahren sjstematischer ?elsbildforachung in drel 

Gebirgsregionen rund 110 Sildwiinde dokumentieren. 
::un zu den kornbinierten Sinnbildern, die Uber Sex hinausgehen. 
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J.lan erkennt ein schreitendea Paar in Bogen und Oval. 
Es konnte ein Liebespaar sein, d as sicb unter den 

Schutz einer hoheren blacht gestellt hat. 



J. .. 

Die "Schwarzwand" im Tennengebirge wirkt wie eine 

:Jnterrichtswand filr Einzuweihende : Dreiecke mit 

und ohne Punkt , mit angesetztem und eingefilhrtem 
Stiel, konzentrische Dreieck, Korper mit Penisstrich. 

r.uf der "\Yand der sch1tarzen Gotter" in einem 

Gewitter umtobten Kar 1m Tennengebirge sind 

Gestalten mit weiblichen ( d?ei Punkte) und 
mannlichen (Penisstriche) Spbolen. Eine dieser 
zweigescblechtlichen Gest~lten 1st mit Lanze und 
kosmischen Kreis als hoberes l!esen ausgewiesen, 
llit kosmischen Kreisen ausgestattet 1st aucb dieeer 

"!.eiterntul'l!I" in Lofer. Kr 1st auob Penis 111t 

Rod en und Rau te. 
Der "Dreieinige" ic Tennengebirge kann gesehen 

werden als 1.) Penis mit Hod en i:ll Dreieck, als 
2.) Gestalt mit Kopf und heiligem Dreieck und 3.) 
als him:,lischer Spender von Regen und Frucht.barkeit 
Uc die llitte von ?ruchtbarkeit geht es auoh bei 

diesen Felsbild, hoch oben im Raucherkar (Totes 
ue, irge) Uber einem riesigen Hohlenpark. Frucht
barkeit wird bier nit kreisf'ol'l!liger Sonne, Raute 

und Regenstrichen beschworen. 
In der "Birschenhohle" triigt ein starker Hirsch 

in seinea Geweih eine Haute mit Stricb und Punkt. 

Die vielen !Hipfchen, die das Bild umgeben, sollen 
wohl die Bitto an !.!utter Erda verstarken, sie 

moge die Tiere fruchtbar machen und vermehren. 

Das i:u9osanteste Felsbild im Tenne~gebirge 1st das 

der "Grossen ~~tter". In der f'iille ihres Lei bes 
ilirgt sie einen 3mbryo. Unter dem Felsbild offnet 
sich ein Hor.lenschacht mit geritzten Symbolen. 

P.o~len sind {)ffnungen in jener ;;utter Erde , die Leben gewahrt und 

in die rote wieder eingebettet werlen. Von den Sycbolerz der 
Sexualitiit sfod wir also zu Sinnbildern der Paarung, der Frucht
iarkeit und der Schicksilskrilte gelangt. Erfahren haben wir, 

da3 auch der Geschlechtsakt eine!D historischen '//andel unterworfen 
1st. ,7issen um religiose Vorstellungen, uc, Volksglauben und U!D 

kosmische Vorgange grleichtern uns das Verstiindnis ftir alle 

c:ese Felsbilder. 
7/as bleibt , sind ihre r.e'ieimnisse. 

Anschrift der Autorin Erika Kittel, A 1C30 \Yien, Hasunofskygasse 34 

Queller.angaben : 

Salzburger 'lohlenbucb, 3a.~d 3 und Band 4. (Kit tel) 

"Atlantis", Zeitschrif t des L,ndesvere:.nes filr Rohlenkund e in 

Salzl>urg : ?ublikationen E.Kittel in den lahren ab 1917. 
Felsbilder R:;ucherkar. t!onographie. Kittel/Folz. Wien. 
"Felsbilcer in ()sterreich" . Zrnst Burgs taller. Linz , 1972. 
"Die !!ohle" Organ des '/erbandes csterreichischer Bohlenforscher, 
l:ien,heft 1/1986, lteft 1/1987. (Kittell 

Illustrationen der "SeX:ualsymbole in Hohle und Fels" :Fran?. 
'liollenik, Felsbildforscher in ?iien, 
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FLUORIT CA YES IN THE DECIN SNEZNIK (CZECHOSLOVAKIA) 

LYSEN~O. VtadUDlr 

Within 1983-86 the members of l!ss ZO l-05"Geoepeleos• 

registra~ed new caves in nuorspar deposit between D~a! n

slcy SnHmk and J!lov~(Fig.I A,B).This region is formed 

of IIpper Cretaceous sandstones.On the surface the main 

tectonic linear structures are present a fissures NE-SIY 

and W-E to WSIT-EIIE directions and seldom ESE-·,vN\Y direction. 

The caves 1,2, 3, 5, 7 are following the n uorit veins of 

the '11-E directions.The caves 6 and west part of the cave 4 

are follo.,ing 'I/N-.1 joints(Fig.ID).'nle system of N-S direc

t1ort,as observed not o~ in the cave(Fig.I C)but also 

has been constructed on the basic of interpretation of 

0 

aerial photographs.SOl!le caverns are faulted alcng NS-511 

directions(tesr faults?). 

The nuorit mineralization melting an irre6 ular connected 

crust on walls and roofs(Fig.II.).Three fundacental genera

tions has been classified in the cave a : colucnar agregates, 

concentric-radial aggregates and laminated fl~orit. 

The caves has hight difference froQ 536 ma.a. I.to 598 m 

a.s.l. The spaces has been nooding with water bellow the 

hight 546 a a.s.1. Joint caverns predocinate but somerihere 

they was formed in conformity with layers .In the r~lstion 

to nuori t J:1ineral1zation we have determir.ated the caves 

B. .... C . 

•I, 

~ 
•I• 

4"'1 

0 . 

. t. ····················-· ·--7···. ·············-~ ----:::·.·::·.-........ ::.·:.-... ......... ········ 

... ~············· ······· .. ~ .. ·< · ..... •·· .• .... ·:,;__.;,::;.;·,;;··.-· -·s'""'-----.• -..-...... ·······--·· ····· 

-········ .. --------1 
_ .... ····· 

··················· 
···••::.•.:·: .•.•• _._:::·:u••·••·••·•• 

... . ..... •·::,:' 
·:::::::::::: .. -·· ... 

.... 

F1g.I.A,B-Situation of the nuorit caves in the D~a!n 

SnUmk 

C-Diagram of Join frequency in the nuori t caves 

D-Diatribution of caves in the nuorspar deposit 

1-cavems12-maine tectonic line with nuor1t 
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Pi& n. Types ot croas- aections or cave passgee wi th nuo

ri t deposits. Cave 1( section 2, 7 ), cave )(section 1) , 

cave 5(sect1on 4,5, 6)and cave 6(section )) . 

1-ssndatone12-lou end sendj)-water; 4- fiuor1 t. 

ot pre-mineral stage and post-mineral stai;e, The caves ot 

pre-mineral stage are yowiger than a111c1t1cat1on of sandstone 

but older than fiuorit mineralization.The sge of this caves 

is probsbly Upper lliocen. 

Table ot caves: 

l)'l'he cave got 150 11 longer,6 m wide,the denivelation ia 62 m. 

The volume 18 2512 m3• 

2)'l'he cave is 22 • long,3 m wide,10 m hisbt. The volume 

ia 650 m3• 

))The cave 1~7 11 long, B m wide,4-5 m hii;bt. 'l'he volume ie 

700 m3• 

4)'l'he cave is 45 m long,5 m wide,30 m higbt. 'l'he volume is 

708 • 3 • 
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5)The cave is 115 ■ long,2,5- 3 m wide,12 m hi&bt. The volume 

is 1100 m3• 

6 )'l'he cave 1a 73 11 long, 4 11 wide, 11 m bight. 'lhe volume 1a 

1347 m3• 

7)'l'he cave 1s 40 m long , 1-3 11 wide and B m bight.The vol ume 

1s 210 .. 3• 
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PHYSICAL AND CHEMICAL RESEARCH OF GYPSUM IN THE STRATENSKA JASKYNA 

KOSIK, Mlro5Jav - TULIS, Jan 

The Cave Strateosk,I jaskyila is created in Wetterateio and The gypsum occurs in the form of fibrous crystalline aggregates 

Steioalm limestones of ldddle Trias age. They are very pure li- 1,5 - 2 cm long. The fibrous aggregates are often sickle-crooked 

mestooes (average content of Cao is ;4, 60 ~) and this limeetooea and they are achromatic and transparent. llaximum qUSDtity of the 

,ery good karstingable. Pluvial allochtoooua and autochtoooua ee- gypsum is concentrated in a horizontal strip (O. J - o., m wide) 

dimenta ara in abundant representation in underground spaces. They along walls, created by dark sinter, which is stuck on walls. 

are especially clays , varied sand-ela3s1 sands, clay-gravelaands They are relics of old ground-ai ntera, which were destructed later. 

and gravele . ioiinerala of heavy frectioo are in p l entiful repre- The gypsum (sample Ho. J) occurs in the Passage of Surpriees 

sentatioo in this sediments. They are minerals: pyrite, magoeti te , in front of crossing with the Crystal Passage , on vertical walls 

hematite, chrome spinels, apatite , zircon, edisonite, ilmenite , of crashed boulders, which are in a hole of a fallen throlJ&h bot-

titani te , delphini te, grenats, chlori te, tourmaline , amphiboles. tom. The gypsum occurs here prevailin gly in the form of white films 

Limonite have the most plentiful representation and this reali- (maximum 1 cm of thickness). This gypsum is comound from slight s l a-

ty referring to lon6 process or weathering and oxidation Pe-Olinerals bby cryatalls. And covered plain 2G x 4G cm long. The gypsum occurs 

magnetite , limoni ,e, pyri te). in the form independent ti bro us aggregates , sickle-crooked crystalla 

:.'he secondary calcite filling - cave decoration(from chemogenic are here i n smaller quantity. 

sediruente) is in abundant representation also. Aragonite occurs The abundant occurence of gypsum is in the Crystal Passage in flu-

in lower quaoti ty only. Gyps= belongs aioong frequent minerels of v1ar sediments ( sample Ho. 4) in clay-grevelsaods on a side river-

ceves and in the ~ave Stratenska jaskyila it occurs either in the beds. Druaes of slabby crystalls (5 - 7 cm long) oc~ur here also . 

torll incrustations on ~alls of the Cave or in the form crystalline Very interesting occurence ot gypsum is in Crystal Passage in the 

aggregates on boulders, on walls or in al lochtonous sediments. sscond siphon (sample No . 5). Slabby brown crystalls are situated 

The gypsum (sample lfo. 1 ) occurs in the Aragonite . Dome on aboul- here with particle size J - j 11111, Besides this crystalls the gypsum 

der, which 1a drowned 1n clay sediments (especially on its verti- occurs here in the form white crustes ( of thickness: 5 - 7 mm ) 

cal wall) and it occurs on walls of the Dome in the form indepen- compound from tiny slabby li ttle-crystalls. The gypsum occurs here 

dent fibrous aggregates sickle- crooked. Its colour is white to tran- on the east wall of the Passage only and it spreads from the bottom 

sparent. up to the height 2 m. The most abundant occureoces are over the bo-

The gypsum (sample Ho. 2) occurs in the Jazero,1 Paasage on walls ttom and towards up the occurences dwindle . The browness of crystalls 

to 2 m highly of the ground, but on boulders 1 t occurs too. is on their surface only, inside they ara white. The li ttle-crystalls 

Cbu1e:a1 standard. Sample n0 .1 
S - · !,.. >to .> "---• . 

N ' otgypaum 
::;&di Qr.:nt :.1mea tone Gypswa Sediment L1m..,ton• Coapoai tion (Hart.) Sediac:nt Li,meotone l'.:ypsuu 

s10
2 0 , )45 60, ?J :? , 5S l , _,lj "j~ , 5 0 o. a1 8 1 44 59, 89 0 70 

•1203 0 ,10 17, 83 0 , 04 o, .. L! 17/3 0 , 2) 2, )0 17, 54 o' 26 . 
• • 2°J t ot a1 0,011 1,01 (; , 47 l) t} :, ., ,~) 0 , 12 1,97 7 , 42 0 , 11 
T10 2 

O, OO'.i8 1,106 0
1
0.1~ u,o·:1 1,,,57 u, o1 0,151 1 , 258 0,014 

Cao 32,97 1, 57 ~-'2 . 91; ;..? , : J :..· , 01 55, 00 Jo, 56 1, 31 54, 93 
WgO 0,01 1, 76 ,; • ".,1 fJ , t ,7 1,62 0 , 25 0 , 29 1,75 0 , 40 
llz,O 0,001 0 ,1)8 o ,c11 ·) / ).. 0 , 250 0 , 005 0,190 0,190 o,ooe 
SOJ total 46,634 o,oJ~ 0,120 -1~.~., 0 .02,1 0,014 34,27 0 , 048 0 , 010 

• • 20 0,01 0 , 2.J 0 , 1G ,j , 01 v , 1(. 0 , 12 0 , 09 o,u 0 , 20 
x

2
o 0 , 02 2,eo 0 , lC 0 , 01 2 , •U 0 , 001 o, Je 2. 28 0 , 04 

L.o.I. 0 1 61 6,46 42, 15 o, f.o 1 , 01 43, lG 7 , 00 6,67 42, 91 
B

2
o+ o , 66 - - U 

1
j l - - 1 , 64 - -

H
2
o- 15,65 (2, 67) (o ,J5 ) l 'J, ,_::, (2, 83) (0,19) 13,56 (2, 22) (0, 21) 

Cu l 28 7 1 29 5 7 JO l 
Pb 4_ 60 20 5 6; 13 5 98 10 
z,. J 200 28 50 196 12 106 288 12 
• 1 l 74 4 l 72 l 15 92 l 
Co l 17 l l 17 l l 19 l 
Cr 4 110 5 ) u :, 5 85 145 5 ., 4 125 5 5 125 5 20 130 5 

• 10 170 5 5 100 5 5 180 5 
l l 42 8 2 )8 2 11 46 2 
La l 56 4 14 50 l 32 66 l 
Zr l 305 8 , 324 4 39 406 J 
s., 292 79 17L 130 84 170 120 89 190 
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: heaical Saaple N0 .4 

:=oapoaition Sedi&ent Limestone G:tJ'ISUt.l 

1102 60, )9 0 ,21 1,2? 

' 1203 17,95 0 , 04 0 , 46 
, 
•20) tot11 6,75 0 , 04 O, JO 

r102 0 ,9J5 0 , 004 0 ,030 

'!aO 1,08 54,70 JJ,10 

'J,P 2,J5 0 , 87 o.o!l 
u,,o 0 ,120 0 004 0 0 00J 

;oJ tota: 0 , 034 0 :01 42,51 

11~0 0 ,16 0,10 0 ,01 
K20 J,72 0 , 01 o,oe 
L.O.I. 5,44 42,98 2 , 28 

"20• 1,16 

"20- (1,49) (0, 2J) 10 , 04 

Cu J O 1 

Pb 55 11 5 

Zn 181 ,·.o 

Ni 1)6 

Co 2J 1 

Cr 225 5 5 
V 105 5 5 
B 2JO 
y J7 l 

La 54 l l ) 

Zr 290 l 7 

Sr 114 JOO l ~O 

of the gypsum and gypsum-crustes create coherent fields only in evor

eion concave crooked areas of dimension 1 m2 maximum. 

We conclude, from obtained analytical results, that all crystalls 

of gypsum contain an impurity of calcite, especially 1 t shows the 

sample Bo.2 and sample Ho.4. 

The representation, the reciprocal relation of oxides Cao and 

so
3

, evidences it and relative high values of L,O,I, (lost of ig

nition) show contents of co2 , which is typical tor carbonates, 

llacroelements or their oxides have higher values in samples to 

oppoei te a standard - crystal of gypsum from Harz (GDR), eepecia

lly sample No, 2, Increasid values this oxides are due to micro

scopic mechanic impurities IIMlStly (macroscopic impurities were 

separated at sampling). The highest values of oxides were found 

in crystalls of gypsum, which occur in allochtonoue sediments 

( in Crystal Paeeage and Passage of Lakes). 

The brownees of gypeum-cryetalls in the second siphon of the 

Crystal Passage is due to raids of rigid small parts, recomanded 

by analysis, from the epeleoaeroeol on the surface of gypsum-cry

stalls, Cryetalle-ag,;regates have no t least impurities, as we ex

pected to it, but gypsura in the form of white cruetes (sample No, 

!:iB.Dlple 110 • 

!=9dinent I,1r:iestone r.ypsu■ Gypawt 

~ .25 '\62 2,12 0 ,49 

l A,91 0 , 29 o . 7 5 0,14 
7,98 

1 
n ,14 0 , )1 0 ,06 

0,098 CJ , '.'11 5 0 , 0 44 0
0
01) 

0 , 98 , 4, 9J )2,0 )2,88 

2, 05 0 , )5 0 ,12 0.02 
0 ,100 o,01s- o, ooG 0 ,001 

o.~!:l l), 0-1~ 4•1,61 45, 95 
0,12 o,oe O/ l 4 0 , 02 

J , Jo o, oi 0 .11 0 , 02 

6,5.! 12,06 2, 24 o,68 
1,0) 1,64 

(1, 9°) (0,12 ) 17 , 41> 16,:?8 

)2 J J 
'.7 1q 

272 \' 21 10 

157 z 1 1 
,, l 

17) 

l~~ 5 
24~ 

41 J 

;4 ~ r, 

?.1€' ~ 12 J 

71 _JO 1 t;o; 220 

5B). Its chemical composition is very near to the standard (Herz), 

Prom watching trace elements, the strontium have the higheat 

content. but mostly don•t reach concentrationa, which are present 

in parent rocks. The origin of strontium "e suppose from the pa

rent rock above all. Increased contents of another trace elements, 

but with a considerable dispersion, were found tor elements : 

zinc, yttrium, lanthanum and zirconium, to opposite the standard, 

Following elements ( copper and nickel ) present in a consi

derable dispersion and another elements ( lead, cobalt, Tanadium) 

have values near standard, Trace element.. ch.11omium an<I boron have 

a iower content in samples than standard, Thia reality 1• indica

ted by a transport of elements ( zinc, yttrium, lanthanum and. zir

conium)trom allochtonous tluvial sediments. 

The research of gypswn in the Cave Stretenekil. jaskyna is not 

extensive, but the research showed on interesting probhu and 

questions and it sketched next ways of a research in the Cave 
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TYPES OF POST AGE-ST AMPS AND PICTURE-POSTCARDS CONTAINING CA VE-MOTIVES 

LENART, L3.SZIO 

Seit der Erscbeinunc von Brie!marken sowie An

s ichtskarten baben zahlreiche Lander die gewaltigen 

propsgondistischen sowie wirtacbaftlichen Golegenhei

ten und l!Hglicbkei ten ihre BergbHhlen und deren geo

loi;iaobe Pormationen, die dorticen ceachichtlichen 

Jreignisse und die in den Berghohlen lebenden Lebens

"esen durch Brie!lnnrken und/oder auf Ansicbtskarten 

vorzufUbren benUtzt, Im Rahmen meiner Dislrussions

ertikel mHchte ich diesmspelKo-philatelistiscbes 

Uotiv begrenzen, die i!inzeltype ausgestalten ao1"1e 

den neuen i.Iarkenea:mulern in der Systematisation ih

rer Briefmarkensammlung Hilfe l e isten, 

A hC:lyt~(I f'!a S-:.;.nc.slPll mer:Je1cm~Ec 6to i n rn !iol: oruzrlr, 6 1 t 

t1z2a l a hotal11a5 propanam:a ,~s f1CZc1ar;Ar:i lehPt6sd:r.flr.l, 

h"GY ::JJrlannja1 t, annak l<Cpzi\C.r.6nya1 t I az ottoni tOrtl':nC

sckct, ~lJJfr.yoil b6lyer,ckcn ~n/vcoy post a klpes levelc-

1, SPBCil'ICATIQI OP A I.IOrIVE, 

I have clessified as postage-stamps and picture-postcards 

containing cave-motives all the art-publications having been 

related unambiguously to the caves end to the spelaeologista 

os well, Setting the limits of emotive would be inevitably 

3ubjecthe, I know the opinions written or enounced by many 

of m:, fellow-collectors in this subject, ~11th full knowledge 

of these opinions I have tried to trace the limite consider

ed to be v~lid by myself as well. 

2, THE SHARB OP OCCURRil!G OP THi! CJIVB-UOTIVi!S, 

The collection of the postsge-stemps and picture-postcards 

would be parallel only in spacial cases therefore I will 

treat the releven1: sotivities synchronously only 1n the case 

when I could accomplish soma simplifications 1n this way, 

Having token into consideration so:ne philste11st1c evaluat

ions it can be said 1:hot poatage-etamps of about 400,00C var

ious types have been issued e ll over the world so for, 'Ii thin 

this enormous a:nount I could classify 771 i ssues as cove-mot

ives containing ones on the basis of the 141chel, Scott, ZUm

stsin and Yvert catalogues and on the evidenoe of o number of 

private collections. It indicates a 0,2 p,c, ebsre related to 

the issues and it does not signify an exceedingly high one, 

/However toking into consideration the share of o, 01 p,c. of 

tbs Hungarian spelaeclogista having arranged the lotb Congress 

of Spelaeology relating to the population of their native 

country, the general pattern would not be so alarming at all, 

flithin the range of the picture-postcards the share of the 
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Since the appearance of the postage-stomps end 

picture-postcards a large number of countries ,.,. 

heve been taking the opportunity of the consider

able propagandistic and economical possibilities 

to present on postage-stamps and/or on picture

postcards their caves, the geological formations 

of these caves, the historic events relating to 

them and living creatures living in tbe:n, In the 

scope of my introductory paper I should like to 

define this spelaeologico-pbilatelistio motive, 

to shape the individual types and to assist the 

new-fangled s tamp-collectors to eystematiza their 

otamp-colleelion. 

z(.lopokon gut;:msa be. Vi tacikkc11hcn ezt a s1.nelcnfilatCli
ai cnctivue1ot ~zcrctn6A l chetarolni, az O!J\'CS tlpusokat kl

olak! tan!, valar.1l11t sco!ts6~ct edn! az uJ gyUJt 6knok az 
onyoouk rcndszcrez6R6bcn . 

cove-motives i s more significant, Having t oken into consider

ation a l arge amount of picture-postcards numbering e few 

hundred thousands reviewed by myself at the lluseum of Picture 

Postcards settled in Saerencs end at so:ne collectors end 

stamp-dealers I em of the opinion that the share of the cave

mo1:ives could be estimated to be within e range of 0,4-0,a 

p,c, in any unselected stock of postege-eta:nps, /As an add

itional data could be mentioned that the Handbook of the 

Collectors of Picture-postcards bas been publishing two hundred 

picture-postcards and 8111ong the unite of this ma1:eriel one 

oould be classified es a motive in question/, 

3, THE TYPES OP THE CA VE-IIO?IVl!S, 

In the Tables 1 end 2 I will exemplify the types of the 

ceve-motives established by u.yself, Having some informations 

more detailed relating to the postage-etampe in question, these 

tablee could indicate exact figures /and the corresponding 

p,c, values too/ within the range of each types as well, 

However in the case of the picture-postcards I have establ

ished a sequence of comparison containing some "semi-quantit

ative conclueiona. 

The relevant types are as follows, 

3,1, The ornamental elements /i,s, the steleotite/stalegm

itea, cove-ice end other formations/ could be demonstrated 

on picture-postcards above all, Their share within the range 

of tbs stalactite/stalagmite elements are representing the 

bulk, 



J.2. The ·actions carried out 1p caves have been demonstrated 

rarely on poatage-atampa end in addition they are relatively 

sporadic on pictlfl'e-postcerda as well /with the exception ot 

the onvea where a touring group ia represented on the pict

ure/. Aa a matter ot curiosity scenic railways or boats could 

be represented within a postcard-aeriea, however their nu,nber 

ia generally low even taking into coneidorstion e.g. the 

world-tamoua Blue Cave in Capri having been accessible only 

sitting in a boat /i.e. using a boat/. 

3 .J. Rook-engravings and cave-paintings could be d~tined ond 

identified proble;natioally similarly to the definition of s 

•cave•. In many instances I could not identity quite exactly 

whether a human work ot art were be placed in e cove or under 

an overhang or on a rock-eur!ece out of the cave. I have rej

ected some items where I could not separate exactly the prob

ability of a cave-environment. I have left in the bulk the 

ooaes where I could not etete or i dentity these circumetances. 

/Probably in this subject would be the assistance of the 

stamp-collectors the most effective and usetul/. This type of 

the motives ia th,e moat trequently recurrent one occurring on 

the stamps /in a share ot about 25 p.c./, whereas it occurs 

on the picture-postcards relatively infrequently /the reason 

for thia ia that caves in question are aituated in relatively 

remote regime and on the other hand the ceves containing 

such works ot art not developped for the frequentation to be 

aocomplished by the general public - for the very reaaon ot 

tha protecticm ot thaae works ot art. Therefore in the case of 

a cave not h-equented by the general public the issue ot the 

relevant picture-poatcerds could not be a thriving busineaa/. 

J.4. Among the animals related to caves bats are the moat sigo

ificent end well-knowo. Unfortunately in a number ot c a ses it 

is not easy to decide that a species or subspecies in queet

ic:n ia living also in caves. In addition the zoological lab

elling ot the bate is adherent to the notion of a cave to 

such an extent that I had not the intention to divide them 

into groups either ot cave.triend or not oave-triend ones. 

I SDI hking rather the risk ot getting non oave-friend bate 

/e.g. tropical plant-eating ones/ into my oollection. A rel

atively large number of the postage-stamps ot this type have 

been issued eo tar /then amount ia approximately equivalent 

ot the postage-stamps containing p~cturea ot stalactites/stal

agmites representing such motives/. However picture-postcards 

ot this type are very %'82'8ly available and in addition these 

stamps have been issued rather for representative purposes. 

Cave-bear and newts, fish end birds are rarely depicted on 

postage-stamps and presented on picture-postcards Tery BpOl'

adioall7 ar not at ell. 

3~5~ 1'otable speleeologists and cave-explorers have occurred 

onl7 on postage-stamps in m::, experience so tar. Also in this 

case "" encountered a problem ot the definitive limitation. 

Cb the basis ot individual opinions could be claeaitied as 

pereona in question J.vicenne /having mentioned some oeves/, 

A. v. llumboldt /having desonbed a number ot oavea discovered 

enc! nplored by hill.ea~/ or otto llel'IIIBD, the •tether ot the 

l!ungerian spelaeology"., However I had omitted J.vicenna trom 

the list ot the above 1119ntioned persons beoauae aentianing 

h:lll - and taking into considdretion other persona having de

scribed a cave in e work written by then - would 11Bke the 
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motive in discussic:n indefinite or vaguely identifietl. 

3. 6. The ruined cave-remains. nPtural vaults and stone-brid

ge s have stirred up the imagination of m.ony etoap-d signcr a 

and publishers of picture-postccrds. A I orgo number ot ~ostage

stsmps have been issued so far and their share hl!s been approx

imately equal to tha shores ct the issues preaentinc tbs orn

amental elements of the caves. Among the picture-poatcerds 

the littoral wave-cut atone-bridges and vaults and portl!• ruin

ed caves ere typical because the sea- coasts ore frequented gen

erally by greeter mosses of people end they are rcpreeentinc 

a greater salaried one. The notional limitation of the relev

ant picture-postcards is generally very si~ple. 

J.7. Cave-entrances ore unsmbiguoualy rocogni,:able having been 

main motives or secondary ones on picture-poetcardo prcaenting 

a secenery or a landscape. Tlleir reproaentntion on picture-post

cards is also wide-spreed however there are serious problems 

of identification raised by the minieture dimenaions of the 

postage-stemps /of course either the catalogues or the local 

knowledge could eesiat the process of identification very succ

essfully/. 

J.B. In caves and cove-entrances have been frequently built 

castles. strongholds. houses or other human eatsbliehmente. 

In spite of this fact they have been presented in very numer

ous CRBBB neither on postage-stamps nor on picture-poetoords. 

I have included them into the series ot churches or temples. 

hewo ~ living rock situated not infrequently on various 

sites. Their share ot occurring on picture-postcards is cons

iderable because the re~igioua 111'1Sses of people are providing 

the potential customers. Their identification and classifica t

ion will raise aome problems because quarries, artificial 

cavities and quarried /or enlorged/ caves have been labelled 

frequently ae "oave-churches" and it would be inscribed on 

the picture-postcards na well. Although they are not coves in 

11 tersl sense, I had t o claae them in this group in accord~nce 

with ey detiniticm. 

J.9. !rhe art ot painting prcterred ever the cave-motives. 

Qi poatage-etemps are occurring frequently mithologicol subj

ects having been enacted in caves or in front of cave-back

grounds /e.g. birth or departure having token in a cave, saints 

living in caves etc.I. Cb picture-postcards this subject occure 

more rarely, they are occurring in large7 numbers on aeries 

presenting paintings situated in museums. 

J.10. Bats are depicted on coat-of-arms or on other objects as 

decorative elements possibly incidentally in a concealed torm. 

Thell' ahare ot occurring on postage-stamps is similar to the 

preceding ones, however on the other ban~ I did not encounter 

thie subject on picture-postcards so far. 

J.11. Oesrs end equipments used /also/ in the spelaeology could 

imply acetylene lamps, helmet-shielde uasd for cove-exploring, 

electrical headlamps, various ropes and rope-knots of various 

types. In the identiUcaUon some problema could be raised be

cause the proper place of olassiticatian of a poatage-stalllp 

presenting mineworkers wearing well diatin;~ishable electric 

headlamps. /I am ot opinion that it cannot be clesaitied in 

thie motive-group with tbs exception of CaPBe implying ,a a 

main motive helmets used in epelaeologioal explorations. I am 

ooneidering_ this subject only tangentially as e eigoiticont 

cave-motive. It occurs on poatage-etsmpe very rarely end in 



a~di!!CSI I bas not found it on picture-postonrds at all. 

3.12. Brposed trsvertina-segregetions have been recognized on 

postage-stamps primarily, however they are occurring on piot

ura-poatcBrdS BB well. It is one of the peripberical aubject 

of the cave-motives because the oberacterietic formation impl

ies the metastatic correspondence between these formations and 

the ~pelaeological,onee. 

J.1). •ne apd vertical croaa-sectiane of oavee or oaTe-entr

llll2!J!. have been presented on postage-stamps only sporadically 

and on pioture-poatcerds also very rarely. 

Table 1. 

DidribuUqt ot the postage-stamps of cave-motives by types. 

i'J'pes Items 

1. Cave• with omamental elements 

1,1; StalaotUes/stelagmihs 

1. 2. Oave-ice 

1,3 • .Po-ucna 

2. .lcticna carried out in oavaa 

). Roct-engravinga and cave-paintings ait-

uated in cane 

4. Anillala related to cane 
4.1; Bat 

4. 2; lrav-bear 

4.3·, ea-ewt 

4.4, Cave-fish 

4;5, Can-bird 

5. •otable ca~explorere, epelaeologiata 

and describers of cane 

6; Caves pertly niined, natural stone-bridges 

ae tollowet 

6,1·. See-ehore to-Uc,na 

6.2. Inland f~Ucna 

1·. Oav-tranoe a■ prl.JliLry or eeoCcdary 

active 

8'.; Bu-, eahbliabaenta aitnahd in cave■ or 

ill ca,,_.,..bwaoaa 

9, Paint!:ap oontainin& oan.....,Una 

10; !late in coat-or-use or •• other daoo:rat-

ive el-ta 

11;; Gaue ad equipaea\8 usable /also/ in 

oave-axploraUcm 

12·; Bzpoee4 tnflflhe-111pepticna 

13-: .,. acl nriio-1 Oro■►HOUCD■ ot 

oaftS •cl oa-v.oea 

68 

1 

33 

5 

190 

69 

5 

l 

5 

l 

50 

47 

24 

98 

43 

47 

39 

9 

)2 

4 

'l'otal 771 

•:.: rc:vsm.a nu 01 ™ »BJKLOl'mf a1 1 0<1.JeWiar. 

p.a. 

B,8 

0,1 

4,3 

0,7 

24,6 

0,9 

0,7 

0,1 

0,7 

0,1 

6,5 

6,1 

3,1 

12,7 

5,6 

6,1 

5,'l 

1;2 

4;2 

0,5 

100,l 

.lli nery oollecUon, thi■ oolleottcn could be changed, aod

itiat or 1aoreaee4 alao b): plll'Obaae, uollaDP or donaticn~ !he 

p~H d aollap car:r1e4 out with a tellow-oolbo\or ot 

eildlu' oolleottaa ll}lhere ot iataren is nry goocl in the beg-

1-taa, bonver " ban obea~d that the collector ooulcl not 

aollap later ~ at all~ In thie OHB - opening wo,ald 

-. ~-■~ •cl u•fu1 t~ the collectors oolleoUnc •oth

er .. u-..a.-, lit aWtica· a atc■ic,n ct the 1n\enall.ttanal rel

atlas In • dnelo,-.t ot caH it the:, are eltiet1ne already/~ 

lt -11 -. .•edlll ta inbodllH 0\11' aoqu:lataaa 1111 CUI' hobll:, 

Sa a ,. .. 1111a llsa,a ~ b- n ooull get IIDHpao\ad goocl 

~twSat• iii tla1a wa:,, 
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'l'able 2. 

DiatribuUcn o~ the E;OBt!Y5.!.:Bt!!!J:!e ot caTe-motivee bz: !JE:ee. 

/'rb.e typBa are correepcnding with the types contained in the 

Table 1/. 

'l?ypa In bulk Many Pew Sporadic l!ot 

seen 

1. 

1.1. X 

1.2. X 

1.3. X 

2. X 

3. X 

4. 

4,1. X 

4~2. X 

4.3. X 

4.4. 

4.-5. X 

5. x 
6'. 

6.1. X 

6-.2. X 

7. X 

a·, X 

9. X 

10, X 

5. A PRCll'OOAL :PCR THE ES'lABLISIIKiillT OP AN Ill'lEIUIA'lIQUL CRGA!f

Il'J.TIQI a, S'lillP-O<LLBCTCRS. 

In the preceding ohapter I have emphasized the importance of 

the internaticnal relations. I am considering an organization 

to be one ot theee relations to be eatabliahad /in a fol'!I of 

a section or comittee/ in the scope of the Union of Internat

ional Spelaeology /IJIS/ proposed already by other persona as 

well, 

I aa oonaidering from this point of view tha following 

reaacxuu 

a/ bein& in want of international relations only a collect

ion ot limited eztend could be ea'tabliahe4f 

b/ various individual• and orgeni1aUona have been try1n& alre

ady long ago to ooordinah the relevant collectors having 

used eyatematioal end regular iaauas •• follows, 

Spelaeo-Staap Collector. 1981 - /editors Jan Paul van der 

l'aa, Weu-iehof'treg 3, 633) CB Sohinllert, Jletharlanda/i 

Geolog1~~~og1e-P~laeontologie-~pelaaolog1a 1975 

/editors J,G;V. SoarBD, Sta1nl<n~clc 3. D-8520, BrlBDgBD/; 

Oolleotiona Spelaaolog1a ilpini .. hplonticna /editors 

.l.G. de ~oolc, .lnnue Jean de la Boeea 48, B-1080, 

BN■Hl■li 

o/ an esohanp of 1ntoi.ation■ reep; personal relaticne are 

alao in41epBDnble in thie field, 

.l propoN4 aoluticn of thie probleA wera ea follower 

a/ to eetablieh a ottioial oomlttae within the UIS, with 

the ai.a ct orpnia1n& the exchange ot the intcmaaUODe, 

emibitione and exohllllp of the relevant •teriale, dev

eloppin& the IIJ)Bleeclogioal philately /epelaec-philately/ 

1111 tl1e va:ri- OOIIDtrlH, orpniaing aad 1181111\ainin& the 



relations between the netionol eesocietions of philctely 

and picture-poatcord collecting activities. 

b/ publication of a systematically issued review, possibly the 

acceptance and ... 1ntenence of the SSC. 

c/ en organized improving of the individuel ond pereonol 

relations. 

6. LifiRATUR.8. 

de Block, ~.G.1 Collections. 19B8. Brussels. 

Chebert, J., Le apeleo-philetelie en service de la apeleoloi;ie. 

9° Congreeo. Intemati~el de Eepeleologia. Vol. 

II. 249-250. Bercalona. 

Br6a, L., Kepealapolc lc!hlyve. Kriterion. Bucareet. 

Gvozdetalcijz Peahtshery, Karst i filstelija. PRSilTSHBR'l. 16. 
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Lefortune,J., La epeleologie en philotelie. Speleo-O.Uebec. 
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Uaximowitch, G.A., Pesbtsbery i lcoret n e pctshtovie ""'rkrh. 
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Uuleomerivic,J., Speleoloelci Stemp Collector. 1981-1989. 

Sch1r.unert. 

Ripoll i Solenae, Remont L•espeleologie com n tea tioa filcU

lica. &xploracions. 5. 1981. 1<17-112. 

Rinati, P.s. end Aellen, v., Lee grottae figureee our lea 

timbre-poetee. Rae&el!lle Speleolo
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ON THE FLUCTUATION OF THE NUMBER OF THE BATS LIVING IN THE 
LETRASI-VIZES CAVE (BUKK MOUNTAINS, HUNGARY) DURING THE YEARS 1975-1989 

LENART, Laszlo - BALLA, ee:1an~ 

Very fll1'-\\'88oh1ng and aany-eided reeearch works and 

aari•• '""asareamta have bean carried out 1n the cave 

froa. the year 1971, •~thin the eoope or these research 

worka at least once in a 111anth has been determined the 

. amount of the bats living in a given oeve-eeotian and 

and the extent of their colonies ae well, Studies 

have been carried out to state the interrelations 

relating to the number of the individuals and the 

cove temperature, the carbon dioxyde content ot the 

cave atmosphere and the artificial confinement of 

the cave space end i ta public frequentotion, l"in

ally the location and settling of each subspecies 

living in the cave heve been studied es well, 

1' doncv6rek sz6ratlnak v:11 tozdsa a UHrdsi-Vizes-harlangben 

/Maoyerorszd9, Olil<k-he9yscn/ l?75-l9A9 ~ijzott. 

A barlanoban 1971-tOl kezd6d6en lnen szertcdgaz,; 

tudor.u1inyos vizog.ilatok, mer~ssorozatok tolynak. Ennck kerc
t~ben he vent a leoaldbh eoys zer mcn~zdA1o l tuk, hooy eny-eoy 
harlanoszakaszban hAny denov~r tal~lhotO E!s mckkora kolo-

l, I!ITRODUC'fICJf, 

I was an undngraduate geologist-engineer when I have start7 

ed the survey /i,e, the e:xploreticm/ of the L<!triai-'fizas cave~ 

It looked to me ea U I have observed oolonies of bats of numb

ers varying in tillle alcmg the same rout a. I did not know anything 

about th1a subject however I bed a presentiment that I have had 

to register both their number and their distributicm experienced 

along my route of measurement trnelled regularly, I heve cansid

ered e series of number changing in time related to the bats haY

ing extended to several years to be intereseant both for the biol

ogieta end nature ccmaervators and in additicm the aoquiaitian 

of the relevant data would not require too much excess work to 

be dcme by me. 

J.t present I can recognize and identify several spacies or 

the beta /having been instructed by 1llY helpers and co-workers/ 

end I know where I have to search them within their dwelling 

sitee, In eddiUcm I have very anthuaiaatio end unaelfiah co

workere interested in the research of the beta living both in 

the oa•e• and belfries.in the similar degree /the recent paper 

baa be., aleo of joint character in the reapeot both of the 

rese!U'Oh work eooomplillhed in the caves ~d the methods of ob

taining the data than of 0011posing that/, Ky data series is 

rather extensive and in 1llY opinicm the experts engaged in 

protecting the bate could utilisa it in the proteoticm or them~ 
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UBER DIB Zl!I'fLIOHB VBR.l.BlfDBRIDIO DBR All WIL DBR Ill DBR 

Lt'flwlI-'fl:ZBS BEROB!l!ILB. /BUKJC-O~GB, IDIG~/ LB

BBIIDBII l'LBDBRIUJIUSR DI Dl!II JAl!Rllf 1975-1989, 

Sehr Tielseitige tmd weitvrmeigta wieaensohert

lioha Unterauohungen und meaaungsre1hen wurden in 

der Bez,ghtlble seit de11 Jahre 1971 durobgefllhrl, 1111 

Rah1llen dieser Untarauchungen wurde die Anzahl der 

innerhalb einer bestinlllter HHhlenstreclce l ebenden 

Pledermiiuse eowie die Gr!Ssse ihrer Kolonien mindes

tens monatlich einmal beetimmt, 11.leammenblinge wurden 

hinsiohtlich der HHhlentemperatur, dee Kohlendioxyd

lehslts der llllhlenstmospbare, dar lcUnstlichen Ab

sperrung sowie des Beeuchs der Hllhle geeucht, 

Schliesslich wurde such die Varteilung der Subspszies 

innerhalb der llijhle untereucht, 

nldkat alkotnak. Osszetuggcscket kcrestunk az enyedszdm ts 

a borlang hOmt!rstklete, sz~ndioxidtartolPla, a barlann 

■esterst13es lez~rts~na, valainint a Litonatottsiina kiizOtt. 
Vdgezet61 a fajoknak e horlannban val6 e lhr. lyczkcdfs~t l s 
•eovlzso6 l tul,. 

2 , THE SITII 01' THE RBSIURCH lf<J!K, 

The Utrisi-Vims cave is situated in the northeni part 

of Hungary in the Bt1ldc mountains. It is a ohsra.-teristic 

sink-hole /sweller/ containing several levels and within them 

there are the follmring elements, e main entrance /&,trance 

!lo, 1/ and an artUioial entrance way opened in the year 1971 

on the IIWIDit of a cave-ataok /&,trance !lo. 4/, The entr,mce 

ways heve been closed several times although they remained 

acoesstbla for the bats also during these periods of closing, 

A number of lateral branches are joined to the main cave 

branch /Pig, 1/, It can be divided into 5 l eYels vertically 

/Pig, 2/. Within the fourth level numbered dO'IIDwerds there ie 

a etreamlet periodically active. In the other hand in the 

cava-seoticms situated above this lenl there are dripping 

streamlet11 cmly and under this section rather a system of wat

ering rook-fiesuras then continuous oave-arma can be found 

within the cave. 

We have collected the data relevant to the beta along the 

follmring exploratian routes /Pig land 2/a 

route!• lbtranca No, l - hall or the llarthen Head resp. the 

main-branch aa far as the spring-ell /from tha 

year 1975 in the beginning weekly, later several da

ta haft been missing and from 1982 mcmthly et leset/ 

- the entrance seoticm or the cave in a length or 



Fig. I. Horlzaital pion or the I ~tr,sl-Vhes cave /dari<: the 

-lored A-8-t sectlai; ll[1,t: ceve-sectlai out or 
the route or -..rvatla,/. 

about 150-200 m. 

route !!• &trance llo. 4 - Triangular Holl - Cave-Pond resp. 

e joint eect1on oa for ea the b oll of the :i!arthen 

Head /from 1982 monthly/. Por the "1inor pert the en

tronce section and for the grtiater port the proper 

cove-section, 1n all at o length of obout 1000 m. 

(ml 

60 

ilJ 

No. 1. Entrance 

No 4. Entrance 

100 
I 

Tricngulor Holl 

B 

-N 

route Qt the main-branch downstream from the sprins-wall as 

f er es to the f1rat siphon reap. to the Wlll'll1ng Room 

/from 1985 weelcl7/. The entrance section of the cave 

st e length of about 60 m. 

route .!!• the remaining sect1ana of the can of the one, nan 

regularly explored. 

-- - --. -- ---- , 
-·-11 

} 
Pond 

Flo.2. A slq,llfled lonoltud1nal sectlai or the L~tnsl- Ylzes cave projected UPai the pl.,., c:an,ctlng the 

Entrance No. I with the Pmd. 

). Tile method of the reeoerch ffork. 

,/e hove e11phasi&e the fsot that until the eutwm, of the 

year 1984 the oboervatiane have been running ea "by-products• 

during the measuring process related to the yield and rate of 

the dripping water end the oave-temperature, l ater during the 

measurement of the water-level of the Pond and of the rate 

of the stre811let-weter reap. having changed the rodan-<leteot"-

or unite. 3inoe then we have been making regular and eyetem

stioal tours of bat-oheenst1an e s well, i.e. thia series of 

reeesrcb hes be':" involved in the -rnrioue ecient1t1o explortt

ion of the cove./At present the Letr,lai-Yizee csT& i s one of 

the coves subject the moat intenaiT&ly to tho oaienUfia res-
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esrch. About 50 scientific transactions, cca. 10 theses, 2 un

iversity diploma worlcs, 2 academy diploma works end 2 theses 

of soientific hobilitotian have been written and publiabed 

within the scops of the geological, tectonical, hyclrcgeolog

ical, cl:laa~logical, radiological end biological conditiane 

of this caT&. liloreoYer e number of data obtained during the 

explorst1an of this can have been published paaai.11 partl7 

in original form in about twenty four scientific and popular 

booka end other pubUcsUane/. 

Alana the routes of meaeurement we ban regieterad the 

number of the bah. We have ~eparated the 1ndiYiduala bang

ing lanely reap. in colaniea, Within the latter groupa we 

.., 



stated the nw:ibers of the individuols living in each colony 

/ct l east one of ua having been present et the exploration 

works in 96-98 p.c . of the coses, our data could be compar-

ed unambiguously. '/le have been "tuned up" actually to the 

d'7elling sites of the bPta therefore on increoee of a few p.c. 

could occur in the respect of the nw:iber of the b • t o/. 11e have 

observed in oany ceeee b: ta fl, ing about in the cove. The 

nw:iber of these individuola hos been indica ted with the ab

ove montioned reo,,rka. Pinally we hove been founding animals 

died off and we classified t hee os a soporate group. 

A fdllow-worker ha ving wished to de.el ,nth the bs te pres

ented cw,aeelf ot the end or the yeor 1984. Raving the intent

ion of doing that he bee idontified the species observed in 

[ct ) 
6 

50 

0 

the cave1- 5< Therefore on the baaia of the oboervations acc

omplished during the years 1985-1989 bo a been lcno\7D the f oct 

that in the cave the epeciea Llyotie oxygnathue ~l~hi and 

LI. 1D3otis are living in e percentage of 65-80 p.c. / they are 

living mixed and promiscuously but their mutual proportions 

are not kno"'1 :,et/. Both the species Rhinolophua ferl'lllll

equinum and Rhinolopb~a. hippoeideros ore living in a total 

percentage of 19-33 p . c. The total shore of the other opecies . . 
/11. nattereri, 1-1. daeyoneme, !I. emarginetue, .ilarbaet~l~• bar

bot ellue, Pipistrellue pipistrellue/ amount to 1-3 p.c . The 

shore of the bots n ying about end not identified amounted 

to 2 p.c, and t hot of the animals died off was ol eo 2 p.c. 
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4. Conclusiq,s. 

Taken into considdration our observations a number of un

ecbii;uoue conclusions c ryn b e derived, mainly on the baaie ot 

the da ta obtain•• for the species :.Jyotia and Rhinolophue 

living in the can in the greatest number aa follows /however 

to make the conclusion tor the ambiguous caaee the colloborot

ion of a biologiot would be n ecessary and useful/. 

e/ the species llyotis 1e rather a significant one for the first 

/A and C/ sections nnd the species Rhinolopbus is more char

octeriotic for the inner /B/ section of the cove /taking 
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into consideration the conditions of t emper a ture the s ect

ions A and B ore corresponding to an entrance zone. The act

ual cave-section i s s ituated a l ong the route B according to 

the port ranging from the Triangular Hall to the Pond/. 

b/ the individuals of the species Rhinolophua ban been occ

urring one by one almost in all cases, whereas the indirtd-. 

uala of the species llyotia occurred either one by one or 

in colonies. The largest colony observed in the ceve incl

uded 38 individuals and oeveral times colonies having incl-



uded 10-20 individuals occurred as well. 

c/ within the section A /i.e. by fer the greataet nWDber of 

llyotie individuals/ the hibernation have taken a time beg

inning in the first daye of October end ending at the end 

of Apriil /Pig. 3/. The individuals are living in the greet

eat nWDber at the end or January end in the middle of Pebr

uery i.e. tlia "withdrawing" period is taking a time-span 

or 4-4,5 months whereas the process of "evacuation" is 

taking e time of about 3 montha /it will come out from the 

relevant figure on the bosia or the assymmetry of the given 

curve/. Vithin the section B of the cave /i.e. in the case 

of the Rhinolophus species/ the peek-value will appear at 

the end of January. \'lithin the section C /where iiyotis ind

ividuals are appearing almost exclusively/ the maximum has 

been postponed to the end of l'ebrusry therefore the "with

d:rawal 11 includes a period of 5 months whereas the "eTac

uetion period tokes a time slightly greater than 2 months 

/Pig. 3/. 

d/ the bats are moving also during the hibernation period and 

in addition the number of the colonies ere fluctuating cons

iderably. To exemplily this process the period of 1987 /88 

has been presented /Pig. 4/. 
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e/ within the various sections of the cave the nuctuetion of 

the IEXimum nWDber or the individuals io fairly unregular 

and we did not observed any relaticoship associated with 

external meteorological factors . Within the route A an ex

pressed decrease has been found for the period 1975-1985 

however after this period an unambiguous increase could 

be observed !Pig. 5f. \l'e have e shorter deta aeries related 

to the routes Band C and in addition the trend of the proc

ess of changing ia more unstable. The curves A and B era 

changing eynchrcoously r"ereae these curves are changing 

rather in an inverse trend related to the curve B /thia 

phenomenon could be apecilic for a given apeoiea ! /. 

LI'l'KRATIIRB. 

1. Kovats, 11. • ~eervation of the bats. Annual of the Assoc

iation of Spelaeology ;lercel Loubene. 1984. 29-31. 

2. Kovats, JI. 1 IIWDber of the bate living in the LOraei-Vir..ee 

cave. Annual of the Association of Spelaeology I.Isreal 

Loubene. 1985. 37-39. 

3. Kovats, J!. • IIWDber of the bate living in the Letraei-Vizes 

cave. Annual of the Association of Spelaeology liarcel 

Loubens. 1986. 17-18. 

4. Kovats, ll., Ch the ecological demands of the bate menileet

ed during their hibernation period, obeerved in the Letrasi

Vir..ee cave. DiplO!IB work . Debreoen. 1987 • 

5, Kov,lte, 11., Ch the ecological d~mands o7 the bate manileeted 

during their hibernation period. Thesis. KLTE. Debrecen. 

1988 • 

6. Lenart, L., Results of spelaeological researches. ob~ained 

in the BUkk mountains. Boreodi Pijldrejzi tvklloyv. 6. /1979/. 

73-90 • 

7 • Lenart, L. 1 Ch the apelaeo~ogicel conditions o: the BUkk 

mounta~s. I-II. li!""gary/. _Der Hijhlenforecher. 12. /1980/. 

1. 5-10.; 2. 22-26. Dresden, 

8. Lenart, L., A c?mplex ~elae?logical research of the Let

raei-Vir..ee ceve. Thesis. Ill.II!. lliekolc. 1983. 

9. Lenart, L. and Timk6, A., t.eaaurement of the dripping, temp

erature and wate.-..lavel, changing the radon-detector unite 

end counting the beta in the Letrasi-Vizee cave. Annual 

of the Aeeociatian or Spelaeology liarcel Loubene. 1987-

1988. 33-42. 

dr.L~tlliRT L,s,16 

H-3SlS Hiskolc-Eoyetemvi\ros 

Hi drooeol6ni a i-M~rnOkoeol6r,i a i 

Tansz6k 

HALLA B~Un~ 

H-3525 Hiskolc 

Volooda u. 10. 111/4. 

, 



MEZ - PAPRIKA - EDESSEG - BOR - SZESZESIT AL - VIRAG - DOHA NY 

HONIG - PAPRIKA - SUSSWAREN - WEIN - SPIRITUOSEN - BLUMEN - T ABAKWAREN 

HONEY - RED PEPPER - CANDY - WINES - LIQUORS - FLOWERS - TOBACCO 

MONIMPEX 

KULKERESKEDELMI VALLA LAT 

HUNGARIAN FOREIGN TRADING COMPANY 

1054• BUDAPEST TlJKORY U. 4. TEL:531- 222 TX:22- 5371 


