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Ca 001 

.

KAPCTOBLIB 03EPA rPY3HH 

H. C. Anxaaaua

HHC'fHTYT reorpaq>HH AH rpy3HHCI<OM CCI', T6HnHcH, CCCP 
• 

rpy3HH He OTJ1HqaeTCH o6HJIHeM 03ep; 3,D;eCL HX HacqHThIBaeTCH HeMHOrHM 6onee 

600, cyMMapHaH IIJ101..Q8AL I<OTOpbIX He npeBbilllaeT 160 l<M 2• Ho 03epa rpy3HH 

Ol.JeHb MHOroo6pa3HbI JIO reHe3HCY l<OTJIOBHH, qTo o6ycJIOBJieHO CJIO>I<HhlM reono

rHqeCKHM CTpOeHHeM TeppHTOpHH,· ropHbIM penLecpoM H HCKJIIOqHTeJILHblM pa3HO
o6pa3HeM pen.hecpoo6pa3yIOI..QHX cpaKTOpOB. HaMH BbI,D;eJIHIOTCH 10 reHeTHqeCI<HX 

rpynn, 1<0TOpb1e no,upa3p;eJ1HIOTCH Ha THilbI (Anxa3aaa M. C., 1968). 

B 3TOM reaeTHqec1<ou: 1<naccHcpH1<a�HH o3ep rpysHH oT,n;enLHOH rpynnoii 

Bbl)];eJJHIOTCH KapCTOBbie 03epa, COCT8BJIHIOI..QHe 6onee 5 % Bcex osep. Mx pa�npo

crpaHeHHe CBH38HO C )];OBOJibHO o6mHpHOH H3BeCTHHI<OBOM IIOJIOCOH 3ana,nHOH 

rpy3HH, 3aHHMaIOI.QeH 4475 l<M2 IIJIOI.Qa,n;H H COCT8BJIHIOI.QeH 6,4 % TeppHTOpHH 
pecny6JIHKH. 

KapCTOBbie osepa pacnpocTpaHeHbl KaI< B HH3MeHHOH, T8K H B npe,n;ropHoii, 

cpe,n;aeropHOH H BbICOI<oropHOH qacr.ax, HO 6oJILlllHHCTBO osep BCeT8I<H BCTpeqaeTCH 

Ha H3BeCTHHI<OBblX ropHbIX MaCCHBaX H xpe6Tax. 0HH HMeIOTCH Ha H3BeCTHHI<OBOM 

MaCCHBe Apa6111<a, r):(e B 381<0M8THpOB8HHbIX I<apcTOBblX BOpOHK8X o6pasyIOTCH 
• 

. 

V U U B OCHOBHOM apeMeHHbie I<apCTOBbie 03epa, IIHT8IOI.QHeCH T8JIOH H, J:(O.>I<,l:(eBOH BOJ:(OH 
(KHKHap;se, T. 3. 1966). B roro-sanap;Hoii qacTH Macc11aa Apa6H1<a, B pailoHe 

r. MaM)];3blIIIX8 HMeeTCH HeCI<OJILKO IIOCTOHHHbIX osep He3H8'qHTeJibHhIX pa3MepOB.
BopoHKH 38TIOJIHeHbl MYTHOB8TOH CHeroaoii H )];O>I<)l;eBOM BO,ll;OM. Y roro-BOCTQq
HOrO IIO)l.HO.>I<b.H M8CCHB8 f'l,,pa6HI<a, B )l;OJIHHe p. E3bI6H Haxo,n;HTCH rronyn.apHoe 

rony6oe 03epo, 3aHHMaroI.Qee pacm11peHHoe ycTLe 1<aHana Bocxo,n;HI..Qero 1<apcroaoro 

HCTOqHHKa, .ue6HT KOTOporo COCT8BJIHeT 3,5 M 3/ceK (rHrHHeHIIIBHJlH r. H., 1965). 

HecI<OJII:,KO I<apCTOBblX 03ep HMeeTCH B 3ana,D;HOH qaCTH B3bI6CKOro xpe6Ta, 

CJIO.>I<eHHOrO M8CCHBHbIMH H3BeCTHHKaMH. EoJiblJJHHCTBO H3 HHX . BpeMeHHbie • 
BOAOeMbI He60Jil>lllHX pasMepoB, 38IlOJIHHIOIUHe I<apcTOBbie BOpOHKH TaJIOH H 

V V 

)l;O.>KJ:(eBOH BOJ:(OH. 
KapcTOBbie 03epa He3HaqnTeJibHbIX pa3l\1epoB TaI<llie HMeIOTCH Ha H3BeCTHH-

KOBblX Macc11Bax OxaqKye H AcxH. 
3HaqnTeJibHOe KOJIHqecTBO I<apCTOBblX o3ep cocpe,r,;oToqeHO Ha PaqHHCKOM 

xpe6Te, r.ue HX H8Ct.JHTbIBaeTCH OKOJIO· 15. CpeAH HHX HMelOTCH cpaBHHTeJibHO 

KpyIIHbie osepa co CJIO)I<HOM I<OTJIOBHHOH, COCTOJII.UeH M3 ABYX BOpOHOI< (,UeBMCT6a 

H .up.). 

KapCTOBbie osepa He3H8t.JHTeJibHblX pasMepoB HaMH 6hIJlH o6Hapy>I<eHbl Ha

HMepeTCI<OM B03BbIIlleHHOCTH. 
K pyni-reiimee 1<apcToaoe osepo I'py3HH 3p�o pacnonomeHo B 

V O,D;HOHMeHHOM 
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KOTJIOBHHe B BepxOBbHX p. KBHpHJia. OHO HMeeT CJIOiKffYIO BaHHY' COCTOHIUYIO 

H3 qeT1,1pex pa3HOpa3MepHbIX H pa3HOq:>OpMHbIX KapCTOBbIX BOpOHOK. 

Bee BhIII.Iey110MHffYTbie oaepa, KpoMe rony6oro, pac110Jio>KeHbI B cpe,u;Herop

HOH H BblCOKOrOpHOH qaCTHX H3BeCTHHKOBOH IIOJIOCbl. Ilpe,n;ropHaH H HH3MeHHaH 

qaCTH 6e,n;HbI KapCTOBhIMH 03epaMH. ,UBa He60JibllIHX oaepa KapCTOBOro npOHCXO>K

,n;eHHH B ry.r(aYTCKOM paHoHe A6xa3cKoH ACCP HaMH 61>1JIH Hccne,n;oBaHhI JieTOM 
1972 r. 3To OqaMqyxpcKHe oaepa. 

He60JibllIOe KapCTOBOe 03epo 6hIJ10 HCCJie,n;oBaHO B TOM me 1972 r. B QqaM

qHpCKOM paHoHe A6xa3CKOH ACCP (oaepo IlanaHI..\KBHJIH-oqaMqHpCKoe). THnHq
Hoe KapCTOBOe oaepo, 3aHHMa10mee KpynHy10 KapCTOBYIO BOpOHKY, HMeeTC.H Ha 

TeppHTOpHH Xo6cKoro paHOHa XeTCKOrO COBX03a. 3TO IlanaHI..\KBHJlbIXeTCKOe 

( <<IlarraHll;KBHJIH)) Ha MerpeJILCKOM HapeqHH rpy3HHCKOro H3bIKa 03HaqaeT <<yTOII-

JieHHblH non>>)._ 
Bocroq1ree, n l.JHaTypCI{OM paf1011e, nec11oii 1973 ro.u;a ll8MH 6bIJIH HCCJiel-(O-

BaHbI He6oJILII.IHe oaepa 3p03HOHHO-KapCTOBOro npOHCXO>K,n;eHHH • 
. reHeTHQeCKaH KJiaCCHq:>HK81.\HH KOTJIOBHH KapCTOBhIX oaep ,n;aeTCH B pa6oTax 

HeCKOJil>KHX aBTOpOB' H3 KOTOphIX HaH6oJiee coaepmeHHOH HaM J<a)f{eTCH I<JiaCCH-

.. cpHKall;HH r. A. Ma1<cHMoa1-1qa (1969). Ilo 3TOH KJiaccH<pHKaa;HH, 1<apcToa1,1e oaepa 
rpy3HH OTHOCHTCH K ,n;ayM reHeTHQeCKHM rpynnaM: l. KapCTOBhie H TeKTOHO-Kapc

TOBble 03epa, II. 03epa, npeo6pa30BaHHbie KapCTOM. IIIHpOKO pacnpocTpaHeHbl 

03epa, OTHOCHII..\HeCH K 11epBOH reHeTHqeCKOH rpynne. IIo,u;aBJIHIOI.I..\ee 60JibllIHHCTBO 
KapCTOBbIX 03ep 3aHHMaIOT KOpp03HOHHbie BOpOHE:H H KOTJIOBHHhI. K 3TOMY THIIY 

V U OTHOCHTCH rroqTH ace oaepa, pacnonomeHHbie B cpe,u;HeropHQH H BbICOKoropHOH 

qacTHX. Qqe�b He60JILII.IaH qacTb oaep OTHOCHTCH KO BTOpOMY THIIY' T. e. K npo

BaJibHblM H TeKTOHO-IlpOBaJibHhIM oaepaM. IlpHMepoM T8KHX 03ep HaM I<a>KYTCH 

03epa 3pQO H IlanaHQKBHJIHXeTCKOe. K TpeT1>eMy THny, T. e. K 03epaM, 38HHMaIO

ll.\HM KOpp03HOHHbie BOpOHKH BOCXO,D;HI.I..\HX KapCTOBhIX HCTOqHHKOB, OTHOCHTCH 

JIHlllb rony6oe oaepo B ,IJ;OJIHHe p. n3hI6H. K 3TOMY THIIY npHHa,n;Jie»caJIH TaK»ce 
He60JibllIHe KJIJOqeBhie 03epa XapHCTBaJIH H ,il.3pOXHCTB8JIH Ha Pa'l!HHCKOM xpe6Te' 

anepBbie OIIHCaHHbie B. H. JleOHOBbIM ( 1902)' HO 3TH 03epa B H8CTOHII..\ee apel\IH 

3aTOIIJieHhI ao,n;aMH lllaopc1<oro ao,n;oxpaHHJIHII..\a, 38HHMaromero lllaopc1<y10 Kapc

Toayro KOTJIOBHHY. 

Ko BTOpOH reHeTHqecKOH rpyIIne . npeo6pa30B8HHbie KapCTOM oaepHbie 

KOTJIOBHHhI OTHOCHTCH 03epa, KOTJIOBHHbl KOTOphIX HMeIOT HeKapCTOBOe npo

HCXO»c,n;eHHe. B 3TY rpynny BXO)J;.HT 3p03HOHHO-KapCTOBbie KOTJIOBHHhI, Bhrpa6o-
v 

TaHHbie Ha ,D;He peqHOH )J;OJIHllbI nocne Toro, ·K8K 3p03H.H p;ornna ,n;o I<apCTYIOII..\HXCH 

nopo,n:. Ta1<He 03epa H8MH HCCJie,n;o:saHbI B 1..JHaTypCKOM paHOIIe. HeKOTOpbie H3 

HHX, 3aHHM8IOII..\He KapCTOBbie BOpOHKH Ha ,n;He ,[(OJIHHbI, HMeIOT HHqTO»cl-Ihie pa3-

Mepbl H qacTO nepeCbIX8IOT. ,Uaa oaepa Hl\'leIOT ,[(OBOJlblIO 3H8l.JHTeJibHbie pa3Mepbl. 

EcnH KJiaCCHq>HQHpOBaTb KapcTOBbie 03epa rpy3HH no MOpq>OMeTpHt.IeCKHl\1 '· 

IIpH3HaKaM, nonyqH.i\1 CJieAyIOII..\YIO I<apTHHY (3a OCHOBY 6epeM l\'10pcpoMeTpHt..IeCI<y10 

KnaccHcpHKaQHio o3ep r. A. MaKCHMOaHqa, 1969). Ilo nnomaAH 3ep1{ana 03epc1 

rpy3HH OTHOCRTCR K cne.nyroI..QHl\1 I<naccaM: I< IV KJiaccy ( TIJIOI..Qap;b 3ep1<ana 100-

10 ra) npRHa,n;Jie}KHT TOJlbKO 03epo 3pqo (31 ra); I( V I{Jiaccy (10-1 ra) OTl-IOCH'fCJI 

OKOJIO 10 o3ep. OcTaJibHhie 03epa pacIIpe.neJIHI-OTCH l\'ie}I<JJ:Y VI, VII l'I VIII KJiacc�:1-
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MH, HO npeo6na):(aIOT o3epa VI 1<nacca (1-0,1 ra), 3Ha'llHTen1>Ho MeHbIIIe o3ep oT

HOCHTCH K VII Knaccy (0, 1-0,01 ra), a eI.I..:(e MeH1>IIIe - K VIII KJiaccy (o,0·1-
0,001 ra). 

KnaccH<pHKaUHH 03ep no Ma1<CHMaJI1>Hoii rny6HHe Aaer cneAyroI.Qyro 1<apTHHY: 

oqeHb rny601<He 03epa ( > 25 M) B rpy3HH He BCTpeqaroTc.a:; I< 03epaM cpe.I(Heii 

rny�HHbI (251-5 M) OTHOCHTCH OKOJIO 10 03ep. pOJiblllHHCTBO I<apCTOBbIX 03ep 

rpy3HH OTHOCHTCH I{ Knaccy Herny60I<HX 03ep (5-1 M), TOJII,KO osepa QqaMqyxpa

BOCTO'llHOe H HeKOTOpble nepec1:,ixa1011�e 03epa MO»cHO OTHeCTH I< KJiaccy MeJII<HX

03ep ( < 1 M). 

IIo o6'beMy BOAHoii MaCCbI r. A. Ma1<cHMOBHq Bb1p;en.a:e:r 7 I<JiaccoB : K qer

BepTOMY I<Jiaccy ( 1000-100 TbIC. M 3) OTHOCHTCH TOJibl<O 03epa 3puo H Caeyp6
.
JIHH'

K IDITOMy KJiaccy (100-10 TbIC. M3) - OI<OJIO 10 03ep (,il,eBHCT6a, IlanaHUKBHJIH 

o6a, rony6oe o3epo, Ha6ap,ne6H H .np.). BonbIIIHHCTBO osep .npHHaAne»cHT K IIIec
TOMY KJiaccy ( 1 Qi-1 TbIC. M 3) H TOJII,I<O He3HalJHTeJibHa.a qaCTb - K ce,nbMOMY 

Knaccy ( < 1 TbIC. M 3).
• 

3Ha'tJHTeJll,HaH tiaCTb KapCTOBbIX 03ep rpy3HH IIHTaeTCH IlOBepXHOCTHbIMH 

BO)];aMH H xapaI<TepH3YeTCH cna6oii MHHepanH3aQHeii. K TaI<OH rpynne OTHOCHTCH 

03epa., 3aHHMalOI.QHe KOpp03HOHHbie BOPOHI<H H I<OTJIOBHHbI, pacnono»ceHHbie 
V 

V V 
" 

V B BepxHeH qacTH rH,n;pOJ:{HHaMHqecI<OH 30Hbl BepTHKaJibHOH HHCXO)];.HI.QeH UHPI<YJIH-

UHH. 3TH 03epa HMeIOT He3HalJHTeJlbHYIO BO,n;oc6opHyIO IIJIOI.I..:(aJ:{b H qaCTb HX nepe

CbixaeT. .I(HHI.I..:(a HX HaXO.I(HTCH 3Hat.JHTelli>HO BbIIIIe ypOBHH KapCTOBblX BOA H 

HBJIHIOTCH 1<a1<-6bI IIOJ:(BeIIIeHHblMH no OTHOIIIeHHIO 1< nocne,t(HHM. B HeI<OTOpbIX 

cnyqanx B HX IIHTaHHH npHHHMaIOT yqaCTHe· Herny601<0 saneraIOI.I..:(He rpyHTOBbie 
BOJ:(bl. Pe»cHM ypoBHeii onpe,n;eneH XOAOM MereoponorHt.JeCKHX 3JieMeHTOB B Tet.Je

HHe ro,n;a. MaI<CHMaJibHbie ypOBff.H Ha6nrop;aIOTCH BeCHOH H B nepBOH IIOJIOBHHe 
oceHH, MHHHMaJibHbie- neTOM H B KOHQe 3HMbl. ,Il,nH HH3MeHHblX o3ep xapaKTepHbl 

• 

• 

KOJie6aHHH ypoBHH B TetieHHe BCero ro,n;a, .B 33BHCHMOCTH OT Bbina,n;eHHH oca,n;KOB •. 
B IIHTaHHH osep, pa3MeI.I..:(eHHbIX B npoBaJibHbIX HJIH TeKTOHO-KapCTOBbIX

Bop·oHKax, pacnono»ceHHbIX a rH,n;poreonorH'l!ec1<oii soHe ropH30HTaJibHOH HeHa

nopHoH'. H HanopHoii UHPKY.)lHQHH, yqacTBYIOT 1<apcTOBb1e HeHarropHbie, pe»ce 

HanopHbie BO,ll;bl, a TaK»ce no,z:i;3eMHbie H noaepXHOCTHbie BO.I(hI. BoJibllIHHCTBO 

3THX 03ep CTOt.JHbie (noaepXHOCTHblM HJIH IlOJ:(3eMHhIM nyTeM). Q3epa, HMeIOI.I..:(He 

IIO,D;3eMHbIH CTOK, xapa1<TepH3YIOTCH 3HaqHTeJibHbIMH KOJie6a1-1HHMH ypOBHH B Te-
-

tieHHe ro,n;a. 
Osepa, 33HHM3IOI.QHe KOpp03HOHHbie BOpOHKH, BOCXOAHI4HX HapcTOBbIX HC-

TOqHHI<OB (rony6oe 03epo), IIHT3IOTCH BOCXOJ:(HI.I..:(HMH HanopHblMH KapCTOBbIMH 

BO,D;aMH. KapCTOBbie HeHanopHbie BO)];bI B IIHT8HHH rony6oro osepa HrpaIOT HHq-

TO»cHYIO pOJib. 
Ha TepMHqeCKHH pe»cHM KapcTOBbIX o3ep rpy3HH, KpOMe HX BbICOTHOro

nono»ceHHH H KJIHMaTH'lleCI<HX ycJIOBHH, 6oJibIIIO� BJIHHHHe OK83bIBaIOT HCTO'tlHHRH

IIHT8HHH, MaKCHMaJibHaH rny6HHa, cpopMa H pa3Mepbl I{OTJIOBHHbl, 
Ilo TeMnepaType BO):(bl KapCTOBbie osepa rpy3Hli OTHOCHTCH K rpynne xo�op;-. 

HbIX 03ep' TeMnepaTypa KOTOpbIX OT 4 ,n;o 20
°

.

Ha ropHbIX 03epax (TepMIIqecHHH pe»cHM KOTOpbIX H3yqeH cna6o), HMeIOI.I..:(HX 
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He60JILUIHe rny6HHbI, BbI,D;eJIHIOTCH ,D;Ba nepHO,D;a n;HpKyJIHD;HH (BeCHOH H oceHbIO) 

H ,D;Ba nepHO,D;a CTarHan;HH (neTOM H 3HMOH). 3HMOH ycTaHaBJIHBaeTCH cpaBHHTeJILHO 

cna6o Bbipa>KeHHaH o6paTHaH TeMnepaTypHaH CTpaTHcj)HK8D;HH. BecHa xapaKTepH-

3yeTCH rOMOTepMHeH, JieTOM CMeHHIOI..QaHCH npHMOH TeMnepaTypHOH CTpaTHcj)HKa

n;HeH. Pa3HOCTb ·reMrrepa1·ypbI IlOBepXHOCTI-IOro H IlpH,D;OHHOrO CJIOeB ,D;JIH OT,D;eJib

HbIX 03ep COCTaBJIHeT OT 5
° ,D;O 14°

. BepTHK8JibHbie TepMHqeCKHe 30Hbl BbJ,D;eJiflIOTCH 
HeOTt.JeTJIHBO. OceHblO ycTa1-1aBJIHBaeTCH rOMOTepMHH. 

B 03epax, IlHTaIOI..QHXCH BOCXO,D;HI..QHMH HanopHbIMH BO,D;8MH (rony6oe 03epo) 

Ha6n10p;aeTCH Kpyrnorop;11qHaH roMoTepMHH. Ha rony6oM o3epe neToM TeMnepa

Typa rrpH,D;OHHOro CJIOH BO,D;bI 6° ,8' a IlOBepXHOCTHOrO - JIHlllb 7°' 1. AHaJIOrHt.JHa.SI 
KapTHHa Ha6n10p;aeTCH 3HMOH. 

Ha MeJIKOBO,D;HbIX 03epax HH3MeHHOH H npep;ropHOH 30H ( QqaMt.JyxpcI<He 

03epa) Ha6JIIO,D;aeTCH. KpyrnorO,D;Ht.JHaH rOMOTepMHH, a Ha HeKOTOpbIX 6onee rny6o

KHX 03epax (Hanp., Ha llanaHD;KBHJIH-XeTCI(Oe) JieTOM ycTaHaBJIHBaeTCH xopOUIO 

Bbipa>KeHHa.SI TeMnepaTypHaH CTpaTH(pHKan;HH C ,D;OBOJI&HO OTl.JeTJIHBbIM BbI,D;eJie

HHeM BepTHK8JibHbIX TepMHtieCKHX 30H. B OCT8JlbHOe npeMH rop;a OTMetiaeTCH rOMO

TepMHH. 06paTHaH TeMnepaTypHaH CTpaTHQ)HKan;HH 3HMOH Ha 3THX 03epax 6bIBaeT 

B HCKJIIO'C.JHTeJibHbIX CJiyt.JaHx npH XOJIO,D;HOH 3HMe, 'C.JTO B 3TOH qaCTH rpy3HH pe,a;Koe 
HBJieHHe. 

KARST LAKES OF GEORGIA 

SUMMARY 

Karst lakes account only for a small part (5 (}�) of the total number of Georgia's lakes (about 
600). They occur in the limestone belt of Wes tern Georgia occupying 44 75 square kilometres. 

Karst lakes of Georgia are of two genetic groups: I - Karst and karst-tectonic lakes, 
II - Karst affected (karst-erosional) lakes. The majority of lakes occupy corrosive sinks and 
kettleho les. 

The lakes in corrosive sinks are fed by surface waters, while tectonic plunge-basin lakes 
are fed by karst non-pressure, pressure, subterranean and surface waters. It is only the ''Go
luboe ozero'' (Blue Lake) that is fed by an ascending karst pressure water. 

Thermal regime of mountain lakes diverse from season to season, while that of lowland 
lakes is comparatively uniform. 
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UNDERGROUND FLOW RATES IN CAVERNOUS 

LIMESTONES IN BRITAIN AND JAMAICA 

Thimothy Christopher Atkinson 
David Ingle Smith 

University of Bristol, Great Britain 

INTRODUCTION 

This contribution is based upon work undertaken over a period of about ten 
years by members of the Department of Geography at the University of Bristol 
on underground water tracing in limestone terrains. Two techniques have been 
used for the tracing; one involving the use of lycopodium spores and the other 
dyes. Lycopodium spores are small cellulose particles with a diameter of 25 
microns which occur naturally in some streams but can be dyed in up to five 
different colours. Several kilograms of spores dyed a distinctive colour and com
prising many millions of individual particles can be introduced into each stream 

· sink. The spores have a slightly higher specific gravity than water but remain in
suspension in turbulent flow. At resurgencies a portion of the flow is filtered
through fine mesh plankton nets from which sediment samples are recovered and
examined under the microscope for the presence of spores. A detailed account
of the lycopodium method can be found in Orew and Smith (1969).

In the second method a fluorescent dye is introduced into the groundwater 
circulation. Various methods have been employed for detecting the presence of 
the dye in water from springs but the most successful is the use of fluorometer. 
The instrument used (Turner Instruments Inc.) has the facility of continuous 
operation and recording in the field. The dye can successfully be detected in 
dilutions as small as one part in 1010

• A full description of the method is given 
by Brown and Ford (1971). 

RESULTS 

The results given here are all for experiments in which the tracer was introduced' 
into a stream sink or swallet. There have been two areas of intensive work, the 
Mendip Hills in Somerset (Atkinson, 1971) and the Maroon Town area of

northern Jamaica (Smith, 1969), although other areas have also been investi

gated. The pattern of underground drainage for the Mendip Hills (figure 1) is

typical. In this case 43 stream sinks �ave been traced and the catchment areas

· of 11 major springs defined.
The underground drainage divides differ from the surface watersheds and

the prior preparation of a map of subterranean catchments is of prime importance

in dealing with groundwater pollution. This is illustrated i� the case stuay
described by the Bristol Waterworks Comp. (pp. 331-333 1n Vol. 2 of the 
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Fig. 2. Underground drainage in eastern Mendip. 

Proceedings of this conference) which describes pollution 1n part of the area 
covered in fig. 1. 

Fig. 2 is a more detailed map of the eastern Mendip catchments. The 
resurgence at St. Dunstan's Well (marked as V on fig. 2) consists of two separate 
springs at the_ same altitude and only a few metres apart. Each of the springs is
fed from different stream sinks and some of the flow lines cross one another 
without mixing. From this it can be inferred that the flow from each sink to the 
spring occurs in separate and discrete conduits. Similar patterns of crossing �ow 
lines have been discovered in all of the other areas studied. 

• 

Velocities of underground travel (based upon straight line distances between 
sink and spring) are of the order of kilometres per day, further details are shown 
in tab. 1. These velocities are faster than most quoted figures for normal gro1Jnd
water movement by a factor of 1,000 to 10,000 times. It can be inferred that the 
form of the fluid flow is turbulent in order to accommodate these velocities. 

Tab.1 

White Limestone 

Jamaica 

Carboniferous Limestone 

Central Mendip Hills 

Eastern Mendip 

Flow rates all in km/day 

Mean FlowVelocity Standard Deviation Number of Traces 

3.45 4.05 40 

7.36 5.91 23 

6.00 1.68 16 
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The percentage of spring flow composed of water from stream sinks varies 
between O and 40% at different times and for different springs. In the Mendip 
Hills it is normally between 1 and 10¼. The remaining spring discharge is 
composed of water which has percolated directly into the limestone and this has 
been less thoroughly investigated. Preliminary tracer tests on this percolation 
water suggests that while it •moves at velocities less than that of water from 
stream sinks values of hundreds of metres per day are not unusual. It is also 
evident from field studies that much of the percolation water moves in fissures 
and conduits similar to those of stream sinks although on a smaller scale . 

• 

IMPLIKATION FOR GROUNDWATER POLLUTION 

.

The consequences of these results are clear. The underground drainage of mas-
sive, fissured or cavernous limestones such as the Carboniferous Limestone of 
upland Britain is largely confined to conduits which afford no natural filtration 
to the groundwater. Thus any pollutant introduced into the limestone, especially 
below the level of the soil, is likely to re-appear at a spring within a matter of 
hours or days and to have 11ndergone rel�tively little dilution. This applies not 
only to stream sinks but also to percolation water and especially to �losed de
pressions which are foci of natural drainage. The practice of waste disposal or 
refuse tipping in cavernous limestones of this type is potentially extremely 
dangerous. 

Conduit flow is not exclusively confined to cavernous limestones and in at 
least two cases local stream drainage sinks into fissured Chalk to �ow to springs 
several kilometres distant at velocities comparable with those described above. 
It is possible that the velocity of groundwater associated with closed depressions 
in the Chalk is also rapid. 

A c k n o w l e d g e m e n t s  

This work has been supported by the following bodies: the Bristol Avon 
River Authority, _Bristol Waterworks Com., the Government of Jamaica, the 
Natural Environment Research Council, the Somerset River Authority and the 
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CERTAIN CHARACTERISTICS OF SUB-SYSTEMS FOR 

WATER RETENTION IN KARST HYDROLOGICAL SYSTEMS 

lxet Avdagic 

Institute of Water Resources Engineering, Civil, Engineering Faculty 
University of Sarajevo, Yugoslavia 

SUMMARY 

In analysis of underground reservoirs and runoff of karst sub-systems, it is usual 
to adopt constant characteristics for the reservoir over its entire height in cal
culation of water retention. Measurements which we made show that these 

approximations can lead to serious errors in the case of karst sub-systems. 

RESUME 

C e r t a i Il e S C a r a C t e r i S t i q U e S d e S O U S - S y S t e m e S d e r e

t e n  t i  o n  d e s  e a u x  d a n s  l e s  s y s t e m e s  h y d r o l o g i q u e s  
k a r s t i q u e s  

Dans les etudes quantitatives des eaux souterraines et des vidanges des sous-
systemes karstiques on admet, le plus souvent, que les caracteristiques hydro-

geologiques soient constantes sur toute !'hauteur du bassin. · 
Les mesures effectuees montrent que, avec de telles hypotheses, on peut 

commetre des erreurs considerables . 

. Water, which falls on land surface, falls on hydrogeological elements or 
watershades of a given range, and results in runoff of various rates depending 
upon the hydrogeological features of the land through which it passes. 

Every basin can be roughly sketched as a single reservoir (fig. 1) from which 
the water gradually runs off. The laws and characteristics of surface and under
ground runoff are different, so that., for the sake o( better simulation of the runoff 
process, it is practical to represent a basin with two reservoirs, as schematically 
presented in fig. 2, where the upper reservoir represents the retension and runoff 
of surface reservoirs and the lower reservoir the retension and runoff of ground
waters. These two reservoirs as a team make up the hydrological system; each. 

separately being a sub-system. 
In certain karst terrains, runoff occurs only as ground water., so that the 

basin region can be represented by a single reservoir. 
In complex karst hydrological systems we often have several connected 

sub-systems for retension of ground waters, and sometimes an occasional in
termittently flooded karst field which serves as an outlet for excess ground water 

pressure. 
In an era of ever larger water shortages, 1,nowledge of the characteristics 
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Fig. 4. Hydrogram of the Buna river at the· water gauging station Buna. (1) average rai�fall 
for this basin, (2) water level on the Nevesinjsko polje, (3) discharge. at the Buna spring. 

for water retention in general, and for karst retention especially, is of great 
economic and scientific significance. 

One very useful means used in analysis of ground waters, especially in 
determining the volume of ground water or the useful underground capacity 
of an underground reservoir, is E. Mailet's equation: 

(1) 
• 
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Fig. 5. Hydrogram of the Bregava river at the water gauging station Suhi Do. (1) average 

rainfall for this basin, (2) water level on the Dabarsko polje., (3) discharge at the Bregava 

spring. 

where Q, is the discharge in the time t, Q is the discharge in the time o, and 
a is the coefficient for the given hydro geological characteristics of the basin. 
This equation is used with the assumption that the discharge is proportionate 
to the height ( h): 

\ 

Q = Ah (2) 

i.e. that the sub-system is a linear reservoir. Between the time interval ( t) and
(t + dt), the quantity Q dt will be discharged from the reservoir. This quantity
• 
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is also equal to the product of the area of the surface of the water mirror of the 
, 

ground water ( S) times the decrease in ( h): 

Q dt = J,.h dt (3) 
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or with a drop in the free surface: 

l hdt=-S dh
from which we can obtain by integration: 

With substitution of h =

s 
t = 

-

l 
ln h + µ 

Q 
, equation (5) can be reduced to: 

A 

Q = lexp [-·(t -µ) l/S] 

(4) 

(5) 

(6) 

In this equation, µ is the integration constant. For initial conditions of t = t
0

and the discharge Q = Q
0

, equation ( 6) becomes: 

Q = Q
0 

exp [-l/S (t - t
0
)] 

and with t
0 

= o and 1/S =a, we get equation (1) . 
• 

(7) 

The alpha-factor is considered constant for a given sub-system in the analy
sis even though it in fact is not. This is shown by its dependence upon the surface 
of the reservoir (S) at various heights (h). It is especially not constant in the 
connected karst sub-systems. In certain of the simpler cases it may be constant, 
but this cannot be assumed a p r i o r i. This can best be illustrated by 
measurements done in the field. (Fig. 3.) 

In fig. 4 and 5 the hydrograms are given for the Buna springs and the 
Bregava springs along with graphs of the levels in the karst fields which are 
drained through these springs and the average amount of rainfall in their basins. 
Fig. 6 also shows the line of water-level over time at piezometer F-5, located 
on the Pasmica-Bileca watercourse, about 2 km. downstream froiµ the sink-hole 
of Pasmica in Fatnica field. The first two pictures show the influence of water 
discharge from the field upon the recession line, which is usually described by 
equation (1) or (6). It is clear that the experimental data can not be good ap
proximated by only one equation of type -(1) but it is necessary to use at least 
two equations of type (1) in this case. For fig. 6, the situation in still more 
complex. Here three influences can be seen: those of the two underground sub
systems and that of one above-ground sub-system. 

From all of this it can be seen that the usual simplifications used in de
termination of recharge, runoff, underground runoff, etc. can result in large 
errors which are often multiplied in extrapolation, yielding final products, results, 
and conclusions which are" likewise, highly incorrect. 
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COMPARATIVE INVESTIGATION OF KARST WATERS
IN THE PACIFIC 

Denes Balazs 

Geographical Research Institute, Hungarian 
Academy of Sciences, Budapest, Hungary 

The researchers of karst areas have had a great interest since the years of fifties 
to study the rate of the chemical denudation and the intensity of karstification 
under the different climatic conditions. 

The carbonate hardness of the karst waters are very· variable even in a small 
karst area, and their values are changing occasionally and seasonally. Therefore 
it is necessary to make many observations in different places and at various 
times. The statistical summarizing of these data gives us a base to draw the 
real conclusions. 

SOURCES OF DATA 

The data for this project are collected in the western rim of the Pacific in the 
years 1972/73 during the study-tour -of the author. These data are supplemented 
by the previous investigations of the author in the Indonesian Archipelago and 
some data are used from published papers of other investigators (Jennings, 1963 
and 1968; Sweeting, 1960; Wakisaka, 1963 and 1970; Williams, 1972).; 

About 210 karst water samples were gathered and analysed from the 40° N 
(Japan) through the tropical zone to the 45° S (New Zealand). The samples are 
mostly spring waters originated from 4 7 karst areas. Among the studied karst-
lands are the following types: 

1. Karst of humid, warm and cool temperate climates (in Japan: Akiyoshi-
dai, Hirao-dai, Onogahara, Ryushen-d6 area· etc., in Australia: karst regions in 
N.S.W., Victoria, Western Australia and Tasmania, in New Zealand: Waitomo 
area, Takaka Hills, Punakaiki and Te Anau area). 

2. Karst under semiarid condition in the moderate climate (Nullarbor Plain,
Australia). 

3. Humid tropical karst (in Indonesia: G. Saribu, Kalapanunggal, G. Sewu,

Nusa Barung, Maros-Pangkadjene, South Lombok, Ambon; in the Territory of 

Papua and New Guinea: Laiagam area, Koroba area, Jacquinot. Bay in New 

Britain, Northern part of New Ireland; in Fiji: Wailotua area on Viti Levu

Island). 
4. Young uplifted coral karst (Tongatapu Island, Tonga).

Comparing to these data there are indicated on the diagramms also the

average data of 67 karst springs from 5 Hungarian karst regions as comparing

with the Pacific data. Namely the moderate karst areas in Japan, New Zealand

and Australia are in general small outcrops of limestone and their waters are

mixed with exogene rivers. 
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Fig. 1. Relationship between the geological age of karst aquifer and the total hardness of karst 
waters. (The explanation of signes see fig. 2.) 

METHODS OF OBSERVATION 

As the purpose of investigation was the study of chemical denudation in selected 
areas, only the total hardness of l,arst waters was analysed on the field by the 

help of portable equipment. The generally applied method of COP1plexometric 
titration (EDT A) was used for the detet·mination of total hardness. In view of 

the great quantity of analyses on the field, only 5 milliliters of water samples 
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Fig. 2. Variations of total hardness with the temperature ofkarst waters. (Explanation of signcs: 
I. VAUCLUSE TYPE KARST SPRINGS: AK = Akiyoshi Cave River, Japan; TU =
= Tumbudu, RA = Rabe and US = Usanu springs in Papua and New Guinea; BA= Baron 
and TO = Towakkalak springs in Indonesia; TA = Takaka spring in New Zealand; NU = 

= underground waters of Nullarbor Plain, Australia; HU = average hardness of karst springs 
in the five biggest Hungarian karst regions. II. KARST RIVERS: L.R. = Loboy River, 
Bohol, Philippines, S.H. = Soro and Mubi River in Southern Highland, Papua andNew 

10 

Guinea, N.Br. = Galowe and Matali River in Jacquinot Bay area, New Britain Island, 
P.N.G., B.R. = B6dva River in Hungary. III. LAKES: L.K. = Lake Kutubu., Southern 

Highland, P.N. G.) 

were used by each case. During the whole study-tour, there were applied the 
same method and also the same chemicals, so the source of error is diminished 

by the comparing. _ 
About 70 samples of the main springs were transported home and analysed 

in lab_oratory. These waters were blended with a few drops of hydrochloric acid 
in 0,1 normal solution. The HCl prevents the precipitation of carbonate during 
the transportation. No fundamental differences were found between the analyses 
made on the field and the results of the more detailed laboratory controls. 
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1. Karren formations on the West coast of South Island (New Zealand) nearby Punakaiki.

2. Tropical karst topography along the Erawe �iver (Southern Highland, Papua and New

Guinea). 
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3. The entrance of the Coonalda Cave on the Nullarbor Plain, South Australia .

4. One of the wettest karst area in the Pacific: North of Jacquinot Bay,

(Papua and New Guinea). 

. --·· ····--"":. ··-- -· --.. ,. �"'-

New Britain Island 

I 
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Fig. 3. Variations of total hardness with the annual precipitation. 

• 

For the determination of chemical denudation, two generally received 
methods are applied by the investigators: the hydrometric and the climatic 
method. The first is more exact calculation, but it is very difficult to limit the 
karstic and non-karstic drainage area and the quantity of yearly discharge. There
fore the author used the more simple climatic method based on the well-known 

Corbel's formula (X = 4.E. T
). By this indirect method the uncertainty of

100 
evaporation makes the difficulties, but the great number of samples statistically 
also decrease the mistakes. 

i 

THE STATISTICAL SYSTEMATIZATION OF DATA 

Having great quantity of data the author tried to look for different relationships 
between the total hardness of water and other factors of karstification . 

2h 
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1. Relationship between the geological age of the karst aquifer and the total
hardness 

Most o� t�e Pacific Islands have a relatively short geological history, therefore 
the maJor1ty of karst areas consists �f young Tertiary rocks. The Mesozoic 
limest�nes, whic_h are the most dominant karst aquifers in Europe, found very
rarely 1n the Pacific. The Palaeozoic formations (Japan, Au�tralia, New_ Zealand) 
are more current, but generally they don't have extensive karst plateaus in the 
strong folded mountains. 

According to the fig. 1 there is no direct relationship between the hardness 
· of karst springs and the age of rocks. The lithology of rocks has more influence
to the hardness of karst waters, because the denudation of the loose, porous .
limestone is bigger, than -. for instance - the massive crystalline rocks. For its
verification there are the selected data as follows:
average hardness of 10 springs originated from Pliocene-Quaternary uplifted coral surface 

(Bohol, New Ireland, Tongatapu) .................................. 290 mg/1 CaC0
3

;

average hardness of 35 springs from Palaeozoic aquifer (Japan, Indonesia, N. Australia) 

162 mg/1 CaC03• 

2. Relationship between the climatical factors and the total hardness

a) T e  m p e r  a t  u r e
According to the fig. 2 the hardness of spring waters in the Pacific area is

not in a clear correlation with the mean temperature of the · climatical zone. It 
seems to be that the tropical waters in Indonesia, the Philippines and Papua-New 
Guinea have a little higher content of carbonate, than the samples of moderate 
climate. Unfortunately most of the samples from Japan, New Zealand and 
Australia are not ''pure'' karst waters, they contain more or less exogene waters 
from non-karstic catchment area. Exact comparing is available with the data of 
Hungarian karsts, which indicate the higher solution of cooler water. 

b) Ra i n f a l l  
The quantity of atmospheric precipitation and the hardness of karst waters

have more visible correlation (fig. 3), although the variations have a great ampli
tudo. The intensity of the rainfall in the tropical zone is more times higher, than 
in the moderate climate. The tropical karst areas of the Pacific get the 50-80 per 
cent of the total precipitation from the short and violent rainstorms, which have 
a lower effect of solution, but make a higher mechanical denudation comparing 
with· the rainfalls of moderate zone. 

c) Ve g e·t· a t  i o n
According to the climatical factors, there are some correlations between 

the total hardness and the types of vegetation. Selecting the data the following 
results are found: 

. 

.

Mo d e r a t e  c l i m a t e  

Dry grassland (Nullarbor Plain, Australia) ............ • • • • • • • • • • • · • · · .124 mg/1 CaCOa, 
broad-leaved and coniferous forest (Japan, New Zealand) • • • • • • • • · · · 150 mg/I CaCOa. 
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-
• 

Tr o p i c a l  c l i m a t e  . 

Scrub (G. Sewu., Bohol, N. Australia) ............................. 180 mg/1 CaC03, 

rain-forest (Indonesia., the Philippines., New Guinea) . . . . . . . . . . . . . . . . . 165 mg/1 CaC03. 

3. Relationship between the chemical denudation and the climatical factors

a) T e m p e r a t u r e
. 

The chemical denudation (expressed in surface lowering mm/1000 years,

or denudated rocks m3/km2/year) seems to be increasing with the temperature 

(fig. 4). This is caused however by the growth of precipitation. Reducing theo

retically the high tropical precipitation to the level of moderate climate, the 

specific chemical denudation indicates a decreasing tendency, because the higher 

evaporation in the tropical climate. 
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.

The fig. 5 shows the direct relationship between the karst denudation and
the annual precipitation. Among the .water-samples of the Pacific and Australia, 
the lowest chemical karst denudation is found on the semidesertic Nullarbor . ' 

Plain, where the yearly average rainfall is about 200 millimeters and ab9ut 90 
per cent of them are evaporated. The rate of chemical denudation in Nullarbor 
Plain may be about 1 mm/1000 years. The other extreme point is the karst region 
. . 
North of J acquinot Bay (New Britain Island), where the yearly average rainfall 
is over 5000 millimeters, the evaporation is calculated 60 per cent and corres
ponding to these data the chemical denudation is more than 120 mm/1000 years. 
The surface forms of these utmost points represent very well the great differen-

ces in the denudation rate. 
. ' 
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DIE GRUNDE DER VERUNREINIGUNG M.ISKOLC' 
WASSERVERSORGUNG SICHERENDER TAPOLCAR 

· KARSTQUELLEN

Jeno Barsonyos, Andras Juhasz 
Ungarische Karst- un� S.pelaologische Gesellschaft, 

Miskolc - Ungarn 

Die am si.idlichen Rande des Biikk's · entspringenden Miskolc-tapolcaer Quellen 
werden <lurch das auf der l(arstoberflache des Biikkgebirges einsickernde und 
langs der Bruchlinien aus groBerer Tief e an die Oberflache steigende Karst
wasser erganzt. 

Die Wassergiebigkeit der Quellen weist im allgemeinen in April-Mai 
,ein Maximum auf,, was das Resultat der Schneeschmelze und der Friihjahrs
.regen ist. 

Die Quellenminima fallen auf -den Herbst (Oktober-November) bezie
hungsweise Winter (Janner-Feher) Zeitabschnitt, abhangig davon, ob es in 
dem Winterzeitraum Zwischenschmelze gibt. 

Laut der 10 jahrigen Datenreihe der Quellen konstruierten wir deren Dauer
linie. Laut dieser sind die Daten der Quelle wie folgt: 

• 

' 

Das Entspringungsniveau der Quelle: 128,5 m ii. d. M. 

Wassergiebigkeit (m3/Tag) Dauerhaftigkeit (%) 

Q max 71000

Q durchschnitt 41 000 50 

Q gesichert 24 000 95 

Q min 11 110 . 100 
.

Im Biikk-Gebirge sind die Wassergange im Zusammenhang an den Gebirgs-
randern und in der Nahe der Quellen des 0-W streichenden wassersammelnden 
Gebietes, deshalb bildete sich hier ein zusammenhangendes Karstwasserniveau. 
In der inneren. Tiefe des Gebirges im Umkreise der iiber der Erosionsbasis 
liegenden Quellen, gibt es selbststandige Einsic�erungsstellen (Wasserschlinger, 
Dolinen, usw.), selbststandige Lieferungsgange (Hohlen) und an die Ooerflache 
stoBende Stellen ( Quellen) sind. 

Im seichten Karst, beziehungsweise im hoher gelagerten Wassersammler 
(hoher Karst) kann daher die wassersammelnde Flache umbegrenzt werden.

(1. Abbildung.) 
Am Rande der Quellennahe (laut zur Quelle in Luftlinie cca 2700 m entfernt

angelegten B.ohrung N° V 7) bewegt sich die Veranderung des Karstwasserniveaus 
zwischen 130,5-136 m. Beim minimalen Wasserniveau ist also im Gebirgsin
nern das Wasserniveau nur um 2 m ho her, als das Quellennivea u. Das bedeutet, 
daB die Flache des Karstwassers-Niveaus des dynamischen Gleichgewichtes-
sehr flach ist. 

33 



• 

• 

• ♦ • • • • • • • ♦ • ♦ e ♦ 
• 

I • o • o • 
o 

o • 

I ♦ 
• 

♦ ♦ 
♦ • 

o • • ♦ o 
• e • • e • • ♦ • • 

o • I • • • ♦ • • 

::.·.·.·.·-:.·.:-·- . .  :·.·.:-.·::·.· .. ·•. . .. · .

.

. ..

..

.

. :
-
· . ·. ·.· .

:

·

: 

.. ··. ·.· . .  · .· .·

:

. 

-

. · 

.

. 

· 

... 

·

· 
. 

... · ....... .... .. ....... ·.··.·. .·•·
-
· . .. . . . ... .. . . . . . . ..... ·•· .. · .. · . . .  ·-·· .. · . .. . . ·· -.. .. . . . . . . . . .. . . . . 

�-
· . . . . .. . . 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • ♦ ♦ ♦ • ♦ ♦ ♦ 
♦ ♦ • ♦ ♦ o 

♦ ♦ I I O 
• ♦ ♦ ♦ ♦ 

♦ ♦ o 1 ♦ 
♦ ♦ ♦ • • ♦ ... ........... ... .... ... . ... ···· ··· .· ·· · ···· ·· · ·· · .·. •. · ·· . .... • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • ♦ ♦ ♦ ♦ ♦ ♦• ♦• ♦ ♦ 

♦ 
• 

♦ 
♦ /. 

♦ ♦ 
♦ 

♦ 
♦ ♦ ♦ 

♦ ♦ ♦ 
• ♦ ♦ ♦ • ♦ ♦ IO ♦ ♦ ♦ ♦ ♦ 

♦ 
♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ 

♦ 
I o ♦ o O o • • • • . .  · ... ··········· .... 

·••
·. . .. . . ... ,.·.·-· · ···· ·  ·• ... .  - .· .· . ··••.•

·

·· .. . . . . . . . . . 1 · . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . : . . ..... ':. · ...... : :. . . . . . . . . . . . . .. .· . . .. : . . ·. . . . . . . . . . . . . ... · .. : · • : . . .. . . . . . . . . .. . . .. .. .. . . . .. · ...
. .
. . .. · · ····· .. • •  ...

.
. , . ........ · .. :--• ..... .. . . ...... . . . · . ..  : •: �--- •.·· .. · . ·· ········· .. ........ ·. -.. . . · . . .... ... .. · . . . . .. . .. . . .. . . '· . . . . . . . . . . .. . . . .. · . ..... ·.. . . . . . . . . 

� 
. . . . . 

. . 
. . . . . . . . . . . . . . .. . . . . . . . ... .. .. .. ... . ..... .. . .. .. . .. � .... .......... .. .... .. . • .. ·�----...:....•·:.•••.. ... ... ···· ·· .... . ......... .... .. ........ . ... . . .. . . . . . .. . . . . , .. . . . . . � .. . . . . . . . .. .. . . . . . . . . . . • • .. ♦ 

• 
• 

• 
♦ o • .. o e o e e • .. • • . 

I 
O •• 

♦ 

♦ 
.. • • O ·•

• 
• z• e • o : ... • ♦

: ♦ 

' 

♦ e • ♦ • • o ... 

- • O O O ♦ 
_, ..:.

• • • • • o • • ♦ •
♦ 

• • ♦ •• • 
• 

o ♦ ♦ I f 
♦

• • e e • 
o I ♦ • ♦ I • .. . . . .. . .. . .. . t . . . . . . . .. . . . . . . . .. . . , .., .... •. . . . . . . . . . . . . ...... ·• . . . ........ ... . ·-· . ·-· . . ·. .. . .. . . ·. . . . . . . - --- ...... ., . ...... . . . . . .. . . . . .. . . . . . . . . . . . . . . . . . . . . .  . .... .. . ._.- _, 

, 

.,.. .. .. . . . . . . . . . . .. . : . . . . . . . . . . . ,._ . .. . . . . . . . . . . . . . . . . .. . . . . . . . .. .. . .. ·
·
···· - \ ., . . .. . ... ... .. . . .. .... .• • • .  - - r · •  • .  • • •  . • • ·  • . . . . - . . . 

I 
> ,, :.._,::._�� >t -J<,..._ 

• • . • • . .. • • • . .. . • . . . .. • • • • 
.. 

. .. . . . . __. , .., ....._ _ _. \ . . . . . " . .. . .. .. . • .. • •• ., <..-- X >C ,.. 
... • .. .. .. . . .. .. .. .. .. • • .. • • • • r • • • .. ...... . I � )( .... -- ..... .. • • • • • • • , X . • . 

. . ·.. . . . . . . . . __.. .. �--_,,--::-,....,,_ 
)( ��Jc) 

. 
• • • • •• • 

• 
• • 

Legende: . 
)( )( -
- - Calkstein 

I• ••• t •t 

·-· ...... • • •• •••• 

-- - --

>I 

., 
)t 

- -
MISKOLC 

1. Abb.: Die Umgrenzung des Wassersammelnden Gebietes der Miskolc-tapolcaer Quellen.

Die GroBe des zur Quelle gehorenden wassersammelnden Gebietes wurde 
laut dem Einsickerungs-Prozent ( unter Beriicksichtigung der Quellschiittung) 
bestimmt. Seine territoriale Festsetzung und Umgrenzung wurde auf Grund 
der geologischen Karte und hydrogeologischen Erwagungen vollfiihrt, was 

• 

durch Zusammenhang-Priifungen kontrolliert wurde. 
Das wassersammelnde Gebiet wurde nach seiner auf die Quellen ausgeiibte 

Wirkung in wassersammelndes Gebiet ,,ersten Ranges'', ,,zweiten Ranges'' 
und ,,dritten Ranges'' zerlegt. Seine detaillierte Aufteilung wurde in Tab. I. 
angegeben. 

In Bezug auf Verunreinigung in F olgenden befassen wir uns mit der 
Untersuchung der wasserschlirigenden Gebiete. Friihere Beobachtungen bewie
sen, dafi gelegentlich grofier Regenfalle das Wasser wurde triib, opalen; iibrigens 
die . aus dem J ahre 1956 stammenden c�emischen und bakteriologischen Prii
fungen beweisen die Tadellosigkeit des Wassers. 

Die Volksgesundheits- und Epidemiewesen Station der Stadt Miskolc ver
richtet seit 1955 regelmaBige Pri.ifungen. Diese beweisen allmahliche Verun
reinigung des Wassers der Quelle. 
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Tabelle: 

Gesamtzahl der Keimcr 

1955 max 70 

1969 max · 300 

1970 max 1000 

1971 max 4200 

Coli Bazille 

Selten 

J edenf alls ( einige) 

100 (mehrfalls) 

420 (mehrfalls) 

Bei der eingehenden U ntersuchung der Bakterienstamme stellte es sich
heraus, daB die Verseuchung des Wassers stamme hauptsachlich von Pseudo
monas aeruginosa und von menschlichen Fakalien herriihrenden Colistammen.

Es ist eine unbestreitbare Tatsache, daB mit Abfallstoffen, besonders mit
den Fakalien geraten in den Erdboden und bleiben dort lange inlebensfahigem
Zustande die Krankheitserreger der Infektionskrankheiten (Bauchtyphus, Para
typhus, Dysenterie, Cholera, Tuberkulose, usw.) eiterbildende Kokke 11nd auch
die Eier der Darmwiirmer. Die Colibakterien in den Erdboden geratend gehen
genug bald zugrunde, und so kann man von ihrer in den Wassern ausweis
baren Anwesenheit jedenfalls auf frische und fortlaufende Verseuchung
schlieflen. 

Wenn die. pathogenen Mikroben in die unterirdischen Wassergange geraten, 
bleiben sie dort dauernd in lebensfahigem Zustande, da unter der Erde, beson
ders in tieferen Schichten die Saprophyte Flora der Wasser viel armer ist, als 
in den oberflachen Wasserbetten, auBerdem kann unterirdisch auch die bakteri
zide Wirkung der Sonnenstrahlung nicht zur Geltung kommen. 

Das�elbe ergibt sich bei den Eiern der Darmwiirmer, zum Beispiel werden 
ja hier der Ascaris auf der Oberflache <lurch die Einwirkung der hohen Tempe
ratur, der Austrocknung des Erdbodens und der ultravioletten Bestrahlung 
binnen 5 Stunden bis 5 Tagen vernichtet, demgegeniiber behalten ihre Lebens
fahigkeit von der Sonnenbestrahlung und der Austrocknung verschont auch 
ein volles Jahr lang. 

Wir sahen also aus der Eigenart der Verunreinigung, daB diese men-
schlichen Ursprunges sei, und mit Beriicksichtigung der Geschwindigkeitswerte, 
gelangt sie rasch zur Quelle. Deshalb verrichteten wir unsere Untersuchungen 

tab. 1 

Die Aufteilung des wassersammelnden Gebietes der tapolcaer kaltwasser Quellen (Km2) 

Die Einwirkung des Wassersammelnde Ge- Die zu ihnen gehorenden 

Wassersammelnden Ge- biete Gute Schwache, AbfluBflachen Die Was-

bietes auf tapolcaer Schlechte Zusammen seril.bergabe geschieht an Zusam-

Quellen karstwasser-fi.ihrende Karstgebiet men 

Gesteine 
. 

.,,Ersten Ranges'' 16.1 - - 16.1 9.5 

.,.,Zweiten Ranges'' 15.3 - - 15.3 5.6 

,,Dritten Ranges'' 17.7 7.8· l.2 26.7 8.7 

Zusammen 49.1 7.8 1.2 58.1 23.8 81.9 
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in Quellennalie, beziehungsweise an den Wasserschlingern des wassersammeln
den Gebietes. Am Wassersammler fan den wir grofitenteils in die la diner Stuf e 
gehorenden und strukturell stark in Anspruch genommenen, dickschichtigen 
Kalkstein mit hohem CaC03 Gehalt. Die einzelnen Gesteins-Arten streichen in 
0-W-licher Richtung. Das wassersammelnde Gebiet ist N-lich <lurch ladiner
Eruptive (Porfirit, untergeerdnet Diabas) und dunklen (ladiner) Tonschiefer·
begrenzt. Im Westen und SW finden wir aufierhalb p.es wassersammelnden
Gebietes auch ladiner Tonschiefer. An den ostlichen Rand des Wassersammlers
ist feingrusiges Sediment (Riolittuff) gelagert.

Die strukturellen Hauptrichtungen sind 0-W-liche Wolbungen, oder 
Uberschiebungen. Die Verwerfungen ziehen sich in N-S-licher oder NO-SW
licher Richtung. 

Der grofite Teil des wassersammelnden Gebietes ist bedeckter IZarst, ein 
kleinerer Teil ist unbedeckter Karst. 

Die Quellenfassung geschah nicht im Innern des Gebirges, sondern an 
dem Ort, wo der ladiner IZalkstein des Trias <lurch einige Meter (6-13) dicken 
helvetischen grusigen Sediment bedeckt ist. 

. . .

In der unmittelbaren Nahe der Quelle ist nur fiir die Festsetzung auseren 
Schutzgebietes .Moglichkeit, sonst ist sie von bewohnten Gebiet umgeben. Die 
Wassergewinnung geschieht bei grosseren Wasserverbrauch durch Pumpen, 
was einige Meter starke Depression erzeugt, und so war es vorstellbar, dafi aus 
beschadigten Abwasserrohren Exfiltration (Aussickerung) geschah den Quellen 
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zu. Diese Moglich�eit wurde durch die U ntersuchungen ausgeschlossen . 
. Im Sc�utzgeb1�te _der Quelle w�rden jener Wasserschlinger zur Priifungbestlmmt, die als stand1ge Wasserschl1nger funktionieren und in deren Wassersammler in vergangenen J ahren irgendwelche A.nderung geschah. Der Verdacht fiel aller�rst auf den Wasserschlinger im Mexiko-Graben (Tatargraben).. Vom Mexiko-Bach steht eine langere Beobachtung zur Verfiigung, wonachd�s Wasser des_Baches, abhangig yom Ertrag, an verschiedenen Stellen (konzentr1ert) verschw1ndet (2. Abbildung). Des Baches Wasser ist stark verschmutzt es wird von der-Quelle bis zum Verschwinden <lurch eine Gemeinde: Biikkszent�

laszl6, verunreinigt. Die Verunreinigung 7:Ummt sukzessive zu .zwischen der
Quelle und Gemeinde. Auf der Stelle des Verschlingens sind im Wasser 768 mg/1
S04, 0,84 mg/1 NH4, 0,5 mg/I N02, und 4,1 mg/1 N03 • .  Der 02 Verbrauch ist
4,24 mg/I, Coli Bakterien Nr/100 ml kommen in unzahlbarer Menge vor. Die
Spurbezeichnung des Bachwassers wurde mit Kochsalz durchgeftihrt. 20 q
Kochsalz wurde aufgelost und absorbi�rt in den ·rreigelegten Wasserschlinger.
Das Erscheinen des Salzes in dem Wasser der Quellen wurde <lurch Wider
standsmessung und Titrierung verrichtet. Die A.nderung._ des Widerstandes war
240 Ohm, die Cl Ione wuchsen von 7 mg/1 auf 16 mg/I.

Der Hohenunterschied zwischen dem Niv�au der Wasserhineingabe und
der Quelle ist 190 m. (318-128) Die Entfernung zwischen .der Zufiihrung
(Salzlosung-Hineingabe) und der Beobachtungstelle ist 4,5 km.

Laut den Zusammenhangpriifungen berechneten wir die untenstehenden Wasserge

schwindigkeits-Werte (m/h): 

Min 

11,3-12,5 
• 

Mittel 

23,6-26,4 

Max 

31,7-33,6 

Die konzentrierten, oder entlang dem . Streifen stattfindenden Einsicke
rungen kommen in allgemeinen in den ein wenig bedeckten Teilen des wasser
durchlassigen Gebirges des Karstes vor. Wir priifte_n deshalb die Verunreini
gung der Deckgebilde (grusige, lockere Sedimente) in:

. 

a) geschlossenen,
b) <lurch Menschen wenig und
c) <lurch Menschen oft besuc�ten Gebieten.
Die Gesteine sind sauer und anaeroben Charakters.

Die Verunreinigung 

Coli Zahl 
Verunreinigungs 

Gesamtkeime 
grad 

40-60 schwach 10-300 000im Falle a) 
250·- 850 000 im Falle b) 230-330 mittelmaflig 
457 -2 754 000 im Falle c) 2400-43 000 stark 

.

' 

Proteus 

-

vorhanden 

vorhanden 
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Diese Priifungen lenken die Aufmerksamkeit auf die Moglichkeit, bezie
hungsweise Gefahr der sukzessiven Verunreinigung der Einsickerungsgebiete 
der Wassersammler� In dessen Verbinderung, beziehungsweise z�r Bewahrung 
der Reinigkeit des Wassers geschahen SchutzmaBnahmen in gesteigertem Masse . 

• 
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THE HYDROLOGY OF VETERNICA CAVE NEAR ZAGREB 
. 

IN THE MEDVEDNICA MOUNTAIN 

, Srecko Boiicevic 

Institute for geologic investigations, Zagreb, 

Yugoslavia 

A b s t r a c t : In the calcareous deposits of the Medvednica Mountain near Zagreb are 

to be found developed superficial and subterranean karst phenomena which, 
by their significance, number and size deserve special attention. Of all the thus 

far explo�ed speleologic objects, the most prominent one is undoubtedly Veter

nica Cave, which, apart from its complex morphologic structure, is also hydro

geologically very interesting. The author of the present con:tribution presents 

the results of past speleologic and hydrogeologic investigations in the systems 

of this Cave. 

INTRODUCTION 

The Medvednica Mountain or Zagreb Mountain (Zagrebacka Gora) is situated 
in the north-western part of Croatia as a complete mountain massif (fig. 1 ). 
Around the core of this Mountain, which is built mainly of metamorphic rocks, 
are continuous geologic�lly younger (Mesozoic and Tertiary) deposits. Onto 
complexes of green shales and still undetermined Paleozoic deposits were 
sedimented Mesozoic and Tertiary strata· of a dolomitic-calcareous facies; The 
phenomenon of calcareous deposits also conditioned the development of karst 
phenomena. In addition to characteristic superficial shapes we find also subter
ranean karst shapes considerably developed, which oftentimes surprise us _by 
their occurrence. 

Of all karst phenomena their most marked development - along with the 
greatest number of objects - is to be found in the western part of the Medved� 
nica Mountain, in the area of the karst depression of Ponikve, Zakicnica elevation, 
sinking holes of Druzanice and quarry of Dolje. Among the 28 so far recorded 
objects in this part of the Mountain, the most significant cave is without a doubt 
Veternica, which for a long time has been the subject of sporadic, and latterly 
also of continuous speleologic investigations. In addition _to the paleontologic 
and anthropologic finds from the vestibule of this Cave, which are well known 
the world over and which have· been published by the member of the Yugoslav 
Academy, dr. M. Malez, of Zagreb, this Cave has been explored also hydro
geologically in the framework of hydrogeologic and engineering-geologic studies 
by the Institute for geologic investigations, of Zagreb. The results of these 
investigations point to certain new elements of connection between the super
ficial and subterranean waters in this part of the· terrain. 
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MORPHOLOGY OF THE CAVE 

Our last detailed investig�tions have revealed in this Cave a most complex 
morphologic system of main and secondary canals with water and without it. 
According to the recorded phases of origin of this subterranean object; we may 
classify Veternica Cave into the following morphologic units: 

- the entrance and entrance canal up to 400 m from the entrance,
- a dry cave canal from the 400th to the 950th metre,
- narrow seconq.ary canals of greater length, which are passable with

•difficulty and in which smaller water courses are to be found,
- the main water canal,
- a system of floor-like placed canals of .the so-called ''New Vet.ernica'',

with. mutually connected water courses.
The entrance of Veternica Cave lies at 306 m above sea level at the foot of 

the Mountaineering Home ''Glavica'' above the Zagreb suburb of Borcec. At 
the time the Cave was discovered (at the beginning of the year 1900), the di
mensions of the opening were 30 x 50 cm, and on account of a ''current'' of wind 
at the entrance itself the Cave received its name - V e t e r n i c a (''vetar'' 
standing for ''wind''). Through recent paleontologic excavations the opening to 

. the Cave was widened up to 3,5 x 3,5 m. 
Besides the entrance and dry cave canal up to 950 m. from the entrance, 

interesting from the morphologic viewpoint are also both the narrow secondary 
canals 492 and 562 m long respectively, as well as the system of floors of the 
''New Veternica'' with a series of larger and smaller in-falling halls and canals 
with water courses. 

The main water canal is characterized by the now existing course of a sub
terranean stream with changeable capacity of flow ( depending on the seasons). 
The corrosion and erosion effect of the water is manifested in narrow and high 
passages, cascades of the water course, whirlpools and final sinking in the siphon. 
At 1240 m. from the entrance to the main water course there empties a con-· 
siderable tributary, which exhibited through dyeing a connection with the 
superficial waters of Ponikve. The ending of the main water canal is situated 
at the 1408th metre from the entrance. 

' 

HYDROGEOLOGY OF THE CAVE 

Veternica Cave had been formed along a transgressive cont.act of Tertiary de
posits with Triassic dolomites· and limestones. At numerous places in the ceiling 
of the cave canal are visible fossils characteristic of lithothamnic limestones 

. ' 

whilst in the parts of the Cave in dolomite one finds characteristic corrosion and 
erosion .rorms. The tectonics in Veternica Cave is manifested in a system of 
numerous diaclases and more strongly expressed cracks, which in the majority 
of cases are vertical to the general direction of the extension of the Cave. The 
crushing and deviation of the canals is accompanied by the occurrence of craks, 
while the corrosion and erosion activity of the water resulted in wider, narrower 
or high subterranean canals and halls. Separation and widening of the secondary 
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canals suggest a very strong activity of running waters, which penetrate into 
this system from the surface from a series of larger or smaller sinking holes. Air 
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circulation in individual highest parts of the ''New Veternica'' as well as intensive 
failings-in in this part of the Cave point to an intensive development of the 
subterranean space and a possible opening or revealing of an immediate contact 
with the surface. Whereas the end of the main water _canal is at elevation of 28 m. 
above the level of the entrance, in the highest floors of the Cave one is bound 
to find individual points which are as much as 90 m. above the level of the 
entrance. 

. . 

The hydrologic phenomena in the Cave constitute a continuation of 
a superficial hydrogeologic network in this part of Medvednica. The superficial 
course of J ezeranec Brook as well as a number of smaller tributaries in the area 
of Ponikve, Druzanica and Zakicnica continue subterraneously in the- direction 
of the southern slopes of the Mountain. 

By casting dye� into the main swallow-hole of Po1:1ikve it was possible to 
establish its appearance after 30 minutes at the 1240th metre from the so-called 
''White Hall''. The main brook, which makes its appearance at the end of the 
water canal, comes from the area of Druzanica, draining water from dolomitic 
deposits through a system of larger and smaller lithothamnic limestones. The 
remaining water courses in the Cave canals themselves are iii mutual connection 
with a unique emptying into the main watercourse and its siphonic termination. 

By casting water at Ponikve and following it up in the subterranean systems 
of Veternica, as well as at the springs at the foot of the Cave, it was possible to 
establish a precise hydrologic connection in this part of the karst of the Medved
nica Mountain in Croatia. 

CONCLUSION 
• 

The thus far performed sp.eleologic explorations in Veternica Cave have shown 
that this Cave is most complex from the morphologic aspect, and that in the 
future are likely to be discovered in it yet many other so far unknown canals 
and spaces. The existing drafts of the Cave are to the effect that the' main canal 
of the Cave does not extend in the direction of Ponikve, but that it turns towards 
�he west into the area of Druzanice. The system of sinking holes in this part of 
the terrain as well as the shorter and longer courses of the brook through these 
sinking holes prove that the bulk of subterranean waters in Veternica has not . 
its origin at Ponikve itself, but more to the west of it. The total length of all 
the so far measured canals ofVeternica Cave amount to a little over 4000 metres, 
and thus it is one of the longest explored caves in the region of the Croatian karst . 
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OBSERVATIONS PHYSICO-CHIMIQUES SUR LES EAUX
ET LES GLACES SOUTERRAINES DE QUELQUES CAVITES
. DU MASSIF DU MONT PERDU MARBORE (Pyrenees

Centrales) 
. 

P. Demangeon, Paul Dubois, Henri Salvayre

Faculte des Sciences de M'ontpellier, France

I. PRESENTATION DU MASSIF

Le massif du Marbore - Mont Perdu est le ·plus haut massif calcaire d'Europe

Occidentale, il culmine a 3 352 m au Mont Perdu ( 1 ). 
Les cavites glacees de ce massif sont creusees dans un niveau de calcaire

massif tres cristallise de 200 a 300 m d'epaisseur d'age Eocene inferieur, reposant

sur un substratum non karstifie de calcaire greseux du Cretace superieur. Le 
niveau calcaire est surmonte par un ensemble epais argilo-greso conglomeratique

Eocene inf erieur a moyen. Cette disposition a une influence importante sur la 
�arstification : les eaux rassemblees par les couches impermeables Eocenes vont . 
s'ecouler et s'enfouir rapidement dans le calcaire karstifiable Eocene inferieur, 
tandis que !'altitude conditionne une abondante alimentation en eaux de fonte 
de neige froides et acides, done tres agressives. 

.
' 

. . . 

L'organisation structurale joue egalement un grand role. La region a subi 
la tectonique compressive pyreneenne, Eocene superieur base de !'Oligocene, 
avec formation de grands plis dissymetriques deverses vers le Sud, dans lesquels 
les calcaires Eocenes inf erieurs apparaissent en tete anticlinale, les synclinaux 
etant occupes par !'impermeable : eocene inferieur a moyen. Les eaux souter
raines circulent en general le long des axes synclin�ux comme dans le systeme · 
du Gave de Pau souterrain, emergeant a la grotte Devaux en traversant oblique
ment la ligne de crete de partage des eaux entre Atlantique et Mediterranee. Sur 
le· versant Espagnol les eaux souterraines apres avoir suivi les axes synclinaux 
les quittent a la faveur· de fissures de -tension perpendiculaires aux plis et peuvent

ainsi emerger tres bas dans les vallees Espagnoles, le plus impor�ant de ces 
reseaux etant celui du Marbore avec une denivellation de 1 070 m. 

Les formations karstiques de surface sont surdevelopp�es ave� d'immenses 
lapiaz a tres nombreux puits a neige et falaises trouees par de larges baumes et 
grottes. Dans une precedente �tude (6), nous avons montre que ce paysage et

ce modele superficiel etaient souvent herites des peri�des quaternaires froides 
ou un sol _gele permanent devait exister dans le massif, la karstification affectant

avec force la zone corticale au- dessus du sol gele. C' est a ce moment la que 
dureilt se creuser les grottes des falaises qui ·lorsqu'elles se trouvent au-dela 
de l'isotherme 0° mo yen annuel sorit glacees. (Fig. 1.) 
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Fig. 1. 
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La ligne de contact du massif de glace zonee avec le fond de la grotte (Ph H. S.).
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pris dans la glace (Ph H. S.). 

44 •



II. LES PRINCIPALES GROTTES GLACEES

11-1 Hi s t o r i q u e  d e s  d e c o u v e r t e s .

' 

Leur existence a ete revelee par N. Casteret (2) qui decouvrit en Juillet 1926
la celebre grotte qui porte son nom. En 1928 Devaux explore la grotte situee dans 

l'a pie du· Cirque de Gavarnie sur plusieurs kilometres de longueur (Grotte 
Devaux). En 1950 Casteret d�couvre urie nouvelle serie de cavites glacees situees 

. dans la falaise des Isards (fig. 2). A partir de 1953 le Speleo Club Alpin Langue

docien de Montpellier et jusqu' en 1962, eff ect·ue quinze campagnes d' exploration 
souterraines et explore systematiquement toutes les grottes glacees aujourd'hui 
connues. 

-

II -2 I n v e n t a i r e  s o m m a i r e  d e s  
. , 

c a v1t e s

Norn Altitude 

Casteret 2715-2690 
Isards 1 2810 

' 

. 

2 2790 . 

3 2790 
4 2795 
5

. 2795 
Casque 1 .

. 2830 
2 2870 
3 2750 

Tour 1 • 2890 
2 2840 . 

3 2860 
. 4 2880 
Cylindre 1 3020 

2 3040 
' 

3 3060 
Vire cylindre 2980 
Cheminee faja 2780 
luenga 

Breche 1 2790 
2 id 

3 id 

Roya 1 21201 
2 2725J 
3 2710 
4 2715 
5 2715 

Nord casque 1 2695 
2 2690 
3 2690 

Nord tour 3 2490 
4 . 2485 

' 

Devaux 2820 

. 

Long Long Gl(1)

220 220 
250(3) 250 

200 200 
10 10 
35 30 
20 20 

140 100 
5 -

15 15 
30 30 
35 35 

130 130 
15 . 15 
15 15 
40 40 . 
20 20 

110 50 
35 30 

. 

10 10 
15 15 
20 20 

1300 200 

25 ' 20 
190 190 
145 145 
20 20 
15 15 

10 10 
8 8 

15 15 

2200 300 

. ' 

Etat(2)

Fonte 

Bouchee depuis 

1954 .
Stationnaire 

id 

id 

id 

Stationnaire 
-

id 

id 

id 

id 

id 

id 

id 

id 

id 

id 

id 

id 

id • 

Degel 

id 

id 

id 
• • 

Stat1onna1re 

id 

id 

Degel 

Degel 

Stationnaire 

. 
, 3 

' 

. 
I , (2) Etat . au cours des 15 dern1eres annees. ( ) Non

(1) Long GI : Longueur part1e_ 
g acee. 

_ . ,
term1nee.
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Nous n'avons tenu compte dans cette liste que des grottes. II existe de 
nombreux puits a neige et avens qui debouchent parf ois sur des cavites glacees 
s'achevant en cul de sac et constituant des pieges a air froid ou toute arrivee 
d' eau est rapidement gelee. 

Les diverses observations faites dans les cavites confirment nos premieres

conclusions presentees lors du 2° Cong. Inter. Nat. Speleologie de 1958 (5)
.. . 
a savo1r : 

1 - Les cavites glacees ne se rencontrent qu'a partir de 2 700 m environ 
sur le versant Sud et 2 500 m sur le versant Nord. Ce qui semble correspondre 
au niveau de l'isotherme annuel 0° sur ces versants. Les cavites situees pres de 
ces cotes (Grotte Casteret) sont en plein deg�l tous les etes tandis que les autres. 
plus elevees conservent un etat glaciaire stationnaire. 

2 - La glace est un sediment envahissant les grottes. Elle n'a joue aucun 
role dans leur creusement. La notion de glacier souterrain est incorrecte. 

3 - Les cavites entierement glacees sont en general des grottes de petites 
dimensions, non reliees aux systemes souterrains qui drainent actuellement le 
massif. Ces cavites peu ou mal ventilees conservent l'air froid accumule en hiver. 
Leur disposition topographique est essentielle : les -cavites descendantes con
serveront mieux leur glace que les cavites remontantes. De meme les cavites 
bien alimentees par les eaux de f onte des neves seront plus glacees que les autres. 
Toutes ces cavites sont des grottes cutanees creusees lorsqu'il existait un sol gele 
permanent. Elles n'ont aucun role dans l'hydrologie actuelle. 

4 - Les grands systemes souterrains sont tres peu englaces : la glace ne 
s'y observe que dans les parties basses des sorties ou s'accumule l'air froid dense 
(Grotte Devaux) ou dans les zones d'entree au-dessus de l'isotherme 0° (Grotte 
de la Roya - Aven du Marbore). Elle est toujours tres localisee et peu etendue. 

5 - Les conditions d'exposition locale (microclimats) jouent un role deter
minant dans la presence de la glace. Elle est plus frequente dans les cavites des 
versants Nord, au pied des falaises verticales, proches d'un neve. 

11 semble actuellement que 1' on assiste a une phase de regression des glaces 

souterraines dont le volume ne progresse pas sauf cas exceptionnel des Isards I. 
Les observations de temperatures minima et maxima effectuees en continu 
depuis, 1928 a la Devaux, grace aux thermom·etres laisses en place par J. Devaux 
indiquent une temperature constante inf erieure a 0°, mais peu accusee puis
qu' elle n'a jamais depasse -3° depuis 44 ans. Dans ces conditions il suffirait 
d'une variation climatique positive, faible, pour augmenter ia temperature 
souterraine du massif et faire fondre toutes les glaces. Les glaces existantes 
paraissent done en survie, elle representent pro bablement les residus reels, ou 
renouveles, d'un etat glaciaire beaucoup plus important peut etre Wurmien 
( --10 000 a -15 000 ans). Une partie de la glace accumulee dans la cavite de la 
grotte Casteret (Niagara) pourrait avoir cet age. On peut meme admett1·e que 
des residus plus anci�ns (Wurm ancien Riss) y existent. Mais rien ne permet
de dater actuellement ces glaces par analyse radiometrique. 
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Fig. 3 Poussieres de la grotte Casteret : Courbe cumulative. Coupe schematique du << Nia

gara >> glace de la grotte Casteret. 

Ill. MORPHOLOGIE DES GLACES SOUTERRAINES 

Nous avons deja precise ailleurs la distinction entre la glace en cristaux et la glace 
vitreuse a aspect transparent, translucide ou concretionnee. Topographiquement 
ces diverses varietes de glace s'individualisent par leur forme et leur situa·tion 
dans la grotte. On peut ainsi distinguer la glace de voute, de paroi et de fond. 
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- Glace de voute : Ce sont generalement des loupes de glace qui corres-

pondent a des fonds de neves situes dans les puits a neige au-dessus de la grotte.

Ces loupes evoluent en coulees ou colonnes (Roya-Casteret). Une forme originale

est celle du voile de glace qui joint la voute au sol (Isards-Roya) ou se forme

.parallelement aux parois de la grotte. Casteret . en souligne tres tot la finesse

exceptionelle et la transparence. 
- Glace de paroi: En dehors des formations precedentes on peut observer

des recouvrement_s uniformes de glace sur les parois de certaines cavites. L'epais-
seur est mince (I cm Isards 2). 

- Glace de fond : On peut. distinguer les formations de surface et profondes.
En surface on retrouve les ecoulements de la gl·ace issue du plaf ond mais aussi 
des cristallisations plus ou moins regulieres qui- constituent une enchevetrement 
cristallin plus ou moins regulier tout a fait remarquable (Isard 2 - De-vaux). 
Ces formations superficielles peuvent constituer des ponts au - dessus des ecou
lements d'eau (Roya-Devaux) ou reposer sur de la glace plus compacte parfois 
zonee comme dans la Casteret et la grotte 2 des Isards. 

IV. CONSIDERATIONS PHYSICO CHIMIQUES SUR LES EAUX ET LES

GLACES SOUTERRAINES DU MASSIF DU MARBORE 

. I - L e s  e a u x  -s u per f i c i e l l e s  e t  s o u t e r r a i n e s: 
Nous avons effectue sur le terrain des mesures de resistivite a l'aide d'un 

resistivemetre portatif, les temperatures ont ete mesurees avec un thermometre 
au 1/10, les mesures de pH a l'aide 

d'un papier indicateur sensible au 1/10. Nos resultats sont groupes dans 
le tableau ci - apres ; 

Ecouleinent superficiel Altitude pH 
Resistivite a 20° en 

Ohms/cm/cm2

Etang glace Mont Perdu - 5 20 304 
. 

Deversoir de l'etang 2900 6 -

Ruisseau Golis 2600 6 12 480 . 

Ruisseau affluent 

rive droite El Fraile : 2400 5 11 232 
. 

Riviere Golis au pont 

Cas Viu 1300 6 11 995 
. 

Ecoulements souterrains 

A vens Catalans 3030 5 22 400 
. 

Av Marbore 2800 6 17 160 
' 

• 

Resurgence Garses 2000 6,5 9 916 
Perte Millaris 2350 6 -

· Grotte Gasteret 2715 
Surface 5 

. 

5 264 
Glace noire 5 80 640 
Glace claire 5,5 44 800 
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. Les valeurs des resistivites sont done tres elevees. En ce qui concerne les 
ea�x _superficielles elles peuvent etre comparees avec celles relevees par F. Ra vier
qui note pour les eaux des etangs des Aygues et de Cluses entre 2196 m et 2312 m 
une valeur de l'ordre de 23 250 ohms/cm/cm2 a· 18°. A Ia meme altitude la re
sistivire des eaux du massif calcaire serait cependant deux fois meme elevee. 

On notera egalement que !'evolution chimique des eaux souterraines (Aven 
du Mar bore-Resurgence de ·Garses) se fait plus rapidement que pour les ecoule
ments superficiels (etang glace -- Casa Viu). 

Plus interessantes sont les resistivites des glaces souterraines .. Pour les neves 
superficiels tasses, geles, elles varient de 20 000 a 22 000 ohms/cm/cm2

, cette 
valeur est celle de la glace superficielle et des draperies des grottes glacees. Les 
5 264 ohms/cm/cm2 de l'eau de fonte du ruisseau superficiel de la Casteret repre
sentent l'effet d'une pollution locale par les immondices de l'entree et les tas de 
guano. Ces mesures confirment done 1' origine exterieure d� la glace superficielle 
dont les variations sont liees aux variations climatiques annuelles et de ce fait 
a !'importance des neves. Nous avons pu noter ces fluctuations au cours de 
plusieurs visites entre 1957 et 1968. Par contre plusieurs descentes dans le puits 
glace (Niagara de Casteret) nous ont montre que la glace profonde zonee ne 
subissait aucune modification d'etat OU de volume. 

Chimiquement elle se caracterise par une valeur elevee de la resistivite avec 
cependant une difference entre la glace claire et la noire, la premiere etant deux 
fois plus conductive que la seconde. Cette observation permet de conclure 
qu' ell es ont une difference d' origine et que d'une fa901i generale le fond glace 
de· La Casteret n'a aucune parente avec les. eaux superficielles ou souterraines 
actuelles. C'est la confirmation qu'il s'agit d'un sediinent fossile. 

' 

V. ESSAIS DE DATATION DE LA GLACE PROFONDE DE LA CASTERET

(Fig: 3) 

<< Ce qui retient surtout notr� attention et nous stupefie ce sont les proportions du mur de 
glace ... cinquante metres de long su·r quinze a vingt metres de haut ... d'une verticalite 

· absolue et lisse comme du verre., cette muraille d'epaisseur inconnue montre des stratifica
tions >> (Casteret N) (3).

La zonation de la glace profonde de la grotte Casteret parait etre liee a un 
caractere d'anciennete. Nous ne disposons que de deux arguments en faveur de 
cette hypothese. L'un est base sur l'analogie de constitution de cette formation 
avec ·celle decrite par Rusu Racovita et Coman. dans la grotte de., Ghet�rol 
(Roumanie) l'autre est le resultat de l'ettide des sediments argileux interstratifies 
dans la glace. - . 

Analogie de la glace de la grotte Casteret avec celle de Ghetarol (Roumanie ). 
En 1970 Rusu Racovita et Coman ont publie une etude sur la grotte·(9) de 

Chetarol dans Iaquelle il� ont fait paraitre 11ne photographie de la falaise .de glace 
dite de << la petite reserve >>. Le document presente des ress�mblances frappa�tes 
avec la glace de la Casteret.:�On y observe la meme zonation sombre et cl�r�.
L'analyse pallinologique a montre que la formation du bloc de glace · est local1see 
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dans la phase du hetre, de la derniere. periode sous-atlantique c'�st-a-di�e il
y a  3000 ans. Nous n'avons pu faire realiser une etude semblable mats Monsieur 
le Prof esseur P. Demangeon a . effectue_ I' etude sedimente logique· des blocs 
interstratifi�s que l'on observe dans la glace. 

,: 

An a lyse se d i m e n t o logique: 

<< Par p laces la glace est tellement limpide · que I' reil saisit de petit s d et ails., des caillo us figes 

a deux et trois metres d a ns Ia m a sse >> (Ca steret Tenebres 41). 

On peut en effet observer dans le mur de glace et sur six metres de hauteur 
au moins trois rangees paralleles de blocs lenticulaires de 50 a 30 cm de diametre. 
Nous avons preleve Ies plus inferieurs apres avoir brise la glace. Nous devions 
constater que ces blocs etaient formes par une roche argilo-sablonneuse brune 
compactee qui se desagregeait au toucher. 

A !'analyse elle se presente sous la forme d'une matiere jaunatre, meuble, 
ayant la consistan�e voisine de celle de l'argile et qui est un depot particulaire 
de tres grande finesse. L'analyse granulometrique permet de preciser que le 
diametre des particules ne depasse pas 100 µm- .et que pour 70 % d' entre elles il 

• 

est inferieur a 1 O µm mediane voisine de 7 µm.

Ce sont des grains anguleux, souvent difficilement discernables au micro
scope, de quartz (auxquels s'ajoutent quelques micas, chlorites, rares tourmalines 
et zircons) associes a une proportion importante (environ 35 %) de fragments 
de calcite. Ces particules semblent correspondre a des poussieres atmosphe
riques ; la comparaison avec un loess viendrait a 1' esprit si la composition 
granulometrique de ce dernier (pour lequel les auteurs donnent une mediane 
generalement comprise entre 20 et 60 µm) n'etait pas beaucoup moins fine. 

Ces poussieres se seraient initialement abattues, a une altitude de pres de 
3 000 m sur une neige destinee a donner la glace profonde qu'on observe au
jourd'hui dans le grotte et qui resulte dans son emplacement actuel, d'un lent 
ecoulement de la masse plastique. Au cours de ce deplacement des pressions 
inegales auraient entraine le morcellement d'une couche de poussieres sans 
doute a l'origine continue. S'agit-il ici des residus de l'ancien sol Wurmien .. ? 

CONCLUSION 

L'etude de la morphologie des cavites horizontales glacees du massif du Marbore 
Mont Perdu a montre que ces grottes constituent les temoins d'une ancienne 
karstification heritee des periodes froides du Quaternaire epoque a laquelle 
devait exister un sol gele permanent a la surface du massif. Les glaces souterraines 
en seraient les reliques et pourraient dater du Wiirm (P. Dubois). 

Les observations physico chimiques faites sur les eaux souterraines et les 
glaces profondes, en particulier dans la grotte Casteret, montrent que ces glaces 
ont une originalite chimique qui les differencie completement de celles actuel
lement. existantes (H. Salvayr�). L'analogie de constitution des zones de glace 
claire et sombre avec celle de la grotte de Chetarol (Roumanie) est assez frappante 
pour etre soulignee. Les glaces de cette cavite etant datees de 3000 ans environ. 
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L'analyse granulometrique et petrographique des sediments recueillis au 
sein meme de la glace indique qu'il s'agit d'une formation ancienne correspon
dant a des poussieres atmospheriques qui se sont mises en place en meme temps 
que la glace, sous 11n autre climat (P. Demangeon). 

L' ensemble des ces observations concordent do .. nc pour attribuer a la glace 
profonde de la Casteret un age ancien et faire de ces formations des reliques du 
Quaternaire froid. 
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THE DISSOLVED SOLIDS .REGIME AND HYDROLOGY OF 
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The classic erosion rate fo1·mula given by Corbel (1956) 

v 4ET 
A=-

-, 

100 

(where Xis the erosion 1·ate (mm/lOOOyr)., Eis the anr1ual runoff (dm) and Tis' 
the mean total hardness (ppm CaC03) has often been used in various forms 
( e. g. Williams, 1963) to derive estimates of· the rates of carbonate erosion in 
various climatic environments. Recently, howe':er, several papers (e. g. !-Iarmon 
et al., 1973; Pulina, 1971; I<.otarba., 1972) have shown that rates of erosion do 
not increase poleward as Corbel suggested. It is evident that karst land.forms are 
less rapidly or extensively developed toward the polar regions. There· may be 
ma11y reasons for this apparent contradiction of Corbel's erosion rate hypothesis, 
including inc1·eased soil Pco2 in vva1·1ner areas (Harmon et ai . ., 1973) and the 
increase in solution rate v1ith temperature suggested by Wigley and .Jennings 
(1973). It is important in the present co11text to emphasize the difference between 
tl1e erosion rate as conceived by Corbel and the solution rate considered by 
Wigley and Jennings. The for1ner refers to the net erosion of a basin in a given. 
period of time and the latter to the rate of uptake of solute by the solvent. It is 
the solution rate which detern1ines the locatio11 of solution within a karst basin 
or quifer. The erosion rate is a measure of the total a111ount of solution withi11 
a l<arst area and is 11ot necessarily indicative of the extent of visible 1,arstificati�n. 

The fact that the apparent l,arstification of different areas does not reflect 
the erosion rates as computed fro.1.n Co1·bel's formula is not an a1·gument for 
the fact that tl1ese a1·e incorrect. TJ.1e1·e is, however, an erro1· in tl1e initial formula 
that can invalidate Corbel's fig111·es. Equation 1 can onl;7 be an approxin12.tion 
to the actual erosio.n rate because it i11clud.es tl1e mean total ha1·dness of tl1e basin 
runoff. All subsequent additions to this basic eq11ation l1ave not replaced. tl1is

term. A strict formulation of the e1·osion rate is 

f·c Q dt 

E =. (dt 
• 

2 
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where Eis the erosion rate, C = C(t) is the solute concentration, Q = Q(t) is 
the instantaneous runoff and tis time. This may be approximated by 

3 

where i refers to equal time intervals in which C and Q may be considered 
constant, and n is the number of such periods. An equivalent form of equation 3 is 

• 

- - n

E = C Q + � qi Ci 

n
, 

4 

where the overbar represents the mean and lower case letters are deviations from 
the mean. Corbel's formula may be represented in the same notation as 

n -

� Q· X C --
E I == -·. _ ___ }_ ____ .. = QC .

n 5 

The relationship between the best estimate of the erosion rate and Corbel's 
estimate is thus 

• 

E= E' 

n 

� q- C·

+ 
l 1 

·- -·----�.
n 6 

• 

Corbel's formula is accurate only when�- qici = 0. This condition can be fulfilled 
. . . 

in two ways: either all qici = 0 (the case of invariant runoff and concentration) 
or 1 qici = 0. Consideration of the latter case is instructive. In many Arctic and 
temperate areas the relationship between Q and C is inverse (see, e.g., Cogley., 
1972; Williams, 1964; Douglas, 1964). In this instance most qici are negative 
since if the runoff is greater than the mean the concentration is less and vice 
versa. The sum of such terms is therefore also negative. The consequence is that 
Corbel's formula o v e r e s t i m a t e s the erosion rate in such situations. In 
areas where the C-Q relationship is positive the reverse is true. In areas where 
the C -Q relationship is inverse and which have a marked runoff seasonality 
the discrepancy can be large and may in part account for Corbel's findings that 
Arctic areas have a high erosion rate. 

Two examples of rivers which exhibit an inverse C-Q relationship and 
a marked seasonality of runoff are the Athabasca and North Saskatchewan Rivers 
in the Canadian Rocky Mountains. Table 1 shows erosion rates calculated by 
scaled versions of equations 1 and 3 from monthly data compiled by tl1e Water 
Quality Division, Inland Waters Directorate, Department of the Environment, 
Ottawa. It is evident that the discrepancy is considerable. Both river basins are 
approximately 60 o/0 carbonate by area, and the true mean erosion rate corrected 
for this is 27 mm/ 1000 yr. Corbel ( 1958) estimated the rate to be 3 7 -50 mm/ 
/ 1000 yr. in the same general area. 
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The calculation of erosion rates using figures for total hardness derived 
from analyses for ( Ca 2 -,- + Mg2 -1-) ignores the partition of these ions between
various anions. <;)nly one unit of the Paleozoic and Tertiary rocks in the basins 
of the Athabasca and North Saskatchewan Rivers shows a significant amount 
of sulfate yet the S04

2- ion represents some 50 {¼ of the total anions discharged 
from these basins during the winter base-flo'\tv period. An example of tne im
portance of considering the anion component of the dissolved solids load of 
a river is the Athabasca River. Of the estimated 34.8 mm/1000 yr. mean erosion 
rate 13.8 mm/1000 yr is derived from sulfate rocks which form a negligible 
(areally) part of the basin. The actual erosion rate of the carbonate rocks within 
the basin is 21.0 mm/1000 yr, 46 �lo of the figure derived from Corbel's formula 
corrected for the carbonate area of the basin. 

Tab. 1 

Year Annual runoff Mean total 
E' (Eq. 1) E (Eq. 3) 

Over-

hardness estimate1Basin 
(dm) mm/1000 yr --

(ppmCaC03) (%) 

Athabasca 1968 6.47 104.5 27.0 19�0 42.1 
1969 7.24 114.0 33.0 25.3 30.7 

North Saskatchewan 1968 4.65 115.0 21.5 17.3 24.6 
1969 5.97 117.5 28.0 22.0 27.3 

Mean - - - 27.4 20.9 31.1 

1 Calculated as E ' -E 
--- - ···- -·- X 100.

A consideration of the erosion rates within large karst basins ( each of the 
two discussed here is approximately 4000 m2 in area) when partitioned by season 
and by the various anions can be used to identify the hydrogeologic provenances 
contributing to the basin discharge at various times of the year (Drake, 1973). 
Erosion rates calculated by Corbel's formula or any version thereof are not only 
liable to be in error if the various anions present are not considered, but also 
tend to be progressively greater overestimates poleward. 
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HYDROGEOLOGY OF THE NORTH CO. GALWAY -
SOUTH CO. MAYO LOWLAND KARST AREA, WESTERN 

IRELAND 

David P. Ores 

Department of Geography, Trinity College, Dublin 2, Ireland 

The area to the northeast of Galway city and lying to the east of Lough Corrib 
consists of a flat, gently undulating limestone plain ranging · in altitude from 
10 m O. D. in the west to 100 m O. D. in the east. All the drainage of the area 
enters Lough Corrib - the largest part via the Black River and the River Clare. 
To the east is the catchment of the River Suck a tributary of the River Shannon. 
All the streams of the area have been considerably modified by artificial drainage 
schemes during the past 150 years. 

The whole area is underlain by Carboniferous Limestone of varying purity 
and dipping to the south, southwest at 0-15°. Bedrock is rarely exposed at the 
surface, much of the surface being overlain with a gravelly limestone glaci�l 
drift 0.5-2.0 m in thickness. In the east of the area fluvio-glacial deposits 
predominate and well developed esker trains trending northeast - southwest 
occur. Large parts of the area are overlain by extensive raised bogs develop�d 
since Sub-Atlantic times. 

The area investigated in detail comprises the northern portion of the River 
Clare basin, north of Tuam, and including the whole catchment of the tributary 
Sinking River (fig. 1 ). Detailed geomorphological mapping of the region was 
undertaken, the major sinking streams were traced and rating curves and gauging 
sites established at some 73 sites within_ the area. The accompanying diagram 
shows the major hydrologic and karstic features of the region. 

Although the River Clare and its tributaries maintain normal surface courses 
throughout the area, much of the drainage is subterranean and the area is partly 
karstified. Many small sinks and risings exist, usually with discharges of less than 
0.1 cumecs, often the water appearing and disappea�ing within a few metres. 
The ratio of sinks to risings in the area is approximately 8:1. The major recharge 
to groundwater is via the channels of the major rivers (Sinking and Clare). Over 
certain well-defined reaches these rivers a,:e influent for 7 -9 months of the 
year. For example the R. Clare loses -some 20 % of its flow within a 300 m zone 
and the Sinking River loses 80-85 3/0 of its discharge over a 400 m reach. 
During· the winter months the rivers are effluent throughout their courses. 

This groundwater flow seems to be concentrated into discrete zones of high 
transmissibility generally oriented east to west. The flow is often within one or 
more enlarged bedding plane some 100-.250 m in width and 10-25 cm in 

· height. Although there are no obvious hydrologic or geologic controls on ground-
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water flow it may be that in some cases the flow is concentrated along the axes 
of _very sha!lo� syn�lines. Commonly this flow crosses topographic divides to
reappear w1t�1n a different surface catchment either as discrete springs or via 
effluent flow into a stream channel. For example the water sinking in the bed of 
the R. Clare at one point re-emerges as the headwaters of the Black River some 
7 km to the west, whilst water sinking in the Sinking River flows some IO km 
11nderground to join the R. Clare. 

Two groundwater provinces are apparent in the area. Firstly a 'superficial' 
flow which feeds some springs. Characteristically this water is heavily polluted 
with organic and suspended material and has relatively low solute concentrations 
(150-220 ppm total hardness). It is normally saturated with respect to calcium 

but only 60-80 () v saturated with respect to magnesium. The hydrographs of 
risings fed by such waters are normally flashy. The second groundwater province 
comprises true karst groundwater being relatively non-turbid, of constant 
temperature and having solute c9ncentrations of 250-330 ppm total hardness. 
Springs of the two groundwater types can occur in close proximity to one 
another and in some cases one spring discharges both types of water. For 
example the major rising at Lettera (marked 'X' on the diagram) is chiefly fed 
by the subterranean drainage of a large lake some 5 km to the east. For most 
of the year outflow from the spring (mean discharge 1.0 cumec) is of the shallow 
groundwater type being turbid and exhibiting marked temperature fluctuations. 
During the summer however, when the level of the lake drops below a critical 
height, discharge at the rising drops by ca. 30 (�la within 1-2 days and total 
hardness rises from 180 ppm to 220 ppm, temperature stabilizing at l0,0

°C.

This may be considered as a type of recession to baseflow conditions from a larger 
aquifer. Baseflow recession curves during a period of drought are character
istically much steeper for superficial groundwater fed springs than for the true 
karst springs. 

A characteristic landform of this area of western Ireland is the turlough or 
intermittent lake of which there are 25 in the study region. Turloughs are con
centrated in the lowlands of counties Galway and Mayo though �o a lesser extent 
they occur on the limestones of eastern Ireland. Typically they consist of a shal
low depression up to 25 m deep with well defined bounding slopes and an 
overall oval shape. The floor •is commonly very flat and occupies an · area of 
between 0.5 and 3.0 km2

• There is a sharp breal, of slope between floor and 
sides. True turloughs are invariably bedrock hollows and not simply declivities 
in the glacial drift, although there may be very little relief between their base 
and the level of the surrounding lowlands. The sequence of deposits on the floor 
of the turlough is often: limestone bedrock; a layer of a white shell marl ( ca. 60 <:1�

carbonate) and a surface horizon of weal,ly developed gleysol. The marl layer 
was probably laid down in immediately post-glacial times when the_ turlough
was subject to more prolonged flooding. The flora of the turloughs 1s not the 
marsh/bog type but a curious mixture of calcicole xeric, submersion resistant 
plants and short grasses. Under certain conditions 'algal paper' forms at, the
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edges of the turlough in the spring - this is a paper thin layer of the white 
algea Oedogonium Sp. The deposit is later dissolved by rain. 

Hydrologically the turloughs are very similar to true poljes. In their floors 
are one or several estavelles, sometimes in bedrock, more often in the overlying 
deposits. During the winter months or fallowing prolonged heavy rain the 
tur lo ugh fills from these points to empty via the same routes later. Some tour
loughs are fragmented into several small sub-drainage basins. Some turloughs 
remain water filled for 7 -8 months of the year but the du1·ation of flooding 
does not seem to be related to the altitude of tl1e turlough. 

There are many semi-permanent lakes in the area located in drift hollows 
or between esker ridges and although these may dry up during the summer they 

. are completely non-karstic phenomena. In several localities it is possible to enter 
the underground conduits beneath the turloughs. Invariably these consist of 

horizontal tunnels only a few metres below the surface and very poorly de
veloped. 

There seem to be t\vo main types of tu1·lough in terms of their hydrological 
behaviour. One type responds quicl<ly (24-60 hours) to heavy rainfall and 
empties equally quickly afterwards. Most of these turloughs are located close to 
a major zone of groundwater flow and thus may be regarded as overflow reservoirs 
for excess groundwater discharge. In some of these turloughs water is emitted 
under pressure as the turlough fills and fountains of water spray 0.5-1.0 n1 into 
the air from many different inlets. 

The second type of turlough fills and emptys much more slowly and on 
a seasonal basis only. This may be presumed to be either a response to true 
regional water table conditions or a response to ve1�y restricted inlet and outlet 
cond11its. 

.

Althougl1 tu�loughs are h)1drologically very similar to poljes on a mucl1 
smaller scale, and are physiGally comparable, they seem to be quite diffe1·ent 
features ir1 genetic terms. Two possible rriodes of origi11 for turlougl1s are 
proposed: 

1. The turloughs are •':,mall glacially scoured hollows in the limestone \Vl1ich
function as closed drainage basins and have de\1eloped poo1·ly integrated drainage 
conduits related to local groundwater conditions. It is however, u11certain as to 
wl1ether the ice in this area was capable of eroding such featu1·es as the iandscap� 
is dominantly depositional in cha1·acter. 

2. Before artificial drainage was unde1·taken in the area and tl1e rr1ajor 1·i'i1ers
deepened and canalised, aln1ost all the strean1s were infl11ent for at least part of 
the year and surface water vvas largely absent. Ground\vate1· flow 1·outes bear· 
little relation to the courses of surface streams and follow poorly integ1·ated 
routes dominantly east to west at very shallow depth (2-20 1n). A large input 
of wate1· to sucl1 a g1·oundwater system could force water at certain points to 
form a tempo1·a1·y lal,e at the surface. Sucl1 a phenomenon is l,novvn to occur in • 
parts of the upland (Burren) karst of C. Clare and has been postulated as a 
mechanism to explain the infilling of cocl,pits in the Jamaican l,arst with bauxitic 
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deposits. Lateral erosion would then enlarge the surface feature to its character
istic form. It seems likely that most turloughs have been formed by a combination 
of these two processes acting on an area of glacially deranged drainage. 

Water supply is a major problem in this area for several months of the year 
and although groundwater exists in abundance, well I level and well drawdown 
t�sts together with data from water tracing experiments suggest that large flows 
·are confined to small bands of limited horizontal and vertical extent. The accurate
location and hydrologic ·evaluation of these zones may enable sufficient water to
be made available to sustain modern agricultural ,development in this area as at
present this is the main limiting factor on farm expansion .

• 

. 
' 
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L,IDROLOGIA CARSICA NEL TERRITORIO DI CARPINETO 
ROMANO (PRE-APPENNINO LAZIALE) 

Alberta Felici 

Speleo Club Roma, Italia 

-

INTRODUZIONE 

A Sud-Est di Roma la pianura Pontina e separata dalla Valle Latina dalla catena 
pre-appenninica che comprende, da NW a SE, il complesso vulcanico pleisto

cenico dei Monti Albani e, successivamente, i gruppi sedimentari dei Monti 
Lepini, Ausoni e Aurunci, i quali risultano profondamente carsificati: in essi 

sono. note alcune centinaia di ca vita sotterranee. Lo studio di tali f enomeni, 

iniziato da alcuni decenni, e ancora lontano dalla conclusione. 
La presente nota, che sara seguita da un rapporto gen er ale su tutti i f enomeni 

carsici sotterranei esplorati, rif erisce su alcuni aspetti particolari del carsismo 

dei Monti Lepini: si ritiene opportuno anticiparli perche gettano nuova luce 
sull'interpretazione delle morfologie e dell'evoluzione del sistema, che presenta 
caratteristiche idriche particolari. 

Gli studi sistematici, iniziati dalla scrivente nel 1969, sono stati finora con
centrati prevalentemente nel territorio del comune di Carpineto Romano dove, 
dal pun to di vista idrologico, si presentano i f enomeni piu interessanti. 

II carpinetano comprende oltre 150 grotte (gia esplorate e rilevate ), in asso-

luta prevalenza verticali (con profondita tra 5 e 250 m), assorbenti o fossili; le 
cavita con risorgive sono solo quattro, tutte poste a quote comprese tra i 650 e gli 
850 m s. 1. m., quindi in posizione sospesa rispetto ai fondovalle (300 -:- 350 m). 

A valle dell'abitato di Carpineto R., in un'area ristretta (localita Omo 
Morto ), si trovano alcune cavita che hanno un comportamento, sotto il profilo 
idrologico, del tutto particolare: Ouso dell'Isola (24 La); Bocca Canalone (26 La); 
Ouso dell'Omo Morto ( 40 La) e Grotta del Formale (39 La). Le prime tre sono 
ad andamento subverticale e si riempiono periodicamente d'acqua proveniente 
dalla falda sotterranea; la quarta e una risorgiva temporanea suborizzontale. 
Sempre nella stessa zona esiste una dolina, formatasi nella primavera 1972 ed 
ampliatasi notevolmente a seguito delle piogge autunnali ed invernali 1972/73 
(indicata nelle figure 2 e 4 con la sigla W). 

Le considerazioni della presente nota derivano principalmente dai risultati 
delle esplorazioni di tali cavita e dalle osservazioni sul loro regime idrico. 

SITUAZIONE GEOLOGICA E TETTONICA 

Sintetizzando brevemente gli studi di Accordi et alii ( 1) ed integrandoli con osser
vazioni locali dirette., i Monti Lepini sono costituiti da due placche di calcari del 
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Fig. 1. Schema generale dei Monti Lepini: andamento delle creste (a puntini) e dei corsi 

d'acqua (a tratto continuo). Le linee punteggiate rette indicano le possibili direzioni di 

deflusso delle acque (v. anche fig. 4); le cavita sono indicate con i simboli BRGM. Abbrevia

zioni: FR = Frosinone; Ve =.Velletri; An = Anagni; Co = Colloferro; Se = Segni; 

Mo= Montelanico; Go= Gorga; Ca R. = Carpineto Romano; No = Norma; Ni = Ninfa; 

Sz = Sezze·; Ma = Maenza; Gi = Giuliano; Pr = Priverno; mSv = monte Semprevisa; 

cdSP = Cona di Selva Piana . 

• 
. 

Cretaceo, parzialmente . sovrascorse secondo un asse NW - SE ( direzione 
<< appenninica >>) e immerse verso NE. La linea di sovrapposizione Montelanico
-Carpineto R.-Maenza (fig. 2) e anche nota come << finestra di Carpineto >>: 
precedenti Autori (v. Segre (2) pg. 68-70) avevano interpretato ii disturbo come 
una piega-faglia. Lungo tale line le due placche di Cretacico sono separate da 
f ormazioili calcareo-marnoso-argillose Mioceniche che si inseriscono in guisa di 
cunei o bancate di modesto spessore; tali formazioni si interrompono nella piana

. . . 
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Fig. 2. Schema geologico e tettonico dell'area centrale dei Monti Lepini: le cavita citate nel 

testo sono indicate con i rispettivi numeri di catasto. 
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sottostante Carpineto R., dove si trova !'area carsica in argomento, presumibil
mente per cause morfologiche esterne: la coalescenza di numerose valli nel solco 
principale ( valle Casale- ii Rio) ha determinato un allargamento di quest'ultimo 
con un salto brusco di quota (v. fig. 3). Si nota inoltre che la valle principale, in 
tal punto, passa da Nord a Sud della linea di disturbo (v. fig. 2). 

La zona dell'Omo Morto e anche interessata da una faglia subverticale, 
quasi parallela alla linea di disturbo, proveniente dal Piano delle Faggeta e termi
nante all'incirca presso il Formale. La morfologia locale, a differenza di zone 
circostanti di quota piu elevata, non e pilotata dai fenomeni carsici ma presenta 
11n reticolo idrografico completo e regolare: i torrenti tuttavia sono asciutti., salvo 
in occasione di grandi piogge, ed il loro tracciato e del tutto indipendente dalla 
posizione delle f orme carsiche sotterranee. 

Nella zpna dell'Omo Morto., a forma di conca, i calcari sono in parte ricoperti 
da un deposito di tufi pleistocenici, rossoscuri., attribuibili al vulcanismo degli 
Albani o, fors'anche., degli Ernici. Questi tufi riempiono anche tutti gli avvalla
meriti delle f orme carsiche superficiali ( cam pi solcati, etc.) sulle pendici laterali, 
testimoniando che il carsismo di superficie era gia completamente sviluppato 
all'inizio del Pliocene: praticamente la loro estensione e superiore a quanto 
indicato in fig. 2, nella quale sono tracciati solo gli accumuli principali. 

B r e v e d e s c r i z i o n e d e 11 e c a v i t a : la posizione degli ingressi
.,

planimetrica ed altimetrica e stata determinata con precisione (fig. 2); essa 
differisce pertanto dai valori indicati da Segre (1948) (2). Sono stati eseguiti 
i rilievi completi delle tre cavita verticali. 

2 4 L a  - (0 u s  o d e  11' Is o I a. Quoa ingresso 365; fondo 280 m s. l. 
m.; profondita - 85 m; sviluppo planimetrico 5 5  m. 

Consiste di un uni co pozzo verticale, prof ondo 70 m, che si allarga sul f ondo 
in una sala di 10 x.18 m, con pavimento costituito da detrito sciolto e permeabile, 
da cui diramano tre brevi gallerie. 

4 0 L a  - 0 u s  o d e  11' 0 m o  M o r t  o .  Quota ingresso 3 5 7; fondo 
287 m s. I. m.; profondita - 70 m; s_viluppo planimetrico 65 m. 

L'ingresso e in guisa di dolina con solco torrentizio afferente, quasi sempre 
asciutto; una galleria in forte pendenza

., costituita da una successione di piccoli 
salti verticali, conduce ad un sifone, che potrebbe essere pensile, dato che il suo 

· livello e costante, esclusi i periodi piovosi in cui l'acqua si eleva fino a 10 m sotto
l'ingresso: l'apporto esterno e trascurabile, la piena proviene dal fondo. Le pareti
sono ovunque levigate con tracce d'erosione (<<scallops >>) ascendenti. Assente,
tranne una modesta traccia, il concrezionamento.

2 6 L a - B o c c a C a n a 1 o n e . Quota ingresso 344; fondo 264 m s. I.
m.; profondita oltre 80 m; sviluppo planimetrico 80 m. 

La cavita inizia da una dolinetta, che dista poco piu di un metro dal torrente 
e ne e sopraelevata di 1,5 m; prosegue con una serie di salti in modo analogo 
alla 40 La, presentando pure pareti levigate da erosione ascendente. Termina 
con �etriti liberi e permeabili. Presenta alcune pozze alimentate da un rivolo 
disceadente; il fondo pero e normalmente asciutto; l'acqua delle piene risale, 

verosimilmente, attraverso ii detrito del ·tondo, e fuoriesce dall'ingresso. 
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3 9 L a  - Gr o t t a  d e  I F o r m  a I e .  Quota ingresso 390 m s. I. m. 
Questa c�vita non e stata completamente riesplorata nel corso della presente 
ricerca perche, da vari anni, un laghetto la ostruisce a 30 m dall'ingresso. Secondo 
Segre (2) lo sviluppo sarebbe di 80 m con un dislivello minimo; la cavita, 
d'interstrato, sarebbe occupata da vari laghetti permanenti e terminerebbe con 
un sif one pensile. 

W - D o l i n a  p r e s  s o  l a  C a s c i n a  d i  Am e d e o  C i a s c h i .
Quota ingresso 383 m s. 1. m.; long. 00°36'50", 5 EM. Mario; latitud. 41 °36'57", 
7 N. Ha f orma di imbuto conico: diametro 20 m, profondita circa 10 m; le pare ti 
sono formate. da tufo vulcanico incoerente e solo al fondo affiora la roccia cal
carea in f orma di pinna coli con evidenti tracce d' erosione carsica superficiale. 
II volume di circa 1000 m3 e stato inghiottito in due ondate, comprese in un 
periodo inf eriore ad un anno: casi analoghi sono noti in altre regioni (Lombardia, 
sopra il Piano del Tivano; ( 4)). 

0 s s e r v a z i o n i s u 1 r e g i m e d e 11 e a c q u e . Dopo qualche 
giorno di f orti piogge da Bocca Canal one fuoriesce un getto di oltre 50 I/ sec, 
che continua anche per oltre due giorni; la portata aumenta nelle prime 475 ore, 
poi resta costante per circa un giorno, infine diminuisce progressivamente. Le 
acque sono tor bide all'inizio, indi limpide. II f enomeno si e verificato, come 
ultima volta, nei giorni 275/12/72, dopo circa 24 ore di pioggia continua. 

Contemporaneamente, ma con durata piu breve, butta ii Formale, con 
alcune intermittenze; anche qui la portata si riduce progressivamente. 

11 giorno 3/12/72 Bocca Canalone erogava 30 I/ sec, dal livello 344 m s. I. m. ; 
al F�rmale l'acqua si trovava a quota -5 m (385 m s. I .  m.) presso l'ingresso; 
l'Omo Morto risultava allagato fino a quota -8 m (349 m s. I .  m.) con acqua 
ferma e nell'Ouso dell'Isola il livello arrivava a quota - 40 m (325 m s. 1. m.). con 
acqua probabilmente gia in fase di ritiro: saltuariamente in agitazione per 
liberazione di sacche d'aria. Nello stesso giorno la dolina W sprofondo da -
2 a - 10 m, per evidente richiamo di materiale dal basso: il suo fondo ea 373 m 
s. 1. m.

Tutte queste cavita, dolina compresa, sembrano pertanto connesse ad 
un'unica falda sotterranea, il cui livello di magra e sconosciuto mentre quello 
delle piene trova una soglia di sbocco a Bocca Canalone e, piu raramente, anche 
al Formale. In fig. 4 sono illustrate le posizioni altimetriche relative delle varie 
cavita. Tracciando il profilo della valle del Rio (fig. 3), si e constatato che il punto 
di sbocco e gli altri canali di risalita si trovano in corrispondenza di una conca 
che risulta depressa di 20-:-30 m rispetto ad una linea ideale di equilibrio idrico 
del fondovalle: la causa dell'anomalia e dovuta ai fattori citati al paragrafo 2 °. 
Le differenze di livello delle acque denotano una progressiva diminuzione di 
quota della falda da SE verso NW: essa potrebbe pertanto essere alimentata 
dagli inghiottitoi del Piano delle Faggeta (Pozzo Comune, 274 La oltre ad alcune 
�ecine di ca vita minori e doline) mentre e impossibile indicare con certezza la 
direzione di smaltimento delle acque sotterranee. Come indicato planimetrica
mente in fig. 1 e altimetricamente in fig. 4,  sono state fatte tre ipotesi fonda
mentali: terminando la zona esaminataa NE della grande linea di distur ho 
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Montelanico-Carpineto ( Ouso dell'Isola ), si potreb be pens are che le acque 

defluiscano verso il Fiume Sacco, intorno a Sgi:Lrgola (Valle Latina), avendo 

superato lo sbarramento del cuneo di rocce mioceniche impermeabili nel tratto 

in cui esso risulta interrotto dall'affossamento della valle del Rio. Non sono pero 

note sorgenti di grande portata lungo il margine dei M. ti Lepini verso la valle 

Latina; potrebbero alimentare un flusso subalveo. E'poco probabile che, invece, 
le acque proseguano per Montelanico alimentando le sorgenti poste ai piedi 
dell'abitato: la pendenza di deflusso in magra sarebbe troppo modesta. Risalta 
invece la posizione della sorgente di Ninfa (perenne, con fortissima portata, che 
alimenta la citta di Latina), posta al margine della pianura Pontina e ad una 
quota molto pii:L bassa. Pur trovandosi al di la della cresta principale dei Lepini, 
questa sorgente risulta favorita, oltre che dalla maggiore cadente piezometrica, 
dalla presenza di una grande linea d� disturbo in direzione SW-NE che passa 

per Ninfa e Montelanico: essa coinciderebbe con un sistema di faglie poco 
evidenti sulla carta geologica, ma risulta invece molto ben messa in evidenza 

dalle fotografie aeree dai . satelliti (3). Sarebbe invece certo da escludere un 
deflusso verso la piana di Priverno, riportato in fig. 4 unicamente per mos trare 

come, non ostante l'assurdita della posizione planimetrica, esso risulterebbe 

favorito, come cadente piezometrica, rispetto a Montelanico e F. Sacco. Per 

Ninfa sono state calcolate le cadenti piezometriche secondo due percorsi: quello 

diretto (molto improbabile) e quello che segue la linea di Carpineto fino a Mon

telanico, per poi piegare a sinistra verso Ninfa. 
La dolina dovrebbe essersi formata in corrispondenza di un canale di 

risalita, simile a quelli delle 26 e 40 La, ma ancora ostruito in alto da una coper-
-

tura tufacea. La presenza di depositi tufacei intatti a pochissima distanza dagli 

ingressi fa pens are che anche I' Omo Morto e Bocca Canal one, benche man chino 

documentazioni storiche, si siano disostruite da poco tempo (alcuni secoli). Si 

ha dunque la netta sensazione di essere in presenza di una riattivazione del 

sistem,a carsico sotterraneo, con progressivo aumento delle portate di piena 

e, quindi, riescavazione dei canali ascendenti ( antichi condotti Valchiusani ?) 

a partire da quelli in cui la falda e pii:L vicina alla superficie per risalire man mano 

a monte, a quelli in cui e maggiore il dislivello tra f alda e superficie inf eriore del 

deposito tufaceo. 

OSSERVAZIONI SUI DEPOSITI DELLA ZONA 

Poiche l'insieme dei fenomeni soterranei porta a conclusioni piuttosto ardite, si 

sono ricercate conferme approfondendo lo studio delle morfologie esterne (feno

meni carsici, estensione e distribuzione dei ricoprimenti di tuf i pleistocenici, 

vegetazione) e delle caratteristiche salienti delle numerose altre ca vita note nei 

M. ti Lepini.

Si e osservato ad esempio che: 
1 - il f enomeno carsico., sia superficiale che s.otterraneo, doveva essere

completamente sviluppato gia prima delle eruzioni pleistoceniche; infatti i tufi
• 

• • • • • • • • • 1ncoerent1 r1emp1ono tutti 1 camp1 cars1c1 superficiali, frammischiandosi alla
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terra rossa, le ca vita piu vicine alla superficie ( come si puo facilmente osservare 
lungo i recenti tagli operati per la costruzione delle carrozzabili che salgono 

verso il M. te Semprevisa), inglobandovi le concrezioni antiche; 
2 - le concrezioni attuali, che possono essere ritenute certo successive allo 

svuotamento delle grotte, dai tufi, sono piccolissime e sembrano iniziate in epoca 
estremamente recente; al tempo stesso molte concrezioni antiche si presentano 

in fase degenerativa per latte di monte; 
3 - la fores ta originale, presumibilmente gia in taccata inepoca romana, ha 

subito un netto regresso 2-;--4 secoli fa, contemporaneamente alla espansione 
dell'agricoltura che, con le colture a terrazze, ha profondamente rimaneggiato 

il suolo; 
4 - l' estensione della copertura tufacea, che inizialmente copriva tutti 

i rilievi fino oltre 1100 m, e in rapida diminuzione: del tutto scomparsa dove- la 
f ores ta e cessata da qualche secolo e i pendii sono piu ripidi, si nota ora un suo 
rapido dilavamento dove incidono le opere umane: campi solcati e pinnacoli 
riaffiorano in molti punti; 

5 - la portata <lei corsi d'acqua superiormente ai 350 m s. l. m. sembra 
• 

essere 1n regresso. 

CONSIDERAZIONI CONCLUSIVE 

Tutti questi fattori tendono ad indicare che i depositi tufacei prodotti dal vulca
nesimo degli Albani ed Ernici (fine Terziario, inizio Pleistocene) abbiano provo
cato una contrazione della circolazione sotterranea delle acque, f enomeno che si 
e protratto fino ai nostri giorni: il ripristino di un carsismo attivo appare condi
zionato dall'asportazione di tale copertura, sostanzialmente impermeabile, e sa
rebbe fenomeno di questi ultimi secoli, divenuto in questi decenni assai accele-
rato per l'e:ffetto concomitante di cause naturali e, soprattutto, antropiche. Le. 
conseguenze della riattivazione della circolazione sotterranea sono particolar
mente identificabili nella zona studiata perche essa risulta ribassata rispetto al 
profilo di equilibrio della valle rispetto al quale la falda sotterranea presenta un 
andamento verosimilmente parallelo. 

In prossimita della superficie, la riattivazione del carsismo si. traduce in un 
riaffioramento dei cam pi solcati, in approf ondimento di molti inghiottitoi di 
varie dimensioni, in una ripresa del concrezionamento ( stalattiti tubolari e veli 
mammellonari). 

Queste osservazioni, anche se incomplete e necessitanti di alcune verifiche, 
sono sembrate abbastanza interessanti e capaci di gettare nuova luce sull'inter
pretazione di alcuni f enomeni carsici della regione Laziale, tan to che e stato 
ritenuto opportuno anticiparle rispetto alla conclusione dello studio sistematico 
generale del carsismo nei M. ti Lepini. 
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RIASSUNTO 

Lo studio dei fenomeni carsici nei Monti Lepini (pre-appennino _laziale) e, in particolare, del 
sistema idrico sotterraneo connesso con alcune cavita situate presso Carpineto Romano, ha 
condotto a formulare alcune ipotesi circa !'influenza determinata dai ricoprimenti tufacei, 
dovuti al vulcanismo pleistocenico, sull'evoluzione del carsismo e della circolazione delle 
acque sotterranee. 

SUMMARY 

The study of karstic phenomena in Lepini Mountains (Southern Latium, Central Apennines) 
and, particularly, of underground water flow, related to some caves near Carpineto Romano, 
lead to express a few ·hypotheses concerning the influence of tuff covering, due to Pleistocene 
volcanism, on karst morphology and underground water flow development. 

' 

RESUME 

L�etude des phenomenes karstiques dans les Lepins (pre-Apennin, Latium) et, en particulier, 
du systeme des eaux souterraines, qui a ete decouvert en rapport avec quelques grottes pres 
de Carpineto Romano, suggere la formulation de quelques hypotheses a propos des conse
quences induites par le recouvrement de tuf, dont l'origine depend du volcanisme du Pleisto
cene, sur le developement des systemes karstiques et des reseaux souterrains. 
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KARST GEOMORPHOLOGY AND HYDROLOGY OF THE 
SIERRA DE EL ABRA S. L. P. AND TAMPS., MEXICO 
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McMaster University Hamilton. Ontario - Canada 

This paper is a brief report on a dissertation to describe and relate aspects of 
the surface and subsurface hydrology and geomorphology of a high relief tropical 
karst. Most previous works have dealt with surface forms and few detailed cave 
descriptions and relationships can be fo11nd. Other papers will amplify in more 
detail the subject matter of this summary. 

The Sierra de El Abra is located about 120. kilometers west of Tampico in 
northeastern Mexico. It is an elongate high relief cuesta-like range about 
120 kilometers long and 5 kilometers wide. The range itself is covered by a dense 
forest of scrub trees, cactus, and vines and is essentially uninhabited. The sur
rounding valleys of non-karstic rocks support many ranches and towns. 

A pronounced seasonal climate affects the region. Nearly all the 1200 mm/yr 
average rainfall occurs during the hot humid months June through September, 
often coming in the form of intense tropical storms from the Gulf of Mexico. 
The remaining months range from warm to hot and are normally dry. 

I 

REGIONAL GEOLOGY AND GEOMORPHOLOGY 

The Sierra de El Abra forms part of the eastern boundary of � Cretaceous 
paleo-carbonate province, the Valles - San Luis Potosi platform, about· 175 

kilometers east-west by 250 kilometers north-south. A fringe reef-back 
reef sequence of limestone with basal dolomite accumulated to about 2000 meters

thickness. Within the interior of the lagoon a thick section of gypsum.(perhaps

1000 meters) was deposited followed by over 1000 meters of the thick bedded 
back reef facies of the El Abra limestone ( see Bravo, Jose Carrillo, 1971 ). Above 
the El Abra formation was deposited a thick section of thin bedded limestone, 
marl, and shale which is now found principally in the synclinal valleys. At the 
close of the Cretaceous and early Tertiary the area was uplifted and intensely 
folded along north-south axes. 

Erosion has subsequently exposed the El Abra limestone on the anticlinal 
ranges and highlands and a well developed high relief karst has resulted. Non -
karstic rocks are found in the synclinal valleys. Spectacular water and wind gaps 
attest to the long erosional history of the area. 

The Sierra de El Abra is a north-south anticline with a belt of reef facies

limestone less than a kilometer wide on the eastern margin, a plateau surface of 
gently dipping thick bedded limestone and a western margin with 10-20 dips. 
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A prominent erosional scarp of 450 meters sharply separates the range from the 
coastal plain of shale at less than I 00 meters elevation on the east. Intensive 
fracturing of immense vertical extent during the folding has been especially 
important for cave development. 

SURFACE FEATURES 

The surface of the El Abra is nearly structural with some flltvial dissection of 
the western margin. None of the ''typical'' forms such as cones and cockpits are 
present. Pavements are predominant. The spotty soil cover has a large component 
of decaying vegetation. Numerous collapse depressions up to one-half kilo
meter across and I 00 meters deep with walls grading from gentle slopes to 
vertical are found. Various types of cave and pit entrances are abundant. 

HYDROLOGY AND WATER CHEMISTRY 

Nearly all the recharge into the El Abra resurges from two large springs at the 
foot of the eastern escarpment. The southern spring, El Choy, rises from a 26 
meter deep lake in a cave and has an average discharge of 3 CMS ( cubic meters 
per second). The northern spring, El mante, resurges from an oval conduit 
10 meters in diameter and averages 8 CMS ( discharge data obtained from 
Secretaria Recursos Hidraulicos, Mexico, D.F.). Numerous small springs, some 
seasonal, do exist but they are not quantitatively important in the water budget. 
It is important to note that all the springs are flooded. 

Four types of water have been distinguished by their physical and chemical 
properties. These are: 1. cave lakes, calcium bicarbonate water; 2. small springs, 
essentially calcium bicarbonate water; 3. thermal sulfurous springs; and 4. big 
springs, distinguished by very high calcium, magnesium, and sulfate concen
trations. Swallet streams and cave drips have not been adequately sampled to 
classify them but th�y appear to be mostly calcium bicarbonate. 

From the water chemistry data and the regional geology it is apparent that 
the small springs derive their water loc�lly from the Sierra de El Abra, whereas 
the big springs obtain a significant portion of their discharge from source �areas 
further west. This is further supported by the fact that the Rio Coy, another 
large spring in the region with a flow of several CMS, originates from a small 
dome of a few square kilometers. Thus some water infiltrates ranges far to the 
west, circulates deeply picking up its calcium sulfate and dolomite solute load 
and passes through the tectonic structures to the eastern springs. Several other 
large springs in the region outside the El Abra range have similar chemical 
characteristics. 

During the dry s·eason the large springs maintain a large nearly constant 
base flow of clear water. Wet season flood pulses often are well over 100 CMS. 
In one pit, a deep water table lake has a dry season gradient of 1.0 meters per 
kilometer to El ·choy. Infiltration water on the El Abra and swallet streams along 
the western margin produce a rapid response at the springs. The data indicate 
an extensive well developed phreas, with a low piezometric gradient, which has 
large open conduits and is rapidly drained after rains. 
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CAVES 

Caves in the area a�e best summarized by the cross section model shown in the 
figur�. The relationship of lithology, structure, type of input, topography, and 
location in the hydrologic system becomes apparent. The eastern face caves are 
active or paleo phreatic resurgences, some of which are located over 300 meters 
above the present base level. These caves are either short phreatic fissures of 
immense vertical extent, with water probably having risen from depth (as at 
the Choy), or facies guided phreatic conduits. The cave sediments are breakdown 
colluvium from skylights, bat guano and phosphates. 

· '

Caves of the karst plateau are principally of two types: 1. diffuse vadqse 
shaft inputs or lapies wells, and 2. old slow flow phreatic rooms, fissures and 
passage segments, extensively altered by breakdown, colluvium, guano and 
flo.wstone deposits. The phreatic caves are found up to the highest elevations, 
about 1600 feet above sea level, of the El Abra and are normally entered through 
a collapse opening. As indicated by the complex stalagmite growth and resolution 
phases and passage characteristics, a very long history is recorded here. Segments 
of phreatic flow loops 300 meters in vertical extent have been found. These were 
surely formed when the coastal plain (i.e., base level) stood at much higher levels 
than at present. 

Along the western margin several ephemeral streams perched on imper
meable rocks have been captured to form extensive complex floodwater caves. 
There was some phreatic priming but nearly all the enlargement has been by 
the flood waters. The caves are relatively horizontal, flowing along strike or 
against low dips to reach the spring. The accessible portions of the caves show 
a strong structural and stratigraphic control, and terminate in perched siphons. 
These caves have many features similar to slow flow phreatic caves due to their 
floodwater (epiphreatic) character. 

CONCLUSIONS 

In the Sierra de El Abra it appears that a large percentage of the solution occurs 
in the subsurface. Large joints permit deep circulation of water in a well de
veloped preas. Stratigraphic and facies control of groundwater movement is 
apparent particularly in the swallet caves. Intense tropical storms cause large 
vertical fluctuations of the water table and flush the aquifer. 

The caves in the El Abra record the erosion of 400 meters of the coastal 
plain. They may be placed in a hydrological model which depicts present and 
past conditions. 

The big springs of the El Abra are part of a regional groundwater system 
encompasing a large portion of the Valles - San Luis Potosi platform. 

A ck n O w 1 e d g e m e n t s. I thank all the members -of the University of Texas, South

west Texas, and Texas A & I grottoes who have helped so much with this project. Special 
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International Speleology 1973, Ill, sub-section Ca: Karst hydrology 

Ca 012 

0 rEHE3HCE TOIIOrPA<I>HqECKHX 
H 110�3EMHhIX BACCEHHOB KAPCTOBLIX BOA 

MOJIO�blX OPOrEHHhlX OBJIACTEH 

rHrHHCHWBHJIH r. H., KHKH31];3e T. 3., Ta6H1];3e )];. )];. 
A1<ap;eMHH HayK I'pys11HCKOH CCP, CoBeT cneneonor1111, T611n11c11, CCCP 

B KapcTOBhIX o6nacTHX I<OHTYPhI 1·onorpa¢11qecK11x 6accei1HoB, 1<a1< npaB:ano, He 

COBIIap;aroT C rpaH11u;aM11 cpaKTl1l!eCI<11X BO,[(OC6opoB II0,[(3eMiihIX KapCTOBhIX BO,[(; 

ycTaHOBJieH11e IIOCJie,D;Hl1X HBJI.HeTCH O,D;HOM H3 OCHOBHhIX H CJIO)l{HhIX npo6neM 

r11,n;ponor11H 11 r11p;poreonor1111 KapcTa. 

Tonorpacp11qec1<HH Bo,n;oc6op 1<pynHe:0rnero 1<apcT0Boro 11cTOl!HHKa KaBKa3a -

MlIHIIIThI (qepHa.H) COCTaBJI.HeT 22,4 KM2
, a cpe,[(Hl1M MHoroneTHHH Mo,n;ynn CTOKa 

paBeH 420 n/ce1</KM2
• Ilp11 ,n;onyrn;eHHH OTCYTCTBHH KapcTa B ,[(aHHOM 6acceiiHe 

Mo,n;ynn CTOI<a TeopeTHl!eCKH He )];OJI)l{eH npeBhIIIIaTI, 60 n/ceK. Pa3HHu;a Mem,n;y 

cpaKTHqecKH�'1 H TeopeTHlleCKHM MO)];YJIHMH - 360 n/ceK yKa3hIBaeT Ha O'tJeHb 6onI>

rnoe HeCOOTBeTCTBHe nnorn;a,[(eH TOIIOrpacp11qecKoro H IIO,D;3eMI-IOro BO,[(OC6opoB 

M q11rnThI. CornacHo npoBe,[(eHHOMY KOMrrneKCHOMY ( CTPYKTypHo-n11Tonor11qecKo

MY, MOpcponor0:qeCKOMY, r11,n;ponor0:qecKOMY) HCCJie,n;oBaHHIO IIO onpe,n;eneHMIO 

cpaKT11qec1<:oro BO,[(OC6opa r11raHTCKoro �apCTOBoro HCTOl!HHKa M l!11IIIThI nnorn;a,n;I> 

l10)];3eMHOro 6acce:0Ha COCTaBJI.HeT OKOJIO 160 I<M2 (I'HrHHeMUIBHJIH, Ta6H,[(3e, 1970). 

AHanorHl!Hhie HCCJie)];OBaHHH l10,[(3eMHhIX KapCTOBhIX 6acceiiHOB ocyrn;ecTBJieHhl 

11 no MaccMBY Apa611Ka sana;::i;Hee 6acceiiHa MlIHIIIThI (KMKHa,n;3e, Ta611,n;se, 1973). 

HecoBrrap;eHHe IIOBepxHOCTHhIX H nop;3eMHhIX 6acceiiHOB B 1<apCTOBI,IX 06-
V V 

naCT.HX .HBJI.HeTC.H pe3yJinT8TOM HX pa3JIHl!HOrO npo11cxom,n;eHHH H ,[(aJibHeMIIIeH 

3B OJIIOIJ;HH. 

Tonorpacp11qec1<He 6acce:0HhI KapcTOBhIX BO,D; 6brBaIOT n:060 cTpyKTypHoro, 

JIH60 3p03110HHOro ( 3Til1reHeTHl!eCKOro) rrpo11cxom,n;eHH.fI. B MOJIO)J;hIX oporeHHhIX 

o6nacTHX TOnorpacp11qecKHe 6acceHHI,I CTpyI<TypHoro reHe3HCa HMeIOT UIHpOI<Oe 

pacrrpocTpaHeHHe. Bo3,D;hIM8HHe 1<ap60HaTHhlX TOJirn; conpoBO)l{,[(aeTCH CI<Jiap;qa

TOCTI,IO H cpopMHpyIOTCH CTpyI<TYPHhie ,D;OJIHHhI. B pesyJII>TaTe IIOCTeneHHOM aKTH-
BH38IJ;HH KapCTOBhIX npou;eccoB 3TH )];OJIHHhI BCe B MeHnllleH CTerreHH IIO)];�epraIOTCH 

3p03HOHHOH MO,D;H<pHI<au;HH. B ycnOBMHX OTCYTCTBHH cyrn;ecTBeHHOrO B03,[(eHCTBHH 

,[(pyr:0x cpaKTOpOB MopcporeHe3a CTpy1<TypHbie ,D;OJIHHhI Ha npOT.H)l{eHMH ,[(JIHTeJib

HOro reonor11qec1<oro nepHo,[(a Mano :asMeHHI-OT CBOIO nepBosp;aHHy1-0 cpopMy. 

B KapcTOBOH o6nacTH Bonnrnoro KaBI<a3a cTpyKTypHhre p;onHHhI npe,n;cTaBne

I-IhI Ha H3BeCTHHKOBhIX Macc:aBax: Ue6enn,n;a, Oxaq1<ye, Acx:a H ,[(p. B cnyqae 

OTCYTCTBHH He1<apcTyr-0rn;HXCH npocnoeB, npeTIHTCTByIOrn;HX rny6HHHOMY pa3BH

THIO KapcTa B Hep;pax CTPYKTypHOH ,D;OJIHHhI, KOHTypbI nocnep;HHX He onpep;enHIOT 

rpaHMIJ; no,r:i;seMHhIX Bo.n;oc6opoB (l\1acc11B Oxal!Kye). IlpH HaJIHl!HH Bo.n;oynopHoH 
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CxeMa no�aeMHLIX 6acceiiaoB KapcTOBLIX Boµ; ceBepo-3ana�aoii: 'llaCTH rpy3HHCKoii CCP 
.

Jie r e H,r:i;a: 

IIop;3eMHhie 6acceiiHhr: 1. Ax-Ar, 2. rercI<MM Bop;onaJl, 3. EoropynIIITa, 4. renre.rry1<., 5. AqMap,r:i;a 

BOCToqHaH, 6. roJiy6oe 03epo., 7. Illa6arnxa ., 8. AqMap,D;a 3anap;HaH ., 9. rrosJie, 10. XoJio,IJ;HaH 

peq1<a, 11. MaM,IJ;3hIIIIxa, 12. )KoBexy, 13. P11xBa, 14 . .[(>KHpxBa, 15. Mq1-1rnTa, 16. Penpya; 

Bo,r:i;oyrropHbie ropM30HTbI: 17. HM>I<HMM Bop;oynopHbIM ropM30HT, nopq:>MpMTOBaH CBMTa 6aiioca 

(l'ttomHOCTb 3000 M), 18. Cpe,r:i;HMH Bo,r:i;oynopHblM ropH30HT, rnayr<OHHTOBbie necqaHHI<H, MepreIDI 

H )l;OJIOMHTH3HpOBaHHbie H3BeCTHHI<M C 6HTYMOM HH}I<Hero HeOI<Ol\lla (MOlllHOCTb 180 M), 19. Bep

XHMH BO,D;oyrropHblH ropM30HT, MeprenH, rJIMHhI, Tyq:>06pe1<qMH aIIT-aJib6a H ceHOMaHa (A-1omHOCTb 

45-250 M); l{apczyIOIQHeCH ropH30HThI: 20. BepXHMM 1<apcTy1omMMCH ropH30HT, TOJICTOCJIOMCTbie

H3BeCTHHI<H TypoHa-ceHOHa (MOIQHOCTo 1401--160 J\l), 21. Cpe.a;HMH 1<apcTy1omMHCH ropH30HT,

TOJICTOCJIOHCTbie H3BeCTHID<H 6appel'tta (MOIQHOCTb 400-600 M), 22. HH:>RHHH 1<apczy1omMHCH ro

pM30HT, TOJICTO-, cpe,D;He-., H TOHI<OCJIOHCTbie M3BeCTI-IHl<M JIY3HTaH-I<HMepH,D;:>R-THTOHa (MOI.Il;HOCTb

1000 M). 23. AHTHKJIHHaJibHbie CI<Jia,lJ;I<M, 24. CHHI<JIHHaJIH c y1<a3aIDieM MX HaI<JIOHa H HanpaBJie

HMH TeqeHHH IIO,IJ;3eMHhIX B0,lJ;OTOI<OB, 25. C6pOChI, 26. KapCTOBhie BOI<JII03hl H HCTQqHHI<H,

27. Cy6MapHHHhie HCTOl.JHHI<H, 28. ApTe3MaHCI<He HCToqmr1<H.
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npOCJIOHKH KOHTYPbl IlOBepXHOCTHOrO H no.n;seMHOro Bo.n;oc6opoB MOryT COBna.n;aT.b. 

3p03HOHHbie )];OJIHHbI, Il03llie npeo6pa30BaHHbie B TpOrH xopomo npe.n;cTaBJle

Hbl Ha MaCCHBe Apa6HI<a. 3TH )];OJIHHbI 3IlHreHeTHqec1<oro npOHCXO>K)];eHHH' KOTO-
pble nocne IlJlaHaQHH Ha KapCTYIOI.QHeCH TOJII.QH noTepHJIH IlOCTO.fII-IHbIH IlOBepx-

HOCTHblli CTOI< H .n;aJII>I-Ieiirnee MX 3p03HOHHOe pa3BHTHe CHJlbHO orpaHHqHJIOC.b. 

B HaCTOHm;ee BpeMH 3TH )];OJIHHbI HHBeJIHpyIOTCH JIHIIII> .n;eHy.n;aqHOHHbIMH npoqec

caMH. 3.n;ecn He o6HapylliHBaeTCH HHI<aKaH 38BHCHMOCTI> B IlJIOI.Qa)];HOM pacnpocrpa

HeHHH IlOBepXHOCTHhIX H no.n;3eMHhIX 6acceHHOB KapCTOBbIX BO)];. 

B ycJIOBHHX MOJIO)];Oro oporeHa BoJII>mOro KaBKa3a c:popMHpOBaHHe Il0)];3eM

HblX 6acceHHOB KapCTOBblX Bop;, no H81IIHM Ha6nro.n;eHHHM onpe.n;en.f!eTC.fI xapaKTe-
' 

poM CKJiap;qaTOCTH KapcTyI-OI.QHXC.fI ropH30HTOB, HeKapcTyIOI.QHXC.fI TOJII.Q, rrepe-

CJiaiIBaIOI.QHXCH Melli.n;y HHMH H llO)];CTHJlaIOI.Qero BO.n;oynopHoro QOKOJIH. 

Ha Tex 1<apcTOBhIX MaCCHBax, CTPYKTYPHhIH nna1-1 KOTOpbIX orrpe.n;enHIOT HOp

MaJII>Hbie aHTHKJIHHaJII>Hbie H CHHKJIHH8JII>Hbie CKJ18)];KH, CJIO}KeHHbie qepe.n;yIOII.l;l:1-

MHC.fI TOJII.Q8MH KapCTYIOI.QHXC.fI l:I HeKapCTYIOI.QHXCH rropo.n;, rrop;seMHbie 6acceii:Hhl 

KapcTOBbIX BO)]; cpopMHPYIOTC.ff B CHHI<JIHH8JI.bHhlX CKJia.n;Kax, a aHTHKJIHHaJIH cny

»caT Bo.n;opas.n;enaMH. 

06oco6J1eHI-IOCTb rrop;seMHbIX 6acceHHOB o6ycJIOBJIHBaeTCH CTerreHbIO Bbipa

}l(eHHOCTH BbIIIIeOTMeqeHHbIX CTPYKTYP B TOJII.Qe HeKapcTyIOI.Ql:IXCH no pop;. 3TH 

rropO)];bl npe.n;cTaBJl.fIIOT co6oii BOp;oynopH0-3KpaHHpyroI.Qee OCH0B8HHe Bbimepac-
. 

IIOJIO)l(eHHbIX H3BeCTHHKOB' B KOTOpbIX q:>OpMHPYIOTCH II0)];3eMHbie 6acceii:Hbl. 

YHJIOH CHHHJIHIIaJII>HbIX MYJib)]; onpe.n;eJISieT HanpaBJieHHe ABH}KeHHH o6oco6JieH

HbIX ll0)];3eMHbIX BO)];OTOKOB. 

B paii:oHax, r.n;e cyI.QeCTByeT HeO)];HOHpaTHOe qepe.n;oBaHHe KapCTYIOI.Ql:IXCH H 

HeKapcTyIOI.QHXCH TOJII.Q, CMHTbIX B CI<Jla)];KH, Ha6nrop;aeTCH HaJII:Il.lHe 3T8}l(HOpacno

JIO»ceHHblX nop;seMHbIX 6acceiiHOB. 

Pennec:p BHOCHT cyI.QeCTBeHHYIO nonpaBKY B Olll:IC8HHOH CHCTeMe CTalIOBJleHHH 

II0)];3eMHblX 6acceii:HOB. B ycJIOBH.fIX acTpyKTypHoro pennec:pa IlHTaHHe II0)];3el\'1HhIX 

6acceiiHOB, pacrronomeHHhIX B Hl:l>KHHX 3TalliaX 61:>IBaeT Cl:IJlbHO orpaHI:IqeHHbIM, 

TaK Hal( )];OCTYII IIOBepxHOCTHhIX BOA B r.rry61:1ey rrpOHCXO)];HT C He60JII>illHX IIJIOII.l;a

.n;eii:, np1:1ypoqeHHhIX K MeCTaM o6HameHHH COOTBeTCTBYIOI.Ql:IX I<apCTYIOI.QHXCH TOJII.Q. 

OrpaHHt.IeHHOCTI> Ill:ITaHHH IIOp;3eMHhIX 6acceiiHOB Hl:l)KHHX 3Ta>Keii ycyry6J1.HeTCH 

I<PYTH3HOH CI<JIOHOB KapCTOBblX M8CCHBOB, Ha KOTOpbIX OTKphIBaIOTCH p;aHHbie 

o6HameHHH. I1HT8HHe no.n;seMHhIX 6acceiiHOB BepxHHX 3T8>Keii: ropa3)];0 o6HJlbHee, 

TaK K8K BO)];OIIpHeMHbie 38KapCTOBaHHbie yqacTKH 38HHMaIOT 60JibillYIO IIJIOI.Qap;:o 

H nopoii: OXB8ThIBaIOT 06I1IHpHhie IIJlaTO Ha rpe6HeBblX yqacTKax KapCTOBhIX Mac

Cl:1B0B. BbIIIIeIIpHBe.n;eHHbie paccym.n;eHHH IIOAKpeIIJIHIOTC.fI HarJIH,D;HbIM IIpHMepoM 

MaccHBa Apa61:11<a (KHI<Ha.n;se, Ta61:1.n;3e, 1973). Ilp1:1ypot.IeHHOCTb MOI.QHhIX KapcTo

BbIX l:ICTOtJHHKOB I< IIO)];OIIIBe p;aHHoro MaCCHBa yKa3bIBaeT He Ha o6HJlbHOe o6aop;-
v V HeHHe HH)l{HHX 3Ta>I<eH Kapczy10m;e1:1CH TOJIIqH, a Ha YI<JIOH H pa3Mh1B Cl:IHKJIHHaJlb-

HhIX MY�.bp; BepXHHX 6acceii:HOB, YBO)];Hll.l;HX Bop;y c BepxHHX rHIICOMeTpHt.IeCKHX 

ypOBHeii: I< rrep1:1cpep1:11:1 (HCTOtJHHK rony6oe 03epo). B 06J1aCTHX HeCOOTBeTCTBHH 

3p03l:IOHHbIX )];OJIHH, orpaHHl.lHBaIOm;Hx MaCCHB' C MeCTaMH Hal:160Jlbillero norpy

}KeHH.ff o6BO,D;HeHHbIX CHHI<JIHHaJlbHhIX MYJlb)]; o6pa3yIOTCH IIO,D;BerneHHbie l:ICTOq-
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HHI<H (rerCKHH BO,n;orra,n;). B YCJIOBH.f.IX MOHOI<JIHHaJinHOH CTpy1<Typ1:,1 CI<nOHa (roro-

3arra,n;Ha.f.I t.JacTn Apa6H1<H) B rrpH6pe>KHOH rronoce qepHoro MopH 30HbI pasrpy3KH 

rro,n;seMHbIX KapCTOBblX BO,D; rrpHypot.JeHbI I< IIO)];HO>KnlO MaCCHBa T8K>Ke, I<aK H Ha 

E3bI6CI<OM MaCCHBe (HCTOt.JHHI< Mt.JHIIITa), OT,n;eneHHOro OT MaCCHBa Apa6HI<a ,D;OJIH

HOH p. E3bI6H (rHrHHeHIIIBHJIH, Ta6H,n;se, 1970). 

B ycTaHOBJieHHH rpaHHI( IIO,D;3eMHblX I<apCTOBbIX Bo,n;oc6opoB I<pOMe rH,n;po

reonorHt.JeCKHX MeTo,n;oB pernaroI.Qee 3Hat.JeHHe npHo6peTaeT rH,n;ponorHt.JeCKHH Me

To,n; HCCJie,n;oaaHH.f.I. AHaJIH3 CTOKa KapCTOBblX HCTOt.JHHKOB Ha Q.)OHe t.JeTI<O Bblpa-
v 

V >KeHHOH 3aI<OHOMepHOCTH CB.f.I3H CTOI<a C BbICOTOH MeCTHOCTH ,n;aeT B03MO>KHOCTF,
KOJIHt.JeCTBeHHOH OI(eHKH BJIH.f.IHH.f.I I<apcra Ha CTOK. CorroCTaBJieHHeM cpaKTHt.JeCI<HX 

V 

H TeopeTHt.JeCKHX Mo,n;yneH CTOKa ,D;OCTHraeTC.f.I onpe,n;eneHHe BeJIHt.JHHbl 3TOro BJIH.f.I-

HHH, a COOTBeTCTBYIOI.QHMH pa3pa60TKaMH - npHMepHOH IIJIOI.Qa.n;H Q_)aKTHt.JeCI<Oro 

HJIH IlO,D;3eMHOro ao.n;oc6opa. Ilonyt.JeHHbie .n;aHHbie KOppeKTHPYIOTC.f.I H YTOt.JH.f.IIOTCH 

nyTeM OI<paIIIHB8HHH rrorJiolI(aeMbIX BO):{, a TaK>Ke cneneonorHt.JeCKHMH HCCJie,r{O

BaHH.f.IMH. 

B pe3yJinTaTe HalllHX HCCJie,r{OBaHHH rrpHXO,D;HM I< 38KJIIOt.JeHHIO, t.JTO B MOJIO

,D;blX 1<apCTOBblX perHOHax (B03paCT I<apcTa EonnIIIOro KaBKa3a IIJIHOI(eH-t.JeTBep

THt.JHbIH) B npoI(ecce cpopMHpOBaHHH no,n;3eMHbIX 6acceHHOB Be.n;ylI(yIO pom, 

HrpaeT IIJIHK8THBH8H ,D;HCJIOI<ar(HH, o6pa3yH o6oco6neHHbie BO)];OTOKH, a B ycno

BH.f.IX 6onee .r(peBHero I<apcTa - ,D;H3IOHKTHBHaH ,D;HCJIOI<aI(HH BIIJIOTn ,n;o IIOJIHOI'O 

HCKJIIOt.JeHHH BJIHHHHH CKJia,n;t.JaTOCTH; B TaKHX cnyt.Ja.f.IX cpopMHpyIOTCH e,n;HHbie 

ypoBHH KapCTOBblX BOJJ;. 

H3 . BCero BbIIIIeCKa3aHHOro cne,n;yeT, t.JTO cpopMHpOBaHHe H JJ;aJinHeHrua.f.I 

3B0JIIO[(HH IIOBepXHOCTHbIX H no,n;seMHbIX 6accei1HOB 1<apCTOBbIX BOJJ; IIO,r{t.JHH.f.IeTCH 

pa3JIHt.JHbIM H MaJIO B3aHMOCBH3aHHbIM cpaKTOpaM. 3To orrpe,n;eJI.HeT HX IIJIOlI(8,[J;HOe 

HeCOOTBeTCTBHe H Kai< cne,n;CTBHe 3Toro - HapymeHHe 30HaJihHOro reorpa<pHt.JeCI<O

ro pacrrpe,n;eneHHH cT01<a. 

G. N. Gigineishvili, T. Z. Kiknadze, D. D. Tabidze 

ON THE GENESIS OF TOPOGRAPHIC AND SUBTERRANEAN 

BASINS OF KARST WATERS IN YOUNG OROGEN REGIONS 

(ABSTRACT) 

The location of subterranean karst water basins is a vital problem of karst hydrology. 

As a rule the contours of topographic basins in karst regions do not coincide with tl1e 

boundaries of the actual drainage systems of subterranean l,arst waters., that is caused by 

different genesis of underground and surface basins. The topograpl1ic basins of karst areas 

are either of structural or of epigenetic origin. The development of the last· ones is stopped 

after elimination of protecting layer and karst activization. 

The underground basins in folded areas formed i11 l<arst strata within the boundaries of 

synclines, with anticlines as watersheds and with roc>fs and bottoms of waterproof., screening 

horizons. 

The attachment of subterranean drainage systems to tl1e synclines is proved by coin-

cidence of discharge zones vvith the \Vashout sites of synclinal troughs. 

As a consequence of sudy of Pliocene and Quaternary karst areas of the Great Caucasus 

we arrive at the conclusion tl1at in young karst regions, under the process of formation of 

subterranean basins, the plicated dislocation is of great importance. 
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Ca 013 

DIE UNTERIRDISCHEN WASSERWEGE DER HOHLEN IN 

DER WESTTATRA- IHRE HYDROGEOLOGISCHE 

VERHALTNISSE UND EXPLOIATIONSERGEBNISSE 

Jerzy Gizejeweski 
lnstytut Geologii Podstawowej U. W. 

And rzej Plachci nski 
Zaktad Nauk Geologicznych PAN, Warszawa - Polen 

I. Das westliche Tatragebirge ist das einzige alpidische (Hochgebirgs-) Karst
gebiet Polens. Die ·seit dem XIX Jh., besonders aber in den letzten Jahrzehnten 
durchgefiihrten Hohlenerforschungexpeditionen, haben auf dem verhaltnis
massig kleinem Gebiet einige Hundert Hohlen entdeckt und erforscht, darunter 
die Hohlensysteme der Wielka Sniezna, mit einer Tiefe von 752 m, der Mi�tusia 

·- 210 m Tiefe und iiber 5 km Lange. Vom Standpunkt der Hohlenexploration
mittels freiem Tauchen konnen die Hohlen 3 morphogenetische l(lassen 
eingeteil t werden: 

1. Vertikale Hohlensysteme mit konstantem WasserdurchfluB, die mit
Endsyphonen geschlossen sind. Hierzu gehoren. u. a. das Hohlensystem Sniezna 
und der Mi�tusia-Kominen. 

2. Horizontale Hohlensysteme mit periodischem Wasserdurchfluss und
bestandigen unterirdischen Seen. Sie stellen meistens erst in Jiingster Zeit 
verlassene Hohlenwasserwege oder die Riesenquellen speisende alte bzw. 
aktive Durchflusshohlen dar. Hierzu gehoren u. a. die Hohlen bzw. Hohlen
systeme der Zimna, Kasprowa Nizna und Bystra. 

3. Gegenwartig aktive unterirdische Wasserwege der Fliisse. Diese Hohlen
sind meistens klein und besitzen eine detailierte Dokumentation, die mittels 
Farbversuchen durchgefiihrt wurde. (D�browski 1967, D�browski und Rud
nicki 1964, 1967). 

II. Eingehende karsthydrologische und geomorphologische Untersuchun
gen der Hohlensysteme des westlichen Tatragebirges haben ergeben, dass man 
auf dem genannten Gebiet 3 hydrogeologische Einheiten, mit selbststandigen 
unterirdischen Entwasserungssystemen ausscheiden kann. Im Teilgebiet der 
FluBtaler der l(oscieliska, Mi�tusia und Mala Lijka und dem Massiv der 
Czerwone Wierchy hat Rudnicki (1967, s.) zwei hydrogeologische Einheiten 
ausgeschieden, die ungefar von W nach E verlaufen und mit den strukturellen 
(tektonischen) Einheiten iibereinstimmen. Das unterirdische Entwasserungs
system ist unabhangig von dem oberflachigen. 

Im ostlichen Teil des Karstgebietes des Tatragebirges liegt eine dritte, 
selbststandige hydrogeologische Einheit, die den Massiv von Giewont und die 
Flufltaler Kasprowa und Kondratowa umfaBt. (Abb. I.) Unsere Unterwasser-
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Abb. 1. Die unterirdischen Wasserwege der Hohlen. 
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Untersuchungen wurden in den Hohlensystemen der II und III Einheit durch-
gefiihrt. 

DIE HYDROGEOLOGISCHE EINHEIT DER CZERWONE WIERCHY 

Diese Einheit umfaBt neben dem genannten Masiv auch die oberen Teile der 
Einzugsgebiete der Taler: Mala Lqka und Mi�tusia und den mittleren Teil des 
Koscieliska-Tales. Gegenwartig existiert in diesem Teilgebiet nur 1 gut ent
wickeltes Karstenwasserungssystem - das System des Lodowe Zr6dlo (Rud
nicki 1958, 1967). Farbversuche haben gezeigt, daB die Riesenquelle des Lodowe 
Zr6dlo, die eine Hohlenlage von 987 m besitzt, <lurch die grofiten Hohlen der 
Einheit gespeifit wird: 

a) d a s H o h 1 e n - s y s t e m d e r W i e 1 k a S n i e z n a· ist das
tiefste Hohlensystem Polens; die Tiefe betragt 752 m. Der Endsyphon schliefit 
dieses Hohlensystem auf der Rohe von 1063 m ii. d. M., das heiBt 76 m uber 
Austrittstelle des Lodowe Zr6dlo und in einer Entfernung (in Luftlinie) von 
3400 m von der Riesenquelle. 

Der Syphon-See besitzt einen konstanten Tiefwasserstand. In der Zeit 
der Tauperiode werden alle Hohlengange bis zu einer Hohe von 1180 m ii.d.M., 
d. h. 120 m iiber dem Niveau des Endsyphones, ersoffen. Zu dieser Zeit besitzt
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die Riesenquelle, das Lodowe Zr6dlo eine Schiittung von 7 + 10 m3/sek. 
Trotz dieser schweren hydrographischen Situation, wurde am 12 Aug. 

1972 der Endsyphon erfolgreich iiberschritten (W. Przybyszewski, 1973). 
Hinter dem Syphon wurde ein hoher Klufthohlengang festgestellt. Sein Verlauf 
liegt in der Verlangerung des Ganges vor dem Syphon. Der Gang ist hydraulisch 
aktiv. Dara us wurde geschloss�n, daB das Kluftsystem, _entlang welchem sich 
der untere Teil der Hohle Sniezna entwickelt hat, sich weiter kontinuiert. 

In diesem Jahr ist eine neue Expedition vorgesehen. Es soil versucht 
werden in die horizontalen Hohlengange, die in Richtung · der Riesenquelle 
Lodowe Zr6dlo verlauf en, einzudringen. Wir hoff en, daB wir bei dieser Gelegen
heit vielleicht auch neue, bis jetzt nicht bekannte Zufl�systeme zur Riesenquelle 
Lodowe Zr6dlo entdecken �erden, denn die Mogiichkeit einer ,, trockenen '' 
Exploration deutet auf die Existenz umfangreicher und gut entwickelter AbfluB
wege. 

b) D a s H o h I e n s y s t e m d e r M i � t u s i a , umfaBt einige, der
Genese und dem Alter nach, verschiedene Gange. Es wird ein etwas alteres, 
horizontales System, das ehemaling das Wasser zu einer heute nicht mehr 
existierenden Quelle fiihrte, und ein jiingeres, vertikales Gangsystem unter-
schieden. 

. 
. 

Tauchforschungen wurden in beiden Gangsystemen durchgefiihrt. Im 
horizontalen Gangsystem wurden 2 Syphone iiberwaltigt (Syphon Marynarki 
Wojennej 1956/57 und Syphon Zielonego Buta, 1962). Dadurch wurden neue 
Gange entdeckt, so daB heute das ganze, gegenwartig zugangliche horizontale 
Gangsystem, erforscht ist. 

Die Exploration der Endsyphonen des vertikalen Gangsystemes der GroBen 
Kominy Mi�tusianskie fing im Jahre-1957 an und wurde spater in den Jahren 
1970, 1971, 1972 fortgesetzt. Dabei wurden neue Hohlenraume entdeckt, die 
unter dem konstanten Tiefwasserstand des Endsyphones liegen. Von dem 
Syphon-See fiihrt ein z. T. enger, 30 m tiefer, Schachtgang zu einem grofien 
Gang (2 + 3 m Breite, 5 + 6 m Hohe) mit leicht ansteigender Sohle. Die Sohle 
ist flach und mit Gerollen bedeckt. Der Gang endet in einem Biindel nicht 
zuganglicher Karstrohren, die wahrscheinlich mit den Ciasne Kominy in 
Verbindung stehen. Die weitere Exploration muBte in Folge 

_
einer Gasvergiftung 

der Taucher abgebrochen werden (Rutkowski 1972). Die bisherigen Ergebnisse
!assen schliessen, daB mit dem Kolektor Odzyskanych Nur6w das Niveau der
sich gegenwartig entwickelnden horizontalen AbfluBwege in Richtung der
Quelle Lodowe Zr6dlo erreicht wurde. Dieses Entwasserungssystem fangt an
der Basis der Kominy Mi�tusianskie an und es musste einmal enorme Wasser
menge gefiihrt haben.

c) D a s H o h I e n s y s t e � Z i m n a besteht aus 2 horizontal en
Hohlengangsystemen, die mit einem ca 100 m tiefen vertikalen Schachtsystem 
verbunden sind. Nach der Auffassung von Rudnicki (1967) stellt es eine Durch
fluB-Hohle, deren Entwicklune: mit der sich wahrend der J ungtertiaren He bungs-
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periode des Tatragebirges bildenden und zuriickschreitenden morphologischen 
Arbeitskante des Koscieliska Flufitales zusammenhangt. Der obere Hohlen
horizont besitzt den Charakter eines horizontales Durchflufiganges zu einer 
gegenwartig nicht mehr vorhandenen Riesenquelle. 

Die Hebung des Tatragebirges um ca 100 m und die Aktivisierung der
morphologischen Arbeitskante fiihrte zu einer Reaktivierung des unterird�sch�n
Hohlenabflusses, verbunden mit einer Verlagerung des oberen Systems 1n die
Tiefe. 

Die Syphonen der Hohle Zimna liegen am Ende des unteren horizontalen 
Hohlenniveaus, an der Basis der vertikalen Schachten, die die beiden Hohlen
niveaus verbinden. Die hydrologischen untersuchungen haben einen schwachen, 
episodischen Durchflufi aus dem Massiv nachgewiesen. Das Ziel unserer Unter-
wasserexploration bestand in dem Nachweis der Existenz weiterer Gange in 
dem unteren Hohlenniveau und eventuell auch vertikaler Schachten. Die 
Tauchuntersuchungen wurden in den Jahren 1957, 1965, 1966 und 1968 durch
gefiihrt. Im Rahmen dieser Exploration wurden drei Syphone entdeckt, von 
denen der letzte verstopft ist, und ein steil nach oben fiihrender Gang. Die 
Korrosionskolke dieses. Ganges deuten auf ein Durchflufi von oben nach unten 
hin. Die Zusammenstellung der detai lierten Hohlenplane erlaubten den Schlufi, 
dafi dieser Gang mit den Schachten des oberen Hohlenniveaus in Verbindung 
stehen kann. Die Ergebnisse · der U nterwasserexploration haben wichtige 
Anhaltspunkte fiir die oben angegebene genetische Interpretation dieses Hohlen
systems gebracht. 

Das System der Riesenquellen der Kasprowa und Kondratowa 

Taler. 

a) D i e H o h 1 e K a s p r o w a N i z n a . Dies bildet das ho here,
etwas altere Niveau der Riesenquelle Goryczkowe. Wie Farbversuche zeigten 
(D4browski 1967) bildet die Riesenquelle ein unterirdisches Entwasserungs
system der Hala G4sienicowa. Im Gegensatz zu den oben erorteten Hohlen
systemen, bildeten die Unterwasseruntersuchungen der Hohle Kasprowa 
Nizna einen Versuch gegen den Strom in das innere der Riesenquelle vorzu
dringen. Die Tauchexpedition, die in den Jahren 1959, 1960, 1969, 1970 und 
1972, 1973 (J. Gizejewski 1971, A. Plachcinski und W. Przybyszewski 1973) 
durchgefiihrt wurden, haben die Entdeckung von 5 Syphonen erbracht. Dieser 
Wasserweg fiihrt zu einem grofien Gang der wahrscheinlich den Hauptwasser-
weg der Riesenquelle darstellt. 

Es wurde ein ZufluB aus dem Inneren des Gesteinsmassives entdeckt und 
ein syphonaler Durchflufi im Syphon D�anka. Es ist moglich, daB die weitere 
Explorati0n zu der Entdeckung trockener Hohlengange mit nur gravitativem 
DurchfluB fiihren wird. 

b) D i e H o h 1 e B y s t r a - I<. a 1 a c k a . Dieses Hohlensystem gehort,

86 



wie das Hohlensystem Kasprowa, der hydrogeologischen Einheit des Giewont
Massives an und bildet das Entwasserungssystem __ d�s Iinken Hanges des Kon
dratowa-Tales und wahrscheinlich auch des Giewont-Massives. Trotz mehr
mahliger Farbversuche besitzen wir no.ch keine nahere Angaben iiber dieses 
System. 

Die Entwasserung dieses Systemes bildet die Riesenquelle Bystra, <lessen 
hoheres, zum Teil hydrologisch aktives Niveau, die Hohlen Bystra und Dudnica 
bilden. Im unteren Niveau der Hohle Bystra besteht die· Moglichkeit, noch 
unbekannte Wasserwege zu erreichen. Eine Exploration dieses Systemes ist 
in naherer Z ukunft vorgesehen. 

Zurn SchluB darf gesagt werden., da8 das freie Tauchen als eine Methode 
der detailierter Erkundung gegenwartig aktiver unterirdischer Karstwasserwege 

aufgefaflt werden kann., der nicht nur eine rein theoretische bzw. naturw1ssen
schaftliche Bedeutung bei der Losung verschiedener Fragen der Hohlenbildung 
und Karsthydraulik zukommt. Sie erlaubt auch die Losung mancher praktischen, 
fiir die Wasserversorgung in Karstgebieten wichtiger Fragen und Probleme. 

ZUSAMMENFASSUNG 

In den 3 hydrogeologischen Einheiten (Abb. 1) des westlichen Tatragebirges 
existieren gut entwickelte, gegenwartig aktive Karstentwasserungssysteme. In 
dem Rahmen ihrer_Erforschung wurden in dem Hohlensystem Lodowe Zr6dlo, 
in der Hohle Zimna und in dem Hohlensystem Wywierzysko Goryczkowe -
U nterwasseruntersuchungen im freien tauchen erfolgreich durchgefiihrt. 

Es werden die Ergebnisse der Exploration dieser unterirdischen Karst
wasserwege naher erortet. Sie bildeten oft die Basis einer genetischen Reinter
pretation der bisherigen Auffassungen iiber die Entstehung der genannten 
Hohlen. 

Das freie Tauchen bildet eine zusatzliche Methode fiir die Erforschung 
11nterirdischer · Karstwasserwege und erlaubt deren detailierte Kartier11ng und 
Erkundung und bringt wichtige Anhaltsp11nkte iiber deren Hydraulik, Chemis
mus und Genese. 

J. Gizejewski, A. Plachcinski

UNDERGROUND FLOWS OF THE CAVES IN WESTERN TATRA MTS 

HYDROGEOLOGICAL CONDITIONS AND RESULTS OF UNDERWATER 

EXPLORATION 

SUMMARY 

Well developed systems of karst flow exist in the hydrogeological units of the Western Tatra 
Mts. 

Underwater explorations were carried out in the system of the Lodowe Zr6dlo (Wielka 
Sniezna and Mi�tusia Caves) in the Zimna Cave and in the system of Goryczkowa - Kaspro-
wa Niznia. 

The system of the Lodowe Zr6dlo is inaccessible from the exurgence side and the in
vestigations were concentrated in the terminal siphons �f vertical sectors of the caves of this 
system. A continuation of the system of gravitational flow was observed in the Sniezna Cave. 
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In the Mi�tusia Cave large underground flows exist only slightly elevated over the spring. 
-

Main water flows leading to the exurgence were probably attained in the system of the Go-
ryczkowa - Kasprowa Niznia. It was stated that the water flow of the Zimna Cave is connected 
with a vertical system connecting the lower horizon with the upper one. This formed a basis 
to genetic reinterpretation. Free underwater diving activities supported classical hydrological 
methods and brought about new detailed data concerning the structure of the presently active 
system of karst drainage. 
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Ca 014 

APPLIZIERTE ELEKTRONIK IN. DER SPELAOLOGISCHEN
' 

ERFORSCHUNG 

Vojtech Gregor 

Mahrisches Museum, Brno, CSSR 

Die komplexe spelaologische Erforschung der Karstgebiete ist auf einer Synthese 
der Erkenntnisse gestellt, die auf der einzelnen anliegenden Wissensgebieten 
und Disziplinen gebaut ist. U nter diese gehort eine geologische, hydrologische 
Erf orsch11ng, Hohlenmikroklimaerf orschung und die ·Erforschung der physi
kalischen Parameter des Hohlenmediums. Die moderne Erforschungsmethodik 
erfordert ein Genaumessen und eine verlaflliche Registration von verschiedenen 
physikalischen Groflen 11nd Parameter der untersuchten Vorgange und ihr 
schnelle und richtige Auswertung. Die Applikation von Schwachstrom- 11nd 
Fernmeldeelektronik offnet hier einen der perspektivsten Wege. 

Der Autor befaflt sich schon eine langere Zeit, in den letzten Jahren in der 
Abteilung fur Karstforschung im Mahrischen Museum, mit det Entwickl11ng 
der Methodik und Geratetechnik fur hydrometrische Messungen (Wasser
standregistration der Karstwasserlauf e und Durchfluflmessung), klimatische 
und physikalische Messungei:i (Temperatur-, Luftdruck-, Feuchtigkeits-, Wind
stromgeschwindigkeits-, Radioaktivitats-, Atmospharenionisationsmessungen u . 

• 

a.) 11nd weiter mit der Entwickl11ng der sog. Radiotest-methode (Radiotes-
tierungsmethode ), geeignet fur eine Oberflachenmappierung der gemessenen 
expressiven tektonischen Elementen in den Karsthohlungen. 

Der Z week dies es Berichtes ist, einen breiten Kreis der interessierenden 
Beschaftigten mit der Messmethodik und den Ergebnissen der Entwick111ng 
der Apparaten fur Messungen und Registration der Karstwasserspiegelhohe 
und mit den Gr11ndsatzen der Radiotest-methode bekannt zu machen. 

Die Messung und Registration der Karstwasserlaufespiegelhohe, bzw. 
anderen hydrographischen Objekten ist einer der_ Grundanspriiche der hydro
logischen Erforschung. Zu diesem Zwecke benutzt man gewohnlich Schwim
merlimnigraphe auf mechanischem oder neuer auf elektromagnetischem Prinzip. 
Ein bekannter Nachteil dieser Einrichtungen ist ihre Ung�nauigkeit, eine 
haufige und leichte Storanfalligkeit und ihre Dringlichkeit der regelmassigen 
Bedienung (Aufziehen der Uhrmaschine, Austausch der Registrationsblankette, 
Korelation zwischen dem faktischen Stand des Pegels und der Lage des Ein
schreibgerates) direkt beim gemessenen Objekt (eine Notwendigkeit vorl. hau-
figen Abstiegen in die Hohl en u. a.). 

Beide unten beschriebene Messverfahren beseitigen die erwahnte Nachteile 
der mechanischen Limnigraphe. Eine filllktionelle Wesenheit des ersten Typs 
der Wasserspiegelflachemessers ist �e Kapazitatsmessung der Spiegelflachen-

• , 
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hohe. Eine im speziellen Halter vertikal festgehaltene Stange aus einem gut 
leitfahigen Material ( oberflachig behandeltes Messing) entsprechender Hohe 
stellt den Kapazitatswandler (Geber) dar. An die Stange ist briihwarm ein 
1-2 mm starker Polyethylenumschlag - Dielektrikum des Zylinderkonden
sators angezogen, dessen resultierende Kapazitat von der Hohe der Wassersaule
( also der Spiegelflache) abhangig ist, die die zweite Beklebung des Kondensators
darstellt. Der Geber ist in der Vertikalachse eines Dural-Zylinders untergebracht,
dessen I<apazitat gegeniiber der Messungsstange die Arbeitskapazitat des
Gebers bestimmt, beim wasserlosen Stand der Nullhohe der Spiegelflache
entsprechend. Die Abhangigkeit der resultierenden Kapazitat des Gebers an
der Hohe der gemessenen Wasserspiegelflache ist praktisch linear. Die Wasser
adhasion zur Oberflache des Polyethylenumschlags ist minimal, d_ie Messung
ist also nicht mit einem Fehler belasten, den das Betauen (Ausfallung des atmo
spharischen Wassers) an der Oberflache des nicht untergetauchten Teiles des_
Gebers verursachen konnte.

-

Eine langenbeschrankte Leitung - das gleichachsige koaxiale Kabel -
schaltet den Geber mit dem transistoriirten Kapazitatsmesser durch, der 
auBerhalb der Griffweite des Maximalaufstauens der Hochflutwasserspiegel 
eingerichtet ist. Eine im ganzen konstante Lufttemperatur in den Hohlen (im 
Mahrischen Karst durchschnittlich 7 -9 °C) gestattet die Benutzung einer 
einfachen Einschaltung des Messers mit Einzelkippschaltung ( monos ta biller 
Multivibrator), bei der die Warmestabilisation des Arbeitspunktes, bzw. eine 
Synchronisierung der Arbeitsfrequenz_ durch die Frequenz eines h�rmonischen 
mit Kristal! gelenkten Oszillator sich als zwecklose zeigte. An einer leicht 
zutrittbare� Stelle sind dann die Stromversorgungsanlagen - NiCd Akkumu
latoreri eingelagert, die mit dem Messer <lurch eine im ganzen beliebig lange 
Leitung durchgeschaltet sind. Auch die Leitungslange zur Mess- (Zeigermesser) 
und Registrations� (Punktschreiber) verrichtung ist nicht viel beschrankt - der 
ohmische Widerstand der Leitung ist ein Teil des seriegriindenden Widerstandes 
des Messers. 

Ein funktioneller Prototyp des beschriebenen Limnigraphs war langfristig 
in einem Probebetrieb im Mahrischen Karst - in· den Jahren 1968-69 in 
Jalove.koryto (Taubertrog) auf dem Boden des Macocha-Abgrundes (Autor mit 
der Unterstiitzung des Geographischen Institut der Tschechoslowakischen 
Akademie der Wissenschaften) und in den Jahren 1969-70 im Siphon S 6 in 
den unteren Etagen der Slouperhohlen. Die Ergebnisse waren in einer Wechsel
beziehung mit einer Voraussetzung - bei n1aximaler Schwankung des Wasser
spiegels 2 m bewegte sich die Genauigkeit des Lesens im Interval! ± 0,5 cm. 

Bin anderes Messverfahren der Wasserspiegelhohe ist mit dem Fakt 
begriindet, dass der elektrische Impuls, <lurch die Ubertragungsleitung vorge
hend, wird an der Stelle des sich heftig wechselndes Scheinwiderstandes zuri.ick
geschlagen. Die beschriebene Anderung des Scheinwiderstandes entsteht, 
wenn sich die Dielektrizitatskonstante der Leitung, z. B. an der Stelle seiner 
Eintauchung in die Fliissigkeit, andert. Das Prinzip dieser Methode und der 
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Grundanschluss des Gerates nach K. Lindstrom, H. Kjellander und C. Jonsson 
(1970) wurde vom J. Humlhans (1971) veroffentlicht. 

Als Messleitung wird ein koaxialer Kabel (bzw. eine einlagige schrauben
wickelte Spule) angewandt, das an beiden Enden geoffnet wird und vertikal ins 
hydrographische 9bjekt, <lessen Wasserspiegelniveau wir verfolgen, eingetaucht 
ist. Die Wassersaule fiillt das Kabel in die Hohe des AuBenwasserspiegels aus. 
An dieser Stelle andert sich der Scheinwiderstand des. Kabels und der positive 
Impuls, aus dem Impulsgenerator kommend, wird in der umgekehrten Phase an 
der Stelle des Wasserspiegels zuriickgeschlagt. Der zuriickgeschlagte Impuls 
wird am Anfang der Leitung durch ein Komparator detektiert. Der Zeitabschnitt 
zwischen dem Eintritt des Impuls in die Leitung und dem Riickkehr des 
zuriickgeschlagten Impuls .ist der Wasserspiegelhohe verhaltnismaBig. Im 
AnschluB ist es auch moglich, einen einmaligen Generator zu verwenden, der 
nach dem Einzug des zuriickgeschlagenen lmpuls <lurch ein Komparator in 
Gang gesetzt wird. Durch diese Riickfiihrung entsteht ein U mfang in dem die 
Impulsfrequenz <lurch die Wasserspiegelhohe im Messkabel bestimmt ist, und 
die man mit hochgradiger Genauigkeit mit Ziff ern messen kann. Der Vorteil 
der beschriebener Vorrichtung ist eine Unabhangigkeit von den physikalisch
chemischen Eigenschaften der Fliissigkeit. 

Die Vorrichtung wurde fiir die Specifitat des Hohlenmediums hergerichtet 
und derzeit ist im Entwicklungsabschnitt der Versuchskonstruktion und der 
Arbeitspriifungen. 

In der Abteilung fiir die Karstforschung des Mahrischen Landesmuseums 
befassen wir uns auch schon eine langere Zeit mit der Problematik de� Funkver
bindung im I<.arstuntergrund, mit besonderer Absicht auf die Problematik der 
beiderseitigen Verbindung Oberflache - Untergrund. Mit dieser Problematik 
hangt in der Spelaologie und Spelaogeologie eine neue Applikation der ·Hoch
frequenzfernmeldetechnik - sog. Radiotest-Methode zusammen. Die Methode 
kann zur Verfolgung und zur Oberflachenmappierung von bedeutsamen 
karstifizierten tektonischen Linien und Kliiftungszonen, bewiesenen durch 
eigene geologische Hohlenmappierung, benutzt werden; und beziehungsweise 
auch zur Lokalisation der unterirdischen tektonisch praedisponierten. Hohlen
raumen und zur Verfolgung ihrer Verlangerungen und beiderseitigen Kommuni
kationen. 

. Bei groBeren (im Mahrischen Karst bis 220 m) Machtigkeiten des Kalk
stein-Hangendes iiber den unbekannten Karsthohlungen, oft in mehreren 
Etagen liegenden und vom labyrinthischen Durchlauf, die tektonische Schab
lone verfolgend, bringen die klassische geophysikalische Methoden oft schwer 
Iosbare Probleme. Diese gehen z. B. aus der Orientation und aus der Dichtigkeit 
der Profile oder aus der Interpretation der gemessenen Anomalien in den 
gegliederten Terrains bei schroffen Lehnen der Karstmuldentaler oder im 
Terrain mit unbekannten Machtigkeiten und Qualitaten der Bedeckungen · auf 
dem karstifizierten Gestein hervor. Die Hohl en des Mahrischen Karstes werden 
systematisch geologisch mappiert in der Abteilung fiir die Karstforschung im 
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Mahrischen Museum und schon die erste Versuchsarbeitem mit den Radio
stationen haben den Verlauf in einigen Hohl en f estgestellten tektonischen St5-
r11nge� bewiesen und die Verfolgung bisher unentdeckten, tektonisch pra
disponiert:en Hohlenverlanger11ngen hinter dem bekannten Gangabschluss 
heute mit den Sedimenten verstopften ermoglichten (R. Burkhardt-R. Nesrsta 
1970, R. Burkhardt 1971). 

Eine Voraussetz11ng- fiir die Applikation der Radiotest-Methode ist eine 
Kenntnis des topographischen Durchlaufs des studierten Hohlensystems 11nd 
seiner Lage unter Beriicksichtigung des Terrains. In der Regel ist es das topo
graphische Plan und sein Polygon, auf der Oberflache projiziert. Mit grosseren 
Zeitverlusten bei der Vermess11og ist es moglich, die Methode auch iiber den 
bisher nicht mappierten Hohlenraumen zu verwenden. Die weitere Voraus
setzung ist eine vollfiihrte geologische 11nd ausfiihrliche tektonische Dokumen
tation der Hohle. Diese gewahrt die Grunderkenntnisse von der tektonischen 
Situation im Untergrund, deren Oberflachenprojektion in der Regel die Anoma
lien (Anhorzonen) kopieren. (Auswahl aus der Literatur: V. Fritsch 1933, 1949; 
D. Loucek 1957).

Die Problematik der Funkverbind1Jng Untergr1Jnd - Oberflache in den 
Karstgebieten ist betrachtli�h spezifisch und in theoretischer Hinsicht in der 
zuganglichen Literatur nur sehr wenig bearbeitet. Eine Grunderklarung der 
physikalischen Problematik der Verbreit11ng der elektromagnetischen Wellen 
in der Erdrinde (in den Gesteinen) gibt V. Fritsch (1963) und A. Petrovskij 
(1971). 

Man kann im Allgemeinen sagen, daB die sich verbreitende elektromag
netisc;he Wellen in der Erdrinde viel mehr gedampft sind, als im . freien Raum. 

. ' 

Die Reichweite hangt vor allem von den geophysikalischen Eigenschaften des 
(i-esteines - des Kalkstein-Hangendes iiber den Hohlenraumen und vor der 
Frequenz des zur Verbindung angewandten HF Signals ab. Die Dampfiing 
wachst mit erhohter spezifischer Leitfahigkeit des Gesteines und mit gestei
gerter Frequenz · des Signals. Die spezifische Leitfahigkeit des Gesteines ist 
<lurch eine chemische und Mineralzusammensetzung, Porositat, Wasserinhalt 
und geologisch-tektonischen Bau festgestellt. 

Zur Ubertragung des Hochfrequenzsignals aus der unterirdischen Karst
hohlung auf.die Oberflache kann im Wesentlichen auf drei Arte kommen. Durch 
die Durchdringung <lurch das Gestein (die Reichweite ist von den oben ange
fiihrten geophysikalischen Eigenschaften des Gesteines - des Kalkstein-Han
gendes - <lessen Machtigkeit, und von der Frequenz des Signals abhangig), 

·<lurch die freien Hohlenraume · (Dome, Gange, Kamine u. a.); <lurch die ver
-breitet sich das Hochfrequenzsignal geradlinig und <lurch eine Reflexion von
den Felsenwanden fort. Bei hoheren Frequenzen kommt im Laufe des Ubertra

. gungsweges zu
_ 

vielen Reflexionen und damit auch zur starker Absorption
<lurch das uml1egende Gestein, so daB die Dampfung reicht in vielen Fallen 
. einen Wert, der schon nicht erlaubt die Verbindung herzustellen, aber auch 
langs der tektonischen Storungen und der Kliiftungszonen� Es geht offensichtlich 
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im letzteren Fall um eine Verbreitung der elektromagnetischen Wellen an der 
Trennflache zweier verschiedenen physikalischen Medien. Die Verbreitung 
des Hochfrequenzsignals langs der Kliiftungszonen _ im verschiedenen Grad 
der Karstifizierung wurde schon vielmal experimentell auf den Kliiftungen 
durch die .Kalksteinmassive, auch 120 m machtige, bewiesen. 

Die Ausnutzung von dieser Art der Verbreitung der elektromagnetischen 
Well en ist von grofler Bedeutung fur eine erf olgreiche Realisation der Funkver
bindung U ntergrund - Oberflache. Die Grundbedeutung liegt aber in der 
Ausnutzmoglichkeit der erwahnten Verbreitungsart fur eine tektonische Analyse 
des Karstgebietes. Durch die Realisation der Funkverbindung langs der karsti
fizierten tektonischen Linien kann man im Terrain ihre Oberflachenprojektion 
verf olgen und ziemlich genau vermessen und ihr Rich tung und N eigung fest
legen. 

. 

. 

Die VorwahJ einer treffenden Frequenz fur die Funkverbindung Unter-
grund - Oberflache ist nicht nur <lurch die physikalische Bedingungen beein
fluflt, sondern auch durch die Rechtsvorschriften und Bewilligungsbeding-µngen 
jm Sinne der Internationalen Vollzugsordnung fiir den Funkdienst und <lurch 
technische Moglichkeiten des Betriebenden. Wenn auch die optimale Trager
frequenz fiir den angefiihrten Verbindungstyp liegt im Ultralang- und · Lang
wellenbereich (mit den die induktive geophysikalische Methode arbeitet), sind 
diese nicht fi.ir die Radiotest-Methode im bier angefiihrten Wortsinne geeignet. 
Die Radiotest-Methode erfordert die Anwendung solcher Frequenz, bei der 
moglich ist, die Art der Verbreitung larigs der tektonischen Kliiftungen von 
anderen Verbreitungsarten zu unterscheiden und die Stelle des. Ausganges des 
Hochfrenquenzsignals aus dem Untergrund auf die Oberflache eindeutig zu 
lokalisieren. 

Als die bestpassende auflert sich die Frequenz im unteren Teil des Kurz
wellenbereiches, d. i. die Frequenz 2-4 MHz (150-75 m). Sehr gute Ergeb
nisse werden auch mit den l(ommerzradiostationen der tschechoslowakischen 
Produktion (Tesla VXW 010 und VXW 100) und Biirgerstationen Tesla VKP 
050. -Diese Stationen arbeiten mit einer Frequenz von 32-34 MHz, die Biirger
stationen mit der Frequenz etwa 27 MHz. Frequenzen um 30 MHz stellen
aucl1 die Obergrenze der verwendbarer Frequenzen vor; eine ho here Frequenz
ist dann fiir angegebene Z wecke ganz unangebracht.

Bei den im Mahrischen Karst vorgenommenen Versuchen und Messungen 
war z. B. erfolgreich die Verbindung zwischen den Partien ,, Vychodni reciste'' 
(Ost-Fluflbett) in den unteren Etagen der Slouper Hohlen und zwischen den 
Hohlen ,,Cerna propast'' (Schwarzer Abgrund) in den Sosuvka-Hohlen, ver
wirklicl1t <lurch spezielle Transceiver, _arbeit�nde mit der Freque�� 3,7 MHz.

Direkte Entfernung beider Standorte ist auf der Karte 150 m. Zur Ubertragung 
des Hochfrequenzsignals <lurch eine solche I(all,steinmachtigkeit kam offen
sichtlich langs der parallelen, teilweise karstifizierten tektonischen Kliiftungen 
der Richtung 20° und 50°-60°, bzw. <lurch freie Raume,· deren Existenz 
zwischen den angefiihrten Standorten man voraussetzen kann. 
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Aus dem theoretischen Gesichtspunkt ist es notwendig, das Experiment 
in der Hinterkapelle der N euer Ochozer Hohle zu bemerken. Der erf olgreicher 
Verbindung ging eine unbedingte Dampfung iiber den Partien de� Alte� Och?�er
Hohle und des groBen Teils der Neuer Ochozer Hohle vorher. Die be1derse1ttge 

Verbindung Untergrund - Oberflache (m1t den Stationen VXW 010/32 MHz) 

wurde erst iiber der Hinterkapelle erzielt, die etwa 880 m in direkter Linie vom 
Hohleneingang situiert ist. Die Machtigkeit des Kalkstein-Hangenden betrug 
hier 50-60. m. Die Hinterkapelle ist nach der geologischen Mappierung auf 
einem System sich kreuzenden Kliiftungen angelegt, mit dominierend_er Betati
gung der Kliiftungszone von der Richtung 120°. Diese auBert sich ausdrucksvoll. 

Die Ergebnisse unserer weiteren Versuche und Messungen zusammen 
mit der Grundschilderung der angewandten Technik werden wir publizieren 
(R. Burkhardt-V. Gregor, 1973). Gleichzeitig arbeiten wir mit dem Kollegen 
M. Prine auf einer Konstruktion der Vorrichtungen entwickelten speziell fiir
die Radiotest-Methode. Es handelt sich um Volltransistor-Radiostationen -
Transceiver, arbeitentlen mit den Frequenzen 3,5-3,8 MHz und 27-29 MHz.
Fiir die Lokalisation und das Vermessen der Oberflachenanomalien wurde ein
Intensitatsmesser des elektromagnetischen Feldes mit Rahmenantenne entwik
kelt._ Er ist mit moderner Schaltungstechnik konstruiert, mit Transistoren
FET-Typ und Integrierschaltungen.

In der Abteilung fi.ir die Karstforschung des Mahrischen Museums bereiten 
wir derzeit ein weiteres umfangreiches Programm der Radioteste und der 
Versuchsmessungen vor. 
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THE CHEMICAL HISTORY OF SOME CARBONATE 

GROUND WATERS - CENTRAL APPALACHIANS 

Russell S. Harmon 

Department of Geology McMaster University, Hamilton, Ontario Canada 

A b s t r a c t. Dissolved carbonate species; H2C03, HC03- and C03
2-; in limestone terrains 

are derived from two sources: an external CO2 reservoir such as the atmosphere 
or soil zone, and the dissolution of limestone. Subsequently, the dissolution of 
limestone may occur either under conditions where the water is always in con
tinuous contact with the CO2 reservoir; or where the water is initially in cont
act with the CO2 reservoir, but isolated from it before limestone solution com
mences. 

A theoretical model relating bicarbonate ion (HC03 -) and calcium ion 
(Ca2+) to pH at various equilibrium carbon dioxide partial pressures (Pco2)
has been derived for the dissolution of limestone under these two end-member 
cases. This is based upon ion activities rather than less quantitative techniques 
utilizing ion concentrations. 

The chemical compositions of recharge waters and spring dicharge waters 
from three typical Appalachian karst drainage basins have been compared with 
the theoretical models to determine the chemical evolution of the waters. This 
comparison suggests that most limestone dissolution in conduit-type drainage 
networks occurs in direct, continual contact with CO2 reservoir of partial 
pressure approximately an order of magnitude greater than that of the· average 
atmosphere, whereas most limestone dissolution in diffuse-type drainage net
works occurs after isolation from a CO2 reservoir of even greater CO2 partial 
pressure. \ 

INTRODUCTION 

Trombe (1952), Holland and others (1964), Thrailkill (1968), and Langmuir 
(1971) have all discussed models for the dissolution of limestone in terms of 
Ca2+ and HC03 - concentration, pH, and/or CO2 partial pressure. These models 
were all constructed utilizing ion concentrations rather than ion activities which 
may be up to several tens of percent less than ion concentrations. In this paper 
a model for the dissolution of limestone is developed in terms of bicarbonate ion 
activity, calcium ion activity, and pH for a series of equilibrium CO2 partial 
pressures also taking into account the effects of ion pairing on the solubility of 
calcite. Recharge waters and ground-water discharge ·from three typical Appala
chian karst basins are compared with this theoretical model and the chemical 

evolution of the waters discussed. 

LIMESTONE SOLUTION MODELS 
' 

In limestone terrains the dissolved species H2C03, HCOa-, and COa2- are derived

primarily from two sources: ( 1) an external CO2 reservoir such as the atmosphere
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or soil zone, and (2) the dissolution of limestone. Garrels and Christ ( 1965) have 
discussed the five sets of conditions that may be considered the possible ones 
under which limestone dissolution may occur in most situations of geologic 
interest. Those two cases which are applicable to the hydrogeologic conditions 
present in karst terrains are (1)· the dissolution of limestone by pure water in 
contact with a certain CO2 reservoir of constant partial pressure, and (2) the 
dissolution of limestone by pure water initially in contact with a CO2 reservoir 
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of fixed partial pressure, but isolated from that reservoir before limestone dis
solution commences. The two cases are termed the ''open'' and ''closed'' system 
cases respectively. It should be emphasized, however, that these· two extremes 
represent limiting or end-member cases, and that any natural situation is most 

likely to be of an intermediate nature. 

The chemical equilibrium expressions for the system H20-C02-CaCOa 

are summarized as follows: 



(1) K<u - [H+] [OH-],-

(2) Kco2 - [H2COa]/P co2,
(3) K1 - [H+] [HC03-]/[H2COs],-

(4) K2 - [H+] [C03
2-]/[HC03-],

(5) Kc - [Ca2+] [COa2-],-

where brackets denote the activity of the enclosed species. The recommended 
values for these constants from 0° to 30°C are listed in Jacobson and Langmuir 
(1972). 

The basic approach used in constructing the chemical model involves com
puting the chemical composition that a pure water will acquire when equilibrated 
with a CO2 reservoir of a certain partial pressure. The water is then permitted 
to dissolve limestone (CaC03) under either ''open'' or ''closed'' system conditions 
11nder saturation with respect to calcite is achieved. , ..

· The chemical · composition of a water in equilibrium with a certain CO2

reservoir is determined as follows. For a given CO2 partial pressure and selected 
initial pH, the ion activities of th� carbonate species can be computed from 
equations 2-4; Initially assuming ion concentrations (molalities) to equal ion 
activities, activity coefficients (y's) are estimated from the extended Debye
Hiickel expressi_on 

A Z
x

2 V] 
- log y 

x = -----=----=-----=----=-:;,-===- ,
1+ax B V1 

(6) 

where A and B are constants for a given temperature and pressure, the constant 
ax is a function of the effective di_ameter of a specific ion ''x'' ·in the solution,
and Zx is the charge of that ion. The values used for. these constants in the 

. 
. 

.computations are those recommended by Klotz ( 1964).. The ionic strength of 
the solution is then determined from the theoretical expression 

(7) I= � (m
x
Z

x

2)½.

The activity coefficients thus obtained are then used to compute molalities 

according to the relationship 

.

where m� denotes the concentration of species '' x''. A second, new ionic strength 
is then determined, and a new set of refined y's computed.· This iterative pro
cedure is continued until the ionic strength remains constant. Concentrations 
of the various dissolved carbonate species are then determined directly from the
relationship 
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(9) mCr = mH2C03 + mHC03- + mC03
2

-.

1. T h e  O p e n  Sy s t e m  So I u t i.o n  o f  L i m e s t o n e
For the ''open'' system case a small amount of limestone is dissolved by



incrementi�g pH, the activities of OH-, H2C03, HC03-, and C032- determined 
from equations 1-4, and Ca2+ concentrations computed from the condition of 
electroneutrality, where 

(10) mCa2+ 
= ½ (mHC03- .+ 2mC03

2
- + mOH- - mH+).

!onic_.strength and 1:1�w activity coefficients are then estimated and refined by
1terat1on, and molal1t1es of the carbonate species det·ermined. This procedure 
is continued for a series of increasing pH values up to the point of calcite satu
ration (Sic =-0), where the calcite saturation index Sic (Jacobson and Langmuir, 
1972) is defined according to the expression 

[Ca2+] [C03
2-J)

Sic
= log (11) ' 

where the ion a�tivity product [Ca2+] [C03
2-J is corrected for the ion pairs 

CaHC03
+ an� CaC03° (Wigley, 1971). 

The results of a series of such computations for pH vs HC03- and Ca2+ 
over the range Pco2 = 10-1 to Io-3 atm. are shown in Figure 1 and indicate the 
changes occuring in the chemical c?mposition of a pure water as limestone is 
dissolved under ''open'' system conditions at these different CO2 partial pres
sures. For example, a water which dissolves limestone in the presence of a CO2

reservoir of 10-2 atm. will, at pH - 5.50, have an HC03 - concentration of 
3.5 ppm and Ca2+ concentration of 1.1 ppm. Upon continued dissolution HC03-

and Ca2+- concentrations are 35 ppm and 11 ppm respectively at a pH of 6.50.
The water finally becomes calcite saturated (SI c = 0 and limestone dissolution 
ceases) at pH = 7.36 at which point HC03- = 252 ppm and Ca2+ = 82 ppm . 

2. T he C 1 o s e d Sy s t e m  So 1 u t i  o n  ·o f  L i m e s t o n e
In the ''closed'' system case the chemical changes during limestone disso

lution are determined as follows. A pure water is equilibrate4 with a CO2

reservoir of certain p�rtial pressure and the concentrations of the resultant 
dissolved carbonate species ·computed from equation 9. The water is then iso
lated that CO2 reservoir and· a small .amount of limestone dissolved by incre
menting pH. The total dissolved carbonate in solution (mCr') must then be 
equal to the total carbonate species in solution before limestone dissolution 

(mCr) plus the carbonate species derived from the dissolution of Ca�Oa which 
must equal mCa2+. Hence, · 

(12) mC' T = mCa2+ + mCr 
= mCa2+ + mH2COa + mHCOa- + mCOa2

-.

Initially ion activities and molalities are assumed equal and accurate m�lalities
then computed by iteration as previously described·. The pH value 1s then
increased by a further small amount and new, �ccurate molalities. _ det�rmined.

This procedure is continued until saturation with respect to calcite ( S le = 0)
is achieved. 

The results of a series of such computations for pH vs HCOa- and Ca2+

over the range Pco2 = 10-1 to 10-3 atm� are shown in fig. 1. The model indicates

. . . 
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that a water which dissolves limestone under ''closed'' system conditions after 
equilibration with a CO2 re�ervoir of 10-2 atm. will attain respective H CO a - and 
Ca2+ concentrations of 1.1 ppm and 0.3 ppm . at pH= 5.50; HCOa-= 16 ppm
and Ca2+ = 5 ppm at pH= 6.50, and HC03-= 65 ppm and Ca2+ = 21 ppm 
at pH= 8.54 when calcite saturation is reached. 

Because the differences in chemistry for water dissolving limestone under 
the ''open'' and ''closed'' system conditions are substantial and increase with 
decreasing initial CO2 partial pressure, it should, under the right circumstances, 
be possible to determine which set of conditions has most affected a carbonate 
spring water during its pass.age through a limestone aquifer.

RESULTS AND DISCUSSION 

As pointed out by Shuster and White (1971) and Drake and Harmon (1973) 
grouµd water flow networks in the Appalachians tend to be of two basic types; 
either 1. the conduit flow system or 2. the diffuse flow system. Conduit flow 
systems are visualized as consisting of turbulent flow through a network of large 
pipes and tubes. The -cave-spring systems are generally lo_cated in the vadose 
zone and tend to act as discharge points for locally derived drainage. Their 
discharge is usually low and highly variable. Diffuse flow systems, on the other 
hand, are conceived as consisting of diffuse seepage in laminar flow along inter
connected series of joints, fractures, and bedding planes. These systems com
monly discharge from the phreatic zone and tend to act as points of regional 
· ground water discharge� Their flow volume can be large or small, and is usually
very stable.

The pH - HC03 - relationships for several recharge waters and discharge
waters for three typical Appalachian karst drainage basins are compared with 
the theoretical model in fig. 2. The sinking stream and soil waters labelled 
Type .A ar� known to recharge the conduit type springs here designated Type· C.

Similarly, the so�l waters classsed Type B recharge the diffuse type springs 
labelled Type D. From the figure it is seen· that the path A- C generally falls 
within the bo11ndaries of the 10-2

•
0 ·to 10-2

•
5 atm. ''open'' system Pco2 lines; 

whereas the path B-D roughly follows a path between the 10-1
•
0 and I 0-1

•
5 atm. 

Pco2 lines for the ''closed'' system. 
Thus .it can be seen that most limestone dissolution in conduit type drainage 

networks occurs in prolonged contact with a CO2 reserv(?ir of about 10..:.2•
5 atm 

(mean atmospheric Pc02 
= I0-3•5 atm), whereas most limestone dissolution in 

diffuse type drainage systems occurs after equilibration with and later isolation 
from a CO2 reservoir with p·artial pressure greater than 100 times the atmospheric 
value. This result could have been predicted considering the hydrogeologic 
nature of these two kinds of drainage systems. Conduit type systems, consist 
of turbulent flow through vadose networks of large tubes and thus commonly 
have a free-air surface. Thus continuous replenishment of the CO2 lost through 
limestone dissolution from the overlying soil zone is to be expected via air filled 
fractures, joints, and fissures intersecting these shallow caves. Diffuse type 
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systems are, however, phreatic and thus do not have a free-air surface where CO2

replenishment can occur. One would therefore expect ·limestone dissolution in 
diffuse flow networks to occur under conditions approximating those of a 
''closed'' system. 
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A karst water can be characterized by its chemical constitution. Of the various 

quantities obtained from chemical analysis and from calculations from the 

chemical analysis, the most useful are total hardness ( calculated from either

Ca++ + Mg++ or from HC03-, saturation index (defined as log [ion activity

product/solubity product]) and theoretical· CO2 pressure (calculated from pH

and HC03-). Hundreds of data sets have been collected from karst springs and

seepage waters from Canada, United States, and Mexico. These data show

a large variation which can be separated into contributions from [the effect

of hydrogeologic setting] + [short term seasonal effects] + [climatic effects].

The first two terms dominate the variance, and climatic influences are easily

disguised. Multiple· linear regression analysis allows the variance to be separated,

and. climatic controls on the chemistry of karst waters can be identified. By

clustering data within homogeneous climatic zones and averaging these, linear

relations between hardness and mean temperature can be obtained with R-factors

hetter than 0.9. 
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INTRODUCTION 

The relation of solutional removal of limestone to climatic factors has proved
to be very much a non-trivial problem. The investigation turns on a seeming�y
simple question: Does the maiimum rate of solution take pla�e under arct_ic
climates where the CO2 solubility in water is higher, or does it take place in
tropical environments where greater biological activity pro�uces mo�e CO2?

Related of course would be a whole series of ancillary questions: the influence
, , 

of temperature on the k i n e t i c s of carbonate reactions which would promote
a closer approach to equilibrium in warm or hot climates; the increased length
of the growing season in the tropics and thus a proportional!� longer. time �or
. the production of CO2; and finally the presence of thicker and richer soils which
would allow more contact between gaseous CO2 and infiltrating water. Measure
ments of chemical parameters, although many have been made, lead to rather
equivocal results. We hope to show that these uncertainties arise because of an
inadequate separation of the many factors that influence the chemistry of
carbonate waters. 

_ The paper that we give here is the second report on a joint McMaster
Univer�ity-Pennsylvania State University effort to understand the chemistry of
the carbonate waters of North America with a sampling program that extends
from Canada to Mexico. The first report, given at the International Symposium
on Karst Denudation at Oxford (Harmon et al., 1972) emphasized the importance
of the ''karst water type''. In the present paper we provide further evidence for
the ''karst water type'' and also the influence of seasonal variations and the
importance of indexing the hydrogeologic environment. Having these factors in
mind, we then take up the matter of climatic controls on - carbonate water
chemistry. The factoring techniques are now sufficiently refined to demonstrate
statistically valid relations between various chemical parameters and regional
temperatures.

.

/ 

CARBONATE WATER DATA 

First consider briefly the parameters that are used to describe karst waters:
Directly measured parameters include measured concentrations of Ca++, Mg++,
HCOa- temperature, and pH. The ionic concentrations can be used alone or can
be expressed as a Ca + Mg hardness or a bicarbonate hardness, both expressed
in terms of effective concentration of CaC03 in solution. The ratio Ca/Mg isuseful in indexing limestone and dolomite waters. pH has proved to be a poorparameter to use directly, but its value must be known precisely to calculatethe derived parameters. The derived parameters that we have found to be mostuseful are the saturation index and the theoretical carbon dioxide partial pressure.Saturation index (Langmuir, 1971; Jacobson and Langmuir, 1972) is definedas the logarithm of the ratio of the ion activity product of Ca++ and CO -2 tothe solubility product constant of CaC0

3• By this definition the saturation indexwill be zero for a water at equilibrium with respect to calcite, positive for a super-
.. 
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saturat�d water, _and negative for an undersaturated or agressive water. The
· �heore�1�al

. P co2 _is the partial pressure of CO2 in the gas phase that would be
1n eqwl1br1u� with th� water in questi�n. Since CO2 exchange is sluggish, this
number has little relation to the actual gas phase over the water at the time of 
collection, but it does provide a minimum carbon dioxide level with which the 
water must have adjusted during some portion of its route. 

Our sources of data are two-fold. The first is a tabulation of accurate water 
analyses that include precision pH measurements at the collection site. Some 
of these have appeared in publications and theses of the various co-authors, 
some have been prepared solely for this project, and some have been chosen 
from the literature ( Alexander and Patman, 1969; Ford, 1971; Harmon, 1971; 
Hendrickson and Krieger, 1964; Holland et al., 1964; Jacobson and Langmuir, 
1970; Langmuir, 1971; Leifeste and Lansford, 1968; Rawson, 1968; Reeves, 
1967, 1969; Thrailkill, 1970). Our master data set now contains more than 300 
analyses of spring waters alone. Secondly, we make use of available analyses 
published by government agencies such as the U.S. Geological Survey, State 
Geological Surveys and State Water Resource Agencies. For the most part, 
these do not include reliable pH determinations, and we can utilize only the 
hardness data without benefit of the derived parameters. 

FACTORS INFLUENCING WATER CHEMISTRY 

Karst Water Types 

In our earlier report, we offered evidence that waters within a carbonate aquifer 
should be segregated according to their environment. We have re-examined this 
question and the new results are shown in tab. 1. We identify seven categories 
of ''types'' of karst waters. Surface rechar�e is taken from streams that flow 
from noncarbonate border lands and sink into the aquifer. Soil waters are 
collected by lysometers at shallow depths in the soil, above the active rock
weathering zone. Vadose flows are waters collected in caves from open fissures 
and vertical shafts. Vadose seeps are drip waters in caves, often taken from the 

Tab. 1 

Comparison of water types for 249 analyses from the North-Central Appalachian Mountains. 
Numbers in parenthesis are the standard deviations 

. 

• 

ca++ HC03- Slc Log Pco2
Number 

(ppm) (ppm) (atm) of samples 

Surface Recharge 8 (6.6) 30 (33) -2.66 (1.24) -2.73 (0.75) 25 

Soil Water 14 (7.4) 101 (42) -2.58 (0.56) -0.97 (0.29) 11 

Vadose Films 33 (10) 106 (37) -0.76 (0.36) -2.48 (0.35) 78 

Vadose Seeps 58 (21) 430 (94) +0.61 (0.24) -2.37 (0.11) 12 

Ground Water 51 (16) 212 (35) -0.23 (0.17) -2.22 (0.30) 42 

Discharge (Springs) 
Ground Water 67 (25) 285 (81) -0.13 (0.11) -2.00 (0.40) 52 

Storage (Wells) 
+0.07 (0.49) -2.89 (0.43) 29 Surf ace Runoff 42 (10) 143 (38) 
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tips of stalactites. Ground water discharge is the water issuing from karst springs.

Ground water storage is water taken from wells drilled into the carbonate rock

and with a few exceptions must represent the diffuse ground water body. Finally,

surface runoffs are the surface streams that carry the drainage away from the

carbonate aquifer. 
Two direct parameters and two derived parameters averaged within each

type for some 249 analyses are shown in tab. 1. It can be seen that although no

one factor adequately characterizes the water, a consideration -of all four para

meters leads to a rather exact classification. This is confirmed b.y discriminant

analysis (Drake and Harmon, 1972) which indicates that the categories listed

are largely independent. The most uncertainty in classification is with respect

to the last three types which, of course, are often mixtures of each other. To

a very good degree of precision, we can use the total· set of parameters as a

chemical signature to classify water types. Obviously, correlations between

chemical parameters and climatic or other variables should be made ·only for

waters wi.thin the same type. Our further analysis considers only waters from 

springs and to a lesser extent, waters from wells. 

Hydrogeologic Environments 
, 

Perhaps the next most important factor is the geologic situation of the aquifer 

from which the water samples are removed. By the term ''hydrogeologic environ
ment'' we mean the complete assemblage of lithology, structure, stratigraphy 
and topographic relations of the carbonate rocks. For a complete analysis, these 
factors would need to be quantified by some sort of statistical measures and to 
date this has not been done. 

Tab. 2 summarizes measurements made on waters from three aquifers that 
occur in the 2000 meters of carbonate rock that make up the Nittany Valley ,of 
Central Pennsylvania (Shuster and White, 1971; Jacobson, 1973). Nittany Valley 
is a breached anticline some 15 kilometers in width. It is floored with carbonate 

Tab2 

Comparison of hardness and CO2 pressures for well and spring waters from different aquifers 
in Nittany Valley. Well data are averaged from Jacobson (1973). Spring data are from Shuster 
and White (1971) •

Number of Ca+ Mg Log Pco .. as CaC03

-

Analyses 
(ppm) 

(atm) 

Wells in Limestone 6 305 -1.77
Wells in Beekmantown Dolomite 25 312 -1.78
Wells in Gatesburg Dolomite 

• 

13 162 -2.58

Limestone Springs with Conduit Flow 129 129 -2.46
Limestone Springs with Diffuse Flow 35 245 -2.13
Beek�antown Dolomite Springs 35 215 -2.41
Gatesburg Dolomite Springs 17 126 -3.02

IOb 

a 

0.48 
0.25' 
0.5 



rocks and bounded by mountain ridges of sandstone and shale that rise some 
300 meters above the valley floor. The three distinct aquifers are the Cambrian 
Gatesburg dolomite that crops out on the anticlinal axis, a mixed sequence of 
dolomites and dolomitic limestones here lumped under the dominant Beekman
town dolomite group that forms broad bands on both sides of the anticlinal axis, 
and finally some 500 meters of upper Ordovician low-magnesian limestones that 
form narrow bands along the valley sides near the base of the mountain ridges. 
The Gatesburg is sandy, porous and vuggy and is overlain by thin sandy soils. 
The Beekmantown and associated rocks are massive, fractured carbonates with 
thick loamy soils. The Champlainian limestones contain most of the caves of the 

. 

valley and most of the surface karst including the swallow holes of many small 
allogenic streams that head on the surrounding mountains. 

Tab. 2 shows that the cation hardness of the wells is about twice that of 
the springs, illustrating again the necessity of separating water types. But there 

is an additional factor of two depending on which aquifer the spring or well 
waters are taken from. It is not simply a distinction between limestone springs 
and dolomite springs. Because of the sandy soils and poor vegetative cover on 
the Gatesburg dolomite, carbon dioxide pressures are low and the total hardness 

-
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of the Gates burg springs and wells are low. In contrast, the Beekmantown with 
its thick soils and good vegetative cover provides higher CO2 pressures and 
higher hardness to the water from springs and wells. Among the limestone springs, 
there is a distinct difference between the waters emerging from conduit-flow 
springs ( those draining cavernous zones and integrated underground streams) 
and waters emerging from diffuse-flow springs (those draining from zones of 
high permeability due to concentrations of joints and fractures). The data are 
plotted in fig. 1 and the contrast between the several water types is quite visible. 
The main group of points falls on a straight line, because most of these waters 
are near equilibrium and the plot follows the saturation curve for calcite. The 
conduit flow springs fall off the curve because these waters are highly under
saturated. 

It would be valuable to compare only waters from similar hydrogeologic 
environments. This is a step in the analysis that we have not been able to take, 
because the highly detailed study of the local hyd.rogeology is not available. 
The comparison of the environments of the Nittany Valley is possible because 
of the concentration of research effort of carbonate terrain hydrology that has 
taken place there. The variation in hydrologic environment will be a source of
unaccounted for variance in the climatic comparisons. 

· · 

It does seem to be possible to average out some of these effects. Tab. 3 gives 

data for well waters from three carbonate terrains in Pennsylvania. All are 
roughly similar in that they occur in similar low relief topography with similar 
soils and types of vegetative cover, and are in folded and faulted Paleozoic rocks. 
The comparison is between entire data sets, so that both limestone and dolomite 
wells are represented. The variance is really quite small compared with that in 
the previous tables. 

Seasonal Variations 

A final set of factors to consider are the variations of chemical parameters with 
seasons of the year and with the amount of discharge through the system. This 
aspect of the problem has been extensively studied (Shuster and White, 1971; 

Tab.3 

Comparison of well data for three carbonate regions in Pennsylvania 

Number 
Ga+Mg as HCQ3-

of 
ppm CaC03 a (ppm) (1 

Reference 
Samples 

Nittany Valley, 
Central Pa. 29 260 87 265 82 Langmuir (1971) 

Lebanon Valley, 
Eastern Pa. 50 303 75 282 64 Meisler (1963) 

Lancaster Area, 
Southeastern Pa. 47 321 85 281 68 Meisler and 

Becher (1966) 

1-08



• Jacobson, 1973) and need not be further discussed except to note that coefficientsof variation on the order of 20 to 25 % are obtained from time series measurements on conduit . flow springs. Diffuse · flow springs exhibit little· variation• throughout a water year.

CLIMATIC RELATIONS 

We are now in a position to test the climatic variability of the karst water data 
from North America. The procedure was to select first only data on spring 
waters. We have lumped conduit flow springs with diffuse flow springs,. because 
it was often not possible to distinguish them. We then group the analyses into 
coherent data sets. All analyses for climatically similar, geographically restricted 
areas form a set. These are labeled '' Mexico,', Pennsylvania,,, etc. on the figures. 
This gives us a very large number of individual measurements within each set. 

Our only parameter describing climate at the present time is temperature. 
This is unlikely to be entirely sufficient, and precipitation data will later need 
to be included. However, none of our data sets is from extremely arid, alpine, or 
tropical rain for est areas, so that temperature alone is not an unreaso�able first 

• • approx1mat1on. 
The chemical data were correlated to temperature of the water by simple 

regression analysis, using one independent variable. �omplete sets of regression 
line coefficients and correlation coefficients are given in Table 4. Both mean air 
temperature averaged over ten years of record and the mean water temperature 
as measured by us were correlated with latitude corrected for elevation ( all of 
our areas of measurement were on the order of a few hundred meters above sea 
level) and correlation coefficients of 0.996 and 0.983 were obtained. Any one of 
these three variables would, therefore, have been an e·qually good choice for 
the climatic variable. 

The mean calcium ion concentration is_ shown in fig. 2. The solid circles 
are the spring waters; the open circles are analyses of vadose seeps. The solid 
curve is the calculated regression equation as described in Table 4. 

The bicarbonate ion curve is given in Fig. 3. Again, a rather good regression 

Tab.4 

Linear regression equations for correlation of water temperature with various ·chemical

parameters 

Y =a+ bx .

. 

. Correlation 
Dependent Variable y b Independent Variable x a 

Coefficient (r) . 

. 

40.08 -0.70 -0.996Latitude Air Temperature r = 
.

Latitude Water Temperature 38.50 -0.68 r = -0.983

Water Temperature Ca++ Concentration -11.25 5.70 r= 0.903

Water Temperature HC03 - Concentration 37.20 11.37 r = 0.966
0.839Water Temperature S1c - 0.675 0.024 r= 

0.087 0.950Water Temperature Log Pco2
- 3.46 r= 

' 
.
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Fig. 2. Variation of mean Ca++- concentrations with temperature for coherent data sets grouped 

by geographic area. Solid circles represent spring waters; open circles repr�sent drip waters 

1n caves. 

line using a single independent variable can be fitted·. The ratios of the slopes of 
the lines in figs. 2 and 3 is 1�99 in good agreement with the value of 2.00 required 
if the data are to describe a calcium carbonate water. Although some sulfate and 
chloride are present in some analyses, the presence of gypsum and brine waters 
does not seem to strongly influence the grand averages. 

More interesting are the plots of the derived parameters given in fig. 4 . 
... 
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The saturation index turns out to be a rather poor indicator of climate. The 

graph merely shows that the spring waters are all to some degree undersaturated, 

although the more tropical springs fall closer to the saturation line. The tremen

dous scatter in the data probably represents variance due to hydrogeologic en
vironment to which degree of saturation is very sensitive. 
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-
The carbon dioxide pressure, however, is a very good measure of the influ-

ence of temperature on carbonate water chemistry. These points fall very close 
to the regression line, and the correlation coefficient of 0.95 is one of the most 
significant that has been obtained. The CO2 plot leaves little doubt- that the rate 
of weathering is higher in warm climates because of the availability of CO2, ·and 
this in turn a_ccounts for the higher water hardness indicated in figs. 2 and 3. 
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To summarize then, we believe that we have now established that it is 

possible to factor the various influences on the chemistry of carbonate waters 
and to demonstrate a very clean-cut relation between the uptake of calcium 

carbonate and the temperature. Waters in southern or tropical climates, in fact, 
carry off more calcite per unit volume of water than do waters in cooler climates. 
The increased precipitation of many tropical karsts will amplify this effect by 

providing larger volumes of water. There remain several problems that will 
require our future attention. One is to further index the hydrogeologic factors 
and account for some of the variance in the data. A second is to extend the 
measurements into somewhat more extreme climatic conditions such as deserts, 
alpine regions, and rain forests, than the conditions represented in this paper. 

The third is to carry out a much more elaborate cross-correlation among the 

factors influencing the chemistry of karst waters. 
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ANALYSIS OF KARST AQUIFERS FROM HYDROGRAPHS
OF KARST SPRINGS 

John W. Hess 

William B. White 

Department of Geosciences, The Pennsylvania State University and the Cave Research 
Foundation, U.S. A. 

The karst aquifer with its storage of ground water in small joints and fissures 
and in open caverns and with unfilled storage volume in the dry caverns above 
the ground water surface can be regarded as a black box subject to a stimulus 
(sudden input pulses of water from storms or snow melt) which generates 
a response that is measurable in the aquifer discharge at the big karst springs. 
From analysis of hydrographs of known short term storm events, one can deduce 
something of the contents of the black box. This analysis has been applied to 
the limestone aquifer of South Central Kentucky (The Mammoth Cave Region). 
Continuously recording instruments measure discharge, temperature, and electri
cal conductivity (proportional to hardness) of a major spring. A rain gage net
work measures the input. Hydrographs of specific storm events show that 
changes in discharge and changes in chemistry are not in phase anc that the lags 
represent a surge of water from deep storage driven out by increasin .J hydrostatic 
head in the catchment area. Characteristic fine structure in the har-:iness hydro
graphs indicates arrival time of local inputs. The most detailed structure is 
observed when a very sudden pulse is injected into a nearly draine(i aquifer. 

INTRODUCTION 

A variety of techniques have been developed for evaluating the permeability, 
storage capacity, and water-use effectiveness of aquifers in most kinds of rocks. 
These include test drilling and associated pumping tests, water balance studies, 
and measurement of recharge and runoff characteristics. Most of these techniques 
are not effective in their usual form for the evaluation of maturely karsted 
carbonate aquifers. The caves of the area can be explored and mapped and these 
give a partial picture of the conduit system but do not provide much information 
on the smaller openings in the aquifer although in terms of the total available 
volume of aquifer porosity, the smaller openings may be the most important. 
It is therefore necessary to regard the carbonate aquifer as a black box with 
measurable inputs and outputs from which the internal geometry or at least 
the internal response of the aquifer may be deduced. 

This is the approach used by Ashton ( 1966) and Wilcock ( 1968), who 
utilized flood pulse analysis for deducing the nature of the flow paths in the 
carbonate system. Brown (1972) and his colleagues in the Maligne River ba�in 
again used flood response beha'{rior to deduce the nature of the flow path. 
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Fig. i. Map showing catchment area and drainage lines to Turnhole Spring in the Central 

Kentucky Karst based on tracing experiments of Miotke and Papenberg (1972). 

The study reported here is part of a rather more ambitious project of trying 
to determine the nature of an entire carbonate aquifer system from the time 
dependence of suGh parameters as temperature, conductivity., and discharge of 
the big springs draining basins of known area as a function of the precipitation . • 
The region under consideration is the South Central Kentucky Karst encompass-
ing Mammoth Cave National Park and associated carbonate areas. Reviews and 
descriptions of the geology

., geomorphology., and hydro geology may be found 
in the papers of Cushman et al. (1965), Brown and Lambert (1963), Brown 
(1966)., White ·et al. (1970), Quinlan (1970), and Miotke and Palmer (1971). 

In the present paper we restrict our attention to a specific drainage line 
(fig. 1 ). The recharge area is mainly on the Sinkhole Plain including the surface 
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catchment of Littel Sinking Creek, Gardner Creek, and Sinking Branch. The 
drainage line can be observed as a concentrated conduit flow in the karst fensters 
known as Mill Hole and Cedar Sink (Owl Cave). The ultimate discharge point 
is a large alluviated spring on the Turnhole on Green River. The drainage line 
examined here has been well established by the sporetracing experiments of 
Miotke and Pappenburg (1972). The geochemistry of the cave waters (Thrailkill, 
1972) show that these waters are undersaturated throughout their underground 
route. 

EXPERIMENTAL TECHNIQUES 

The stream in Owl Cave was instrumented with a three-channel sensing device 
with automatic recorder. Flows in a flooded passageway of known cross-sectional 
area were measured with an impeller device used in Oceanographic work. Electri
cal conductivity was measured with a standard Beckman conductance electrode 
and temperature by a thermister. Electrical signals from the sensors were carried 
by cable to an instrument box located in the high and dry portion of the cave. 
The box contained power supply, necessary electronics, and the three-channel 
recorder. The entire package records automatically and requires attention only 
at intervals of a few weeks. 

The data output of the sensors was processed to obtain temperatures, dis
charge, and effective total alkaline hardness. Temperature is obtained directly; 
discharge requires only multiplication by the cross-sectional area of the pass�ge. 
Conductance in a carbonate water is related linearly to the carbonate hardness 
(Jacobson and Langmuir, 1969; Bray, 1969). Calibration for South Central 
Kentucky was obtained by comparing conductivity with chemical analyses on 
the same water samples. The appropriate equation is 

C = 0.51 Spc - 7, 

where C is expressed as ppm CaC03 and Spc is the specific conductance in 
µm-ho cprrected to 25°C. 

To have a measure of the water inputs to the aquifer system, a rain gage 

network was installed throughout the Central Kentucky Karst. I_t consisted of

30 stations of which 10 were in the catchment of Turnhole Spring. These were

small wedge-type gages and were read once a day by cooperating land owners.

Data averaged from the 10 gages provide the precipitation data shown on suc-

ceeding figures. 

HARDNESS-TEMPERATURE HYDROGRAPHS 

• 

The specific objective of this paper is to illustrate two interesting features that 
appear in the hardness and temperature plots. Throughout the water year 1972-73 
there were a large number of maxima and minima in the temperature and 
hardness recordings that correspond to pulses through the aquifer i�duced by
sudden rainfall inputs. Two of these pulses, shown on an expanded time scale, 
are shown in ·figs. 2 and 3. Fig. 2 was obtained on 27 September to 1 October 
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Fig. 2. Hardness hydrograph showing increased CaC03 pulse. Bar graph shows precipitation 

distribution, Temperature known from individual measurements only. 

1972 and corresponds to a period in which the previous total recharge into the 
aquifer had been very small. The ground was dry and flow from springs was 
low. There came an extended period of rains which provide a fairly large amount 
of water into the aquifer over a several day period. The hydrograph illustrates 
one of the features predicted by Ashton in his theoretical treatment. The hardness 
of the water was initially high and remained high during low flow conditions. 
After a lag time of only a few hours after injection of t�e pulse the hardness of 
the water flowing through Owl Cave increased by approximately 20 °/0, reached 
a broad maximum with some ill defined structure. Hardness then began to 
decrease to a minimum reached three days later at which time it �egan to rise 
again and eventually recovered its normal level after a period of two weeks. This 
leading pulse of increased hardness which does not correspond to a great increase 
of discharge was interpreted by Ashton to represent water flushed out of the 
phreatic zone by the increased hydrostatic head due to the large amount of 
water injected into the headwaters region of the aquifer system. Fig. 2 shows it 
in times of very low flow and at such times there is a long lag time between the 
injection of the pulse and the minimum in hardness which corresponds to the 
maximum in discharge. In contrast to this, the hydrograph of fig. 3, obtained 

• 
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Fig. 3. Hardness and temperature hydrograph showing fine structure from arrival of local 

inputs. 

in late July to early August, 1972, was initiated by a very sharp and intense 

rainfall pulse in which 75 mm of rain fell within a period of 12 hours. The 

hardness hydrograph of fig. 3 is distinctly different in shape from fig. 2. There 

is no significant rise in har�ness above the normal background level. Approxi

mately 12 hours after the input pulse the hardness began to decrease and went 

through a complex series of minima and maxima over a period of about 24 ho�rs. 

A total of 7 minima in hardness followed by small hardness rises were observed

before the hardness dropped to a minimum value only 30 hours after the rainfall

pulse occurred. There then followed a long and gradual recovery to initial

hardness levels over a period of two weeks. 

From these two observations and many others of similar kind, several con
clusions can be drawn: (i) The rise in hardness immediately following an input 
pulse is observed. We agree with Ashton's interpretation that this represe11ts 
more highly saturated water flushed out by increased hydrostatic head. Whether 

this water in fact originates from the phreatic zone or whether it is flushed from 
lateral low-permeability parts of the aquifer may still be open to some question. 
(ii) The fine structure on the hydrograph which Ashton suggested could be
correlated with different inputs arriving after different time delays is observed .

./ 
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We add two qualifications to the interpretation. The leading pulse of high 
hardness water is only observed under certain restricted conditions of aquifer 
stage. It occurs when ground water levels are generally low and when ground 
water levels have been constant for an extended period of time. When the new 
rainfall pulse is superimposed on high ground water stages or when ground 
water stages have been fluctuating considerably the leading edge does not appear 
on the hydrograph records. When the rainfall pulse is broad and drawn out 
over a several day period, the fine structure on the hardness hydrograph is 
smeared out and is not very detailed. Contrariwise, when the input precipitation 
pulse is very sharp and well defined in time, a considerable amount of resolution 
of fine structure from the different local inputs is observed. We conclude that 
very sharp pulses would be necessary before this method can be used to deter
mine much about the geometry of the aquifer system. A more complete report 
on this work dealing with the lag times of discharge, hydrograph shape and 
their interpretation will be published elsewhere . 
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A KARST HYDROLOGY STUDY IN GREENBRIER COUNTY,
. WEST VIRGINIA (USA) 

. William K. Jones 

West Virginia Geological Survey, Morgantown, West Virginia, USA 

A b  s t  r a c t. Subsurface drainage basins and fl-Ow directions were studied by dye-tracing 

techniques and mapping of underground conduits within a 352-square-km. basin 

in central Greenbrier County, West Virginia (USA). The topography and sur

face drainage have been greatly modified by the flow of groundwater through 

relatively flat-lying carbonate rocks, which underlie most of the basin. All sur

face runoff is diverted through sinkholes or sinking streams into subsurface flow 

channels in the cavernous Mississippian (Carboniferous) limestones. The di

rection of subsurface flow is generally independent of the topography. The 

overall direction of underground flow routes is toward lower ''base-level'' streams 

but is influenced locally by the combined effects of: complex variations in geo

logic structure, lithology, vegetal cover, climate, and former surface and sub

surface flow paths and the length of time the aquifer had undergone develop

ment. The basic conditions and limitations on the limestone aquifer are: (1) the 

limestone has only fracture permeability, (2) the limestone is underlain by relati

vely impermeable shale, (3) all recharge is by infiltration of precipitation by 

diffuse flow or by capture or surface or subsurface streams,. ( 4) underground 

water continually modifies its conduits by corrosion and by deposition and 

erosion of elastic sediments, (5)- discharge is concentrated toward base level 

streams through springs and seeps, (6) the aquifer is anisotropic and is not 

under water-table conditions in the classic sense of the term. 

INTRODUCTION 
' 

• 

Subsurface drainage basins and flow directions were studied by d yetracing 
techniques and mapping of underground cave conduits within a 352-square-km. 
sub-basin of the Greenbrier River, West Virginia (USA). The study area is 
located in Greenbrier County, West Virginia, and is about 27 km. long by 
13 km. wide. The area is bounded to the north by Spring Creek, to the east and 
south by the Greenbrier River, and to the west by Brushy Ridge. 

The flow of water through cavernous Mississippian (Carboniferous) lime
stones has disrupted the topography and surface drainage of the area. Sinking 
streams, extensively interconnected cave systems, sinkhole plains, and large 
risings at river level are characteristic features. Karst (subsurface) drainage is 
dominant over surface drainage. 

In the parts of the study area in which limestones are exposed on the 
surface, the topography is rolling, with numerous dolines, sinking and resurging 
streams, and exposures of Karren. Scattered ridges and knobs capped by sand
stone and shale rise above the .karst plain, and the Greenbrier River and Spring 
Creek are incised to about 60 m. below the karst plain. The maximum relief 
does not exceed 200 m. anywhere within the area. 

• 
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GEOLOGY AND CLIMATE 

All of the rocks that crop out within the study area are sedimentary rocks of
.

Mississippian (Carbo11iferous) age. Karst development occurs exclusively on 
the Greenbrier limestone. The Greenbrier formation is about 300 m. thick in 
· this area, and is composed of 8 recognized units (Price and Heck, 1939). It is
capped by Mauch Chunk sandstones and shales, and underlain by shales and
lenticular limestones of the Maccrady formation. The contact between the
Greenbrier and the Maccrady formation is unconformable, so the lower portion
of the Greenbrier grades downward into shaley, stratified gravels.

The internal geologic characteristics of the limestone aquifer have a tre
mendous influence on the development of cavern systems, and thus on the 
underground flow routes. The greatest permeability is along fracture traces 
(joints, faults, and bedding plane partings). Conduit development tends to favor 
certain stratigraphic zones, and the presence of impervious shales may form 
relatively impermeable layers that parch the water for some distance. 

The area lies within a synclinal basin of moderate dip. Several parallel 
synclines and anticlines trend roughly NE-SW through the basin, and the 
orientation of cave passages is often along joints parallel to the strike. Normal 
and thrust faulting may be locally important in controling conduit development. 

The humid, temperate climate causes a relatively high solution rate of the 
limestone and plentiful ground-water recharge. The mean annual temperature 
is 11 °C and the average total annual precipitation is 978 mm. 

HYDROLOGY 

All recharge to the limestone aquifer is from precipitation. The aquifer is aniso
tropic, and secondary permeability is dominate. The surface and subsurface 
drainage are interrelated. In many places the only difference between the two 
is that the subsurface streams have a bedrock roof; the flow characteristics and 
channel hydraulics are similar. 

The movement of water in the aquifer can be divided into three· basic 
components-recharge, transport, and discharge. Water in the solution conduits 
comes from: ( 1) capture or diversion of surface streams into subterranean 
channels, (2) infiltration of precipitation through the sinkhole plain by diffuse 
flow, and (3) infiltration of �ater through vertical shafts or enlarged joints by 
channeled vertical flow. Water moves horizontally through the limestone aquifer 
primarily through solution conduits. These solution conduits must not only 
transmit water, but also the insoluble residues from the surface weathering of 
the karst landscape (fig. 1 ). Many of these solution conduits are interconnected 
above a single discharge point. Discharge tends to be concentrated through 
seeps and springs along local ''base-level'' streams. 

Fourteen ''dye-tracing'' tests using flourescein dye were made to determine 
the direction of underground stream flow and to delineate the boundaries of the 
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Fig. 1. Cave passage showing stream course cut through elastic. sediments, Higginbotham 

Cave, Greenbrier County. 

catchment areas for the major springs (Jones, 1973). The following general 
relationships were determined from this study: (1) the regional strike (N30°E) 
influences both surface flow directions and subsurface flow directions that have 
been mapped, (2) concentration of caves along the Greenbrier-Maccrad.y contact

and their strike-oriented flow patterns indicate that the Maccrady series is 
• 

relatively impermeable and that flow to the east across the shale is therefore 
unlikely, (3) large springs occur only along the parts of Spring Creek and the 
Greenbrier River where the limestone is exposed, and ( 4) the dendritic to 
rectangular pattern shown by the cave maps and the alignment of sinkholes and 
Karren along the strike indicate that flow is channeled, rather than diffuse. 

Six karstic sub-basins were delineated by examining the dyetracer results, 
patterns from mapped cave passages, and the geology and topography of the 
area. The flow was found generally to be independent of. topography, although 
local topographic highs were used to determine catchment boundaries. About 
140 sq. km. were found to drain to the north-east into Spring Creek, and about 
212 sq. km. drained to the south-west into the Greenbrier River. Six major 
springs were found ( three on Spring Creek arid three on the Greenbrier River) 
and the approximate drainage area for e�ch spring was determined. 
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The ease with which contaminants may enter and be transmitted through 
the aquifer is apparent from the rapid flow through times established by the 
dye-tracer studies (mean travel time was 22 m. per hr.) and from the ''open
chanel-flow'' characteristics of many of the limestone solution conduits. In spite 
of the fact that residents of the area are using karst water for domestic purposes, 
widespread disposal of waste materials and sewage through caves and sinkholes 
is a common practice. 

CONCLUSIONS 

Safe utilization and development of the karst water supplies of the area will 
depend on a thorough understanding of the subsurface flow patterns and the 
characteristics of the limestone aquifer. The basic conditions and limitations 
on the karst aquifer are: (1) the limestone has only fracture permeability, (2) the 

.

limestone is underlain by the relatively impermeable Maccrady shale, (3) all 
recharge is by infiltration of precipitation by diffuse flow or by capture of surface 
or subsurface streams, ( 4) underground water continually modifies its conduits 
by corrosion and by deposition and erosion of elastic sediments, (5) discharge 
is concentrated toward base-level streams through springs and seeps, and (6) 
the aquifer is anisotropic and is not under water-table conditions in,the classic 
sense of the term. 
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HOHLENBILDUNG UND WASSERKORPER 
IN STILLWASSERBEREl<::H 

Stephan Kempe 
Geologisch-Palaontologisches lnstitut, Hamburg, BRD 

Morphogenese ist die Geschichte der physiko-chemischen Bildungsfaktoren. 
Dort, wo heute noch Raumformen aktiv gebildet werden, mufi das Studium 
ihrer Entstehungsbedingungen ansetzen. 

Die sekundaren, d. h. die Losungshohlen konnen sich in unterschiedlichen 
Milieus bilden: Im phrestischen und im vadosen Milieu. Der vadose Bereich 
zerfallt in zwei Fazien, einmal in die des gravitativ einschneidenen Fliefiwassers, 
und zweitens in die der Sickerwasserl{otrosion. Turbulenz steht Laminaritat 
gegeniiber. 

Die gleiche Einteilung gilt auch fiir den phrestischen Raum, es gibt tur
bulent und laminar fliefiende Grundwasserstrome. Beide sind nur dann morpho
gen, wenn ihre Losungsfahigkeit nicht erschopft ist. Primare U ntersattigung 
kommt aufier in der Sickerwasserzone nur auf oder kurz unter dem Karst
wasserspiegel vor, mit der Kontaktdauer nimmt die Sattigung zu. Sekundar 
kann es <lurch die ,,Mischungskorrosion'' zu Untersattigungen auch in tieferen 
Bereichen kommen. Solle daher der nichtturbulente Stillwasserbereich seine 
spezifischen Raum- und Formelemente ausbilden, wird er an die Nahe des 
Karstwasserspiegels gebunden sein. 

Diese Formelemente sind aus den Laughohlen des Gipses bekannt, kommen 
aber auch in Kalkhohlen vor. Es sind dies die auffallend ebene Decke (Laug
decke) und die abgeschragte Seitenwand (Fazette) (s. Abb. 5). Diese Formen 
werden <lurch die losungsdynamischen Vorgange im Hohlenwasserkorper 
bedingt. 

Der Untersuchung dieser Wasserkorper diente eine Forschungswoche in 
den Gipshohlen des Naturschutzbgebietes Hainholz bei Osterode am Siidharz 
(BRD) im Mai 1973. 

Die Genese des Karstwassers ·veranschaulichen die Abb. 1 u. 2. Die hier 
analysierten Sickerwasser (Abb. 1 a, d) wurden n�ch ca. 10 m Sickerstrecke 
und nach meist mehreren Metern Fallstrecke auf Plastikplanen aufgefangen 
und weisen eine sehr niedrige Karbonatharte (KH unter 5 °dH) bei hohen 
Gesamtharten (GH zwischen 75 und 95 °dH) auf. 1 °dH - ein Grad deutscher 
Harte entspricht 2,s- 1 mval/ 1. Dafi urspriinglich mehr Karbonat in der Boden
und Sickerwasserzone gelost wurde, beweisen die viel hoheren Magnesium
harten (bis 25 °dH). Im Gips ist Magnesit und Dolomit enthalten. Beim Eintritt 
des Sickerwassers in den luftgefiillten Hohlenraum fallt dann ein grofier Teil . 
des IZarbonates als Calcit aus, d�s Magnesium bleibt stochiometrisch als Magne-
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Abb. 1. Dreiecksdiagramm (nicht benotigte Bereiche ausgelassen) zur Darstellung von 

Karbonatharte (KH), Nichtkarbonatharte (NKH) und Gesamtharte (GH) (Dreiecke a, b, c) 

und Magnesiumharte, Calciumharte und Calcium+Magnesiumharte ( = Gesamtharte) 

Dreiecke d, e, f). Durch Pfeile verbundene Punkte: Zunahme des Losungsgehaltes innerhalb 

eines Teiches (Jettenhohle, 2. Pfeilersee) mit der Tiefe. Lange der Kanten = 100 °dH., 

Abstand des Netzes = 10 °dH (1 °dH = 2,s- 1 mval/1). 
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Abb. 2. Zusammenstellung der in Abb. 1 dargestellten Daten nach genetischen Gesichts

punkten. 

., ' 

siumsulfat in Losung. Der Calcit bildet in der Hohle zusammen mit Los11ngs
riickstanden aus Magnesit, Dolomit., 

Quarz und ungeordneten Tonmineralen 
meterdicke Ablagerungen 

In den Hohlenwassern (Abb. 1 b, e) nimmt dann die Karbonatharte um 

das Doppelte zu (5-10 °dH), wahrend die Gesamtharte zwischen 40 und 
90 ° dH liegt, also niederiger zu sein scheint als die der Sickerwasser. Das hat 
zwei Griinde, einmal kommt ein Teil des in Hohlen zuganglichen Karstwasser 
<lurch Schwinden direkt in die Hohlen, zum anderen wurden die Sickerwasser 
nach eine Trockenperiode gemessen, so daB die Werte nicht reprasentativ sind. 

In den Karstquellen (Abb. 1 c, f )  ist die Karbonatharte ahnlich hoch wie 
im Hohlenwasser, <las Magnesium hat sich · aber weiter angereichert. Die 
Gesamtharte betragt um 100 °dh, in einem Fall wurden sogar 105 °dH beobach
tet. 

Die fiir die Hohlenbildung zur Verfiigung stehende Losungskraft des 
Wassers betragt je nach Gewasser bis zu 50 °dH. Wie der Losungsgehalt des 
Wassers mit der Tiefe der Teiche zunimmt zeigt das Beispiel des zweiten 
Pfeilersee in der Jettenhohle (Abb. 1 b, e <lurch Pfeile verbundene Punkte). 

Die Loslichkeit des Gipses _betragt bei 6 °C etwa 60 °dH. Demgegeniiber 
weisen diese Wasser eine hohere Calcium-Harte und einen hoheren Sulfat-Gehalt 
auf, sie sind <lurch die Anwesenheit von Magnesium iibersattigt. 

Die in den Hohlen zuganglichen Karstwasserkorper schwanken in ihrer 
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Abb. 3. Bei den Leitfahigkeits- (links) und Ternperaturprofil (rechts) sind jeweils drei MeB

strecken kombiniert (senkrechte Linien), die zugehorigen Kurven befinden sich links dazu. 

pH-Messung in der Mitte entspricht jeweils der rechten Meflstrecke. · 

GroBe zwischen einigen m3 und einigen 100 m3
• Fiir unsere U ntersuchungen 

wahlten wir einen Teich in der 425 m langen Jetterhohle, den 2. Pfeilersee. Mit 

einer Leitfahigkeits- (WTW, Mod. LF54) und einer Temperatursonde (Tasto

Therm) wurden die Profile der Abb. 3 gemessen. 

In diesem, an der tiefsten Stelle 1,90 m tiefen Teich wurden drei Wasser
schichten festgestellt, die <lurch zwei Sprungschichten getrennt sind, in denen 

der Salzgehalt starker zunimmt (linke Seite der Abb. 3). Diese Sprungschichten 
scheinen zum Rand, zur Flache der aktiven Losung hin, nach oben gebogen zu 
sein. Temperatur und pH-Wert dagegen nehmen mehr oder weniger konti
nuierlich zur Tiefe hin ab (Mitte und rechte· Seite der Abb. 3). 

In der Marthahohle wurde ein ahnliches Profil gemessen (Abb. 4), hier 

gab es nur eine Sprungschicht, die zwei in sich sehr homogene Wasserschichten 
trennte (Abb. linke Seite). Pie Temperatur erhohte sich in diesem Profil bis 
zum Ende der Sprungschicht und fiel dann gleichmaflig ab. 

Die Interpretation dieser Ergebnisse fiihrt zu der Vorstellung, daB in 
diesen Hohlenteichen mit stehendem Wasser eine Dichtekonvektion ablauft, 
wie sie die Abb. 5 schematisch wiederbigt. An der Fazette wird das Gestein 
abgelost und eine Wasserschicht flieflt an ihr zur Tiefe des Teiches bis zur 
Sprungschicht. Dadurch kommt eine Bewegung zustande, die das Wasser inner

halb der Schicht umwalzt. 
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Abb. 4. Profil links in der Marthahohle., rechts ein Teich vor der Hohle (AuBenbedingungen). 

Aus diesem Modell miiBte sich eine randlich gerichtete Oberflachen

stromung ergeben. Diese Hypothese wird <lurch folgendes Experiment unter

stiitzt. Die Oberflache eines kleinen Armes des 2. Pfeilersees wurde gleichmaBig 

mit Styroporki.igelchen bestreut (Abb. 6). Am nachsten Tag batten sich diese 
Kiigelchen alle zum 40- bis 50 cm entfernten Rand bewegt und lagen dort fest 
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Abb. 5. Stromungsbild der Dichtekonvektion., 1. Sprungschicht mit unterer Laugdecke

korreliert. 

Abb. 6. Zum Nachweis von Oberflachenstromungen auf dem 2. Pfeilersee aufgebrachte 

Stryropor-Abdeckung, Bildausschnitt ca. 100 x 70 cm. 
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Abb. 7. Nach einem Tag haben sich die Stryroporki.igelchen an den Rand angelagert, Bildaus

schnitt ca. 40 x 30 cm. 

(Abb. 7). Um die Storung der Oberflache durch einfallendes Tropfwasser zu 
vermeiden, war der gesamt Teich mit einer Plastikfolie iiberspannt. Nach· 

dieser Beobachtung miiflt·e die Stromung eine Geschwindigkeit von einigen 
cm/h haben. 

Auch die Oberseiten der unteren Wasserschichten miiflten eine randliche 
Stromung besitzen, mit der sie ,,Frisch''-Wasser zur Laugung an die Fazette 
fiihren. Diese Wasserschichtung mag auch fiir die Ebenheit der Laugdecke 
verantwortlich sein. Die Laugdecke bildet sich, wie der Name sagt,. durch 
Losung im untergetauchten Zustand. Sie ist daher auch unter Wasser stabil 
und bedarf nicht des Nivelliereffektes von eingeschlossenen Luftblasen, die 
zudem im kliiftigen Gips schnell abziehen wiirden. Unter·der Wasseroberflache 
aber sind Sprungschichten das einzige waagerechte Bezugssystem mit dem man 
die Laugdecken korrelieren konnte. 

Der Versuch, die Stromung mathematisch naher zu fassen, ist bislang noch 
nicht erf olgreich. Die Hauptfaktoren, sind die Zahigkeit des Wassers, die 
Diffusionsgeschwindigkeit, die daraus resultierende Dichtedifferenz einz�lner 
Wasserschichten und die aufler der reinen Losung ablaufenden chemischen 
Reaktionen so wie Geschwindigkeit und Beschaffenheit des zufliefienden 
Sicker- oder Schwinden-Wassers und die Art und Geschwindigkeit des AbfluBes 

in den Karstwasserkorper. 
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International Speleology 1973, Ill, sub-section Ca: Karst hydrology 

Ca 020 

rH�POrEOJIOrHqECKHE YCJIOBHH PA3BHTHH 
KAPCTA rPY3HH 

T. 3. KuKHa�3e
CneneonorHtJeCKHH coaer AH rpy3HHCKOH CCP, T6HJIHCH, CCCP 

0,n;HHM H3 OCHOBHbIX npo6neM KapCTOBOH rH,n;poreonorHH HBJIHeTCH H3ytJeHHe 

,lJ;BH>«eHHH 110,n;3eMHbIX ao,n;oTOKOB H ycnoBHH HX �HPKYJIHI..\HH. Oco6o Ba>«HOH 

npo6JieMOH 11pe,n;cTaBJIHeTCH BbI,n;eneHHe IIO,n;3eMHbIX 6acceiiHOB KapCTOBbIX BO,n;. 

3TH 11po6neMbI CJIO)I{Hble H ,lJ;JIH HX ycneII1Horo perneHHH Tpe6yeTCH IIpHBJieqeHHe 
U V KOMIIJieKCHOH MeTO,lJ;HKH, BKJIIOqarolI(eH: H3ytJeHHe JIHTOJIOrHtJeCKOro H TeKTOHH-

qecKoro CTpOeHHH KapCTOBbIX MaCCHBOB' BbI,lJ;eJieHHe BTOpHtJHbIX CTPYKTYP' HCCJie

,D;OBaHHe KJIHMaTHtJeCKHX, reoMop<t:>onorHqecKHX H rHIICOMeTpHtJeCI<HX ycJIOBHH, 
u 

ycTaHOBJieHHe 3aBHCHMOCTeH Mem,n;y Mo,n;yneM CTOKa H pacxo,n;aMH KapCTOBbIX 

HCTOqHHKOB, pacqJieHeHHe JIHTOJIOrHtJeCKHX cnaraIOI.QHX Ha B0,lJ;OHOCHO-KapcTyIO

I.QHeCH H BO,n;oy11opHbie ropH30HTbI, ycTaHOBJieHHe rH,n;poreonorHtJeCKHX BO,n;opa3-

,n;eJIOB' pOJIH ,D;H3IOHKTHBHbIX H IIJIHKaTHBHbIX ,D;HCJIOKa�HH B Mem6acceHHHOM 

pacnpe.n;eneHHH aTMoc<I:>epHbIX BO,n;,, onpe.n;eneHHe 3HaqeHHH IIJIOCKOCTeH pa3pb1B0B 

H KOHTaI<TOB paCTBOpHMbIX rropo,n; C HepaCTBOpHMbIMH ,D;JIH ycTaHOBJieHHH HanpaB

JieHHH, CKOIIJieHHH H pa3rpy3KH KapCTOBbIX BO,D;, H3ytJeHHe XHMHqecKOH aKTHB

HOCTH BO,n; H T. ,ll;. M3 3Toro npocToro nepeqH,SI BOIIpOCOB BH,D;Ha CJIO>«HOCTI, H 

Tpy,n;oeMKOCTI, ,n;aHHbIX npo6neM. 

0,n;HHM H3 BeCnMa HHTepeCHblX H CBOeo6pa3HbIX KapCTOBbIX perHOHOB 3eMHOrO 

rnapa a rH,n;poreonorHqecKOM OTHOilleHHH HBJIHeTCH KapCTOBaH o6JiaCTI, 3ana,n;HOH 

rpy3HH, 3aHHMaroI.QaH nep:0<1:>ep:010 IOmHoro CKJIOHa Bon1>rnoro KaBKa3a H ceBep

Hyro XOJIMHCTYIO qacTb rpy3HHCKOH rJibI6bI HJIH MemropHoro IIOHH>«eHHH. 

KapCTOBaH o6naCTI, 3ana,n;HOH rpy3HH CJIO)l{eHa 1<ap60HaTHbIMH OTJIO)l{eHHHMH 

BepxHeH IOpbI, Mena H naneoreHa. 0Ha pacqneHeHa 3p03HOHHbIMH, qaCTO I<aHbOHO

o6pa3HbIMH ,IJ;OJIHHaMH peK Ha MHOrOtJHCJieHHbie I<PYIIHbie H MaJibie KapCTOBbie 

MaCCHBbl, rH,n;poreonorHtJeCKHe ycJIOBHH I<OTOpbIX H3yqeHbl He,n;ocTaTOtJHO. M3

cne�HaJinHbIX pa6oT, OCBeI.QaIOII(HX rH,n;poreonorHIO OT,D;eJibHbIX KapCTOBbIX paiio

HOB 3ana,n;HOH rpy3HH cne,n;yeT YIIOMHHYTb IIOHBHBlIJHeCH 3a IIOCJie,D;Hbie rO,D;bl 

TPYJJ;bI r. H. rHrHHeHillBHJIH H ,I(. ,I(. Ta6H,n;se (1970), r. A. MaI<CHMOBHtJa H 

T. 3. KHKHa,n;se (1967, 1973), T. 3. KHKHa,n;3e (1968, 1972), ,U. ,I(. Ta60:,n;3e H

T. 3. KH1<Ha,n;3e (1973). liHTepecHbie ,n;aHHbie o rH,n;poreonorHH 03HatJeHHoro

perHOHa IIpHBe,n;eHbI B X ToMe <<I'H,n;poreonorHH CCCP>> ( 1970).

KapCTOBa.SI IIOJIOCa 3ana,n;HOH rpy3HH xapaKTepH3yeTCH CJIQ)l{HbIMH H CBOeo6-

pa3HbIMH rH,n;poreonorHqecI<HMH ycJIOBHHMH, Bbl3BaHHbIMH Haxom,n;eHHeM OT,n;eJib

HbIX qacTeH o6nacTH B npe,n;enax cnomHoc1<na,n;qaToro IOmHoro CI<JIOHa Eon1>moro 

KaBKa3a H I'py3HHCI<OH rJibI6bI. IlecTpOTa JIHTOJIOrHtJeCKOro H TeI<TOHHqec1<oro 

CTpOeHHH, pa3H006pa3HbIH XHMHtJeCKHH COCTaB I<apcTyIOI.QHXCH nopo.n;, HaJIHqHe 
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HJIH OTCYTCTBHe IIOI<pOBHbIX o6pa30BaHHH, UOKOJll>HblX H rrpoMemyToqHbIX, a TaKme 

IIOKpOBHbIX Bop;oynopoB, KJIHMaTHqecKHe ycJIOBHH, pacnonomeHHe OTHOCHTeJil>HO 

o6rn;ero 6a3HCa KapCTOBaHHH (Bnap;HHbl qepHoro MOpH) a TaKme OTHOCHTeJll>HO 

MeCTHbIX 6a3HCOB (,n;onHHbl peK H ,n;pyr11e OTPHUaTeJil>Hbie cpopMbl pen1,ecpa) C03-

,n;aroT cneu11cp11qec1<11e p;nH 1<am;:i;oro 0Tp;eJI1>Horo i<apcToaoro Macc11Ba r11,n;poreono
rnqec1<11e ycnoaHH. 

B npe,n;enax KapCTOBOH nOJIOCbl 3ana,n;HOH rpy3HH Mbl BbI,D;eJIHeM cne,n;yrorn;He 

BO,D;OHOCHO-KapcTyIOrn;HeCH H ao;:i;oynopHbie ropH30HTbl (CM. pa3pe3bl Ha pHCYHI<e). 

I . BepxHeropcKHH ao,n;oHocHo-1<apcTy10rn;11iicH ropH30HT, npe,n;cTaaneH .nys11-

TaH-THTOHCKHMH H3BeCTHHI<aMH H pacnpocTpaHeH rnaBHblM o6pa30M B 3ana,n;HOH 

A6Xa3HH, Ha rarpCKOM, E3bI6CKOM H PMXBHHCKOM MaCCHB8X. 

2. HHmHeMeJIOBOH BO,D;OHOCH0-1<apcTyrorn;HHCH ropH30HT, npe,n;CTaBJieH Ba

JiaH)l(HH-6appeMCKHMH H3BeCTHHI<8MH H o6Ha.>KaeTCH noqTH Ha BCeM npoTH.>KeHHH 
V 

KapcTOBOH noJIOCbl. 
3. BepxHeMeJIOBOH B0,D;OHOCHO-KapcTyIOrn;HMCH ropH30HT, npe,n;cTaBJieH TypoH-

ceHOH-,D;8TCKHMH H3BeCTHHK8MH, 38HHM8H B OCHOBHOM ueHTpaJil>HYIO H BOCTOqHyro 

qaCTH noJIOCbl; B OCT8Jll>HbIX MeCTax coxpaHHJICH OT,D;eJil>HblMH OCTOpOBK8MH. 

4. IIaneoreHOBbIH B0,D;OHOCHO-Kapcryrorn;HHCH ropH30HT, npe,n;cTaBJieH naneo-
V V U 

ueH-30UeHOBblMH H3BeCTHHI<8MH H pacnpocTpaHeH no BCeH nonoce Y3KOH JieHTOH; 

IIIHpoKHM pasBHTHeM noJI1>syeTcH B BocroqHoii: A6xasHH H HMepeTH. B 6oJil>lIIHH-
u 

CTBe c.nyt1aeB naneoreHOBbIH ropH30HT BMeCTe C BepxHeMeJIOBbIM ropH30HTOM 
V U 

cos,n;aeT e,n;HHbIH BO,D;OHOCHO-I<apcTyIOrn;HHCH ropH30HT. 

B o ,n; o y II o p H bl e r o p H 3 o � T hi: 

1. HnmHHH BOAoynopH0-3Kpaa11py10rn;11ii: ropH30HT, rrpe.r(CTaBJieH 6aiioccKoii:

rropcpHpHTOBOH CBHTOH, MeCTaMH KeJIJIOBeM-OKCcpop,n;cKHMH rJIHHaMH H rrecqaHH

KaMH (B sana,n;HOH ll8CTH) H rJIHHHCTbIMH OTJIO)KeHHHMH I<HMepH,D;lliTHTOHa H 6aTa 

( B BOCTQqHOH IIOJIOBHHe). 

2. Cpe,n;HHM BO,n;oyrropHbIH ropH30HT' rrpe,n;cTaBJieH BepxHeMeJIOBbIMH ( a11T

aJI1>6-ceHOM8HCKHMH) H HH)l{HeMeJIOBbIMH rJIHHaMH, MepreJUIMH H rrecqaHHK8MH. 

PacnpocTpaHeH noqTH no aceii I<apcroaoii: rronoce. B 3ana,n;Hoii: A6xasHH cpe,u;HHM 

ao;:i;oynopHbIM ropH30HTOM cnymaT HHlliHeHeOKOMCKHe rnayI<OHHTOBbie rrecqaHHI<H 

H 6HTYMHH03Hble H3BeCTHHKH, a arrT-8JI.b6-ceHOMaHCI<HH ropH30HT CJiy.>KHT BepXHHM 

ao,n;oyrropoM. 

3. BepxHHH (no1<poBHhIH) ao,n;oyrropHbIM ropH30HT, rrpe,n;craaJieH rraneoreH

HeoreHOBbIMH rJIHHaMH. 

AHaJIH3HpyH 11epeq1rcneHHb1e B Haqane ,n;o1<na,n;a ycJIOBHH, a rrpe,n;enax 1<apcTo

aoii: noJIOCbl 3arra,n;HOH rpy3HH MO.>KHO HaMeTHT.b BbI,D;eJieHHe CJie,n;yrorn;Hx rro,n;-

3eMHbIX 6acceiiHOB KapCTOBbIX BO)];: 

I. EacceiiHbI c1<na,n;qaToii CHCTeMbI IOmaoro c1<noaa Eon1>IIIoro Kaa1<asa,

axo,n;Hrn;He B A6xasc1<y10 nop;soHY rarpc1<0-,Umaac1<oii: 30Hht. Xapa1<TepHsyroTcH 

CBOHCTBaMH BbICOKOropHoro Kapcra co CJie,n;aMH BIOpMCI<oro OJie,D;eHeHHH H HaJIH-

qHeM acero 1<0MnJie1<ca rH,n;po,n;HHaMHqecKHX 30H c ripeo6na,n;arorn;HM H rHrrepTpo

cpHpoaaHHbIM pa3BHTHeM rH,n;po,n;HH8MHqec1<oii 30Hbl BeOTHI<8Jll>HOH HHCXO,n;Hrn;eii: 

• 

134 \ 



n;HpKyJIHD;HH. B npe,n;eJiax MaCCHBa Apa6HKa, npe,n;CTaBJIHIOIQero npHMOpCKYIO 

ony�eHeyIO BO,ll;OHOCHYIO CHCTeMy (no KJI8CCH<pHK8D;HH r. A. MaKCHMOBHqa, 1966,

1969) HaMH BhI,D;eJieHo 9 no,n;3eMHhIX 6acceiiHOB KapCTOBbIX BO,n; (KH1<Ha,n;3e, 1972,

Ta6H,n;3e, KHRHa,n;3e, 1973). J13-3a HaJIHqHH npoMeH<yTO'lIHhIX Bo,n;oynopoB, 3,n;e�o 

HMeeTCH 3Ta_H<HOe CTpOeHHe 6accetiHOB KapCTOBbIX Bo,n;, a CHHKJIHHaJII:,Hbie CTPYI<Ty

pbl onpe,n;eJI.HIOT ,n;BHH<eHHe IlO,D;3eMHbIX BO,n; B CTOpOHY HaKJIOHa MYJio,n;. B npH-

6peH<HOH l.JaCTH, MOHOKJIHHaJI.bHOe crpoeHHe BO,n;OHOCHbIX ropH30HTOB H HaKJIOH 

B CTOpOHY MOp.H onpe,n;eJI.HIOT ,ll;BHH<eHHe no,n;3e.MHbIX BO,ll; B 3TY H<e CTOPOHY H HX 

pa3rpy3I<Y B 6eperOBOH IlOJIOCe, B Mecrax H<e norpyH<eHHH H3BeCTHHKOB no,n; 

ypoBHeM MOpH - cy6MapHHHYIO pa3rpy3I<Y. 

Ha B3bI6CKOM I<apCTOBOM MaCCHBe BhI,D;eJieHO 2 no,n;3eMHbIX 6acceiiHa KapCTO

BhlX BO,n; - ,il.H<HpXBa H M qHIIITa. 3TH ,n;aa HCTO'l!HHI<a pa3rpyH<aIOT Bee BO,ll;bl 

MaccHBa (rHrHHeHIIIBHJIH, Ta6H,n;3e, 1970). Mano H3yqeHHhIH MaccHB PHxBa, pac

nonoH<eHHhIH ceBepHee B3bI6CI<OrO MaCCHBa pa3rpyH<aeT CBOH no,n;3eMHbie BO,ll;bl 

Ha IOH<HOM CKJIOHe B BH,n;e pa3HOBblCOTHbIX BOI<JII030B C ,n;e6HTaMH 1-2 M3/ceK. 

B HeKOTOpblX cnyqa.SIX 3TH HCTOl.JHHKH o6pa3yIOT BO,n;ona,n;bI BbICOTOH ,n;o 1000 M 

(Ta6H,n;3e, 1968). Ha npHMepax ,n;aHHblX MaCCHBOB qeTI<O BblpbICOBbIBaeTCH HeCOB

na,n;eHHe IlOBepxHOCTHbIX H no,n;3eMHbIX BO,n;oc6opoB. K npHMepy' o6m;a.H nnom;a,n;o 

TOnorpa<pH'l!eCI<HX Bo,n;oc6opoB HCT�qHHKOB M 'lIHIIITa H ,UmHpXBa Ha D3bI6CKOM 

MaCCHBe 38,2 I<M2, a cpaKTHqecI<HX Bo,n;oc6opoa - 160 I<M2 • 

Bocro'l!Hee, B AM3apo-Myxypc1<oii: no,n;3oHe 1<paeB1>1x ,n;HcnoI<an;Hii: npe,n;cTaB

JieHhI KapCTOBbie MaCCHBbI c IIIHpOKIIM KOJie6aHHeM aMilJIHTYJ];bl rHilCOMeTpHqecI<oro 

pa3BHTHH, OT 150 M (MaCCHB rayqa) 1-1 ,n;o 20001-2156 M (MaCCHBbl XaaMJIH H Oxaq

I<ye). Ha6n10,n;aeTCH ,n;Byx3TalliHOe CTpOeHHe no,n;3eMHbIX 6acceHHOB I<apCTOBbIX BO}]; 

C npeo6Jia,r(aHHeM ropH30HTaJII>HO-H8KJIOHHOH D;HPI<YJIHI.J;HH. B OCHOBHOM npe,n;

CTaBJieHbI CHHI<JIHH8JII:,Hble 6acceHHbI, HO HMeIOTCH 11 MOHOKJIHHaJII:,Hbie. 

B CTpOeHHH HH3I<OrOpHblX MaCCHBOB aI<THBHO yqacTBYeT IlOI<pOBHblH ao,n;o

ynop, qacro co3,n;a10�HH apTe3HaHCI<He ycnoBHH. IIT11po1<0 pacnpocTpaHeHbI no,n;-

3eMH1>1e peI<H c 6oJII>IIIHMH ,n;e6HTaMH (AMTI<eJIH Ha MaCCHBe Ue6em,,n;a - 6,7 M3/ceK. 

Pe'l!XH, 0JIOpH, JierBeIIIapa Ha MaCCHBe OxaqI<ye C J:(e6HTOM 1-2 M3/ceI<. H ,n;p.). 

3aMel.JeHo nepepacnpe,n;eneHHe CTOI<a Mem,n;y 6acce0HaMH H HecoBna,n;eHHe noBepx

HOCTHbIX H no,n;3eMHhIX BO,n;oc6opoB (HanpHMep reonorHqeCI<HH BO,r(OC6op p. PeqxH 

Ha 31 I<M 2 npea1>1IIIaeT nno�a,n;n Tonorpaq>Hl.lec1<oro BOJ:(oc6opa, a p. OnopH H 

p. 3pHCD;I<aJIH - MeHnllle COOTBeTCTBeHHO Ha 21,7 H 4,6 KM2). PemHM I<apCTOBbIX

HCTO'l!HHI<OB 38BHCHT OT I<OJIHl.JeCTBa aTMOC<pepHbIX oca,n;I<OB H ,n;e6HT HX H3MeHHeTCH

OT 0,1 n/ceK ,n;o 2 M3/ceK, HHOr,n;a ,n;oCTHraH 26 M3/ceK (rHrHHeHUIBHJIH, 1969).

KapcTOBbie 6acceiiHbI Paqa-JieqxyMcI<oii CHHI<JIHHaJIH rarpc1<0-,Umaac1<00 

30Hbl npe,n;cTaBJieHbl Ha I<apcTOBblX MaCCHBax Pa'lIHHCKoro xpe6Ta H ero OTpOrOB. 

Cy6ropH30HTaJinHOe 3aJieraHHe nopo,n; onpe,r(eJIHJIO pa3BHTHe B OCHOBHOM· ropH-

30HTaJII,HOH H HaKJIOHHOH D;HPKYJIHD;HH I<apCTOBbIX BO):(, pe3yJinTaTOM qero HBJIH-

IOTCH MHOroqHCJieHHble cy6ropH30HTaJII>Hbie nem;epbl KaK B rpe6HeBbIX qacTHX, 

TaK H B 3p03HOHHbIX y�eJIHX Ha HH3KHX OTMeTI<ax. "l!aCTbie pa3pbIBbI npH,n;aroT 

MaCCHBaM 6JIOI<OBOe CTpOeHHe, a MeCTa pa3pbIBHhIX HapymeHHH HBJIHIOTCH oqaraMH 

pa3rpy3KH I<apCTOBblX BO}];. Ha6JIIO,r(aeTCH ABYX3TalliHOe CTpOeHHe no,n;3eMHbIX 
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3eMHbIX BO,D;OTOKOB; 9. Pa3pb1Bbl. 
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6acceHHOB KapCTOBhlX BO)];. Ilo,u;3eMHbie 6acceHHhl H306HJiyIOT II0)];3eMHhIMH peKa

MH (Illaopa-Illapayna, XeopH, U:HBQKana H ,n;p.), Bhixo,n;.HIQHMH Ha ,n;HeBeyro no

BepxHOCTb Ha pa3HhlX rHIICOMeTpHqecKHX BhICOTax, qTo o6ycJIOBJieHO me npeypo

qeHHOCTbIO K BepxHeMy HJIH HHlliHeMy BO)];OHOCHO-KapcryIOIQHMC.H ropH30HTaM. 

II. EacceHHhI KapcTOBhIX MaccHBOB rpy3HHCKoii rJib16b1 (AcxH, YpTa, YHa

rHpa, U:xanzy6o, 0KpH6a-AprBeTCKHii, BepxHe-HMepeTCKoe nnaTo) xapaKTepH-

3y10Tc.H npeo6na,u;aIOIQeii ropH30HTaJibHOM QHPKYJI.HQHeii KapCTOBbIX BO,[( (3a HC

KJIIOqeHHeM ceaepHOM qacTH MaCCHBa AcxH) H HaJIH'llHeM 3Ta)J(HOpacrrOJIQ)KeHHbIX 

KapCTOBhIX neIQep. MHoroq:0cneHHbl II0)];3eMHbie peKH (TKH6yna-,I(3eBpyna, To611, 

qep:0, Paqxa, Typqy H ,u;p.). Ha rpy3HHCKoii rnh16e 1<ap60HaTHb1e oTJiollieHH.H 

rny601<0 norpymaIOTC.H I< rory IIO)]; ypoBHeM MOp.H H nepeKpbIBaIOTC.H MOIQHblMH 

IIOKpOBHbIMH BO,u;oynopHbIMH OTJIOllieHH.HMH. 3,u;ecb QHPKYJIHPYIOT yllie I<apCTO

Bbie BO)];hl rny6HHHOM QHPKYJI.HQHH li C03,[(aHbl apTe3HaHCI<He ycJIOBHH. 

B KapcTe 3ana,u;HOH rpy3HH )];OI<a3aHO cyIQeCTBOBaHHe o6oco6JieHHblX no,n;-

3eMHhlX I<apCTOBblX BO)];OTOKOB, qTo oco6eHHO HarJI.H)];HO npocnemHBaeTC.H B ropHO

CKJia.n;qaThIX Macc:0aax lOlliHoro CKJIOHa EonbIIIoro Kaa1<asa. B nnaTcpopMeHHOM 

THIIe I<apcTa HaMetJaeTC.H e.n;HHbIH ypoBeHb 1<apCTOBhIX BO)];. TeH,u;eHQH.H IIOCTerreH

Horo nepexo.n;a pelliHMa o6oco6JieHHbIX BO)];OTOKOB 1< pe>J<HMY rpYHTOBhIX BO)]; BbI

pHCOBhIBaeTC.H Ha ,I(apKBeTCI<OM Harop1:,e, COCTaBJI.HIOIQeii qacTH BepxHe-HMepeT

CKOrO IIJiaTO (THHTHJI030B, 1963) H oco6eHHO qeTI<O - B qHaTypcI<OM paiioHe. 

3apOlli)];eHHe H pa3BHTHe II0)];3eMHbIX 6accei1HOB KapCTOBblX BO)]; B 3ana,[(HOH 

rpy3HH cne,zzyeT paccMaTpHBaTb Ha Q?OHe HCTOpHH reonorHqecKoro pa3BHTH.H 06-

JiaCTH. Ha rpaHHQe IIJIHOQeH-IIJieHCTOQeHa BaJiaXCKa.H opocpa3a Bb13BaJia CBO)];OBOe 

B03)];bIMaHHe Bonbrnoro Kaa1<a3a H ero OTporoB. 06pa3oBaHHe B 3Tome apeM.H 

qepHOMOpCI<OrO rpa6eHa' CHJlbHhie naneoreorpacpHqecKHe nepecTpOHKH Bbl3BaJIH 

ocna6JieHHe IIOBepXHOCTHOrO CTOKa H ero rrepeMeIQeHHe B rny6HHY (Byaq11,n;se, 

1970). ,I(an1:,Heiirnee onycKaHHe o3HaqeHHoro rpa6eHa, a TaIOI<e pa3Hoo6pa3Hhie 
V 

TeKTOHH'lleCKHe )J;BH>KeHH.H C03)];aJIH 6naronpH.HTHble ycJIOBH.H )];JI.fl 110)];3eMHOH QHp-

KYJI.HQHH H ,u;peHHpOBaHH.H 1<apCTOBblX BO)];. Oco6a.H poJI.b B o6pa30B8HHH no,u;seM

HbIX 6acceHHOB 1<apCTOBblX BO)]; rrpHHa)J;JielliHT IIJIHKaTHBHbIM _AHCJIOI<aQH.HM ( B npe

,u;enax IOlliHOrO CKJIOHa BoJibIIJOro KaBKa3a), C03)];aBIIJHX o6oco6JieHHble BO)J;OTOKH, 

H )J;H3IOHKTHBHblM )];HCJIOKaQH.HM (B npe,u;enax rpy3HHCKOM rJibI6b1), C03)J;aIOIQHX 

e,u;HHblli ypoBeHb I<apCTOBblX BO)];. 

KapCTO.ITOrO-rH)J;pOreOJIOrHqeCKOe H3yt1eHHe II0)];3eMHbIX 6acceHHOB I<apCTOBbIX 

BO)]; 3ana)J;HOM rpy3HH HaqaTO cpaBHHTeJibHO He,[(aBHO H ,n;aJibHeHlllHe HCCJie,u;oaa

HH.H B 3TOH o6JiaCTH CMOryT BbIHBHTb BeCbMa HHTepeCHbie oco6eHHOCTH pa3BHTH.H 

KapcTa. (PHC. 1). 

T. Z. Kiknadze 

-' - ... 

HYDROGEOi.OGICAL CONDITIONS OF THE KARST 

DEVELOPMENT IN GEORGIA 

ABSTRACT 

An attempt is made to reveal large and small underground karst water basins. The existence 

of separated underground streams in the karst of Georgia. 
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International Speleology 1973, Ill, sub-section Ca: Karst hydrology 

Ca 021 

KARSTWASSERUMLAUF 

UND KARSTWASSERHAUSHALT IM 

TRANSDANUBISCHEN MITTELGEBIRGE 

Sandor Lang 
Universitat von Budapest, Abt. fur Physische Geographie, Budapest, Ungarn 

• 

Das Karstwasser des Transdanubischen Mittelgebirges besitzt zwei, jedoch 
miteinander vollig zusammenhangende und ineinander iibergehende Niveaus. 
Das eine, das o b  e r e  - Die Donau-Erosionsbasis - ist in einer Hohe von 
� 100 m iiber dem Meeresspiegel, ein stromendes, dynamisches, oder sich 
auffiillendes, herabsinkendes Karstwasser, das heute iiber der Hohe von 100 bis 
280 m liegt. (Das uhrglasartig sich aufwolbende Hauptkarstwasser-Niveau des 
Mittelgebirges bildet die obere Grenze seines Niveaus.) Das andere ist die 
untere, d. h. unterhalb des vorigen liegende ( statische) T i e f k a r s t w a s s e r
Z o n e , die von einem Niveau 100 m bis unter das Meeresspiegel reicht, dem 
Vorhandensein von aufspeichernden Karstgesteinen (Mezozoeozen Kalksteinen, 
Mezozoon-Dolomiten, sowie Kalkhaltigen Mergeln) entsprechend ganz bis an 
die Wasser absperrenden Kristallschief er-Palezoonschichten, oder seitlich hin 
bis an die Deckgebirgemassen, gleichsam mit mehr abdichtendem Charakter. 
Die stromende - sich auffiillende Karstwasserzone stellt nur eine etwa 5-10 m 
dicke K.ruste, oberhalb der tieferen Zone des statischen Karstwassers, dar. 

Dementsprechend gibt es im Transdanubischen Mittelgebirge in der 
tieferen Zone von der etwa 5000 km2 groBen 100 m ii. d. M. liegenden Karst
flache in das porose Sediment des Deckgebirges nur sehr wenigen Karstwasser
ver lust - er kann nur ·etwa auf 1-2 % der einsickernden Wassermenge ge
schatzt werden - da ein groBeres Auftauchen des Wassers auf die Oberflache 
nirgends aufzufinden ist. ·(zu diesem Typ kann nur hochstens der am Rande 
der Kalkgebirge entstandene Moorenkranz . gezahlt werden.) N ur Kars twasser 
mit vorwiegend h e r a b s i n k e n d e m C h a r a k t e r springe� aus den 
etwa 70 Karstquellen hervor. �in kleinerer Anteil dieser Quell en ( Quell en der 
Budaer Thermal-Linie, die Quelle des Heviz-Sees, Petfurdo, Dunaalmas, 
usw.) ist eine Mischung von kalteren Karstwassern und nicht karstartigen 
Wassern in geringer Menge, bzw. von mehr oder weniger tiefer H�rkunft (nach 
Horusitzky, F. ist das letztere: profundus Wasser). 

In diesem Sinne gleicht der Karst des Transdanubischen Mittelgebirges 
von Budapest bis zu Heviz - der lief er lie gen de so gar i.iber diese Grenzzone 
hinaus - einem e i n h e i t I i c h e n , g r o s s r a u m i g e n K a r s t -
w a s s e r s p e i c h e r - G e f a  s s , dessen Grundflache, ganz bis zum basalen 
Kristall-Grundgebirge hinab (nach den Oaten von K a s s  a i ,  F .) etwa 
500-1000 m in der Tiefe, ('.I, 10 000 km2 betragt. Im Verhaltnis zu dieser 
groBen Flache bilden seine, auf die Oberflache auftauchenden Teile nur winzige 
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Flecken das Keszthely-Gebirge, das Balaton-Hochland, das Siid-�ako�y., das
Nord-Bakony, das Ost-Bakony, das Vertes-., das Gerecse und schl1essl1ch das
Buda-Pilis-Gebirge. Ihre Gesamtflache iiberschreitet nicht die Flache _von
1250 km2

., selbst wenn wir die nur einige di eke, hie und da auffindbare, Jun
ge bedeckungsartige Sedimentendecke zurechnen; d. h. die Oberflache iiber
schreitet - mit den deckgebirgischen Karstoberflachen zusammen - 1500 km2

nicht. Das nehmen wir zu Grund als eine e i n s i c k e r n d e K a r s t f 1 a -
c h e , die im Durchschnitt 25-30 % des J ahresniederschlags aufnimmt.

So ist also unser oben genanntes Karstwasserspeicher-Ge_faB im Mittel
gebirge vom Wasser wohl besattigt und die erwahnte _jahrliche 25-30%-ige
Einsickerung kann in der Regel iiber die tiefsten Schorten dieses GefaBes an
der . Erosionsbasis auch ii b e r s t r o m e n , leider ist aber die Menge dieser
Einsickerung - nach unseren heutigen, modernen Kenntnissen - und die der
fast ebenso grossen Uberstromung, infolge der nicht zu feuchten Klimaver-
haltnisse, verhaltnismaflig gering. 

Wenn also zu unseren Zeiten dem hauptsachlich kiinstlich schon abgezapf-
ten Karst um ein wenig mehr Wasser abgepumpt wird, als die Uberstromungs
menge, so h o r t b a 1 d d i e g e s a ·m t e U b e r s t r o m u n g , die
Tatigkeit der reichen K·arstquellen auf. Heute gibt es noch eine partielle Uber
stromung, sie hat aber eine abnehmende Tendenz, weil der Bergbau seit meh
reren J ahrzehnten schon viel Karstwasser entnahm und die ehemaligen Wasser
ni veaus senkte. Wenn wir aber mehr Karstwasser entnehmen, als die Einsik
kerungs-, beziehungsweise die gleiche Uberstromungsmenge, kann an der
Stelle der Abpumpung ein sehr tiefer D e p r e s s i o n s  t r  i c h  t e r  zustande
kommen., bedingt von der Tiefe der Pumpenanlage unterhalb des Wasser
spiegels des jeweiligen Karstwassers. Entnehmen diese Pumpmaschinen dem
Karst, iiber eine langere Zeit, viel Wasser, zeigt sich das Ergebnis <lurch Umla
gerung und Sinkung des Karstwasserspiegels sehr fiihlbar. Diese Sinkung
betrug im allgemeinen - sogar 20-30 km von den viel Karstwasser entneh
menden Steinkohlen- und Bauxitgruben entf ernt - im Lauf e der letzteren
20-25 Jahre 20-25 km, hie und da sogar noch mehr. Dementsprechend ist
schon., !eider etwa ein Viertel der Karstquellen schon erloschen und falls der
Wasserbergbau im Karst auch zunehmen wird, werden fast alle die hier genan
nten 70 Quellen versiegen.

Aufgrund ?higer Erlauterungen ist eine der Gesetzmassigkeiten, die bei
dem Karstwasser-Abpumpen sich zeigen, offensichtlich: eine voile Abzapfung,
schon oberhalb der erwahnten 100 m tiefen Erosionsbasis - z. B. das Entneh
men von mehr als die ganze Menge des jahrlich eingesickerten Wassers -
verursacht die Herabsinkung des Karstwasserniveaus und das Aufhoren der
Uberstromungen. Wenn man aber den meistens unterhalb des Niveaus von
100. m lie�enden, sog. B a s i s w a s s e r - V o r r a t ( statisches Karstwasser)
- 1n kle�nerem Masse - abzapft, wird sich eine Karstwassersinkung auf
dem Geb1et des ganzen· Karstwasserspiegels des Mittelgebirges stufenweise
aber nicht gleichmassig, zeigen. 1st die Abzapfung dieses Basis-Vorrates scho�
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so gr_oss an�elegt, <lass sie auch in Menge die jeweilige Einsickerung iiber
schre1 tet, ( e1ne solche Situation gibt es z. B. seit 1968 im Transdanubischen 
Mi�telbegirge ), wird neben Entstehung von r i e s i g e n D e p r e s s i O n s 
t r 1 c h  t e r  _n auc� <las _allgemeine Karstwasserniveau iiberall, das ganze 
Transdanub1sche M1ttelgeb1rge entlang, stiirmisch sinken, auBer wenn tektonisch 
auch gut wahrnehmbare Isolierungs-Zonen die Stauungen einzelner kleinerer 
Teile fordern. (Ein gutes Beispiel fiir letzteres bietet das Balatonhochland 
zwischen B. almadi und Revfiilop.) 

Als Folgerung obiger Schilderungen konnten wir d e n G r  u n d s a t z 
vorschlagen und empf ehlen, daB die Verbesserung der Wasserversorgung der 
Hauptstadt, bei Benutzung der Karstwasser-Basis so gelost werden sollte dass 
d i e  z u  b e n u t z e n d e n  u n d  i n  d a s  W a s s e r l eit u n g s s y s

,
t e m  

z u  s p e i s e n d e n  W a s s e r m e n g e n  d i e  m a s s g e b e n d e  E i n 
s i c k e r u n g s m e n g e  d e r  a n s c h l i e s s e n d e n  K a r s t g e b i r
g e n g e b i e t e  i m  J a h r e s d u r c h s c h n i t t  n i c h t  iib e r s c h r e i 
t e n s o 11 t e n . Dadurch konnte man das· Versiegen der Karstquellen in 
Budapest, in Heviz und eventuell auch anderswo, vermeiden. Um irgendeinen 
Sicherheitsvorrat zu bilden ware es zu empfehlen, nur das 95-97 % der mass
gebenden einsickernden Wassermenge zu verbrauchen, da die Schwankungen 
von mehreren Jahrzehnten nicht selten eine negative Tendenz aufweisen. 

Das Mass der Einsickerung betragt -··- in unseren Mittelgebirgen nach 
I( e s s 1 e r , H . ( 1954) - das 30-·- 40 c;<,) des J ahresniederschlags. Die in den 
Hydrographischen J ahrbi.ichern publizierte11 Berechnungen schwanken aber 
- einige Karstquellen mit gut umgrenzbaren l(arstwasser-Sammelgebieten
betreffend - zwischen 20 und 50 °/4

, abhangig davon, ob das hydrologische
Winterhalbjahr - mit seiner wenigen Verdampfung - an Niderschlag reich,
oder arm gewesen ist. Im Jahresdurchschnitt fallt dieser Wert - auch nach
unseren Berechnungen - etwa zwischen 25 und 30 %- Auf diesem Grund
betri.ige - nach unseren Berechnungen -· - die durchschnittliche jahrliche Ein
sickerung der Karstgebiete des Transdanubischen Mittelgebirges - mit 660 mm
hohem durchschnittlichem Niederschlag -··- im Durchschnitt mehrerer Jahre
180 mm pro Jahr. Dies betragt 180,10 m:1/km2

, <lessen Speicherung· bei einer
I %-igen durchschnittlichen Hohlbildung eine 18 m dicke (18 Millionen m:3)
Gesteinschichte benotigt. Bei einer 2°/4-igen Hohlbildung - mit diesem Wert
rechnet K a s s  a i ,  F. - ist zur Speicherung des durchschnittlichen jahr
lichen Niederschlags nur 9 Millionen m3 Gestein, als Wasser auf bewahrender
Gesteinumfang, (d. h. eine 9 m starke Gesteinplatte) notig. Auf diesem Niveau
zwischen 9 und 18 m liegt - dem Wasserhaushalt trocknerer, bzw. feuchterer
J ahre entsprechend - die dynamische Karstwasserzone. Die Lage dieses
Niveaus andert sich - wie wir es schon angedeutet haben - im Verhaltnis zu
einem gewissen Mittelwert - ± einige m - je nach der Situation der extrem
trocknen, bzw. extrem f euchten J ahre.

Was d i e N i v e a u s d e s K a r s t w a s s e r s a n b e t r i f f  t , wurde
also das sog. H a u p t k a r s t w a s s e r - N i v e a u - wie wir es heute
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wissen - bis zu den 40-er J ahren f estgelegt, das eine, fiber das Niveau der 
Erosionsbasis (im NO die Linie der Donau, im SW, im Bakonygebirge der 
M6rer Graben, die Depression der Sarret-Gebiete, des Balatons und des 
Marcal-Beckens) mehr, oder weniger - wie schon erwahnt - uhrenglasartig 
sich aufwolbende Oberflache darstellt. Es ist also a Is e i n  h e  i t  Ii c h  e s  
H a u p t k a r s t w a s s e r  i m  G r u n d  d e r  G e b i r g e  V e r t e s ,  
G e r e c s e , P i 1 i s u n d B u d a v o r h a n d e n , mit zentralen Auf
wolbungen, die fast die Hohe von 150-180 m (ii. d. M.) erreichen, im Kern 
der Gebirge, wahrend die Abzapfungen am Rande, in Budapest 100-105 m, 
anderswo 110-150 m ausmachten. Heute erreichen die zentralen Aufwolbungen 
des Karstwasserspiegels - inf olge der groBen Depressionen durch den Bergbau 
- kaum die 130-140 m Hohe, wie das die I(arstwasserkarte vom Jahre 1972

. (1. Jan.) andeutet. AuBerdem haben sich diese Aufwolbungen unter das Nord-
. Mezofold hin verschoben, wo noch die nicht sehr tiefe Ausbreitung der Mezo
zoon-Karstwasser aufbewahrenden Gesteine der Mittelgebirge unter der Ober
flache vorhanden ist. Demgegeniiber erreicht das Karstwasserniveau unter 
den Bergen Vertes-Gerecse-Pilis-Buda, auf Einwirkung der groBen Depressionen 
nur eine Hohe von 110-120 m, es wolbt sich also kaum auf und wenn das Tern-· 
po des Wasserentnehmens seitens des Bergbaus nicht nachlasst, wird es im 
Laufe eines Jahrzehntes unter die 100 m Hohe sinken und auch die Thermal
quellen in Budapest werden dadurch versiegen. 

Eine andere, grosse Karstwassereinheit bildet d a s B a k o n y g e b i r g e, 
<lessen Hauptkarstwasser-Niveau, der Isolierungszone der literischen Breschen
verschiebung angelehnt, heute noch zwischen T6tvazsony und Szentgal das 
Niveau von 250 m ii. d. M., iiberschreitet die Wasserentnehmungen am Rande 
(Iszkaszentgyorgy, Varpalota, Ajka, Halimba, Nyirad) senken aber auch hier 
Jahr fiir Jahr stiirmischer Weise das Wasserniveau und schon auch den von 
lange her aufgespeicherten sog. s t a t i s c h e n W a s s e r v o r r a t . Jahr
lich wird ja manchmal das Vielfache des sich auffiillenden (dynamischen) Karst
wassers auf je einem erwahnten Bergbaugebiet entnommen. (Tab. 1, 2.) · 

Zur Berechnung der EinsickerungsgroBe (M) haben wir die Formel von 
K e s s  1 e r ,  H .  (1959) verwendet. Diese Formel wurde im Rahmen des 
Studi�ms der Karstwasser-Ertrage der Karsquelle Tettye, in Stadt Pees, als
auf e1nem -Versuchsterrain, entwickelt. (Neuerlich wurden auch die Normen 
des Wasserhaushaltes der Tettye-Quelle wieder gepriift, das Ergebnis ist aber 
bis jetzt nicht publiziert worden.) 

• 
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Tab. 1 

Karstwasserniveaus im Transdanubischen Mittelgebirge (m ii. d. M. s) (Lang, s.: 1972)

• 

• 

Budakalasz-Bohrung 2 
Solymar-Solymarmine 
Pilisvorosvar 
Pilisszentivan-Erzse betmine 
Dorog-Neumine 

Reimannmine 
B-Mine
Samu-Mine
Tomedek-Mine

Tokod, Vilmos-Mine 

Ebszony Fordermine 
Tat - Bohrung 17 
Sarisap-Langyos-Quelle 
Nagysap-Bohrung 2 
Tatabanya, Minen VI-VII 
Tatabanya, Viz-Mine 
Tata, Quellen Fenyes, Vak 

Cseke-See 

Oroszlany, Mine 1. 

Nagyegyhaza, Bohrung 3 

Alcsut, V ert-Tal 

Zamoly ( l:J.139,4 m) nordlich 
Quellen nach 3,4 km 
Gant- Wassermine 
Csakbereny Badsee 
Cs6kako, vom + 228,3 nach W, 

2 Quellen 
Bodajk, Bodajk-See 
Fehervarcsurg6, Meluzinabad 

Duzzog6-Bad 
Forr6fo-Bad 

Cs6r, Csabafoviz 
Inora, -Boda-, Sar-, 

Farkaskutbad 

Cseteny-Bohrung 22 
Dudar, Bohrung 14 
Varpalota 
Veszprem, Laczk6-Quelle 
Heviz 
Tapolca, See-Hohle 
Nyirad, Bauxitgrube 
Ajka 
Jolan-Mine 

Varoslod, Kalvaria-Tal 
Gyepiikajan, warmes Wasser 
Attyaer Quellen 
Tapolcafo 
Siimeg, W asserwerk 
Ocs, Kinder-See 
V endek, Szentkut 

1946 

112,5 
138 
138 
137-38
131,3
131
131
131,3
132
131

(J. 1931) 
131 
115,4 
131 
188,075 
139,5 
139,5 
132 
140 

140 

139,5 

140 

155 
158 
185 

180 
146 
130 
127 
132 
124,5 

147,6-
154,2 

169,1 
164,3 
147 
240 
109 
124,2 
150 
204 
247 

314 
170 
178 
180 
147 
185 
165 

1.1. 
1972 

118,4 
112,8 

-

109 
108 
108 
108 
108 
109 

110 
110 (M-97) 
(versiegt) 
110 (NS-61) 
110 
110 
123 
123 

(Pokol-Bohrung) 
123,7 
(0,1-1761) 
118,8 
(Nh-1) • 
137,5 
(Ad-1) 

140 
140,3 (Gant-1) 
138 (Csb-1) 

135,8 (Csk-1) 
138 

60 
90 
80 

,_,100 

98,4 Mine 
in d. Kraftwerk 
Kolonie 

148 (Q-232) 
149,1 (D-218) 

,_,100 
240 
109 
124,2 
115 

,_,170 
232,3 
(V 235) 

,_,250 
154,6 

157 (Pk, Mine) 
157,5 (Pk, Mine) 

142,8 
182,8 

130, 7 (HgN 29) 

Sinkung 
d. Karst-Was
serniveaus (m)

I:). 

-

-19,6 
-25,2

-

-22,3 
-23
-23
-23,3
-24
-21

-21
-5,4

-21
-7.8
-29,5
-29,5

-9

-17

-16,3

-20,7

-2,5

-15
-17,7
-47
. 

-44,2
-8

-70
-37
-52
-24,5

-56

-21,1
-15,2
-47

0

0

0

-35
-34

-14,7
-64
-15,4
-20,5
-22,5

-4,2
-2,2

-34,2

< 
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Tab. 2 
L. S 1972)Erstreckung des Karstes des Transdanubischen Mittelgebirges (km2) ( ang ·: 

Bezeichnung des Flache Bezeichnung des 
Karstgebietes Karstgebietes (km2)

.

B a k o n y  D u n a z u g-V e r t e s 

1. Nord-Bakony 300 4. Vertes
2. 

3. 

350 Ost-Bakony 5. Gerecse
Siidbakony und 6. Buda-Gebirge
Balatonhochland 400 

J: 1050 

Niederschl. (Mon. 1-4) . 100, 
M=M, + k,wo M' = -···---------

} ahresniederschl. 

M = 
Nie�erschl. (Mon. 1-4). 100 +k.

J ahresniederschl. 

Flache 
(km2)

180 

150 

100 

E 430 

k = Korrektionsprozent, ist folgendermassen zu berechnen: man nimmt das Abwei
chungsprozent des Niederschlags in Monaten 9-12 vom normalen Niederschlag, das ist der 
Korrektionsniederschlag: k im % 

betragt K: 

0-5 % 
6-15 

16-25 
26-35 
36-45 

46-55 
56-60 

61-65 

66-70 

>70

betragt die Korrektions
konstante k im % : 

0 

1 
2 

3 

4 

5 

7 

10 

13 

15 

Was die tatsachlichen �usmasse des Wasservorrates anbelangt, sollte 
vorangehend noch erwahnt werden, daB die mittlere Hohe des Transdanubischen 
Mittelgebirges, namentlich zwischen Hevizftirdo und Budapest nur etwa 
280-300 m erreicht, das mittlere Niveau des Karstwassers im Bakonygebirge 
zwischen 150 und 200 m liegt (heute z. B. hochstens 280 m), in den Gebirgen 
V ertes, Gerecse und Buda-Pilis betragt es - sogar gegen die Mitte dieser 
Gebirge - nur 110-120 m. Aufgrund dieser Oaten mag auf den genannten 
Gebieten die sog. e i n s i c k e r n d e u n d h e r a b s i n k e n d e ( d y n a -
m i  s c h  e) K a r s t w a s s e r  z o n e - bis an die Donau-Balaton-Erosions
basis hinan - im Durchschnitt heute nur im Bakonygebirge etwa 120-150 m 
stark sein, wahrend sie im Vertes-Gebirge und auf den Gebieten des Gebirges 
Dunazug nur 10-20 m stark ist. Die ganze Karstformation des Mittelgebirges 

ist hingegen durchschnittlich 1200-1300 m stark. Ihr Karstwasservorrat 
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schaut - laut der Tab. 3 - folgendermassen aus. (In die Berechnung herbei
gezogen wurde hier nur eine Flache von ungefahr 5000 km2

, die mit der Ober

flache in groflerer Wasserumlauf-Verbindung steht.) 

Tab. 3 
. 

A. Karstwasservorrate · und Speicherungs-Kapazitat im Mittel-Dunantul . (Schatzungen,
Berechnungen) Lang S.: 1972

Fur 1972 

1. Bakony
2. Vertes-

Dunazug Geb.
3. Fiir 1945

Bakony, Vertes

Dunazug insges.

Flache (km 2)

/ Tiefkarst 
stat. Zone 

. 

3000 

2000 

5000 . 

Poro-
• ••

s1tat 

(%) 

1 

1 

. 

1 

Gebirge Karstwasser 

Umfang (km3) 

(km3) dynam. stat. 
· (iiber (100 m ii. (100 m ii . 

100 m) d. M.) d. M.)

600 ,....,0,25 6 . 

. 

350 ,_,0,10 3,5 
• 

. 

. 

. 

dasselbe ,_,0,35 10,5 

B. Die durch den Bergbau und die Wasserwerke entnommene gesamte Karstwassermenge
und der Wasser-Ertrag der Quellen in Millionen km3 in den Jahren 1931-45, 1946-60,

. 

1961-72 

(Schat* 

zung 
. 1931 

1934 

Pilisvorosvar -

( Steinkohle) 

Dorog ( Steinkohle) 110 
Tatabanya (Steinkohle) 130 
Iszkaszentgyorgy -

(Bauxit) 

Varpalota (St. koh.) 150 
Balinka ( St. koh) -

Dudar (St. koh) -

Urkut (Mangan) 25 
Ajka (St. koh.) 100 
Halimba -

Nyirad -

Kleinere Wass. werke 

aus den Karstminen 200 

715 

J ahresd urchschnitt: 48 
' 

* Insgesamt mit den Daten vor 1931.
** Im J. 1971 nur 63. 

Berech 
nung) 

1946 1961 
1960 1972 

6 5 

350 660 
280 520 
40 250 

56 80 
- 40 

5 10 
30 30 

130 140 
10 30 
20 700 

85 100 

1012 2565 

68 214 

. 

Wassermenge der 

Quellen 

i. J. 1931/ 1946/ 1961/ 
1971 £ 1945 1960 1972 

- 11

. 

40 1120 
52 930 

. 

29 290 

8 286 
9 40 

. 

1 15 
2 85 

13 370 
4 40 

110 720 

10 385 

278 4292 3640 2950 1200 

108 243 196 100** 
. 
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Die entnommenen, in ihrer Endsumme riesigen Karstwassermengen haben 
letzten E�des die statischen · Karstwasser abgezapft, wodurch das Hauptkarst
niveau - auch die Tiefkarsten des Mittelgebirges miteinbegriffen - bis zu 
dem Grundgebirge um etwa 40 m sank. Das bedeutet - mit einem 1 %-igen 
AushohlprozeB gerechnet etwa 0,4 Millionen m3/km2 Wasserverlust, d. h. einen 
4 km3 grossen gesamten Wasserverlust in den letzten 50-100 Jahren, in abwei
chendem Masse je nach Grubenstellen. Mit einer 2%-igen Porositat gerechnet 
ware die Sinkung n� 20 m tief. (Es ist schwer zu entscheiden, welches von den 
Oaten der Wirklichkeit .naher stehe, weil das Innere der Gebirgen betreff end -
keine Oaten fi.ir die Lage vor mehreren Jahrzehnten des Karstwasserniveaus 
uns zur Verftlgung stehen). 

Da 11ngefahr die Halfte des Mittelgebirges ein 100-200 m' starkes, mit 
lockerem jungem Sediment bedecktes Deckgebirge-Terrain ist, kann uns nur 
eine etwa 28%-ige jahrliche Einsickerung-, ungefahr 180 mm je auf eine Flache 
von etwa 1500 km2 gerechnet - zugrunde liegen. Mit der Hilfe dieser Berech
nung konnen wir das Alter des Karstwassers feststellen: die voile Sattigung des 
Karstes ·geht (geologisch) schrtell voran, das heiBt: e s g i b t k e i n e sog. 
T r i a s  w a s  s e r  (Wasser, die aus diesem Zeitalter stammen). Folglich betragt 
die Menge der Einsickerung im Jahresdurchschnitt 180 000 m3/km2

, d. h. eine 
0,18 m starke Wasserschichte. Das ist z. B. - die heutigen Klimaverhaltnisse 
zu Grund genommen - wahrend 1 Mill. Jahre eine 180 000 m starke (180 km) 
Wasserschichte. Schon diese enorme Zahl. schlieBt die Annahme des sog. Ur
Karstwassers (Trias-Wassers) aus, also das Vorhandensein von Wassern aus 
·friiheren geologischen Zeitalte:·n, in d·em Sinne, daB in den unteren Teilen des
Mittelgebirges etwa nur aus dem Mezozoikum zuriickgebliebene Wasserschich
ten vorJ}anden waren. Im Laufe von 50 Millionen Jahren aber - also etwa seit
dem Ende des Eozen-Zeitalte:rs - ware die gesamte Wasserschichte einer,
n u r unseren heutigen Klimaverhaltnissen entsprechenden Einsickerung
9000 km stark. Diese Somme kann - den Wasser austauschenden EinfluB der
auf dies·em Gebirge-Gebiet vorkommenden hydrothermalischen Prozesse in
Betracht genommen (Entstehung von Aushohlungen, hydrothermale Mineral
Assoziationeri., Kalkstuffbildung, Auftriebkraft von · Gasen, Gesteinauflosung) 
- sogar im Laufe einer so langen Periode auch noch einen mehrtausendfachen

, 

Wasseraustausch bedeuten. Auch aufgrund der obigen ist die Moglichkeit des
Zuriickbleibens von Karstwassern aus dem Trias ausgeschlossen.

Aus diesem Aspekt der gegenwartigen Gestaltung des Karstwasserhaus
haltes betrachtet ist auch die ausgleichende Wirkung des einsickernden Nieder
schlages auf die kleineren oder groBeren Depressionen - von der Karstwasser
Absaugung des Bergbaus hervorgerufen - beachtenswert. Die ausgleichende 
Wirkung des einsickernden Niederschlags · kommt bei der Auf fiillung der eben 
erwahnten groB angelegten Absaugungsdepressionen nur teilweise zur Geltung. 
Unsere Karstgebirgen sind namluch an Niederschlag nicht reiche Gebiete -
auch wenn sie um ein wenig feuchter sind als die trockene Alfold - und sei die 
Einsickerung relativ auch hoch genommen, entspricht im absoluten Wert der 
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28%-iger Einsickerung im Jahresdurchschnitt nur eine 180 mm starke Wasser
schichte, die zwar in einer durchschnittlich 18 m starken Schichte eine im 
Durchschnitt 18 Millionen m3/km2 groBe Speicherflache darstellt das bezieht 
sich aber nur au.f eine verhaltnisma.Big kleine Flache der offenen Karste. Nach 

. den Daten von K a s s a i (1948) betragt im Dunazug-Gebirge die Oberflache 
des Meozozoon-Grundgebirge mit offenem Karst beinahe 600 km2

, im Bakony 
1�00. km2 (beide Daten sind iibertrieben!) wo im Durchschnitt eine 25-30%-ige 
E1ns1ckerung erfolgt, jedoch bezieht sich ·au.f Karstgebiete mit einer 10 starken 
und noch starkeren Deckunsschichte schon nicht, wo dieses Verhaltnis au.f sein 
Fragment riickfallt. (Nach K a s s  a i kann dieses Verhaltnis nur 5 % betragen, 
unseres Erachtens ist es noch weiniger: nur etwa 3 %).

. K a s s a i �al� z .. B. au.f. �run� �er obigen die Wt�derauffiilung d-prch
N1ederschlag, be1 e1nem 50%-igen E1ns1ckerungs-Verhaltms fur 33-34 m2/sec, 
beziehungsweise fur 2000 m3/Minute. (Wir halten das fur iibertrieben.) Auf 
eine Einsickerungs-Karstoberflache derselben GroBe ware dieser Wert nach 
unseren Berechnuilgen, mit einem durchschnittlichen Niederschlag von 600 mm 

. im Dunazug, 700 mm im Bakony und nur mit einer Einsickerung von 25-30 °/4 
gerechnet, etwa 258 Millionen m3/Jahr, d. h. kaum 9 m3/Sec, bzw. 492 m3/ Min. 
Auch dieser Wert ist aber zu hoch, da der Ausmass der zwangsweise erfolgten 
Wasserentnehmungen zur Zeit (Tabelle 3) groBer ist, und das Karstwasser
niveau von mehreren und betrachtlichen Karstgebieten noch immer sinkt. Es 
gibt ausserdem viele Karstquellen im Mittelgebirge, die, wenn sie auch noch 
nicht versiegt sind, - manchmal sogar 15-20 km von dem Kreis der groB 
angelegten Pumpensysteme auf dem Bergbaugebiet - ihre Tatigkeit betreffend 
kraftig geschwacht sind.· Folglich miissen wir unsere Aufmerksamkeit einer 
noch vorsichtigeren Annaherung des Problems des Karstwasserhaushaltes 11nd 
einer noch sorgfaltigeren Uberpriifung der friiheren Berechnungen zuwenden. 
Wir mussten uns also den von K e s s I e r ( 1954) aufgestellten und uns anfangs 
zu karg scheinenden Flachennormen nahern, ebenso wie Flachendaten der 
Karstwasser-Karte von B o c k e r - S a r v a r y niedriger sind als die von 
K a s s a i·. 

Die Ergebnisse unserer Berechnungen den Karstwasserhaushalt betreffend 
und die von Vituki-Vikoz, halten sogar auch die von K e s s I e r aufgestellten 
Normen fiir ein wenig zu hoch. Es stellte sich namlich heraus, daB das von 
Kessler bestimmtes Einsickerungsprozent um ein wenig zu hoch ist, weil es 
etwa um 5-8 % die Einsickerungsverhaltnisse in meinen Berechnungen iiber
schreitet, obwohl letztere auf eine Serie von 120 Jahren sich stiitzten. Ebenso 
hoch und stellenweise unpiinktlich sind auch die in den J ahrbiichern fur Wasser
haushalt von Vikoz angegebenen Einsicker1Jngswerte, da diese sich nur auf eini
ge meteorologischen Stationen des Mittelgebirges beziehen, und nicht auf 
Mittelwerte - als Basiswerte - einiger Stationen ftlr Messung des Nieder
schlages auf je einer kleineren Karstlandschafts-Einheit (z. B. Buda-Gebirge, 
Nord-Bakony). Man kann also feststellen, daB die methodologischen Abweichun
gen zwischen samtlichen Bestimmungen den einsickernden Niederschlag betref-
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fend, zu jenen nicht gleichwertigen Einsickerungsdateu ftlhren konnen. 
Der dynamische Karstwasserumlauf - die von uns fur das ganze Transda

nubische Mittelgebirge im J ahresdurchschnitt in 258 Millionen m3 berechnete 
Menge - ist heute schon zu wenig, um alle Lucken restlos auszufiillen, die 
<lurch die Karstwasser�Ausbeutung hervorgerufen worden sind. 

Diese - im Durchschnitt von 120 Jahren berechnete Einsickerungsmenge 
von 258 Millionen m3 /Jahr in den Karst - verteilt sich aber auch je nach Jahren, 
sogar nach Jahrzehnten so rhapsodisch, daB es wohl auch eine ·20-jahrige 
Periode geben kann, wo nur das 75-80 % dieses Durchschnittes realisiert wird. 
Die moderne mathematisch-statistische Verarbeitung der imJahr einsickernden 
Karstwassermengen in m3 /Min beleuchtet den rhapsodischen Verlauf der 
Einsickerung und die betrachtliche Streuung. 

Der effektive Wasserumlauf des Karst-Speicherraums · - gleichzeitig d ie 
dem natiirlichen Wasserhaushalt entsprechende Karstwasser-Einnahme und 
-Ausgabe kann folgendermassen gekennzeichnet werden.

Der in der Einnahme-Rubrik auftretende Satz ist durchaus ein Naturfaktor: 
die im Jahresdurchschnitt etwa 180 mm hohe Einsickerung, die ungefahr das 

28 % des· durchschnittlichen Niederschlags ausmacht. Ihre Schwankung ist 
ziemlich gross, etwa von 5 bis 55 %, das heifit: eine Summe zwischen 85 und 
1015 1n

3 /Minute. 
In der Ausgabe-Rubrik zeigen wir die vom Karst entstammenden Wasser-

. mengen an. Die Endsumme der Ausgabe kann auf zwei Komponenten geteilt 
werden. Die erste ist die natiirliche, die der Gesamtertrag der Karstquellen, 
also der natii-liche Ausflufi bedeutet, wahrend ·die zweite Komponente das 
<lurch die Wirtschaftstatigkeit der Gesellschaft nutzbar gemachte, beziehungs
weise entnommene Karstwasser darstellt: die Grubenwasser, sowie den Gesamt
ertag der Wasserwerke. 

Im Zusammenhang mit den im angegebenen Rahmen erscheinenden 
Daten und Ergebnissen des Wasserumlaufs - mit Bezugnahme auf die Daten 
der Tab. 3./B - konnen wir feststellen, daB <lurch die Wirtschaftstatigkeit der 
Gesellschaft - insbesondere <lurch den Bergbau - und gewissermassen <lurch 
die Wasserversorgung, der Grubenwasser-Ertrag und die Produktion der 
Wasser'1Verke, im Vergleich zu dem Ertrag der Periode von anderthalb Jahr
zehnten zwischen 1931 und 1945, in den nachfolgenden 15 Jahren gewachsen 
ist. Unterdessen ist der Ertrag der Karstquellen teilweise schon auf anthropo
gene Einwirkung - gesunken und auch das allgemeine Niveau der Karstwasser 
im Mittelgebirge ist um mehrere Meter niedriger geworden. Der Ertrag der 
Karstquellen verminderte sich schliefilich - <lurch die in den letzten 12 Jahren 
um �as Dreifache der friiheren 15 Jahre gewachsenen Gruben-Wasser- und 
Wasserwerkausbeutung (von Karstminen) - auf die Halfte und noch fiihlbarer 
sank das Karstwasserniveau. Die Sinkung des letzteren ist noch grofier, wenn 
wir auch die o�tlichen Unebenheiten- � <lurch grofie Absauge-Depressionen -
miteinrechnen. (Tatabanya, Iszkaszentgyorgy, Nyirad usw.) Vor 1931 kann von 
einer Kars·twasserniveau-Sinkung noch keine Rede sein, denn die heutigen 
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grofiangelegten Wasserentnehm1:1ngs-Verfahren wurden zu der Zeit noch nicht 
angewendet. 

Im Zusammenhang mit dem durchschnittlichen 258 Millionen m3/Jahr 
�etragenden Karstwasserumlauf soil jedoch betont werden, dass es nicht gleich 
1st, aus welchen Komponenten diese Summe zustande kommt und auch das 
ist nicht gleichgiiltig, in welchem Verhaltnis diese Komponenten - vor allem 
aber die Grubenwasser - zu den Karstquellen stehen. 

Was die Entnahme des Karstwassers aus den Gruben und seine Weiter
leitung in die Wasserwerke aus den Karstminen anbelangt, steht die f olgende 
Gesetzmassigkeit fest: e i n  j e d e  r T r  o p  f e n  W a s s e r·, d e  r u n t e r
d e m  j e w e i l i g e n  p i e z o m e t r i s c h e n  K a r s t w a s s e r n i v e a u
- w o  i m m e r  i n  u n s e r e m  Tr a n s d a n u b i s c h e n  M i t t e l 
g e b i r g e  - e n t n o m m e n  w i r d ,  w i r k t  s t o r e n d  a u f  d e n
n a tii r l i c h e n  W a s s e r u m l a u f  a u s. W e n n  w i r  o b e r h a l b
d e r  H a u p t -E r o s i o n s b a s i s  W a s s e r  e n t n e h m e n ,  g r e i 
f e n  w i r  n u r  i n  d e n  d y n a m i s c h e n  K a r s t w a s s e r u m l a u f
e i n  u n d  n u r  d i e  Qe u l l e n e r t r a g e  w e r d e n  v e r m i n d e r t.
G r e i f e n  w i r  a b e r  u n t e r h a l b  d e r s e l b e n  e i n ,  d a n n
g r e i f e n w i r s c h o n d e m s t a t i s c h e n- K a r s t w a s s e r -
V o r r a t  z u  u n d  r u f e n  d a d u r c h  - b e i  V e r m i n d e r u n g
d e s  n a tii r l i c h e n  W a s s e r h a u s h a l t e s  - d a s  S i n k e n  d e s
a 11 g e m e i n e n K a r s t w a s s e r n i v e a u s h e r v o r . Die Stelle des 
entnommenen statischen Karstwassers wird namlich <lurch Nachstromung 
<lurch die nahen statischen und dynamischen Karstwassermengen auf gleicher 
Weise aufgefiillt. 

Vor 1931 erfolgten Eingreife in den natiirlichen Karstwasserumlauf im 
allgemeinen nur durch den Steinkohlenbergbau, als Wassereinbriiche in kleine
rem Unmass. Da auch diese Wassermengen schon die Hohlraume unterhalb 
des statischen Karstwasserniveaus ausfiillten, fiihrten sie zu Sinkungen des 
Karstwasser-Niveaus. Letztere waren aber geringmassig und ihre Auswirkungen 
i m Bezug des Mittelgebirges konnen - so gar iiber J ahrzehnte hinaus - nur 
eine Sinkung um etwa einige Dezimeter ausmachen. Das dadurch erscheinende, 
in die Gruben eingebrochene, statische Karstwasser - das auf einige Millionen 
m3 zu schatzen ist-haben wir in die Daten der Jahre 1931-1945 auch mitein-
gerechnet. 

Mit dem Aufschwung des Bergbaus nimmt aber die Menge des von unter-
halb des piezometrischen Karstwasserniveaus entnommenen Karstwassers 
standig zu. Die Stelle dieser Wassermengen nehmen hauptsachlich auch die 
<lurch Einsickerung in die Tiefe geratenen Karstwassermengen ein; jedoch 
nicht in vollem Mass, teils wegen der langsamen Nachstromung, teils wegen 
einzelner Depressionsbildungen, die die Einsickerung um das Mehrfache iiber
trafen. Andersseits ist es auch auffallend, dass in den letzteren J ahren - nach 
unseren Berechnungen - die Mengen des entnommenen Grubenwassers und 
die Leistung der Wasseiwerke aus den Karstminen die ungefahr 258 Millionen3/
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Jahr betragende durchschnittliche Einsickerung weit iiberschritten haben. All 
dies hat zur z u n e h m e n d e n S i n k u n g des Karstwasserniveaus im 
ganzen Transdanubischen Mittelgebirge gefiihrt. N ur im J ahre 1971 betrug 
z. B. die Wasserentnahme der Gruben und Wasser-Werke 278 Millionen3

,

iiberholte also in betrachtlichem Masse die Karsteinsickerung.
Wenn wir schliefilich alle Oaten und Berechnungsresultate fiir den Karst

wasserumlauf der Speicher im l=ransdanubischen Mittelgebirge summieren, 
kommen wir zur folgenden Schlufifolgerung: 

Zwischen 1931 und 1972 betrug die Gesamtmenge des entnommenen 
Grubenwassers und Wasserleitungswassers - von unterhalb des piezometrischen 
Karstwasserniveaus - 4300 Millionen m3/ ( 4,3 km3), wahrend der Ertrag der 
Karstquellen - mit kraftig abnehmender Tendenz - insgesamt 7850 Millionen 
m3 ausmachte, die beiden zusammen ergeben 12 150 Millionen m3, das heifit: 
12,15 km3

• Degegen war die Summe der durchschnittlichen Karsteinsickerung
( � 180 mm starke Wasserschichte) wahrend 42 Jahre nur 9,45 km3

, der M a n  -
g e 1 betragt also auch in diesem Falle 2,7 km3

• Man kann den Mangel aber 
auch noch hoher schatzen, wenn man bedenkt, dass regelmassige und fach
massig entsprechend piinktliche Messungen der Ertrage der Quellen erst vom 
Jahre 1951 an im Gange sind, wahrend uns fiir die friihere Periode nur halb
wegs gute S c h a t z  u n g e n  zur Verfiigung stehen. (Tab. 3, 4.) 

Tab.4 

J ahresdurchschnitt der entnommenen Grubenwasser und Gesamtertrag der Karstquellen im 

Karst des Transdanubischen Mittelgebirges (zwischen Budapest und Keszthely 106 m3/Jahr 

(Lang, S.: 1972) 

Grubenwasser u. Wasserwerke 

Karstquellen 
:E 

Karstwassersinkung in den obigen 

Perioden in m 

(Zwischen Bp- Dorog-Tata

Tatabanya) nur auf Grund der 

bekannten Punkte, das Innere der 

Gebirge ist nicht miteingerechnet 

*) Trocknere Periode als im Durchschnitt. 

J ahresdurchschnitt in den Perioden 

1931-45 

50 

250 

300 

1946-60 

70 

200 

270* 

,_,7 

1961-72 

220** 

100 

330** 

**) Eine betrachtliche Ausbeutung schon auch des statischen Karstwassers. 

. 
Die entnommene, 4,3 km3 grofie Grubenwassermenge im Tiefkarst und 

1n dem auf�auchenden Karst des Mittelgebirges, konnen im Lauf e von 42 
J ahre, auf e1ner Flache v�n 10 000 km2 im Durchschnitt einen Karstwasser-
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verlust von 0,4 Millionen m3/km2 ergeben. Diese, etwa 40 m tiefe Karstwasser
sinkung ist nicht unwahrscheinlich, trotz dem, daB es in den grossen Depres

sionen· mit 10-15 langen · Durchmesser (Tatabanya, Dorog, Nyirad) auch
60-100 m tiefe Sinkungen gibt. Da aus den Mittelwerten unserer Tab. 1. nur

eine Karstwassersinkung von 26 m sich ergibt, haben unsere Karstgesteine
einen durchschnittlich 1,6%-igen Hohlraum-Umfang.
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International Speleology 1973, Ill, sub-section Ca: Karst hydrology 

Ca 022 

LES SORTIES DE CERTAINES GROTTES EN MACEDOINE 

SONT EN LIAISON AVEC DES SOURCES ASCENDENTES 

Dusan Manakovic 

Universite de Skoplje, Faculte des sciences naturelles, Skoplje, Yougoslavie 

Plusieurs sont ceux qui croient que certaines sources karstiques sont ascendentes. 
Pour soutenir leur opinion ils avancent ies faits suivants : que l' eau a la sortie.,

qu'elle jaillit en grande quantite et que, ce qui est le plus important, le fond des 
sources est de 1 a 15 m plus profond que le polje karstique ou le lit fluvial. 

Cependant, dans la plupart des cas attestes en Macedoine, l'eau n'a pas 
de mouvements ascendents mais elle deborde le seuil des calcaires. Nous avons 
en Macedoine des regions karstiques en forme d'oasis, qui <latent depuis le 
paleosoique jusqu'a nos jours. Les couches karstiques en ont une epaisseur et 
une composition differentes, comme les marbres et les calcaires. Elles se sont 
detachees les unes des autres par voie tectonique et on les trouve actuellement 
isolees, telles les oasis en formes de poutres, tandis que dans les massifs plus 
importants leur surface est plus grande. Certaines couches ont la forme d'une 
tete posee sur des roches impermeables, d'autres sont, dans la plupart des cas, 
bornee par des roches impermeables et alors elles forment du karst barre typique 
comme l'a defini P. S. Jovanovic. 

Lors de nos investigations nous avons pu constater, cependant, qu'en 
Macedoine la circulation souterraine de 1' eau dans le karst se fait selon toutes 
les theories avancees jusqu'ici et aussi en rapport avec les sources ascendentes. 

Tous les karstoloques ont deja accepte !'opinion que les formes karstiques. 
de surface se sont constituees par corrosion. De tell es f ormes ou pareilles, se 
constituent egalement dans des canaux souterrains, tels que les pres, vallees 

. , . . 

enca1ssees, marm1tes g1gantesques et autres. 
Arretons-nous surtout a l'emersion- de l'eau a la surface alluviale (base infe

rieure ou locale d' erosion karstique dans notre cas ). Les sources emergent a la 
hauteur des eaux superficielles. II faudrait mentionner les forces exterieures qui 
modifient le relief de la surface terrestre - !'erosion fluviale, la decomposition 
mechanique des roches, la denundation et l'escillation des mers et des lacs, qui 
precipitent ou rallentissent les processus de corrosion. 

La circulation des eaux souterraines depend surtout des eaux de surface, 
bien que la circulation sait possible au-dessous de leur niveau. Si les eaux de 
surface entrent clans une region karstique, elles compromettent la circulation 
souterraine karstique des eaux. Si, d'autre part, il y a un profil fluvial equilibre, 
le cours d' eau sou terrain accommode son profil longitudinal a cette base d' ero-

sion locale. 
Les eaux souterraines emergent a la hauteur des sediments fluviaux ou 
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lacustres. Dans l'interieur du karst, elles operent la corrosion du profil humecte 
des canaux souterrains, independamment, dans une certaine mesure, de la base 
inferieure d' erosion, tandis que leur cours superficiel est entierement dependant 
de la riviere de surface. Dans ces cas-la, les sources se transf orment dans leur 
evolution ulterieure en sources pseudo-ascendentes. 

A la sortie de la source, les sediments alluviaux ne permettent pas aux eaux, 
main tenant superficielles, d' exercer une erosion verticale, vu qu' elles dependent 
deja du cours d'eau de surface. Cependant dans l'interieur de la masse calcaire, 
le cours d' eau souterrain exerce la corrosion de tout le profil longitudinal et 
elargit en les approfondissant des canaux souterrains. Dans I' evolution ulterieure 
du cours d'eau souterrain, les canaux s'elargissent et ils contiennent des cours 
d'eau permanent ou intermittant aux profits inegaux. Des cascades, des cou
rants, des lacs apparaissent al ors de long de tout le cours d' eau qui partout 
exerce la corrosion du profil humecte. Dans un nombre important de cas, les 
eaux, .avant leur emersion, f orment des lacs. Grace a la corrosion, le fond des lacs 
devient plus bas que la surface alluviale. 

Dans la troisieme phase la corrosion du profit humecte ·des lacs a dilue leur 
fond a ce point qu'il est plus bas que le fond du lit du cours d'eau superficiel. 

11 y a un nombre important d' exemples de ce type de sources fossil es, qui 
actuellement constituent des entrees de grottes. On constate en effect que le 
fond de celles-ci est plus bas que le fond des terrasses fluviales. Nous relaterons 
les exemples qu' off re la Macedoine, ou le calcaire a la f orme d' oasis et ou la 
circulation des eaux s'effectuent selon toutes les theories en cours. 

Presque 70 % de sorties de grottes se tro�vant a la hauteur des terrasses 
fluviales, c'est-a-dire a la hauteur des anciens cours d'eau superficiels, sont 
remplies de morceaux de roches, d'argile et de couches culturelles. Cela ne se 

· rapporte qu'aux calcaires, qui ne sont pas entierement exhumes et dont l'epais
seur est plus importante.

Toutes ces grottes se sont constituees en relation avec la base inferieure 
d'erosion locale - anciens cours d'eau superficiels. II faut souligner qu'il s'agit 
la de karst barre typique et que grace a la circulation des eaux les parties consti
tuant la sortie des grottes s'elargissaient et s'approfondissaient par corrosion. 
Dans !'evolution ulterieure le niveau des eaux karstiques souterraines baisse, les 
anciens canaux-lacs sechent a cause des perturbations que la base locale a subie 
et se remplissent ensuite de roches ecroulees, d'argile et de couches culturelles. 

Dans ces cas-la, lorsqu' on mesure la prof ondeur des sources actuelles, on 
a !'impression qu' ell es sont ascendentes. En realite, leur caractere ascendent 
n'est qu'apparent, vu que les eaux debordent le seuil des lacs. II faut noter que 
plusieurs sources emergent a la surface alluviale au-dessous des failles abruptes, 
a travers des amoncellements des cailloux fluviaux provenant de grands cours 
d'eau superficiels, et morceaux de roches ecroulees par !'action des forces 
mecaniques. Telles sont les sources de Ra�ce, de Vrutok, d'Ubavica, les sources 
se trouvant au pied de la Suva Gora, celles de Bela Voda et plusieurs autres. 

Avant le debaillage de la source de Ra�ce, se trouvant a proximite de Skopje 
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et disposant de 4-7 sec/m3 d'eau, celle-ci emergeait a travers les amoncellements 

que nous avons mentionnes. Apres son debaillage en vue de capter ses eaux on 

a pu constater que le fond de la source est de 10 m plus bas que le lit de Vardar, 

ce- qui est du au lac corrosif f orme immediatement avant la sortie de la source. 
Par ce que nous avons dit nous ne voulons par nier 1' existence des sources 

ascendentes. Ce que nous voulons c' est de completer en quelque sens l'image 

que l'on se fait des sources en general en ajoutant qu'il y a aussi des sources dont 

l' eau deborde les seuils des lacs souterrains. 

• 

• 
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Ca 023 

SUR LA DYNAMIQUE DES TRANSFERTS EN AQUIFERE 

KARSTIQUE 

A. Mangin

Laboratoire Souterrain du CNRS, Moulis, France 

INTRODUCTION 

Le Laboratoire souterrain de Moulis situe en Ariege (France) se trouve au creur 
des Pyrenees, chaine de montagne oil les formations carbonatees sont bien 
representees. Elles appartiennent aux etages suivants : Ordovicien superieur, 
Devonien moyen et superieur, base du Carbonifere, Lias, Jurassique, Cretace 
inferieur et enfin Eocene inf erieur. Ces formations constituent des ensembles 
generalement etroits parallelement a la chaine. Au niveau de la zone nord
pyreneenne, la structure permet l'affleurement plus important de ces terrains 
qui realise alors de grandes unites karstiques limitees soit par le pointement des 
noyaux cristallins, soit par I' ennoyage des calcaires secondaires sous les formations 
detritiques du Cretace mo yen et superieur. 

Deux de ces ensembles ont retenu notre attention, celui du Pays de Sault 
a 100 km a l'Est de Moulis et celui de l'Estelas-Balagueres dont la limite sud-est 
est formee par la vallee du Lez. oil est construit le Laboratoire. 

a) Le pays de Sault d'une superficie superieure a 300 km2 comprend plusieurs
systemes karstiques. Le plus occidental ou systeme karstique de Fontestorbes 
offre les caracteristiques suivantes. Sa superficie est de 83,5 km2 ; }'altitude· de 
la source est de 510,32 m ; le bassin versant a urie altitude moyenne de 1 440 m 
pour une altitude maximale de 2 368 m. La source est equipee depuis le 21 sep
tembre 1965 d'une station limnigraphique appartenant au Bureau de Recherches 
Geologiques et Minieres ; l'analyse des courbes et les tarages de la station ont 
ete eff ectues par le Laboratoire de Moulis. Pour la periode de 1966 a 1972 le 
debit moyen annuel est de 2,320 m3/s, le module specifique de 27,78 1/s/km2•

La source de Fontestorbes est bien_ connue en raison du phenomene d'inter
mittence dont elle est le siege chaque annee lors de la periode d' etiage qui 
s'etend en moyenne, de juillet a novembre. (A. Mangin., 1969, 1973). 

. b) Le massif de l'Estelas-Balagueres presente _un_e superficie de 80 km2 ;

deux des systemes karstiques de ce massif sont surveilles. Le premier, celui 
d' Aliou, equipe depuis le 10 avril 1969, offre une superficie de l'ordre de 12 km2

· son debit moyen est de 0,400 m3/s. Le second celui du Baget equipe de fa�on
plus poussee constitue un systeme karstique experimental. Sa superficie atteiBt
13,25 km2 ; }'altitude de l'exutoire principal est de 498 m; le bassin versant
culmine a I 417 m pour une altitude moyenne de 955 m. L'equipement de ce
systeme, commence en avril 1968, comprend 2 stations limnigraphiques au
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niveau de l'exutoire .principal, l'une en amont, l'autre en aval, et 2 stations 
limnigraphiques implantees sur des trop-pleins et piezometres ; en outre, 
8 stations limnimetriques completent cet amenagement. Deux stations de terrain, 
pour des mesures physiques, chimiques et biologiques ont ete edifiees, l'une sur 
l'exutoire pri�cipal, l'autre a proximite des zones_ de trop-plein. Enfin, le systeme 
comporte des pertes qui elles aussi ont ete amenagees et. surveillees. La valeur 
du debit moyen pour la periode de 1969-1972 est egale a 0,487 m3/s, celle du 
module specifique a 36,75 l /s/km2

• 

Les resriltats qui figurent dans ce texte ont ete obtenus sur ces systemes ; 
ils ont fait l'objet de controles ou de modifications a partir de donnees fournies 
soit par d'autres systemes pyrenees, soit par des �ystemes alpins ou caussenards .. 

RESULTATS OBTENUS A LA SOURCE INTERMITTENTE DE 

FONTESTORBES 

Le phenomene d'intermittence que l'on pourrait estimer comme simple curiosite 
naturelle, offre en fait un interet considerable. En effet, le mecanisme d'inter
mittence envoie sur le karst noye situe en aval des impulsions dont .!'amplitude 
et la periode peuvent etre connues. Le karst noye re�oit done une serie d'impul
sions 11nitaires simples. L'analyse de la propagation de ces impulsions est 
d'autant plus interessante a Fontestorbes que le phenomene d'intermittence 
apparait en etiage, le karst noye sera en regime non influence. 

A 110 m en amont de.la source de Fontestorbes existe un gouffre, le gouffre 
des Caoujous, dont �n sait qu'il est un regard sur les circulations d'eau entre le 
mecanisme d'intermittence et l'exutoire. 11 est done interessant d'analyser le 
phenomene periodique ace niveau et de le comparer ensuite avec celui obtenu 
a la source. Cela a permis de c9mprendre comment le signal issu du mecanisme 
d'intermittence se deforme lors de sa trans�ssion dans le karst noye. La pro-
pagation de ce signal illustre la dynamique des transferts. 

On constate que la periode de l'intermittence est la meme au gouffre des 
Caoujous et a la source de Fontestorbes. En revanche, pour une meme periode 
de 61 minutes observee dans les deux cas (29 aout 1968) le temps correspondant 
a la �ontee des eaux s'effectue en 32 minutes au gouffre des Caoujous pour 
20. minutes 30 secondes seulement a la source de Fontestorbes. Par voie de
consequence les temps respectifs de descente des eaux sont de 29 minutes et 
40 minutes 30 secondes. • 

Cette constatation implique que, paradoxalement, l'onde de crue ne 
semble pas avoir tendance a s'amortir bien au contraire. L'utilisation comme 
modele · du karst noye d'un reservoir homogene conduit a constater I'amortisse� 
ment d'une onde de crue, mais non pas !'inverse. 

, , Po�r ,��pliquer ce res�ltat, il faut au contraire, envisager une certaine
heterogene1t: du k�rs� noye. On est oblige d'admettre alors que viennent se
greffer sur 1 axe pr1nc1pal de propagation de !'impulsion des ensembles inde
pendants les uns des autres. Ces ensembles, soit par Ieur capacite, soit par leur 
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inertie, abso_rbent une partie de !'impulsion ou inversement fournissent des 
masses d' eau emmag�sinees lors de� impulsions precedentes. Ceci permet de 
compren�e pourquo1 les observations sont differentes selon que l'on se situe 
en un point du karst noye ou a son exutoire. 

C'est pourquoi nous avons distingue clans le karst_ noye Ies drains des 
systemes annexes. Ces derniers representent des ensembles independants les uns 
des autres mais tous en liaison avec les drains. Les ecoulements des systemes 
annexes vers les drains peuvent s'effectuer tantot clans- 110 sens tantot clans 
l'autre suivant les conditions de charge. 

II reste a preciser le role joue par ces systemes annexes clans Ia dynamique 
des transferts ce qui fera l'objet du paragraphe suivant. 

ETUDE DES COURBES DE CRUE, DECR.UE ET TARISSEMENT 

a) C o u r b e s d e c r u e s , d e c r u e s e t t a r i s s e m e n t . Deux
hypotheses sont generalement formulees lors de l'etude des courbes de crue, 
decrue et tarissement. La premiere est que la loi de Poiseuille est verifiee, la 
seconde que la zone saturee peut etre assimilee a 11n reservoir homogene. 

Dans ces conditions, les courbes de montee comme celles de recession 
indiquent soit une croissance soit une decroissance exponentielle du debit en 
f onction du temps. 

Les analyses de la plupart des courbes de tarissement d'exutoire karstique 
figurees dans la litterature, indiquent effectivement une decroissance expo
nentielle du debit en fonction du temps; cela laisse supposer que les deux 
hypotheses f ormulees sont respectees au niveau du tarissement. 

En ce qui concerne, l'hydrogramme observe a la source de Fontestorbes 
!ors des intermittences, le probleme parait different. A la sortie du mecanisme
d'intermittence, que le reservoir se. vide ou se remplisse, !'impulsion peut etre
ramenee a une impulsion unitaire. On observe alors que la c_roissance du debit
avec le temps n'est plus une fonction exponentielle simple il en est de meme
pour la dec_roissance du debit. La courbe obtenue correspond a celle d'une
fonction d'oscillations amorties.

· Des observations faites sur le systeme karstique du Baget montrent qu'il
existe effectivement de telles variations de debit en fonction du temps_. En outre, 
lors de la recherche d'une fonction de transfert par deconvolution entre la pluie 
et I'ecoulement, on obtient effectivement une fonction rappelant celle obtenue 
a la source de Fontestorbes lors des intermittences. Mais cette fonction de 

' 

transfert ne parait pas utilisable en periode de tarissement. 
11 resulte de ceci que l'heterogeneite du karst noye, drains-systemes annexes, 

n'apparait pas toujours au niveau des transferts. Or, on passe d'une fonction 
exponentielle a une fonction d'oscillations amorties a partir de !'equation 
differentielle classique, en introduisant un terme d'inertie dans les ecoulements 
pour le deuxieme cas. L'observation montre que le terme d'inertie apparait 
lorsque les impulsions sont brutal es; c' est-a-dire pour de fortes amplitudes pour 
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une courte dt1ree de ces dernieres. 
Ceci peut etre interpr�te de la maniere suivante : lors�ue u�e impu!sion

est brutale, Ia rnise en charge dans les drains est rapide ; s1 certa1ns systemes

annexes _presentent avec ces drains des relations d' ecoulement ou les pert�s �e
charge sont fortes, ces systemes annexes reagissent avec retard ce qui fa1t

A • • apparaitre une 1nert1e. 
b) No t i o n  d e  v o I u m  e d y n a m  i q u e .  L'etude du tarissement

permet ae mettre en evidence le volume des reserves_ d'eau qui alimentent la
source pendant cette periode. Or, d'une annee a l'autre, ces reserves peuvent
etre tres variables ( de 1 a 4 millions de m3 dans le cas du Baget, pour un transit
annuel de l'ordre de 16 a 18 millions de m3). Une telle variation devrait apparaitre
au niveau du bilan; toutefois, il n'en est rien. Cela semble indiquer qu�-l'en-
semble des .reserves ne participe pas toujours a la dynamique des transferts. En 
consequence, il convient de distinguer dans le karst noye le volume qui participe 
a la dynamique des ecoulements ver·s l'exutoire. Ce volume variable dans le 
temps semble dependre de !'importance des crues avant le tarissement et de 
!'importance des reserves elles-memes. 

Outre les resultats apportes sur la constitution et les reactions du karst 
noye, l'etude des courbes de crue et decrue indique qu'une grande partie de ces 
courbes doit etre rapportee a !'infiltration. 

• 

• 

RESULTATS RELATIFS A L'INFILTRATION 
• 

La connaissance de la fonction de transfert au niveau du karst noye, permet 
d'aborder celle de !'infiltration si l'on connait la fonction de transfert global 
pluie-ecoulement. 

A ce jour, nous n'avons pu lui donner qu'une forme empirique (A. Mangin, 
1970) ou apparaissent deux coefficients, l'un rapporte a la· dur�e de !'infiltration, 
l'autre a l'heterogeneite de cette infiltration. 

En fait, il seI1;1ble bien que ce soit ce dernier coefficient qui paraisse le plus 
important, caracterisant ainsi le systeme karstique considere. Dans les cas 
etudies la presence sur l'impluvium de terrain ou existe du ruissellement de 
surface serait determinante pour l'etablissement de ce coefficient. Une serie de 
systemes karstiques du Sud de la France a fait l'objet d'une telle analyse. Lorsque 
le ruissellement de surface s'est revele important sur le vassin versant, le coef
ficient d'heterogeneite d'infiltration a toujours ete inferieur a 1. Dans le cas 
contraire, il s'est avere toujours nettement superieur a 1. Toutefois cette hetero
geneite d'infiltration ne serait pas la seule caracteristique des systemes karstiques. 

En effet, dans le cas du syst_e�e karstique du Baget.) l'etude des indices 
d'ecoulement indiquerait qu'une partie de !'infiltration peut etre stockee. 
L'indice d'ecoulement moyen representerait 60 % environ des precipitations. 
Lorsque les pluies sont assez faibles, en ete par exemple, l'indice d' ecoulement 
ne cor:espondrait plus qu'a 10 % de celles-ci. Par contre, lors des premieres
crues 1mportantes succedant a l'etiage, il peut atteindre une valeur d'environ 
140 a 150 % des precipitations. 
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Nous ne maitrisons pas encore parfaitement la valeur representative des 
, . . . 

. prec1p1tat1ons sur ce bass1n versant. Toutefois les erreurs faites a ce niveau ne
permettent pas d' expliquer ces resultats. 

II fauc done admettre qu'une partie de }'infiltration serait stoppee lors de 
son transit et stockee. La recherche du lieu de stockage a conduit a determiner 
qu'il pouvait exister une zone saturee superficielle possedant parfois ses propres 
exutoires. Cette zone est actuellement etudiee ; nous lui avons donne le nom 
d'a q u i  f e r  e e p i  k a r s  t i  q u e; il s'integre clans un contexte plus general 

qui est l'a q u i f e r e e u k a r s t i q u e. Cette hypothese est corroboree par 

. _d'autres faits. Une analyse recente (M. Bakalowicz et al., 1973) des valeurs
d'oxygene 18 des eaux au niveau des exutoires oblige egalement a faire appel 

a !'existence de cet aquifere epikarstique. 
En eff et, ii apparait un stockage des eaux pendant l' ete, stockage qui ne peut 

correspondre au karst noye. Aussi les modalites de !'infiltration sont tres va
riables ; l'eau de surface peut transiter rapidement vers le karst noye; elle peut 
egalement s'acheminer lentement donnant une infiltration retardee qui, dans 
certains cas, n'est autre qu'une fuite de l'aquifere epikarstique dans l'aquifere 

eukarstique, ce phenomene dependant des conditions de charge du premier 
aquifere. 

CONCLUSIONS 

L'etude des systemes karstiques situes pres du Laboratoire souterrain de Moulis 
conduit a un certain nombre de resultats relatifs a la dynamique �es transferts. 

Ces resultats aboutissent a un nouveau schema de la constitution d'un 
systeme karstique en tant qu'aquifere. Tout d'abord peut exister un aquifere 
superficiel dit aquifere epikarstique. Quant a !'infiltration, elle presente deux 
modalites d'ecoulement, l'une rapide, l'autre retardee. Au niveau du karst noye, 
les volumes d'eau doivent etre scindes en deux ensembles dont seul l'un d'eux 
alimente l'exutoire en periode d'etiage; son importance est liee aux crues qui 

ont precede cette periode. 
Au niveau de ce volume, ii faut tenir compte de l'heterogeneite due au 

drainage qui alimente ou qui draine des ensembles dits systemes annexes dont 
la seule liaison entre eux est assuree par les drains. 

Les differentes fonctions de transfert .auxquelles on aboutit, rappelons le, 
necessitent que la loi de Poiseuille soit verifiee. Dans le cas ou cette loi n' est pas 
admissible il est necessaire de rechercher la modification apportee sur les diffe
rentes fonctions de transfert. Ceci est l'objet des etudes actuelles. 

L'etude pluridisciplinaire entreprise au Laboratoire souterrain de Moulis 
sur le systeme karstique du Baget montre que les diff erentes disciplines repre
sentees : hydrogeologie, geologie, geochimie, biologie aboutissent a un schema 
semblable. 
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The purpose of this paper is to detail some of the more important features of 

what is presently known of the subsurface drainages in the Sierra de El Abra 

of Tamaulipas and San Luis Potosi, Mexico. The Sierra de El Abra is rich in 
caves which are populated by several species of aquatic troglobites, among them 

eyeless characin fishes of the genus A s t  y a  n a x. It is not possible to intelli

gently consider the evolution of tuese . aquatics without some knowledge of 

hydrology within the' limestone of the range. 
Cavern development in the Sierra de El Abra probably began during the 

Cretaceous resulting in a cavernous porosity which was not destroyed by later 
burial. This is evidenced by oil production data from the El Abra Limestone of 

the Faja de Oro to the southeast. Here oil has been encountered in cavernous 

porosities at depths of about 600 m. to 700 m. One of these wells the Aguila 

No. 4 Potrero del Llano ha·d a production of 100,000 to 110,000 barrels per day, 

and when allowed to flow would cause an almost immediate pressure decline in 

other wells as far away as 5.5 km. (Boyd, 1963). Another well, Huasteca No. 4 

Cerro Azul, had a production of 200,000 barrels per day (Rose, 1963). Production 
such as this must be essentially from an oil-filled cave, indicating that cavernous 

porosity can withstand burial to depths probably greater than that previously 
undergone by the presently exposed El Abra Limestone. 

As removal of the original Mendez cover began, this porosity greatly 
enhanced the ability of underground water to form large phreatic caverns since 

it enabled ground water to easily reach areas especially susceptible to solution, 
even though far from point of input. As more and more of the cover was removed, 
the limestone took still even more water forming additional solution spaces as 
previously for med ones continued to enlarge. More importantly, increasing 
input of water finally began to integrate previously isolated caverns into larger 

systems. It is likely that such solution continued for a long period during 
Tertiary time, probably beginning at least as early as Miocene, so that pre

Pleistocene integration was extensive. 
Water moving through the limestone of the Sierra de El Abra resurgences 

along the eastern face of the range. Resurgences which are prominent enough 

to have had names applied to them are but seven in number. In Mexico these 

resurgences are known as ''nacimientos'' (birth, origin, source of a river), and 
the most northern one in the Sierra de El Abra is the small Nacimiento de 
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Riacheulo (rivulet) taking its name from the small stream which. it forms. This 
stream shortly enters the Rio Comandante just after the latter has exited the 
Canon Srvilleta. Water from the Rio Riacheulo thus joins ultimately the Rio 
Tamesi System. Progre:ssing southward, the next resurgence is found at the base 
of the range at a point: to the west-northwest of Ciudad Mante, Tamps. This 
is the Nacimiento de S,ln Rafael de Los Castros deriving its name from that of 
a nearby village. Its stream joins the Rio Guaylejo just east of El Limon finally 
to enter the Rio Tamesi. The Rio Mante arises from the nest southmost re
surgence, the Nacimiento del Rio Mante, the largest of the El Abra resurgences. 
Such is the discharge of this great spring that it may be regarded a significant 
water source for the lower reaches of the Rio Tamesi System. 

Many km of Sierra de El Abra face are passed before encountering the 
next spring, a small one, the Nacimiento del Rio Santa Clara. The small Rio 
Santa Clara proceeds rather indistinctly eastward to join the Rio Tamesi System. 
Farther south on the Tamaulipas-S.L.P. boundary is the Nacimiento del Rio 
Tantoan whose waters form a small stream flowing across the coastal plain to 
the Rio Tamesi System. The next resurgence to bear a name is located far to 
the south, almost due east of Ciudad Valles, S.L.P. This, the Nacimiento del 
Rio Choy, is the only other major resurgence discharging Sierra de El Abra 
water, but its discharge is only about one-third that of the Nacimiento del Rio 
Mante to the north. The Rio Choy flows at first northeastward to finally bend 

. 

to the southeast whereupon it disappears into a large swampy area on the coastal 
plain near Tamuin, S.L.P. It reappears draining this swamp, the Cienaga El 
Lavadero, to the south and shortly enters the Rio Tamuin ( = Rio Tampa6n). 
South of the Nacimiento del Rio Choy is another resurgence, the Fuente de 
Taninul, whose thermal, sulfurous waters spring in part from levels far below 
the waters populated by the aquatic troglobites of the Sierra de El Abra. 

Almost all springs along the eastern face of the Sierra de El Abra of any 
consequence are named; those which are not are exceedingly small and are very 
few in number. From flying the eastern face several times, it has been possible 
to discern only three such springs, one between the Nacimientos Tantoan and 
Choy, and two obscure ones between the Nacimiento del Rio Choy and the Rio 
Tampa6n. Only two or three other suggestions· of springs have been seen, but 
these were probably only very small areas of somewhat denser vegetation re
sulting from hi�hly co�centrated, lo_cal runoff down the east face. Small spring�
are also located 1n the villages of Quintero and El Abra, Tamps. The major point 
in emphasizing these several small resurgences are the following: 1. There are 
simply few resurgences of any consequence save the Mante and the Choy; 
2. That there are at least a few - not one - admits to the possibility of there
still being some aquifer separation in the El Abra Limestone in this range.

Most of the waters discharged from the Sierra de El Abra issue from the 
two largest-resurgences, the Nacimiento del Rio Mante and the Nacimiento del 
Rio Choy. This clearly argues for the extensive integration of the subsurface 
drainage in this range. A seeming anomaly exists in the flow rates of these two 
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.great s_prings. !he Nacimi�nt? del Rio Mante in the north is approximately 
80 m. 1n elevation; the Nac1m1ento del Rio Choy in the south is at 34 m. It is 
of particular interest that even though the Mante is about 46 m. higher than 
the Choy, its_ discharge is nearly three times as great as that of the Choy. This 
unusual circumstance is no doubt a result of differential Pleistocene, and possibly 
Recent, uplift of the Sierra de El Abra which increases toward the north. The 
greater flow of water toward the north has resulted from the relatively low pre
Pleistocene elevation of the northern Sierra de El Abra which promoted the 
development of a large internal drainage system. Solutional deveiopment since 
this uplift has not yet been sufficient to reverse the greater part of the internal 
drainage toward the south. 

That there has been uplift of the Sierra de El Abra and surrounding areas 
in relatively recent times is indicated by Pleistocene lacustrine deposits which 
cap a small hill just south of Quintero; Tamps., a short distance to the south of 
the Nacimiento del Rio Mante (Bonet, 1963). This lacustrine limestone was 
probably deposited in an essentially sea level lagoon, but it now lies over a 
hundred m above sea level. This uplift has resulted in a relatively recent change 
in local base level interfering with the continuing integration of subsurface 
drainage and in the apparent paradox in flow rates presented by the N acimientos 
Mante and Choy. 

A consideration of some specific flow rate data of these two large nacimientos 
contributes immensely to an understanding of the hydrology of the Sierra de 
El Abra. As yet we lack the data for a highly detailed treatment of this problem, 
but at least enough data are now available to illustrate a major point or two and 
to pose some interesting questions. An initial problem is the precise source of 
the waters discharged by the El Abra's nacimientos. The narrow width and 
rather low crestal elevation of the Sierra de El Abra in the vicinity .of the Naci-

. . 

miento del Rio Mante at first might suggest that the waters of this great spring. 
derive from outside the Sierra. In fact, Enjalbert (1964, p. 42) stated, ''Pour les 
Nacimientos du Mante et du rio Frio las zone principale d'alimentation se situe 
selon toute vraisemblance a 30 ou 40 km. a I' oueste sur les plateaux a entonnoirs 
et a poljes de la Hausteque montagneuse. '' He cited no evidence whatever to 
justify this assumption, nor are there ''plateaux'' (''plateau calcarie'' of his map) 
30 to 40 km. to the west, but only north-south trending mountains. In short, 
Enjalbert's interpretations of internal drainage in the Sierra de El Abra are not 
simply confusing, they are wrong. 

Our data demonstrate a reasonable relationship between the amount of 
nacimiento discharge and the potential for recharge of the Sierra de El Abra 
aquifer occurring through direct infiltration of the _EI Abra �utcrop _and by
stream capture. Approximately 700 km2 of El Abra Limestone (in the Sierra d.e 
El Abra proper and in the eastern part of the adjacent Valle de Antiguo Morelos) 
are exposed to direct infiltration of r�i�fall, and there are ab�ut 50 km2 �f i�
pervious substrate in the ·Valle de Ant!guo Morelos, the dr�inage of which ts 
caotured by caves formed in El Abra Limestone. Thus, exept1ng losses through 

165 



evaporation and transpiration, the entire rainfall on an area of about 750 �2

is available for recharge of the aquifer. Based upon data from several stations 
located in the lower areas surrounding the range, a figure of 1,200 mm. may be 
taken as a fair approximation of the average annual rainfall in the region of the 
Sierra de El Abra. Thus, abput 840 million m3 of rain falls upon the infiltration 
area of 750 km2

• This figure is in close agreement with a rainfall calculation of 
Bonet (1953, p. 240). He cited a total area of 1,500 km2 for the Valle de_Antiguo 
Morelos (an underestimate) and calculated that upon this area fell a total annual 
rainfall of 1,650 million m3

• 

The Nacimiento del Rio Mante discharges about 335 million m3/year while 
the Nacimiento del Rio Choy about 141 million m3/year (six year averages from 
unpublished data, Direcci6n de Hidrologia, Secretaria de Recursos Hidraulicos, 
·Mexico, D.F.). Discounting output from the remaining, small resurgences, there
is an annual discharge from the Sierra de El Abra of some 476 million m3/year.
The difference between the amount of rainfall and the combined Mante and
Choy discharge suggests a loss through evaporation and transpiration of about
40 % which seems reasonable. · Some error is introduced by failure to consider
the output of the smaller, ungauged nacimientos and the fact that rainfall is
probably greater in the higher portions of the Sierra, but these would tend to be
offsetting biases. Although these data are rather crude, they support quite well
our contention that waters resurging from the Sierra de El Abra are n o t
derived from sources outside the outcrop.

Subsurface water movement in the Sierra de El Abra is not through small 
porosities in the limestone but rather through large conduits. This is suggested 
by the structure of the caves themselves and is further supported by some flow 
rate data of the two large resurgences. In August of 1936, the flow rat� of the 
Nacimiento del Rio Mante had held constant at 11.6 m3/sec. from the 14th to 
the 18th. On 18 August a heavy rainstorm struck the Sierra de El Abra, and on 
the 19th the flow rate had risen to 27.8 m3/sec. Peak flow occurred the following 
day at 171 m3/sec. (the greatest peak flow on record) decreasing on the 21st to 
127 m3/sec. On the 22nd, flow rate dropped sharply to 62 m3/sec. and on the 
25th had fallen to 36 m3/sec. At the Nacimiento del Rio_ Choy a flow rate of 
4.77 m3/sec. was recorded on 18 September 1967, and also on this same day 
a heavy rainfall began. The next day the flow rate was only slightly greater, 
4.83 m3/sec., to be -followed on the 20th by a rate of 22 m3/sec. Flow rate rose 
sharply on the following day to 102 m3/sec. and peaked on the 22nd at 137 m3/sec. 
On the 23rd the rate was still high at 130 m3/sec. There was gradual decline 
through the following several days where on the 29th the flow rate was 23. 7 m3/sec. 
Many more data similar to the preceding should permit us eventually to discuss 
this hydrology in more detail. But for present purposes, the data demonstrate 
that following rainfall on the El Abra outcrop, resurgence discharge increases 
almost immediately, more rapidly at the Mante than at the Choy, however. 
The co�clusions are obvious: subterranean water of local origin is moving rather
unrestricted through large water passages in the El Abra Limestone, and this 
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movement is more rapid in the northern reaches of the range than in the southern 
portion. 

Clearly then there is great continuity in the subterranean aquatic habitat in 
the Sierra de El Abra. Habitat continuity often suggests population continuity, 
but is this a proper conclusion to draw in the Sierra de El Abra? The answer 
is n o  as our analyses of A s t  y a  n ax populations (Mitchell and Cooke, this 
volume) indicate. 
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The purpose of this paper is to discuss the capture of· surface drainages by 
subterranean solution spaces as these occur in the Huastecan Province, princi� 
pally in the Sierra de El Abra, of Mexico. The discussion is limited to those 
capturing caves which also are known to harbor populations of eyeless characin 
fishes of the genus A s t y a n a x. 

Eighteen of the 29 known eyeless characin caves capture streams. These 
caves occur, usually in clusters, where local physiography and geology provide 
particular requisites for capture. 

The El Abra Limestone outcrop is so permeable that it supports no ap
preciable surface drainage of its own. The captured streams, then, are developed 
off the El Abra Limestone on impervious strata, principally the San Felipe 
Formation, but occasionally on the Mendez F orination. Capture demands . that 
erosion deepen a streambed to the interface of the impervious stratum and the 
El Abra Limestone. Such streambeds have then been �aintained for only re
latively short distances on the El Abra Limestone before making contact with 
a solution space, usually a vertical shaft. The structure of the El Abra Limestone 
has been very conducive to the formation of such shafts, and they occm through
out the exposure both in the Sierra de El Abra ( as well as elsewhere) and in the 
Valle de Antiguo Morelos where in the latter those associated with surface 
streams form important recharge sites for the El Abra aquifer. These caves 
with vertical entrance shafts, whether or not associated with a surface stream, 
are known locally in northern Mexico as ''s6tanos'' although in the Spanish 
language generally they are usually termed ''simas'' or, if they take surface 
water, ''sumideros''. 

There are two principal groups of blind_ fish caves in the Sierra de El Abra 
which capture surface streams. These are eight of the ten fish caves of the ''Los 
Sabinos area'' (about 12 km NNE Ciudad Valles, S.L.P.) and the three of the 
''Yerbaniz area'' (about 23 km N Ciudad Valles). Other, isolated, captures in 
the Sierra de El Abra are represented by the Sotano de Venadito and by La 
Cueva Chica. In the Sierra de Guatemala, located to the north of the Sierra de 
El Abra, three blind fish caves near the town of Gomez Farias, Tamps., capture 
surface drainages. West of the Sierra de El Abra in the vicinity of Micos, S.L.P., 
near the Sierra de Colmena, two blind fish caves may be regarded as capturing 
surface streams. Even though the majority of the known blind characin caves 
capture surface drainages, th� captures are highly localized suggesting that very 
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particular conditions must prevain before this phenomenon can occur. This is 
true, but. the conditions permitting capture differ among the different sites. 

Along the western edge of the Sierra de El Abra, the El Abra Limestone 
disappears under the San Felipe Formation flooring the Valle de Antiguo 
Morelos in the south and under the Mendez Formation in the north. The 
thickness of these impervious formations increases progressively to the west in 
this valley. The slope of the eastern part of the valley dictates, for the most 
part, a westward direction of surface stream flow. The small streams in the mid
portion of the valley illustrate well, in a negative way, some of the requirements 
for capture. Since these streams trend westward, they are developed on im
pervious San Felipe of ever-increasing thickness. While downstream from their 
origin they do erode deeper and deeper, they are also becoming farther removed 

vertically from the underlying El Abra Limestone, and consequently they have 
never contacted the El Abra-San Felipe interface. Their waters, then, finally 
pass into larger and l_arger surface streams finally to enter the great Rio Panuco. 

In the Los Sabinos area, the captured streams trend to the south, not to 
the west. The southward trend of these streams probably indicates that they 
were once tributaries of the stream which for med the southern El Abra pass 
east of Ciudad Valles. The significance of this direction of surface water move
ment lies in the fact that these streams, developed on San Felipe, but very near 
to the El Abra Limestone outcrop, did not then course over San Felipe of ever
increasing thickness as the west-trending streams. Instead, the streambeds 
developed on San Felipe along a route where the San Felipe cover over the El 
Abra Limestone is thin. This thin San Felipe cover presents ideal circumstances 
for capture as the eight captures hereattest. It is of particular interest to note that 
south of the S6tano de Palma Seca ( the southmost of the blind fish caves in this 
area), the margin of the El Abra Limestone outcrop moves slightly eastward 
while the south-trending drainages, captured so frequently to the north, continue 
on, now developed on thickening San Felipe, without another capture finally 
to enter the Rio Valles. 

Apparently there was once but a single major stream in this drainage, but 
it and its main tributaries were all in time captured. There are also three instances 
of multiple capture of the same stream segment in the Los Sabinos area. This 
has happened through more recent upstream capture of a stream· previously 
captured by an older downstream opening. In the Los Sabinos area the Sotanito 
de Montecillos represents a very recent capture ( very partial) of a stream segment 
completely captured by the <l:ownstream S6tano de Pichejumo. The S6tano de 
Joz now captures most of the water in a streambed which earlier had been 
captured completely by the downstream S6tano de las Piedras. The earliest 
stages of stream capture are represented by the S6tano de la Roca whose very 
small entrance takes little water, and then only at flood stage, in a streambed 
captured entirely by the great S6tano del Arroyo. 

Within the Los Sabinos area it is possible to see everything from very 
ancient to the most recent of captures. Relative ages of the captures may be 
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seen not alone from the size to which the opening of the capturing solution space 
has been enlarged by the movement of water into it, but also from the structure 
of the bed of the captured stream. Early in capture, it may be presumed that 
the opening was so small that most water carried in the stream simply passed 
over, or by, the opening. The S6tano de la Roca and the Sotanito de Montecillos, 
though_ each is deep, are only minor openings in streambeds and are good 
examples of this early stage of development. Through time, the openings of 
other captures have enlarged taking more and more of the surface drainage, 
ultimately taking it all. In these later stages, there finally began· to develop 
differential erosion of the bed upstream from the opening and that downstream 
from the opening. As soon as capture became complete, erosion ceased on the 
downstream side leaving the upstream side to continue to deepen as its waters 

poured into the opening. Obviously then, the streambed comes to lie at different 
elevations on each side of the capture, and this difference may be pronounced 
as at the S6tano del Arroyo where about 65 m ·separate the two. That side of 
the solution shaft beneath the abandoned downstream segment and facing the 
deeper upstream segment is termed the ''headwall'', and comparison of headwall 
heights offers then some relative measure of capture times ( all other things being 
considered equal which is unlikely). Also useful as a time index to past events 
is the depth ( or distinctness) of the streambed downstream from a complete 
capture. If this segment is shallow it indicates a short life of the original surface 
stream prior to the beginning of capture. In the Los Sabinos area, downstream 
segments associated with the largest and deepest s6tanos are quite indistinct 
being most readily discernable from the air. It should also be mentioned that 
frequently the dawnstream segments imrnediately adjacent to the capture is 
subjected to back-erosion so that for a short distance this segment slopes upward 
from the headwall. 

The Yerbaniz area captures represent a somewhat different process in the 
establishment of streambed contact with the El Abra Limestone. The captured 
streams here trend westward as do many others elsewhere which remain un
captured for the 1easons previously cited. However, in the Yerbaniz area some 
minor folding occurred involving both the covering San Felipe and the under
lying El Abra Limestone. The streams have now eroded into these folds contact-
ing the cavernous limestone. 

The capture at the isolated S6tano de Venadito is of a rather short, isolated 
strean1 which also cut into a fold. In similar fashion, La Cueva Chica also 
captured a small stream. 

The northern one-half of the Sierra de El Abra is without a known stream 
capture. Approximately the northern one-third (linear) of the El Abra Limestone

outcrop is essentially limited to the Sierra proper, and further the northern part

of the Valle de Antiguo Morelos retains a near complete Mendez cover. This

then suggests that any El Abra Limestone at lower elevations in this area is more

deeply buried than in the south. 
Another concentration of stream-capturing caves occurs near the base of
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the Sierra de Guatemala in the vicinity of Gomez Farias, Tamps. Eyeless 
characin populations have been found in three of these deep caves and will 
probably be found in most of the others when exploration is complete. Stream 
capture in this area owes to the presence of a narrow ridge, upon which is built 
the town of Gomez Farias, surrounded by outcropping El Abra Limestone. This 
ridge, the Sierra de los M�ngos, is formed of a Mendez base, and it has persisted 
because of the protection afforded by a Tertiary lava cap. The run-off from this 
ridge has formed several small streambeds which have been captured shortly 
after their entry onto the flanking El Abra Limestone. All of the blind fish caves 
here represent captures of small, intermittant streams which are a part of this 
localized drainage. 

In the Micos area west of Ciudad Valles the conditions leading to stream 
capture are almost exactly the reverse of those at Gomez Farias. At Micos 
a ridge of Taninul Member limestone rises from a swampy lowland, and since 
the ridge is unprotected by a cover of San· Felipe Formation, water directly 
attacks the limestone around the entire perimeter of the outcrop. The effects 

of this solutional undermining are several. The flanking slopes of the ridge are 
frequently steepened abruptly just above swamp level. In places this contact 
solution has been so extensive as to cut completely through the ridge breaking 
the once continuous limestone outcrop into a series of narrow hills. Similarly, 
this solution has intercepted previously formed cvaernous spaces within the 
limestone. Two of the three eyeless characin caves here are good examples of 
such interceptions. These captures take flood water from the swamp, and at 
one cave, Cueva del Rio Subterraneo (Wilkens and Burns, 1972), a rather 
extensive and well-developed surface drainage exists which has eroded an arroyo 
leading to the cave entrance. 

It is important to note that while 18 of the 29 blind characin caves capture 
surface drainages, few of these surface streams support fish populations today. 
Most of the captured tributaries contain water only very temporarily after heavy 
rains, and thus contain no fish fauna whatever. However, the swamp whose 
water drains into the Micos caves is populated by epigean A s t y a n a x 
m e  x i  c a n  u s  which enter the caves. The only classical capture in which 
the upstream segment is populated with A. m e x i c a n u s occurs in the 
Yerbaniz area north of Ciudad Valles, S.L.P. 

There should probably not be too much significance attached to the fact 
that the majority of the blind fish caves are those which capture surface streams. 
One is at first tempted to conclude that this is precisely the reason why these 
particular caves contain blind fish populations. It is likely, however, that the 
correct explanation is that stream capturing caves are simply the easiest types 
of caves to find in the area. 
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UTILISATION DES EAUX D'UNE RIVIERE SOUTERRAINE 
. 

PENDANT L'ANTIQUITE 

Anna Petrochilou 

Societe Speleologique de Grece, Athenes, Grece 

A la cote droite d'une vallee, qui traverse le village Zygos Kavalas, se trouve la
caverne Agia Eleni ou Kryoneri. Cette caverne, qui est le lit d'une riviere souter
raine, creuse darts le terrain calcaire, se situe N. E. du village, a une distance 
d'une heure a pied. . · 

La petite quantite d'eau qui coule pendant toute l'annee dans la caverne 
disparait 20 m en amont de son entree et reapparait, comme source, 25 m plus 
bas, a droite de l'entree, qui a une largeur de 7,5 m et une hauteur _de 2,5 m. 

Un _bloc du rocher, tombe d_u plafond a la partie gauche de l'entree, l'a 
bloquee sur 4,0 m. 

La caverne se compose de la section centrale et de trois galeries. Sa longueur, 
en li-gne droite, n' est que 170 m tan dis que la longueur du reseau en tier atteint 
500 m environ. 

· 

L'orientation de la caverne sur 100 m de l'entree est N.0.0., puis S.S.E., 
puis S.0.0., ou se trouvent trois galeries� orientees vers S.E.E. 

La hauteur du plafond varie de 0,2 a. 5,0 m. Le plus haut point se trouve 
a la troisieme salle et au commencement de la galerie gauche. Le plus bas a la 
fin de· 1a meme galerie, oil se f orme un petit lac 1 m profond. La plus grande 
difference de niveau, depuis 1' en tree de la caverne, se trouve a la fin de la meme
galerie gauche et atteint 10 m. 

· · · 
La plus grande profondeur d'eau, au lac central, atteint 2,0 m, pendant

l'ete, et 5,0 m pendant l'hiver. A la section centrale de la caverne 
·
se forment 

trois salles. 
. . 

.

Le plancher de la premiere salle,. qui a 75 m de longueur, 5-l2 m de 
largeur, est incline de gauche a droite (difference de niveau 1,3 _-m). <;a a ete 
cause par la diminution de la quantite de l'eau qui coulait vers le cote droit. La 
difference de niveau entre le commencement et la fin de cette salle atteint 2,2 m. 

Entre la premiere et la deuxieme salle coule une cascade de 2,0 m de hauteur,· 
les eaux de laquelle emergent du rocher par trois ouvertures. L'ouverture 
a gauche, 2,5 m de largeur, 1 m de hauteur, est aujo·urd'hui assechee. Celle au
milieu et celle a droite ont une largeur de 1,0 m et une hauteur 0,3 m. Les eaux 
de la cascade forment un lac (6,0 m X 3,00 m) au pied ··aes deux ouvertures. 

La de
.
uxieme salle, 30 m de longueur et 11 m de largeur, est divisee en deux 

sections paralleles par un roch�r compact et une serie de blocks. La. section 
gauche de 3 Om de largeur� est tres inclinee et c'est de celle-ci que l'ouverture 

, , 

gauche de la cascade etait autrefois alimentee. La section droite, d'une largeur

. .
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Fig. I. Les eaux ont en forme de sipton. (Photo 1-4A. Petrochilon.). 
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Fig. 2. U ne rigole taillee sur le cote gauche de la galerie gauche. 
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Fig. 3. Quelques morceaux de tuyaux en terre cuite. 
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de 8,0 m, est aussi tres inclinee. Le long du cote droit coule l'eau qui alimente, 
par Jes deux ouvertures de la casca:·de, le lac ci-dessus mentionne. 

Les eaux du lac coulent a travers les pierres deposees, reapparaissent plus 
bas pour disparaitre de nouveau, 20 m en amont de l'entree de��, 

caverne.
Cinq metres avant la fin de la s.ection gauche de la deuxieme salle, une 

�uverture d'une largeur de 1,5 m conduit ·a la troisieme salle (20 m X 9 m), le 
plancher de laquelle est couvert de bl(?cs·, tombes du p�afond. 

Les deux,. des trois galeries A et B mentionnees auparavant, s'ouvrent au 
commencement du cote gauche de cette salle. La troisieme galerie, C, commence 
pres de la fin de la salle qui suit la precedente. · . _ 

Les trois · galeries alimentent· en eau le lac central d'une superfic1e de 
12 x 19 m, et d'une profondeur d:eau 1 a 2 m pendant ·1'ete. Ce lac se trouve au 
commencement de la ttoisieme galerie· C. 

Les· eaux des trois galeries ont 1a·meme origine, mais celle-ci est inabordable 
a cause de la ·diminution graduell� des ·dimensions des galeries. 

Le lit original de la riviere souterraine est la premiere galerie A, vers la fin 
de laquelle les eaux inondent toute sa largeur, 1 ,00 · m prof on des. Ces eaux 
disparaissent a un point intermediaire pour reapparaitre a un niveau plus bas 
dans la galerie du milieu, B, 'Iaquelle est d'un metre de hauteur. 

Peu d'eau coule encore aujourd'hui le long du cote droit de la premiere 
galerie A, jusqu'au point de rencontre avec l'ecoulement de la deuxieme ga
lerie B. 

La troisieme galerie C, est aujourd'hui assechee sur route sa longueur. Ses 
eaux ont evidemment creuse un autre conduit, en forme de siphon, et· reappa
raissent a peu de distance en amont du lac central, ou finalement elles aboutissent 
(fig. 1). 

Les Grecs anciens ont utilise les eaux de cette riviere souterraine pour 
alimenter - tres probablement - la ville de Philippes, situee a 8 km de distance. 
�a devient evident, grace a !'existence dans la caverne de vestiges d'un systeme, 
assez complique, d'aqueducs, appartenant a trois epoques successives. 

· La premiere installation a ete executee evidemment en taillant le plancher
du cote gauche de la premiere et de la seconde salle de la section centrale de la 
caverne a un niveau superieur au plancher du cote droit, par ou les eaux coulaient 
vers l'entree de la caverne. Mais les eaux disparaissaient - comme a lieu 
aujourd'hui aussi - avant d'y arriver, etant conduites au nouvel lit, qui a ete 
creuse sous le plancher de la premiere salle. 

Vers la fin de la premiere salle au lieu de la rigole taillee on a utilise des 
• 

tuiles placees sur un mur en pierres pour assurer le niveau necessaire vers 
-l'ouverture g�uche de la cascade. On voit aussi une rigole taillee sur le cote
gauche de la galerie gauche, A suivie par un conduit en tuiles sur un mur en
pierres pour la canalisation des eaux vers le lac central au moyen de la deuxieme
galerie B (fig. 2).

Plus tard on a ameliore !'exploitation des eaux en installant des tuyaux en 
terre cuit� sous le plancher de la troisieme salle, et en reparant les tuiles detruites 
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a la premiere salle. On voit aussi quelques morceaux de tuyaux en terre cuite 
(fig. 3). Tant ces tuyaux que les tuiles sont couverts par une couche epaise de 
matiere stalactitique. 

De la meme matiere sont demi-bouches les tuyaux en terre cuite. 
A quelques points de la troisieme salle et de la galerie droite on voit des 

supports en pierre du plafond; pour !'assurer contre eboulements eventuels. 
Les pierres se sont soudees par une matiere stalactitique (fig. 4). 

II y a longtemps que les eaux ne coulent plus par l'aqueduc parceque les 
tuyaux sous le plancher de la troisieme salle sont, pour la plupart, casses et en 

meme remplis de la matiere stalactitique. 
Les eaux de la premiere et de la seconde galerie A et B, qui coulaient 

autrefois clans ces tuyaux, ont ouvert un nouveau lit, le long du cote gauche de la 
troisieme salle, et sont conduites par un siphon a une petite salle pour aboutir 
au lac central. De la les eaux coulent, par un siphon evidemment, vers la cas
cade (fig. 5). 

Nos observations pendant les diverses saisons de l'annee montrent que : 
1. Le plus bas niveau du lac central a lieu en automne.
2. Pendant la saison de pluis et jusqu'au printemps Ia. salle, oil se trouve le

lac central, est pleine d'eau et devient inaccessible. Les eaux s'evacuent, au 
rythme lent, par le siphon vers la cascade et de la vers le premier lac pour 
emerger finalement en a val de 1' en tree de la caverne, comme la source mentionne 
auparavant. 
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HYDROGEOLOGICAL RELATIONS AND 
INTERDISCHARGE INTO THE TREBISNJICA RIVER BED IN. 

POPOVO POLJE 

Borislav Petrovic 
:Z:eljko :Z:ibret 

Energoinvest, Hydro and Civit Engineering Department, Sarajevo, Yugoslavia 

INTRODUCTION 

The Popovo Polje is one of the largest typical enclosed karst fields which extends 
in the same direction as the Dinaric mountain range an elevation of 220 to 250 
meters above sea level, situated in eastern Herzegovina at a distance of ap
proximately IO km. from the Adriatic coast. Until recently, the Trebisnjica 
River flowed into it with an average discharge of approximately 100 m3/sec., 
and for a length of about 60 km., where it then completely disappeared through 
sink-holes under ground, becoming the largest underground river in the world. 
Discharge of the Trebisnjica River over the year is very uneven. During the 
rainy periods of spring and autumn the discharge is considerably higher than 
average and it used to flood the lower half of the field, while in summer periods 
the entire discharge would sink into the sink-holes downstream from the town 
of Trebinje, and the river bed of the Trebisnjica in Popovo Polje was then 
completely dry. 

With construction of the Trebisnjica hydroelectric power plant, the major 
part of water in the Trebisnjica River is stopped up by the Gori ca dam before 
it enters Popovo Polje, and its power is being used in the Dubrovnik hydro
electric power plant at the coast near Cavtat. A part of the excess water from 
the Trebisnjica River, as well as the interdischarge into the Trebisnjica River 
in the area of Popovo Polje, is projected 1.. use in the Capljina hydroelectric 
power plant with intake at the low<?:· part of Popovo Polje. The hydroelectric 
power plant is to be situated in H1'! tovo Polje. 

This method of 1
"1ater pvwer utilization settles also a great agricultural and 

water power eng-ir· �erinb problem of this region - irrigation of the Popovo 
Polje valley without the necessity of constructing large and lengthy water supply 
lines from Gorica to the tillable agricultural surfaces downstream from Poljice, 
and at the same time it prevents eolic and torrent erosions of the tillable soil in 

the valley. 
This paper provides an outline of the hydrogeological conditions in the 

karst area along the bed of the Trebisnjica River through Popovo Polje where

the Trebisnjica River has until recently entirely disappeared underground. It

also deals with a method for estimation ( determination) of interdischarge along

the river bed through Popovo polje in conditions of partial floods, sinking cf·

free flow, and under conditions of discharge from springs and estavelas. Finally�
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the paper shows a principal (fundamental) solution for capturing and conducting 
of this and excess water from the Gorica dam through the Trebisnjica River 
bed a cross Popovo Polje down to the intake of the Capljina power plant. 

DISCRIPTION OF THE RIVER BED SITUATION AND GEOLOGICAL 

CONDITIONS 
-

From the dam profile at Gorica, the Trebisnjica River flows westwards to 
Trebinje, turns South through Trebinje, and hence to the North-West, �eeping 
the general Dinaric direction to the end of Popovo Polje. The total length of 
its course along this part is 67 km. 

For the first eight kilometers the Trebisnjica River flows mostly_ through 
alluvium deposits, and stone emerges at the surface of the river bed only at 
a few spots. For the dext 27th kilometers (to Poljice) the river bed is cut into 
rock mostly covered by gravel deposits in the form of sandbars in front of 
numerous dams for water mills. From Poljice downstream until it submerges, 
the Trebisnjica River flows through alluvial deposits, which have occasionally 
started to bind, transforming them into conglomerates. Discontinuous layers 
of clay can be found in these deposits. 

Along the entire length of the river bed, in view of the surrounding ma-
terials, erosion is extensive both in the bed and particularly along the banks of 
the river. The river banks are also eroded due to numerous estavelas at the sides 
of the river bed as well as to short streams coming from the field formed by 
water, flood waters in retreat, or by water from intermittent sources around 
the skirt board of the field. 
· The average width of the river bed bottom is. about 50 m., and the wer
width for a flow of 150-250 m3/sec. is about 65 m. Inclination of the longitudinal
profile of the river bed ranges from 0.2 to 1.2 °/00, the av.erage being 0. 75 °/00•

Geological structure of the soil accomodating the Trebisnjica river bed 
consist exclusively of chalk dolomite, except for several kilometers of dolomites 
in the region of Zavala. Because of tectonic disturbances as well as chemical 
and physical effects of water the limestone is very karstified and therefore 
permeable over the entire course of the watercourse. 

It can be seen from the map that there are many abysses and other karst 
occurences in the Trebisnjica River bed through which water disappears into 
subterranean streams. 

' 

There are 155 recorded occurences of the sort. They are more or less 
evenly distributed along the whole length of the water course, but certain groups 
can be noticed in the zones of greater permeability. There zones usually have 
more tectonic faults and the south western side of the river bed is morekarstified. 

Zones of stronger tectonic damage can be noticed in the region of Pridvorci, 
Desin Selo, Staro Siano, Dobromani, and Tulja in the rocky part of the river 

. bed, and downstream in the region of Ravno, Provalija, and other locations. 
The clefts generally extend southwards. In the region between Trebinje and 
Poljice they take ·an obvious direction towards the Ombla source of Dubrovacka 
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rijeka. Using dyes in the sink-holes in the river bed of the Trebinje area proved 
that the underground water from there goes in the direction Ombla. This, as 
well as other geological and hydrogeological considerations indicate that all the 
water sinking in the Trebisnjica river bed in the area from Trebinje to Poljice 
goes towards Ombla. Downstream from this area the ground water heads partly 
towards the Adriatic coast but mostly towards the Neretva river valley. It is 
likely that the extensive dolomite deposits in the region of Zavala are the water
shed of the South-East and North-West parts of the field. 

WATER BUDGET 

As previously mentioned beside the water of the Trebisnjica River, Popovo

Polje receives waters from its own catchment area which is by no means small. 
Part of the water coming from the carstic underground comes to the surface 
through estavellas along the skirt board of the field and the estavellas along the 
skirt board of the river bed. The major groups of estavellas are situated at the 
northern skirt board of the field, in the area of Dracevo and Strujici. 

The purpose of this paper is to calculate the sum of the tributaries to the 
Trebisnjica River downstream from the town of Trebinje in the rainy period 
when there are flood.5 in the bottom of Popovo Polje. The observation period 
involves 1954 - 1963 when the Trebisnjica River had a natural, undisturbed 

• 

regime. 
The interdischarge to the Trebisnjica River, Qm, has been obtained as 

the difference between discharge in the bottom of Popovo Polje and the flow 
at the entrance point of the measuring level at the Arslanagic bridge gauge 
station, Qam, plus the losses along the unsank course of the river, Qgub: 

Qm = Qd-Qam+Qgub (1) 

Discharge at the end of the field Qd is defined by a summary equation of 

the surface of the artificial lake, i.e. total consumption of sink-holes under the

lake Q��' and the difference between the accumulated or discharged part of

the lake ±Q. 
Qd == Q�� ±LIQ, 

which makes the following interdischarge equation 

Qm = Qgp ±LIQ - Qam + Qgub• 

(2) 

(3) 

The magnitudes of Q.m and ! Q are known, while those of Qgp and Qsub are

unknown. 
Qam is obtained through the flow line at the Arslanagic Bridge gauge �tat�on.

±Q is obtained from the changes in the lake volume both at the beg1nn1ng and

the end of the daily measuring unit.

LI V2 -V1 LIV -- ±= -- - --·- - ' 
± Q T2-T1

✓.1T 
(4) 

where v1 and V2 are determined out of the volume curve in the lake surface
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level function.
Q8ub, representing total losses in flow along the unsubmerged course · of the
river is unknown and has to be determined out of additional conditions.

As a start a hypothetical function with a physical basis has been taken.
Namely, the losses along the course expressed as a function of the river bed
saturation rate, indicated by the flow at the Arslanagic Bridge Qam, and the
water saturation of the �nderground, which may be approximated by the prior

. rainfall index /
PP

' the elements of evapo-trans, and the season as a component
in cyclical charging and discharging of underground watercourses and evapo
transpiration Nm> and finally total length of the unsubmerged course of the
river Lx.

q = f(Qam, /PP' Nm) = AI + A2Qam + Aa/pp + A4Nm, (5)
where q is specific loss per Km of the river bed.

·Losses total to:
Qgub= /(Qam, /pp> Nm, Lx) = (A1 + A2Qam + A3/pp + A4Nm) Lx. (6)

The input data q for establishment of the above relation are obtained by
I simultaneous flow measurements along the Trebisnjica River course, with

a constant incoming flow coming from the upstream reservoir.
A set of equations has been formed with unknowns being the coefficients

A
1
, A2, A3 and A4• Solution of these equations by least square method resulted

in this particular case in the relation required for calculation of losses along the
unsubmerged river course.

(7)
Here, the prior rainfall index has been calculated through the expression:

/PP = K1P1 = K2P2 + • • • + KnPn + • • • + K60p60' (8)
where K1, K2, • • • • •  Kn are coefficients determined out of an exponential
relation

(9) 

with the coefficient a, time t, and P
1
, P2, P3 • • • • •  Pn as mean height of rainfall

over the catchment area in the first, second, third . . . . . . nth day prior to thel
observed water losses, to days back at the longest, e-a 

= 0.95. Season index Nm

is an approximation of the underground charging from au·tumn until spring,
and discharging from the beginning of summer until autumn; for the month
of August Nm = 1, September Nm = 2, July Nm = 12.

The remaining unknown element of equation (3), Q , which represents
total sin�-hole consumption in the flooded portion of Popo;; Polje, is practivally
impossible to measure, and may be determined indirectly after Qgub has been
determined.

If a dry period is selected ·the interdischarge is eliminated since it is reduced
to zero, and solution of the equation according to Q makes determination of
total sink-hole consumption in the submerged portio;

P

of the field:
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Qgp = Qam = Qgab ±L1Q. (10) 

T_he obtained volues are used for determination of the ratio of total con
sumption of submerged sink-holes as a function of level of the ·1a1ce surface: 

Qgp = Co+ C1H + C2H2 + C3H3
• (11) 

In this particular case the consumption equation is as follows:
Qgp = _-9.863 + 0.204 H - 0.0000875 H2 + 0.0000000174 H3

• (12)
The above method gives an average interdischarge for the period 1954 -

1963: · 
Q

m = 24.2 m3/sec. 
The calculations have been entirely computed on Energoinvest computer 

Gamma 30. 

SOLUTIONS 

The above description and the attached map preseri·t the bed ·of the Tre
bisnjica River, from Gori ca downstreams, all the way to the for end of Popovo 
Polje, for a length of 67 kms, which is strongly karstified and highly permeable. 
Losses in water along that part of the course amount in dry periods to as much 
as 70 m3/sec. 

In order to make the· water available for use in the Capljina hydroelectric 
power plant appropriate technical solutions should be f 011nd which would take 
the water a cross Popovo Polje to the power plant, and within limitations of 
economic justification. 

Alternative solutions for taking the water from Gorica to the compensation 
basin in the bottom of Popovo Polje other than through the existing bed of 
the Trebisnjica River, e.g. by pipeline or a canal, have not been developed, for 
such solutions would not cover the entire interdischarge. Considerations were 
therefore almost entirely focused on running the water through the existing 
river bed with possible minor deviations in order to shorten the way or avoid 
permeable zones. 

Three alternative solutions for regulation of the river bed have been 
developed. First - direct closing of each -sink-hole; second - direct closing 
of sink-holes in the upstream section, and Jaying and concrete paving of a low 
channel along the bottom of the bed in the downstream section; and third -
lining of the existing bed in all the permeable zones ( which constitutes almost 
90 % of its total length) by some impermeable material. 

A rough comparison of expenditures required for regulation of the bed 
and gains in power at the power plant indicates that it is profitable to guarantee 
as much as 95 o/0 of the available water. This can be achieved only by the third 
alternative which has been accepted for the project. Spray concrete proved the 
most economical material for bed lining. It is to be used for bottom and side 
linings over about 90 o/0 of the total length. 

Given the lack of experience in this kind of operation test lining has been 
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made for some sections along with research on the quality and effect of spray 
concrete. No final conclusions have been made, but present results are satis
factory. 

Beside the rec·orded and determined volume of interdischarge as stated _in 
Chapter 3 of this report, there are certain quantities of water in Popovo Polje 
which do not appear at the surface. The catchment area of the interdischarge 
is :qiostly at the norhern, upstream part of the river and the field. The major 
part of the water runs through underground channels below the Trebisnjica 

.. 

River bed, and goes towards the sea. Further regulation works, in particular 
grouting along the northern skirt board and in the bottom of the river will close 
these underground channels and bring new quantities of water to the surface 
\vhich were not included in the calculations. This would provide further power 
volume, and reduce specific project costs. The sink-holes estavelas and tectonics 
indicated on the map clearly show the location of these underground channels. 

REFERENCES 

Project Draft for the Capljina hydro power plant developed by Energoinvest, Sarajevo, 1970. 
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rHAPOXHMHqEcKMI 30HAJlhHOCTh 
KAPCTOBhlX BOA r JIABHOH rP.HAhI 

rOPHoro KPLIMA 

IOypuii H. IllyToB 
llHCTHTYT MHHepaJibHhIX pecypcoB Mr CCCP, C11McpeponoJI, CCCP 

. 

I'JiaBHa.H rp.H,n;a I'op1-1oro KphIMa npe,n;cTaBJI.HeT H,n;po H ceBepHy10 t.IaCTb l\1eraHTHK-

J1HHOpH.H, CJJOllieHHOro TaBpnqecKHMH H cpe,n;HeIOpCI<HMH necqaHO-rJIHHHCThIMH 

BO,D;OHenpOHHQaeMblMH (HHlliHHH CTPYKTYPHhIH 3Talli), BepxHeIOpCKHMH H HHlliHe

MeJIOBhIMH, npe0:Myrn;ecTBeHHO, Kap6o�aTHhIMH nopo,n;aMH (BepxHHH CTPYKTYPHhIH

3Talli). 
. . . 

BepxHeIOpCKHe nopO,D;hI CJiaraIOT p.H)]; KpynHhIX Kap6oHaTHbIX MaCCHBOB, pa3-

,n;eneHHbIX. 3p03HOHHhIMH Bpe3aMH H BhIT.HHYThIX B,D;OJib lO)l(HOro 6epera KpbIMa 

B roro-3ana,n;HoM HanpaBJieHHH. · MoHOKJIHHaJI:oHoe saJieraHHe nopo.n;, na,n;aIOI.QHX 

B ceBepo-3ana.n;HhlX pyM6ax, OCJJO>KH.HeTC.H nonorHMH nJIHK8THBHbIMH H B 3HaqH

TeJ1bHO 60JibIIIeH CTeneI-IH AH3'blOHKTHBHbIMH HapyllleHH.HMH [1]. IlpO)];OJibHbie H 

nonepeqHble no OTHOIIIeHHIO K npOCTMpaHHIO nopo.n; H rp.H,D;hI pa3pbIBHbie Hapy

llleHII.H pa36HBaIOT ee Ha pa3Hbie no BeJIHqHHe H cpopMe rJihI6bI, npn.n;aBa.H CTpyK

Type MaCCHBOB 6JIOKOBhIH xapaKTep. 

reonoro-cTpyKTYPHhie oco6eHHOCTH rp.H,n;hI, Han0:q11e nnocKoi1 rrJiaToo6pa3HOH 

BepIIIMHHOH IIOBepxHOCTH Ha OTMeTK8X 7001-1200 H 1300-1500 M, 3HaqnTe.JThHOe 

KOJIHqeCTBO aTMOCq:>epHbIX oca)];KOB ( 1200 MM B ro.n; B 3arra,n;HOH qacTH H 622 MM -

B BOCTOqHoi1) o6ycJIOBHJIH ee IIOBepXHOCTHOe H rny6HHHOe 3aKapCTOBaHHe, HMeIO- . 
.

rn;ee pa3ffYIO HHTeHCHBHOCT.b Ha pa3HhIX yqaCTKax, H COBpeMeHHYIO o6BO)];HeHHOCT.E,. 

CTOK Tpern;MHHO-KapCTOBbIX BO)]; TeCHO CB.H38H co CTpyKTypHbIM nnaHOM Tep

pHTOpHH H Tpel.I.(HHOB8TOCTblO Kap6oHaTHhIX nopo)];. Pe3yJinTaThI MapmpyTHO-IIO

JieBhIX pa6oT, orpaHnqeHHOro 6ypeHH.H Ha rrepHq:>epHH MaCCHBOB H, oco6eHHO, 

rH)];poreonorHqecKHX pa60T npH rrpOXO)];Ke .HJITHHCKOro rH,n;pOTOHHeJIH [3, 4] IlOKa-

3bIB8IOT, qTO CTOK B Kap6oHaTHhIX M8CCHB8X ocymecTBJI.HeTC.H B,D;OJI.E, Y3KHX 30H 

Tpel.I.(HHOB8TOCTH H 3aKapcTOB8HHOCTH, conpOBOlli,D;8IOID;HX pa3pbIBHbie HapyllleHH.H. 

H30Jl.HQH.H o6BO)];HeHHblX 30H 06ecneq0:BaeTC.H H8JIHqHeM . 6JIOKOB cna6oTperQHHO-
v

V 

B8ThIX nopo.n;, HHOr.n;a OK8HMJieHHbIX 38KOJibM8THp0B8HHOH TpeI.QMHOB8TOCTblO H

6peKqne:ti:. Hap.Hffi7 C 3THM B rrpe.n;enax K8>K)];OH o6BO,D;HeHHOH 30Hhl MO>«eT cyrn;ecT

BOBaTb CBoeo6pa3H8.H 3T8>«HOCTb CTOKa C H30Jl.HQMeH 6onee HMlliHMX rrorpymeHHhIX 

qacTeH 30Hhl. C TaKOH- 3Ta>«HOCT.E,l0 CB.H38Ha pa3HOBbICOTHOCTb HCTQqHMKOB Ha 

CKJIOHaX rp.H,D;hl. 3Ta>«HOCTb o6ycnOBJieHa: ,n;11cpcpepeHQHpOB8HHbIMH npOHBJieHH.H-
V V 

MR TeKTOHHqeCKOli Tpern;HHOBaTOCTH B pa3JIHqHblX rropo)];aX, rrepecTpOHKOH paHee

ccpopMHp0B8BIIIeHC.H TeKTOHHqecKOli TpeID;HHOBaTOCTII B CB.H3H C oporeH11qeCKHMII 

TIOJJ;HHTH.HMH B aHT!)OilOreHe, H8JIIIqMeM BHyTpIIq:>OpMaQMOHHhI� JIMTOJIOrIIqecK'.0:X 
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V 

BO,n;oynopoB B reonorHqeCKOM pa3pe3e H 33HJIHBaHHeM TpeI.QHHHO-KapCTOBOH no-

JIOCTHOCTH HepaCTBOpHMbIM OCTaTKOM BbIII.(eJiaqHB3IOII.(HXCH Kap6oHaTHblX nopo,n;. 
V

IIepeqHcJieHHbie cpaKTOpbI HapH.zzy C 3arny6neHHOCTl>IO HH)I(HHX qacTeH Kap-

6oHaTHblX 6JIOKOB B BO,n;oynopHblli QOKOfil, o6ycJIOBJIHB3IOT cpopMHpOB3HHe 3,n;ecb 

30H 33.Me,n;neHHoro B0)];006MeHa. 

Y Ka3aHHbie reonorHtJeCKHe H rH,n;poreonorHqecKHe oco6eHHOCTH orrpe,n;e�IOT 

cne�cpHKY rH,n;pOXHMHqecKOH 30H3nl>HOCTH Tpell(HHHO-KapCTOBbIX BO)];. HaH6onee 

H3yqeH B 3TOM OTHOIIleHHH 51.rrTHHCKHH ropHblli MaCCHB [3]' B OCHOBaHHH KOTOporo 

npoii,n;eH 7 ,2 KHJIOMeTpOBblli TOHHeJib Ha rny6HHe ,n;o 1 KM OT IlOBepXHOCTH. <POpMH-
. 

poBaHHe XHMHqecKoro COCTaBa no,n;3eMHblX BO)]; 3,D;eCb KaK H B OCTaJibHbIX MaCCHBax 
• 

npOHCXO)];HT_ B npol(ecce MX nepeMell(eHHH OT o6naCTH nHTaHHH I{ nyHKTaM pa3-

rpy3KH. B o61l(eM xo,n;e MeTareHe3a rro,n;3eMHblX B0,D; Ha pa3JIHt.IHblX CT8)];HHX yt.iaCT

BYIOT cne.zzyro:r.qHe THilbI BO)]; (B CK06KaX yKa3aHa cpe,n;HHH MHHepaJIH33QHH): 

1. aTMOCcpepHbie oca,n;KH ( 44, 7 Mr/n); 2. KOH,D;eHCaI(HOHHbie BO)];hl (0 Mr/n); 3. HH

q>HJibTpar(HOHHbie BO,D;bl Ha rny6HHe 100 M (244,9 Mr/n); 4. HHq>JIIOaQHOHHbie

(258,0 Mr/n); 5. B0,D;bl HenpOTOqHbIX 03ep (290,3 Mr/n); 6. nell(epHbie Jlb)];bl H

CHer (149,0 Mr/n); 7. ne:r.qepHbIX BO,D;OTOKOB (325,7 Mr/n); 8. po,n;HHKOB (416,0 

Mr/n); 9. H30JIHpOB8HHbIX Tpe:r.qHHHbIX CHCTeM (403,5 Mr/JI); 10. 30H 38Tpy,n;HeHHoro 

B0,!(006MeHa (836,4, 1396,9, 2061,2 Mr/JIB pa3HbIX 30Hax). 

B reoJIOrHt.IeCI<OM pa3pe3e ropHoro M8CCHB8 AO rny6HHbI B cpe.r(HeM 200 M 

-(3Ta BeJIHt.IHHa MOllieT IlIHpOI<O MeHHTbCH B 38BHCHMOCTH OT npHpO)J;HbIX ycJIOBHH) 

npHCYTCTBYIOT nepBbie 8 THilOB BOA, nepet.IHCJieHHhIX Bblllle. 3Hat.JHTeJibHbie KO

JIHt.IeCTBa yrJieKHCJIOTbI B B03,n;yxe KapCTOBbIX IlOJIOCTeii ( q>OHOBOe co,n;epmaHHe ee 

B ne:r.qepax KpbIMa 0, 1-0,5 % ' MaKCHM8JlbHOe I, 1-7 ,5 o/o) o6ecnet.IHB8IOT Ha

npaB·JieHHOCTb ae,n;y:r.qero npoQecca - Kopp03HH, THilHt.JHOro .D;Jl5I 3TOli nepBOH 

OT IlOBepxHOCTH rH,n;pOXHMHt.IeCI<OH 30Hbl. 3.n;ecb, npeHMyI.QeCTBeHHO, pacnpocTpa

HeHbl rH,n;poKap6oHaTHhie K3JlbQHeBbie BO)];bI, He HaCbII.qeHHbie Kap6oHaTOM I<aJI

bI(HH. 

HHme, B npe,n;enax rny6HH 200-700 M, r,n;e BOAhI H8XO,D;HTC5I B paBHOBeCHH 

B OTHOIIIeHHH Kap6oHaTa 1{8Jlb:QHH HJIH rrepeHaCbII.qeHbI HM, npeo6na,n;a10T npoQeCCbl 

aKKYMYJIHQHH II Kopp03HH CMellleHHH. 3,n;ecb npeHMyI.QeCTBeHHO pacnpocTpaHeHbI 

rH,n;poKap60?aTHbie �arHHeB0-1{8JlbQHeBbie BO)J;bI H30JIHpOB8I-IHbIX TpeI.QHHHbIX 

CIICTeM (9-H THn), B HHmHeii 1-IaCTII nepexo,n;HI.QHe B cyJibq>aTHO-rII,n;po1<ap60HaT

Hbie HaTpHeBbie BO)J;bl. 3TO BTOpa.H rH,n;pOXHMHt.IeCKa.H 30Ha. 

B HH>I<Heii, TpeTbeH OT IlOBepXHOCTH, rH,n;pOXHMHt.JeCKOH 30He rrpeo6na,n;a10T 

rrpOQeCCbI OI<HCJieHHH cyJibq>H)];OB II cpopMHPYIOTCH cyJihq>aTHbie BO)J;bl pa3Horo 

KaTHOHHOro COCTaBa (IO-ii THII), nepexo,n;.f!I.QHe B XJIOpH)];Hhie HaTpHeBbie B C81ViblX 

HH38X Kap60H8THOH TOJII.QH. Cne,n;yeT OTMeTHTb, t.JTO cymecTBOB8HHe 3TOH 30HbI 

B03MO)l(H0 TOJihI<O npH COt.JeTaHHH T8I<HX YCJIOBHH K81{ H8JIHt.JHe pacceHHHbIX B 113-

BeCTHHKax IlHpHTOB H TeI<TOHHt.IeCKOH TpeI.QHHOBaTOCTH ., rrpOBO)];JII.Qeii o6oraJ..QeI-I

Hbie I<HCJIOpo,n;oM HH(pHJlbTpaQHOHHbie BO)];bI, HO B o6CT8HOBKe cna6oro BO,D;006Me

Ha. 0 Bbl CO KOH HHTeHCHBHOCTH npoQeCCOB OKHCJieHHH a npOIIIJIOM )J;JIH J!JITHHCI<Oro 

MaCCHBa CBH)];eTeJibCTBYIOT o6Hapy>KeHHbie npH CTpOHTeJibCTBe TOHHeJI.fl )I{HJibHbie 

BbI,D;eJieHHH rHIICOB H aHrH,n;pHTOB., 5IBJIHIOJ..QHXCH KOI-Iet.IHbIM npo,n;yI<TOM peaI<QHH. 
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rHAPOXHMHl!eCI<aH BepTHI<anbHaH H36HpaTeJibH8H 30H8JILHOCTb J!JITHHCI<Oro 

MaCCHBa TeCHO CBH3aHa C rHAPOAHHaMHlleCKHMH napaMerpaMH ( CI<OpOCTHMH ABH

>KeHHH' 061>eMaMH CTOI<a n0)13eMHbIX BOA H HanopaMn). IIepBaH OT noBepxHOCTH 

rHAPOXHMHlleCI<aH 30Ha B H3BeCTHOH Mepe COBnaAaeT C 30HOH 83p8QHH (no npHHH

TOH B CoBeTcI<oM Coroae cxeMe ,II;. C. Co1<on0Ba [2]), BTopaH - c aoHaMH ceaoH

HhIX I<One6aHHH H IlOJIHOro H8CbII.QeHHH, TpeTbH - C 30HOM rny6HHHOM QHPI<YJIH-. 

l\HH. COOTHOIIIeHHe 061>eMOB CTOI<a B 3THX 30Hax B J!JITHHCI<OM M8CCHBe COCT8BJ1He'f 

COOTBeTCTBeHHO: 1-(0,1-0,01)1-0,00l (no COOTBe'f�BYIOI.QHM 38MepaM .n;e6HTOB 

pa3HhlX 30H npH CTpOHTeJibCTBe TOHHeJIH). .. · · 

. . 
. 

KpoMe aepTHI<anbHOH · AJIH OTAeJibHO B3HTbIX M8CCHBOB npocne>I<HBaeTCH H
. . 

IIJI8HOB8H rHAPOXHMHlleCI<aH 30H8JibHOCTb. 0Ha o6ycJIOBJieHa TeM, l!TO Ha 0)1HHX 

11 Tex >Ke a6cOJIIOTHhIX OTMeTI<ax nOA3eMHbie BOAbI, ABHr8HCb BAOJib 30H Hapyme..:. 

HHM, ·H30JIHpOBaHbI Apyr. OT Apyra. TaI< • 1<a1< B npe.n;enax 1<a>1<.n;oii o6ao.n;HeHHOH 

30HbI ycJIOBHH BOJ:(006MeHa H JIHTOJIOrHlleCI<HH 
. 
COCTaB nopo.n; MoryT 3H8lIHTeJibHO. 

OTJIHll8ToCH OT COCeAHHX 30H, TO coana.n;eHHe XHMHqec1<oro COCTaBa BOA .n;ame 

B COCeAHHX 30Hax Ha OAHH8I<OBhIX OTMeTI<ax IlOlITH HCI<JlIOl!aeTCH. 0AH8I<O, B Bep

xax o.n;Hoo6paaHoro reonorHqecI<o�o pa3pe3a, r)1e ycJIOBHR BOA006MeHa a CBH3H 

C npoQeccaMH BbIBeTpHB8HHH H 38I<apcTOB8HHH npaI<THqecI<H OJ:(HH8I<OBbI, BOJ:(bl 

npH pa3HOH MHHepaJIH38QHH IlOBCeMeCTHO HMeIOT .rH)1pOI<ap6oHaTHbIH I<8JloQHeBbIH 

H rHAPOI<ap60H8THbIH MarHHeBOI<8JlbQHeBbIH COCTaB. 

CHTyaQHH, BhIHBJieHHaR npH CTpOHTeJinCTBe �JITHHCI<oro TOHHeJIR (19601-

1963 rr.) HBJIHeTCH 1(81{ 61,1 ((NJ.OMeHT8JibI-ihIM CHHMI<OM>> rH.n;pOXHMHqecI<OH 30H8Jlb-
. . 

HOCTH M8CCHBa AJIH onpe.n;eneHHOro MOMeHTa pa3BHTHH npHp0)1HbIX npoQeCCOB. 

0.n;HaI<o, nocne AJIHTeJinHOM 3I<crrny_aTaQHH coopy)KeHHH, I<or.n;a TOHiienn c.n;peHHpo

aan 3H8lIHTeJinHhie 38Il8Cbl BOA H3 30H 38TPYAHeHHOro B0)1006MeHa, o6m;aH I<apTHHa 

COBpeMeHHOH rHAPOXHMHqecI<OH 30H8JioHOCTH pe3I<O H3MeHHJI8Co B CTOpOHY orrpec

HeHHH caMbIX HH)l{HHX ropH30HTOB IIO,D;3eMHhIX BO)];. 

BbIHBJieHH8H rH.[(pOXHMHqecI<aH· 30H8JibHOCTb He npOTHBOpeqHT o6m;HM IlOJIO-
. 

� 

}I<eHHeM O H8J1Hl!HH aepTHI<8JI.bHOH rH,n;poxHMHqecI<OM 30H8JlbHOCTH B JII060M paiioHe 

3eMHOH IIOBepXHOCTH. B TO me BpeMH OHa cym;eCTBeHHO H3MeHHJia pacrrpocTpaHeH

HOe MHeHHe O Tpe�HHHO-I<apcTOBhIX BO,n;ax ropHoro KpbIMa I<aK O ao,n;ax C MOHO

TOHHbIM XHMHlleCI<HM COCT8BOM, He H3MeHHIOI.QHMCH BO apeMeHH H B npoCTpaHCTBe. 

y CT8HOBJieHHbie 38KOHOMepHOCTH MoryT 6hITb OTHeCeHbI K pH,n;y 6JIOI<OB ropHbIX 

CKJia.[(qaTbIX coopy:»<eHHH B 8JI.bIIHHCI<HX IIpOBHHQHHX reoCHHKJIHH8J1I,HOrO I<apcTa. 

J. I. Shutov

. 

GEOCHEMICAL ZONALITY OF KARST WATERS IN THE HIGH RIDGE

OF THE MOUNTAIN CRIMEA

1. A geochemical zonality of karstic waters in the carbonate rocks of High Ridge was estab

lished. There is transition from fresh upper waters to saltish waters of the lower levels. 10

types of the waters that take part in general metagenesis are r�vealed.
. 

2. For the isolated mountain massif is _observed the vertical and horizontal zonal1ty that
• • • 

depend on the regional tectonic term1nat1ons.
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• 

3. The leading hydrochemical process that revealed the conditions of forming chemical

types of water is: 

for the upper part of the geological cross-section to the depth 200 m. - corrosion: 

for depth 200 - 700 m. - accumulation and corrosion by mixed; 

for the lower parts of the cross-section - the oxidation of sulphides. 

4. In the work the coincidence of hydrochemical and hydrodynamical zones is showen.
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THE UNDERGROUND DRAINAGE PATTERN OF
NORTH-WEST CLARE, IRELAN.D

E. K. Tratman 

University of Bristol, Great Britain 

• 

The area dealt with in this paper is a small p·art of N.W. Clare, Ireland. There

are three upland areas covered by impervious rocks, upon which, the rainfall is

concentrated into streams, which r:tin to swallets and into caves around the
outcrop of the Carboniferous Limestone. From the sea at Galway Bay eastwards

the uplands are named Knockauns Mountain, Slieve Elva and Poulacapple. To
the north and further east there is no impervious rock cover over and the lime
stone and drainage is by percolation to surface streams along the valley bottoms.
Even here the streams from the resurgences usually sink again but into im
passable caves. Only one cave, The Fergus River Cave, can be explored for
more than 100 metres.

The geology of the area is simple. At the top of the exposed sequence are

rocks of Namurian age comprising the Gronacort Sandstones and the Clare
Shales, which rest unconformably on Carboniferous Limestone of the ''D''
zone. The Clare shales correspond to the Upper Limestone Shales of other
areas. The swallets for the cave systems are located along the shale margins.
These swallets provide the main water in the caves. The contributions of per
c.olation water to the cave streams are very variable. The cave roofs are rarely
more than 30 m. from the top of the limestone and often much less so, when
there is rain, water percolates quickly into the caves and may amo11nt to about·
50 o/0 of the total (fig. 1 ).

The courses taken by the caves are ,greatly affected by the dip, which is

generally between 2° and 5° southerly. In many areas the bedding of the lime-
stone is horizontal. The joint system particularly that along the 196° direction
also affects the direction of the caves.
. An extensive programme of water tracing has been carried out by members

of the University of Bristol Speleological Society during yearly trips of two
weeks each year to the area. Fluorescein, then Pyranine Cone and more recently
Rhodamine W. T. in 20 % solution have been used as the colouring agents.
Activated granular charcoal has served as a pick up for the dyes. The Lycopodium
spore method has not been used because of the expense. All costs have been met
from the funds of the society and no grants in aid have been made. The com
plications produced by flood pulses have had to be surmounted, while �ought
conditions though relatively rare, have at times hindered the work of tracing
the stream's. The run through time is on average about 0.5 km./hr. This implies

that there are no major lakes in the systems beyond the limit of exploration
down to the resurgences. . . . 

The diagrams (figs. 1 and 2) show the network of established traces. It is
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Fig. 2. 1. Caran polje, 2. Lough Aleenaun, 3. Resurgep.ce for Caran polje through 1-1·ergus 

River Cave, 4. Kiltoraght swallet of Fergus River, 5. Resurgence of Fergus River, 6. Lough 

Inchiquin. Contours in metres. Proved drainage: continuous lines. Postulated drainage: 

dashed lines. 

only necessary to draw attention to salient features. 

Kn o c k a u n s  Mo u n t a i n� Al the water from the N.W. and W. -
drains to intermediate resurgences at varying levels. The detailed study of the 
interrelationships . is not yet complete. The water remains on the surface for 
varying distances depending on the flow but it all sinks again to run to the 

inter-tidal resurgence of S3. The water from A2a and Bla can be traced to Bld 

but does not flow thence to S3. There would seem to be some form of under

ground watershed which sends the water to the sea by a different route, probably. 

to S5. 
T h e C o o 1 a g h R i v e r. This has a large catchment and drains to S3. 

It is shown as running direct from the explored end to the sea. It is however 
likely that the true route is related to the normally dry valley that runs down 
to the swallets at A5 and A6. The water from these two swallets runs to S3. 

191 



. S 1 i e v e E 1 v a, N. W. The drain�ge from the ·swallets and caves of this 
area has ·not yet been traced to any resurgence. There is, though, a large fresh 
water resurgence in the sea at S 5. About 24 hours after heavy rain on the 
mountain this spring flows so strongly that it appears as a large patch of· peaty · 
brown water in the otherwise · clear sea. The sea bottom here is about 10 m. 
down. It is very likely that this spring is the resurgence for all the waters from El 
round to B lh. 

S I i e v e E 1 v a, e a s t s i d e. Most of this area is associated with the 
major system of Poulnagollum-Poulelva caves. The system is about 1 2  km in 
length. The resurgence for all this water is at Killeany, Fl, on the right or west 
side only. The water from Fl sinks again at F2 and the final resurgence. is at 
St. Brendan's Well, F4. Under fl�od conditions there will be a surface river 
from 1 km. north of Fl to F3 and thence to F4. O_ther cave streams resurge at F4. 

P o u l a c a- p p 1 e. This hill has only a very thin covering of shale. I ts 
name means ''The· Hill of many Holes'', which is a. true descriptive term. The 
cave systems are close together but remain separate. C0-1, CO, and Cl waters 
do combine and flow to Fl east side only and the waters do not mix with those 
of the west side �ill they join at the point of resurgence. C2 probably _comes in 
along the route.between Fl· and F4. C3 runs south till it reaches the next shale 
outcrop and after a few unexpected twists turns west to run to F4. A little to 
the east of C3 the two separate caves of C5 and <;6 continue south. There is 
no detectable change of dip direction here and all the beds are recorded as 
horizontal but it does seem likely that there is a minor change in dip, which 
has affected the direction of drainage and which has for med an underground 
watershed, which is not in accord with the surface watershed, which is a further 
1 km east. 

T h e D o o 1 i n C a v e s y s t e m. This lies S. W. of the three highland 
zones described above. The swallets are at the shale edge at about 70 m O.D. 
(above mean tide level). It is a long but simple system. The surface river Aille 
debouches from the gorge it has cut through the shales down to the limestone. 
There is a re-entrant of limestone into the shale here and limestone rock is 
exposed. Beneath this re-entrant are two cave passages. Their roofs cannot be 
more than. 14 m below the river bed and may be as little as 10 m. Some of the 
river water is leaking into the cave here. Further downstream the river looses 
more water into the cave and this loss is increasing, so much so that the river 
bed is often dry for.the lat 1.5 k� to the sea. As much of river water has already 
been through two cave systems, the first leading down to FI and the second 
from F2 - F 4 it is interesting to note that the water is now entering a third cave 
system. 

T�e sump at the end of the cave is less than 5 m above O.D. and the level 
of the sump varies in accordance with the tide level. The cave water has been 
dye-traced to the sea once. It is possible. to reach the level of this resurgence 
at low tide by digging in the beach sands and pebbles. Fresh water is soon found 
and there is a good flow even when the river bed is dry as far as 1.5 km. from 
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the beach. 

•, . 

R e s u r g e  _n c e s  i n  t h e  s e a. D3 and S3 are situated between high
and low tide levels. It is probable that they were originally at or more probably 
above mean tide level for there has been a substantial rise in sea level within 
the last 4000 years. This r�se in Galway Bay area has been at least 4 m. The 
resurgence at S5 is about 10 m down and may always have been under the sea, 
though only marginally so. 

D r a i n a g e  t o  t h e  F e r g u s  R i v e r  (fig. 2). This river rises on 
shale and takes a complicated course down to the outcrop of the limestone at 
the swallet of Kiltoraght (2.4), where the river goes underground. Upstream 
there are no . resurgences up through the shale bed from the limestone below. 
Even under high flood conditions the river never overflows the swallet depression 

, 

to run directly down the continuation of the valley. About 1 km down the valley 
from the swallet the river resurges in greater volume (2.5), except in drought 
times, and goes on down the valley. About 1 km .further a major tributary comes 
in on the left side, North. This tributary at its head (2.3) is carrying the water 
from the Carran polje (2.1) about 5 km to the north. Part of this water under 
high fl.ow state runs through the Fergus River Cave. The throughput time is 
12-24hrs. under average flow.

Between the resurgence east of Kiltoraght and the tributary described the
Fergus River receives much .more water from the north. This pours out of 
a series of slightly opened bedding planes at successively higher levels · as the 
rainfall increases. Part of this water is derived from CS, G2 and Gll. The 
throughput time for the 10 km length involved has not been accurately de
termined but it is of the order of 36-48hrs. It is presumed that the water 
from C6, the rest of the G series and Hl-H3 of the east side of Poulacapple 
also drain into this short section of the river. There is an extensive area to the 
north of exposed limestone that has no proved drainage. The area includes 
Lough Aleenaun (2.2) and the water from this does no� drain through the 
Fergus River Cave. So, presumably, all this area drains into the same short 
section of the river as indicated in fig. 2. 
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International Speleology 1973, Ill, sub-section Ca: Karst hydrology 

Ca 030 

CTPYKTYPLI BO�Horo BAJIAHCA KAPCTOBOH . 
OBJIACTH BOJILmoro KABKA3A 

JI. A. BJia�HMHpOB, r� ·u. ruruueiimBHJIH 
MHCTHTYT reorpacpHH HM. BaxyllITH AH rpyaHHCKoii CCP, T6HnHcH, CCCP 

BonornaH BepTHKanoHaH npoTH>KeHHOCTo Bonornoro KaBKa3a (01-5000 M) o6ycnaB

JIHBaeT XOpOIUO Bbipa>KeHHYIO BbICOTHYIO IIO.HCHOCTb 3JieMeHTOB BOJ];HOI'O 6anaHCa. 

Oca.n;KH H CTOK Be3.n;e yBeJIHt.IHBaIOTCH C BbICOTOH, IlpHt.IeM OTHOCHTeJibHOe 

yBeJIHt.IeHHe HX CHJibHee IlpO.HBJIHeTC.H B 6onee KOHTHHeHTaJibHOli BOCTOt.IHOH t.I8CTH' 

a6cOJIIOTHOe >Ke yBeJIHt.IeHHe .D;OCTHraeT HaH60JiblllHX 3Hat.IeHHH Ha o6HJioHO YBJia>K

H.HeMOM IO>KHOM CKJIOHe 3ana.n;Horo KaBKa3a. 

HcnapeHHe B o6HJibHO yana>KHHeMbIX o6naCTHx 3arra,n;Horo KaBI<a3a Henpe

pbIBHO yMeHbrnaeTC.s:i c· BblCOTOli, B 6onee }Ke I<OHTHHeHTaJibHbIX t.IaCTHX Eom,IIIoro 

KaBI<a3a HCnapeHHee He3Hat.IHTeJibHO yBeJIH'-IHBaeTC.H C BbICOTOH .n;o 1600 -1800 M, 

a saTeM pesI<o yMeHoIUaeTC.H. 

B paii:oHax, rAe r.0:.n;poreonorHt.IeCI<He ycnoBHH He co3.n;aroT 60JI1>IUoro pa3JIH

t.IHH B IIHT8HHH peK IIOJ];3eMHbIMH BO,n;aMH, OTHOCHTeJibH851 (B % OT pet.IHOro CTOKa) 
V 

BeJIHt.IHHa no,u;3eMHOro CTOKa yBeJIHt.IHBaeTCH OT npe,n;ropHH K cpe,n;HeropHOMY 

ITO.Hey' a BbIJlle K BbICOKOrOpbIO yMeHbrnaeTC.H. A6cOJIIOTHa51 BeJIHt.IHHa 110)];3eMHOro 

CTOKa yBeJIHt.IHBaeTCH OT paBHHHHO-HH3I<OrOpHoro IIOHCa K BblCOKoropHOMY, 

B CB.H3H C 60JiblllHM yBeJIHt.IeHHeM C BblCOTOH BOJ];OHOCHOCTH. 

IIo,n;qHHeHbI aepTHK8JlbHOH 30H8JlbHOCTH H CTPYKTypbI BOJ];HOro 6anaHca. 

,Un.H npHMepa npHBO)];.HTCH CTPYKTyp1>1 BO.n;Horo 6anaHca no romHoMy CKJIOHY 

3arra,u;Horo KaBKasa ( Ta6n. 1). 

�l'aoJI. I

CTpy1<Typb1 BOAI-Ioro 6anaaca 

IlJIO�. OcaAI<H, CTOI<, IloBep. Hcrrape- I1o,n;3eM-

BhICOTHhie IIO.HCa TbIC. I<M 2 HMe, MM 
HbIH CTOI<, 

MM MM CTOI<, Ml\-1 
.i\-1.l\'1 

" I I I I I

lQ)I<HbIH c1<JIOH 3ana,n;Horo Ka.B1<a3a (B npeAeJiax I'py3HM) 
. 

V 

PaBHMHHO-HH3I<OropHblli 

(< 1000 M) 4,40 1920 1110 887 810 223 

CpeAHeropHbIH 

(1000-2000 M) 2,75 2660 1910 1266 750 644 
V 

Bb1co1<oropHbII1 
2870 2183 520 687 (>2000 M) 1,44 3390 

2400 1660 1225 740 435 Ilo 06JiacT11 8,59 

. 

• 

V 

Hs r1p11Be,ri;e1-1Horo B ·ra6JIHQe npHMepa BH,[(HO, l.ITO C BhlCOTOH BCe 3JieMeHTbI

BOJ];HOrO 6anaHCa yBeJIH"tIHBaIOTCH c BbICOTOH H TOJlbKO HcrrapeHHe yMeHbIUaeT�5I.
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IlpoeneAHM H3MeHeHHe C BbieOTOH eTpyKTYPhl BOAHOrO 6aJiaHea Ha lO)KHOM 

eKJIOHe 3anaAHOro KaBKa3a •· 

B paBHHHHO-Hli3KOrOpHOH 30He noBepXHOCTHhIH eTOI< eoeTaBJIHeT 46 % BbI-
naBlllHX oeaAKOB, a nOA3eMHhIH - TOJlbKO 12 °/4. BeH oeTaJibHaH BJiara ( 42 %) 

paexoAyeTeH Ha 11cnapeH11e. 
. . . V 

B epeAHeropHOM no.Hee, IlOI<pblTOM neeHOH paeTHTeJibHOCTbIO, noaepXHOCTHbIH 

eTOI< eoCTaBJIHeT 48 °/4 BhinaBlllHX oeaAOI<, IlOA3eMHbIH )Ke - 24 %- H, eJie,[(OBa

TeJibHO, HerrapHeTeH Beero 28 % BbIIIaBllleH BJiarH. 

B a1>1eo1<oropHOM no.Hee peqHoii eTOI< ena6o 3aperynHpoBaH. IloBepxHOCTHbIH 

eTOI< 3Aeeb eoeTaBJI.HeT 65 % BhinaBlllliX oeaAKOB, a IlOA3eMHblli - 20 % ; Hcnap.H

eTeH He60J1bllia.H qaeTL BhIIlaBlllliX aTMOecpepHbIX oeaAI<OB - 15 °/o . 

liHhie eTpyK117p1>1 BOAHoro 6arraHca B 1<apeTOBOH o6nacrH IO)KHOro eKJIOHa 

3anaAHOro H lI;eHTpanI>Horo KaBKa3a, r,u;e HaH6onee pa3BHThI 1<apeTOBbie npoQec

ebI. 0TJIHt.JHTeJibHOH qepTOH crpyI<TYP BOAHOro 6aJiaHca I<apCTOBOH o6naCTH .HBJIHeT

CH TO, 'lJTO B OAHOM H TOM )Ke BbieOTHOM noHce OHH MOryT CHJibHO pa3JIHqaTbeH 

B 3aBHCHMOCTH OT CTerreHH 3a1<apCTOBaHHOCTH, 3aperyn11poaaHHOCTH IlOA3eMHbIX 

. BOA, IlOA3eMHOro BOA006MeHa H rryTeH: ABH)KeHHH IlOA3eMHbIX BOA, KOTOpbie 
. 

. 
.., 

xapaKTepH3YIOTCH CJIO)KHOeTbIO H HeycToHqHBOCTbIO. 

BepTHKaJibHaH 30HaJII>HOeTb CTPYKTYP BOAHoro 6aJiaHca B 1<apcT0Boii o6nacTH 

COBepmeHHO HapymaeTCH H CTPYI<Typa 3aBHCHT OT pacrrOJIO»ceHHH o6JiaCTeii norJIO

w;eHHH aTMOCcpepHbIX ocaAKOB, JIHHHH poorpy3I<li nOA3eMHbIX BOA, a TaI<)Ke OT 

no,u;3eMHOrO nepexBaTa 1<apcTOBbIX BO,[(. 

B saBHCHMOCTH OT npHTOI<a HJIH OTTOI<a IIOA3eMHbIX BOA B orpOMHhIX npe,u;enax 

I<OJie6JIIOTCH BeJIHqHHbl pet.JHOro CTOI<a H OTHOCHTen:oHoro ll0,[(3eMHOro CTOI<a. IlpH 
.., .., 

3TOM B OTJIHt.JHe OT He3aI<apCTOBaHHOH TeppHTOpHH ycTOHt.JHBOCTb Il0,D;3eMHOro CTOI<a 

1<0Jie6JieTCH a oqeHL 6oJlbIIIHX npe,n;enax. Ilo3TOMY, npH paccMoTpeHHH CTPYI<TYPhI 

BO,D;HOro 6arraHCa B ,n;HcpcpepeHQHpOBaHHOM BH,[(e, no,o;3eMHbIH CTOI< B peI<H I<apCTO

BOH o6JiaCTH I<aqecrBeHHO OTJIHt.JaeTCH OT no,o;3eMHOro CTOI<a B peI<H He3aI<apeTOBaH

HbIX o6nacreii: H He MOmeT eJiy)l(HTI:, noI<a3aTeJieM CTerreHH 6naronpHHTHOCTH CTpyI<

TYPbI ao,o;Horo 6anaHca. 

CTpy1<zypa BO,n;Horo 6anaHca a QeJIOM no 1<apCTOBOMY MaeCHBY npH OTCYTCTBHH 

II0,[(3eMHOro BOA006MeHa C ,n;pyrHMH MaCCHBaMH 6y,o;eT OTJIHqaTbCH OT CTPYI<TYPhI 

B0,D;HOrO 6aJiaHCa He3a1<apCTOBaHHOrO MaCCHBa 6oJiee BhICOI<HM I<03cp<pHQHeHTOM 

CTOI<a, BCJie,IJ;CTBHe HHTeHCHBHOro nornow;eHHH aTMOCcpepHblX oca,n;KOB B 3aKapCTO

BaHHOli o6naeTH. B OTAeJibHbIX me qacT.HX 1<apcT0Boro MaccHBa eTpyKTyp1>1 BO,n;Horo 

6anaHca pe3KO H3MeHHIOTCH no,n; BJIHHHHeM IIOA3eMHOro BOA006MeHa. 

IlpH eoeTaBJieHHH BO,n;Horo 6anaaca no KapCTOBOMY M8CCHBY MOpCKOro no6e

pemLH CJie,n;yer Yt.JHTbIBaTb BepO.HTHOCTb BbIXO,[(OB IIOA3eMHbIX BOA ·H3 Tpern;HH 

norpy»ceHHOH a Mope qacTH MaCCHBa. HaJIHt.JHe cy6MapHHHhlX HCTOt.JHHKOB a npH-

6pemHOH IIOJIOCe qepHoro MOpH IIOATBep�,n;eHbI Ha6nro,n;eHHHMH. 

IlpHMepoM COCT8BJieHHH BO,[(HOro 6anaHca no KapCTOBOMY MaCCHBY HBJIHIOTCH 

HeCJieAOBaHHH BO,IJ;HOro 6aJiaHca MaCCHBa Oxa'lJKye. CnomeHHhlli MeJIOBbIMH H3-

BeCTHHK8MH MaecHB Oxat.JKye paenonomei-i B roro-aoeToqHoii t.JaCTH romHoro CKJIO

Ha 3anaAHOro KaBKa3a. C IOrO-BOCTOKa OH orpaHHt.JeH xpe6TaMH, no KOTOpbIM npo-
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li3MeHeHHe 3JleMeHTOB BO'AHOro 6anaHca C BbICOTOH no IO>KHOMY CKJIOHY 3ana�Horo KaBKa3a 
B paHOHaX MaCCHBOB Oxat11<ye (pHC. 1) H D3bI6CKOM (pHC. 2).

XOAHT BOAOP83AeJioH8H JIHHM.R:, Il_Ol.ITM IIOJIHOCToIO COBrra,o;aror.qa.SI C JIHHHeii: H3BeCT

H.Sil<OB C IIOACTHJI8IOiqHMH HX rropcpHpHTaMH. 

Bo,o;HbIH 6aJiaHC COCT8BJI.R:eTC.SI OT,l];eJioHO no 6ecCTOtJHOH t.I8CTH M8CCHB8, no 
V 

TeppHTOpHH, pacnoJIO}l{eHHOH HH>Ke JIHHHH pa3rpy3KH rro,o;3eMHbIX BOA II B u;eJIOM 

no M8CCHBY. JlHHM.R: pa3rpy3l<H IlOA3eMHbIX BOA npoBO,ll;MTCH. no OTMeTK8M Bb1XOA8 

KapCTOBblX BOKJII030B. 

06r.qa.H nnomaAL M8CCHB8 Oxal.!Kye - 207 KM 2' cpe,o;H.SI.SI BbICOTa ero 710 M.

IInomaAL BbIIIIe JIMHHH pa3rpy3KH - 97 ,4 KM 2' cpe,o;H.SI.SI BblCOTa - 1180 M. IIno

maAL' pacnonomeHH8.R: HH}l{e JIMHMM pa3rpy3KM' paBH8 109' 6 KM 2' cpe,o;H.SI.SI BbICOTa

TeppHTOpHM - 296 M. 

Ilo KpHBOH CB.R:3H Melli,o;y 3JieMeHT8MM BO,ll;HOro 6anaHCa M BbICOTOH (pe:c. 1), 

ycTaHOBJleHHOH no He3aKapCT0B8HHblM 6acceHH8M ,o;aHHOH o6naCTH, TeopeTHt.IeCKMH 

rOAOBOli CTOK no o6naCTH, JIHIIIeHHOH noaepXHOCTHOro CTOKa, paBeH 2180 MM (HJIM 

213 MJIH . M 
3) • �'!'

<l>aKTMqecKMH ro,o;OBOH CTOK no JIMHMH pa3rpy3KM paBeH no ,o;aHHbIM Ha6n10-

,o;eHHH 240 MJIH. M 3•

Pa3IIOCTL Mem,o;y cpaKTHl.IeCKMM (no,o;3eMHbIM) M TeopeTHt.IeCKMM CTOKOM C nJIO-
ma,o;H MaCCHBa BbIIIIe JIMHMM pa3rpy3KH COCTaBJI.R:eT: 

240 MJIH. M3 - 213 MJIH. M3 
= 27 MJIH. M3

I1pHTOK KapCTOBbIX BOA H3 K8KOrO-JIM60 ,o;pyroro M8CCHB8 HBJI.SieTC.R: MaJIO

aepO.R:THbIM. I1o3TOMY pa3JIHt.IMe Mem,o;y cpaKTHt.IeCKHM H TeopeTHt.IeCI<MM CTOKOM 
cne,o;yeT o6"bHCHHTL 6onee BbICOKMM CTOKOM B KapCTOBOH o6naCTH, qTQ CBH38HO 

C MHTeHCHBHblM nornor.qeHHeM oca,o;KOB M, K8K cne,ll;CTBHe, CHH)KeHMeM pacxo,o;a 

anarM Ha 0:crrapeHHe. 
C Toro me rpacpHI<a MOryT 6hITb CHHTbl 3HaqeHHH oca,o;KOB M CTOKa H COCTaB-

JieHbl B0,ll;Hble 6aJiaHCbl no OT,l);eJibHbIM qaCT.R:M H B u;eJIOM no MaCCHBY Oxa'l!KY e 

(Ta6JI. 2). 
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Ta6n. 2 

Bo,n;HbIH 6anaHc I<apcToBoro MaccHBa OxaqI<ye 

' 

Tio,n;sel\'lHbIH ' EAHHHQbI 
TeppHTOpMH'. OcaAKH CTOI< I1crrapeHHe 

BO,D;006MeH M3MepeHHH'. 
' 

BhrIIIe JIHHHH MM 3000 0 540 -2460

pa3rpysKH MJIH. M3 290 0 50 - 240

H11me JIHHHH MM 2160 3550 800 +2190
• 

MJIH. M3 236 389 87 + 240pa3rpysKH 
' 

2530 1870 660 MM 
Bec1, MaCCHB 

• 

MJIH. M3 526 389 137 ' 

TaKHM )Ke . o6pa30M MO}I{eT 6bIT.b COCT8BJ1eH B0,D;HbIH 6aJiaHC no B3bI6CKOMY 
. . 

KapCTOBOMY MaCCHBY npn cne,u;yroI.QHX llCXO,[(HbIX ,n;aHHbIX: TIJIOI.Qa,n::o MaCCHBa 

389 KM 2' cpe,D;HH.fI BbICOTa 1040 M; IlJIOI.Qa,n::o BbIUie JIHHHH pa3rpy3KH 172 KM 2'

cpe,D;H.fIH BbICOTa TeppHTOpMH - 1430 M; I1J101.Q8,D;o M8CCMBa Hll}Ke JIHHHH pa3rpy3-

KH - 217 KM 2' cpe,D;HH.fI BbICOTa - 800 M.

<l>aKTHqecKHH CTOI< Ha JIHHHH pa3rpy3.KH TIO ,n;aHHbIM Ha6nro,n:eHHH paBeH 

344 MJ1H. M3 • 3HaqeHH.fI oca,n:I<OB H CTOKa CHHMaIOTCH C rpa<pHKa 38BHCHMOCTH 

3JieMeHTOB BO,D;Horo 6anaHca OT BbICOTbl (pHC. 2), IIOCTpOeHHOro no )];8HHbIM He3a-
. 

I 

KapCTOBaHHbIX 6acce:HHOB )];8HHOH 06J1aCTH ( Ta6J1. 3). 
I 

Ta6n. 3 

BO,D;Hbl:H 6anaHC B3bI6CKoro KapCTOBoro MaCCMBa 

TeppHTOpHH 
E,n;HHHQbl 

OcaAKH CTOK 
Tio,n;3eMHbl:H 

HcrrapeHHe H3MepeHHH'. BO,D;006MeH 

BhIIIIe JIHHHH MM 2580 
. 

0 580 -2000. 

pasrpysKH MJIH. M3 444 0 100 - 344

H:0me JIHHHM MM 2000 2700 800 +1580
pasrpy3KM MJIH. l\'13 434 606 172 + 344

Beeb Macc11a 
MM 2250 1550 700 

MJIH. M3 878 606 272 

' 

AHanorHt.IHbIM MeTO,D;OM MoryT 6bIT.b COCT8BJ1eHbI BO)];Hbie 6anaHCbI II no ,u;py-

rHM- MaCCHBaM I<apCTOBOH 30Hbl Eon:ornoro KaBI<83a, eCJill H3BeCTeH CTOI< IIO,D;3eM

HbIX BO,[( Ha JIHHHH HX pa3rpy3Kll. 
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WATER BALANCE PATTERNS IN THE KARST REGION OF THE GREATER 

CAUCASUS 

SUMMARY 

The altitudinal zonality of water balance patterns is well defined at the Greater Caucasus. 

In the karst region water balance patterns change sharply. There, because of an intense 

absorption of atmospheric precipitation, evaporation decreases and total runoff increases as 

compared with zonal values. Depending on the inflow and outflow of subsurface waters the 

amount of relative subsurface flow varies greatly. In contrast to non-karstic territory the sta

bility of subsurface flow fluctuates within quite impressive limits. Rate of stream-flow also 

changes greatly. 

The study of water balance patterns in a karstic region is based upon factual data on 

springs discharge at the line of unloading of underground waters as well as on zonal values 

of water balance elements of a neighbour non-karstic region. 
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Ca 031 

REGIME OF YIELD AND TEMPERATURE OF KARST
SPRIN�S IN SLOVAKIA 

Michal Zafko 
• 

Katedra fyzickej geografle PFUK, Bratislava CSSR 
• 

. 

The most important reserves of t1nderg1·ound waters in the mountains of Slovakia 
are in the limestone rocks. The carbonatic rocks with the favourable conditions 
for the occurrence and circulation of underground water. in Slovakia occupy 
a territory of cca 3,280 km2 and there circulates approximately 26.2 up to 
32.8 m3 /s of water (Kullman 64). Therefore it is logical that in £he present time 
a great attention is paid to the research of the Karst undergr;und waters. In 
the Karst regions of Slovakia there is also a great number of the systematically 
observed sources. From the period of 1951-1970 there exist more than 100 
different Karst sources with uninterrupted observation during minimally 
5 years. It is a material on the basis of which we can gain basic information 
about the regime of the underground Karst waters. 

' . 

THE AVERAGE LONGTERM YIELD AND TEMPERATURE OF KARST 
. 

SPRINGS 

In Karst regions of Slovakia there are known sources of different yield, from 
small surface and crack springs with an average yield of so some dl/s till sizable 
springs with a yield of some tens 1/s rarely also more than 100 1/s. Abundant· 
Karst springs occur mainly in the Slovak Karst, Muran.ska plain, the Low 
Tatras, the Strazovske mountains Povazsky Inovec and_·in the Small Carpathians. 

The observed Karst springs are in the altitude of 200 up to 1,200 m. o.s.l. 
Their average temperature fluctuates from 12.0°C in the lowest up to 4.0°C 
in the highest positions, if we do not consider some springs with deep under
ground water circulation whose temperature is higher than 15°C. In the altitude
span approximately of 1,000 m is a change of the t�mperature of Karst springs 
roughly by 8°C. It means that the geographical law of the altitude zonality 
becomes here expressively evident. It is also the proof that the temperature of 
the non-deep Karst underground waters is formed, in the first place under the 
influence of the air temperature of the relevant region. With the depth of the 
circulation of underground water is this influence regularly reduced and the 
importance of the rock milieu increases. Because the mentioned altitude span of 
the observed springs and the changes of their average temperature are considered 
on the 100 m o.s.l. there decreases., if you like, increases the average temperature 
of water in the average by 0.7-0.8°C. The differences· in the average temper
ature of springs situated approximately in the equal altitude above sea level are 
often some 0

c. E.g. when we compare the average te�perature of water per 
100 m altitude intervals, we can see, that the differences in these intervals reach 
1.5-4.2°C. In other words the temperature of Karst springs is besides the air 
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temperature dependent also to a certain extent on other factors, to which there 
belong the genetic type of spring, the surface of the infiltration area, the con

. ditions and the depth of the water circulation, the exposure of the spring and 
perhaps also some otl1ers. 

.

THE AVERAGE YEAR YIELD AND TEMPERATURE OF KARST SPRINGS 

The average year yield of the Karst springs wa·s evaluated by empiric and 
theoretic cumulative frequency curves (Zatko M., 1969). The average yield of 
many springs in individual years is considerably different and in a relation· to 
the long term average it reaches a value from 0.1 up to more than 3.0. From the 
relation of the year's yield and the total year's precipitation it follows, that for 
the yield of springs in individual years the time division is more important than 
the quantity of precipitation. The average year's temperature of Karst springs, 
if we do not consider the springs with constant temperature, fluctuates around 
a longterm average in a different span, but the deviationa are slight. E.g. the 
lowest average year's temperatures of some springs reach 75-80 o/0 and the 

· highest one 105-110 % of the long term average. The differences in the average
year's temperature of individual springs are very slight and do not exceed
2-3

°

C. 

THE AVERAGE MONTH -YIELD AND TEMPERATURE OF KARST 

SPRINGS 

The average month yield of Karst springs of Slovakia point to considerable 
regional differences in changes of the yield during the year, which is confirmed 
not only by different hydrogeologic qualities of the relevant carbonatic rocks, 
but above all they are a reflex of the vertical differentiation of the territory of 
Slovakia. In the division of the ·yields of the Karst springs throughout the year 
there expressively appears the I.aw of the altitude zonality - mainly in the fact 
that in the dependence on the altitude above sea level there occurs the maximum 
of the month yield to the end of March till June (in July), the minimum in 
September,. October, if you.like, in January till March (Zatko M., 1968, 1969). 

On the basis of the evaluation o( moth yields of Karst springs we can 
differentiate in Slovakia t�o types of springs: springs with one maximum and 
one minimum of yield in a year. There belong springs with deep circulation of 
water, springs with slow lier circulation, which drain the car bona tic rocks with 
less p�rmeable cracks and also the springs-infiltration areas of which involve 
to a great extent also the limestone rocks; springs for which besides the spring
time maximum there is characteristic the increase of yield corresponding to the 
precipitation maximum in June-July and an increase of precipitation in 
November- December and besides the autumn minimum a decrease in winter. 
Here we can place the springs with a shallow regime of water circulation and 
from the springs with deeper water circulation those which have well permeable 
ways of circulation enabling a faster reaction to a greater quantity of precipitation, 
or sudden melting of snow. 
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. . The regime of the_ average month temperature of individual springs is quite
s1m1l�r. The Kar�t springs have their lowest temperature in January till March, 
�he highest one 1n July, August and in September., more._rarely in October or 
1n November. In comparison with the month temperature of air these •values 
are at the greatest number of springs shifted by some months to the later season. 
The occurrence of the lowest month temperature of Karst springs in January 
and February is in harmony with the low temperature of air of these months. 
The occurrence of month temperature minimum in March, if you like., 

in April 
is in connection with an intensive water infiltration from the melting snow. One 
or more months retarded occurrence of the highest month temperatures in com
parison with the highest month air temperature in July depends evidently on 
the depth and rate of motion of the circulation of Karst underground water. 

The difference between the highest and lowest average month temperature 
of water is in individual springs different, but generally in comparison with the 
temperature of air or the yield of springs it is slight and reaches some tenths up 
to 2-3 °C, only rarely more. Similarly also the differences in the highest average 
water temperature of individual months are also not very great and they fluctuate 
from some tenths up to 5-6°C. From the present knowledge we can conclude, 
that the temperature of the water of the summer and autumn mont·hs are some-
how more well-balanced than in spring and winter months.. 

MAXIMAL AND MINIMAL YIELD AND TEMPERATURE OF KARST 

SPRINGS 

The division of maximal and minimal yield of the Karst springs corresponds 
in substance to the regime of average month yield. The maximal values occurred 
usually in the months with the highest average yield and in the months with 
the high precipitation totals. The occurrence of minimal values is more regular 
in the months with the highest average yield. 

The occurrence of the minimal values of the Karst springs is concentrated 
to the months with the lowest air temperature i.e. January and February and 
the months with an increasing, if you like, the highest month yield, that is 
March less April. The maximal temp�rature of Karst springs occurs most often 
in the months with the highest month temperature i.e. July, August and in 
September, more rarely in October and November. 

The differences of the temperature between the highest and lowest recorded 
value at the observed springs fluctuate from 0°C at the springs with constant 
temperature up to more than 10°C. The greatest number of the observed springs 
has an angle of oscillation of temperature relatively small, non exceeding 3°C. 
We could presuppose, that the more well-balanced and constant is the yield. pf
springs, the smaller is the angle of oscillation o� �ater temperature . and vice
versa. This presupposition cannot be proved or 1t 1s only partly valid. Some 
extraordinary well-balanced or even considerably well-�alanced (Zatko M.? 19?9) 
Karst springs have a stabilized water temperature with an angle of· osc1llat1?n
non-exceeding 1-2°C, others 5-6°C-and more. On the other hand there exist 
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only low balanced or extraordinary non balanced Karst springs, which have an 
angle of oscillation 6 up to 8 or more °C, but also the springs with an angle of 
oscillation up to 2°C. It confirms also the fact that the regime of temperature 
and the yield of Karst springs is formed under the influence of several factors. 

The differences between the maximal and minimal temperatures were used

for a classification of the Karst springs into various groups, similarly as according
.. 

to the balance of yield. Some groups were defined partly according to the size

of the angle of the oscillation of temperature expressed in °C and partly on the 
basis of the relation of ma.ximal and minimal temperature. From the present 

knowledge there seems to be useful to make in advance the following 5 membered 
scale: 

Angle of the . 

min. t °C : max. t °C Term . 

oscillation °C 
• with fully balanced 

1. Up to l°C 1 : 1 
springs 

' temperature 

2. 1.l-2.0°C from 1 : 1 up to 1 : 1.20 
springs with considerably 
balanced temperature 

3. 2.1-6.0°C from 1 : 1.21 up to 1 : 1.50 springs ·with on the average 
balanced temperature 

4. 6.1-10°C from 1 : 1.51 up to 1 : 2.00 springs with considerably 
non-balanced temperature • 

I 

springs with wholy non • 

5. 10.1 and more °C 1 : 2.01 and more balanced temperature 
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rH)];POrEOXHMH'llECKHE 3AKOHOMEPHOCTH 
PA3BHTH.H H METOW,I H3YllEHWI KAPCTA 

B. n. 3uepeu

reonorHqecI<HH HHCTHTYT AH CCCP, MocI<Ba, CCCP 

.. 

KapCT paCCMaTpHBaeTCH I<aK reonorHqecKHH H <pH3HKO-XHMHqecKHH reTeporeHHblH 
V npouecc B3aHMO,D;eHCTBHH IIpHpO,D;HbIX BO,D; C paCTBOpHMbIMH ropHbIMH qopo,[(aMH.

KaK H BCHI<aH reTeporeHHaH peaKQHH I<apcToo6pa30BaHHe CKJia,[(bIBaeTCH H3 Tpex
OT,[(eJI.bHbIX npoQeCCOB : IIOCTYIIJieHHH paCTBOpHTeJIH - npHpO,D;HbIX BO,[( l{ IlOBepx
HOCTH I<apcTyIOIQeHCH ropHOH nopO.r(bl, co6CTBeHHO npoQecca pacraopeHHH HJIH
cpa30Boro nepexo.o;a H y,u;aJieHHH paCTBOpeHHbIX B BO,D;e Be�eCTB OT IlOBepxHOCTH 
paCTBOpeHHH (<t>. A. MaI<apeHKO, B. n. 3BepeB, 1970). 

B OCHOBe B38HMO,ZJ;eHCTBHH Melli.r(y TBep,[(bIM BeIQeCTBOM H paCTBOpOM JiemHT 

38I<OH cpa30BOro paBHOBeCHH rH66cH, cornacHO KOTOpOMY paBHOBeCHe HacrynaeT, 

KOr,[(a XHMHqeCKHH IIOTeHQHaJI Be�eCTBa B paCTBOpe (µ!) CTaHOBHTCH paBHblM 

XHMHqeCKOMY IIOTeHQHa.rry BeIQeCTBa B TBepp;oif cpa3e (µi), T. e. 

µ! = µl = µ� + RTin (x A), .(1)
r,[(e µ� - cTaH.r(apTHbIH xHMHqecKHM noTeHQHan aell(ecTBa AB pacTBope, R - ra-

30BaH IlOCTOHHHaH, T- TeMnepaTypa B rpa.o;ycax KeJI.bBHHa, x A - MOJI.bHaH ,[(OJIH 

Be�eCTBa A B paCTBOpe. 

B HepaBHOBeCHOH CHCTeMe KOMilOHeHT H3 cpa3bl, B KOTOpOH ero XHMHqeCKHH 

IIOTeHQHaJI 60JI.bllle' 6y,u;eT caMonpOH3BOJI.bHO rrepexO,[(HT.b B cpa3y CHCTeMbl' B KOTO

pOH OH MeH.bllle, T. e. C TepMO,D;HHaMHqecKOH TQql(J,I 3peiIHH rrpoQeCC KapcToo6pa-

30BaHHH B03MOmeH, Kor,n;a µ! > µl. IIocKOJI.bKY HHTeHCHBHbie napaMeTpbI CHCTe

MbI, B npe,n;enax KOTOpOH rrpOHCXO,[(HT KapcToo6pa30BaHHe, npaKTHqecKH HeH3MeH

Hbl, paCTBOpeHHe a rrpHpO,D;HbIX Bop;ax rrpemp;e BCero o6yCJIOBJIHBaeTCH BeJIHqHHOH 

rpa,n;HeHTa KOHQeHTpaQHH Mem.r(y lliH,D;KOH cpa30H H HaCbIU(eHHbIM rrorpaHHqHbIM 

CJIOeM' cyIQeCTBOBaHHe KOToporo rrpe,n;nonaraeTCH Ha IlOBepXHOCTH paCTBOpHIOU(e-

rocH TeJia (B. r. neBHq, 1957). 
V 

KaK H3BeCTHO, OCHOBHbIMH KapcTyIOU(HMHCH nopo,[(aMH B 3eMHOH KOpe ,HBJIH-

IOTCH H3BeCTHHKH, rHilCbl H KaMeHHaH COJI.b. Cne.n;oBaTeJI.bHO, BeJIHqHHbl MaKCH

MaJI.bHO B03MOlliHbIX rpap;HeHTOB KOHUeTpaQHH B npHpO,[(HbIX CHCTeMaX 6y.[(yT 

onpe.o;eJIHT.bCH MaKCHM aJI.bHblMH BeJIHqHHaMH paCTBOpHMOCTH 3THX coep;HHeHHH B 

BO.IJ;HbIX pacTBopax. PacTBOpHMOCTI> CaC03 B npHpOAHbIX aop;ax o6ycnoBJIHB8eTCH 

B OCHOBHOM .o;aBJieHHeM CO2 H He rrpeBbII11aeT nepBblX COTeH MHJIJIHrpaMMOB Ha 

JIHTp; paCTBOpHMOCT.b CaS04 60Jibllle H H3MeHHeTCH OT 2, 1 r/n B M8JIOMHHepaJIH30-

BaHHbIX Bo,n;ax AO 7,3 r/n B pacrBopax NaCl; HaH6onornHe rpa.r(HeHTbI KOHUeHTpa

UHH MOryT B03HHKaT.b npH KapcToo6pa30B8HHH raJIHTa, paCTBOpHMOCT.b KOToporo 

,lJ;OCTHraeT 318 r / n .
. 
B ,[(eHCTBHTeJI.bHOC'J;'H rrop;o6Hbie . rpa,[(HeHT,bl KOHQeHTpaQHH

B03MOlliHbl JIHllI.b B ·oT,[(eJI.bHbIX pe,D;KHX cnyqaHX; o6biqHO OHH HaMHOrO MeHbllle 
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H B IIpO:Qecce KapcToo6pa30BaHHH, 3KCIIOHeHQHarrLHO yMeHblllaHCb, crpeMHTCH K 0.

B 061.:QeM BH,D;e npoqecc pacraopeHHf.[ OIIHCbIBaeTCH KOHBeKTHBHO-,n;Hcpcpy-
3HOHHbIM ypaBHeHHeM MacconepeHOCa 

� = DLJc - /vgraa 

c /, (2) 

r.n;e D - K03cpq>H:QHeHT ,n;Hcpcpy3HH, V CKOpOCTe ,D;BH)KeHIDI <PH,D;KOH cpa3bl, 
C - KOHQeHTpa:QHH. 

IlpH 1<apcT006pa30BaHHH npoqeCCbl IIOCTYIIJieHHH paCTBOpHTeJIH H OTBO,D;a 
paCTBOpeHHoro aeIIleCTBa 061,1qHo HMeIOT o.n;ey npHpo,n;y H, KaK 3TO cne,n;yeT H3 
ypaBHeHHH (2), o6ycJIOBJIHBaIOTCH MOJieKyJiblpHOH HJIH KOHBeKTHBHOH ,n;Hcpq>y3He.M. 

KoJIHqecTBeHHbIH aHaJIH3 3THX npo:QeCCOB IIOI<838JI, l.ITO MOJieKyJIHpHo_-,D;Hcp
cpy3HOHHbIH MacconepeHOC paCTBOpeHHOro Bel.:QeCTBa rrpH O)];HI-IX H Tex me rpa,u;HeH-

u Tax KOHQeHTpa:QHH B03MO)KeH JIHlllb B ycJIOBHHX Kp8HHe He3H8l.JHTeJibHbIX CKOpoc-
TeH q>HJibTpa:QHH, xapaKTepHbIX ,D;Jlf.[ 30H 3aMe,n;neHHOro B0)];006MeHa 3eMHOH KOpbl 
(B. II. 3aepeB, 1972). OH MomeT npHBO,D;HTb JIHlllb K paccoJieHbIX sacoJieHHbIX H 
sarHncoaaHHbIX TOJil.:Q a MacrirTa6e reonorHqecKoro apeMeHH. Co6cTBeHHO npo:Qecc 
KapCT006pa30B8�HH, rrpHBO)];HI.:QHH K o6pa30BaHHIO no.n;seMHbIX IIOJIOCTe.H H XO,D;OB, 
HM onpe.n;eJIHTbCf.[ He MomeT. KapcT B03MO>I<eH JIHlllb rrpH HaJIHqHH KOHBeKTHBHOro 
MacconepeHOCa paCTBOpeHHOro Bel.:QeCTBa, CIIOC06Horo B cpaBHHTeJibHO KOpOTKHe 
0Tpe3I<H BpeMeHH nepepacrrpe,n;eJIHTb 3Haq11TeJibHhie MaCCbl. ,UJIH c.rryqaf.[ paCTBO-

u ... peHHH IIOBepxHOCTH IIJiacTa KapcTyIOI.:QeHCH ropHOH nopO,D;bl KOJIHl.JeCTBO paCTBO-
peHIIOrO BeI.:QeCTBa Q, BbIHOCHMOe B BO,D;HYIO cpasy' BbipamaeTCH ypaBHeHHeM 
. .

. 

. Q = BL (Cs-Co) 
4D . v 

L 

1t L 

. (3) 

-

r,n;e ( Cs-Co) - rpa.n;HeHT KOH:QeHTpa:QHH, 8 - llIHpHHa pacTBOp.HIOl.:QerocH nnacTa, 
L - rrpOTH>I<eHHOCTb paCTBOpHIOl.:QerocH nnacTa B HanpaBJieHHH TIOTOKa, Dt

K03cpq:>H:QHeHT KOHBeKTHBHOH ,D;Hq>cpy3HH, V - CKOpOCTb )J;BH>I<eHHH BO)];HOH cpa3hI. 
M3 paCCMOTpeHH.H 3Toro H IIO)J;06Horo ypaBHeHHH' BbIBe)J;eHHoro )J;Jlf.[ .n;pyrHx 

V rpaHHl.JHblX ycnOBHH, cne,u;yeT, qTo CKOpOCTb paCTBOpeHH.H rrponop:QHOI-I8JlbHa 
KBa)J;paTHOMY KOpHIO H3 CKOpOCTH )J;BH}I{eHHf.[ }I{H)];KOH cpa3bI. TaKHM o6pa30M, 

V nepexo,n;H K YCJIOBHHM 3eMHOH, MO)I{HO 38KJIIOqHTb, qTo HHTeHCH.BHOCTb pa3BHTH.f.I 
... KapcTa HaXO)J;HTCf.[ B npHMOH 38BHCHMOCTH OT ,D;HH8MHqHOCTH IIO,D;3eMHbIX BO)];. 

Heo6xo,n;HMO OTMeTHTb, qTo llIHpOKO paccMaTpHBaeMbie B JIHTepaType JIHTO
JIOrHqecI<He, TeKTOI-IHqecKHe, reoMopcponor:0qec1<He H ,n;pyrHe 38KOHOMepHOCTH 
pa3BHTHH KapcTa B 3HaqHTeJibHOH Mepe onpe,n;eJIHIOT xapal{Tep' oco6eHIIOCTH H 
CI{OpOC'fH rrepeMel.:QeHHH IIO,D;3eMHbIX BO)]; B TOJil.:Qe 3eMHOH KOpb!. 

M3 ypaBHeHHH (3) T8I<llie cne.n;yeT, qTo paCTBOpeI-IHe ropHbIX nopOJJ; I-IaH6onee 
HHTeI-ICHBHO pa3BHBaeTCH B MeCTax nocTynneI-IHH arpeCCHBHbIX no OTI-IOIIIelIHIO 

V • 

� I{ KapCTYIOl.:QeHCH rropo,n;e rrpHpOJJ;I-IhIX BO)];, YOhIBaH no 3KCIIOHeI-ITe no Mepe yJJ;aJie-
I-IHH OT HaqaJibHOro ceqeHHH. 3TO IlOJIO)KeHHe I-I8XO)J;HT llIHpOI<Oe IIO)];TBep)I<,D;eHHe
Ha .1\1HOroqHcJieHHbIX IIpHMepax, IIOK83hIB8IOI.:QHX, qTo I<apCT He pa3BHBaeTCH IIOBCe
MeCTHO H paBHOMepHo no BCeH IlJIOI.:Q8)];H pacrrpocTpaHeI-IHH BO,D;HOpaCTBOpHlVlbIX
ropHbIX nopo,n;. HaH6oJiee HHTeHCHBHOe KapcToo6pa30B8HHe np:0ypoqe1-ro K MeCTaM
cocpe,n;oToqeHHOro IIOCTYIIJieHHH BbICOI{OarpeccHBHhIX no,n;seMHhIX BO,D; I-Ia l{OHT8KT 
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·, 

· HJIH B TOJillzy 1<apcry10�HXCH ropHbIX nopo,n;.

Pa3BHTHe KapCTOBbIX npoI(eCCOB, B OCHOBHOM B He3H8"ClHTeJil,HblX pa3Mepax, 

B03MO>KHO TaIOI<e H B pe3yJILTaTe OT,l:(eJThHbIX npHpo,n;HhlX q>H3HKO..:-XHMH"CleCKHX H 

6HOJIOrHqecKHX npOl.\eCCOB, HapyrnaIOI..QHX paBHOBeCHe Me>l<)];Y TBep,n;oii H >KH,ll;KOH 

cpa3aMH, - MHKp06HOJIOrHqecKOH ,n;eHTeJILHOCTH, OKHCileHHH cynLcpH,n;OB, a,n;cop6-

�H, KOMnneKcoo6pa30B8HHH H T. II. 

Mcxo,n;H H3 BblllleH3JIO)l(eHHOro, COBpeMeHHOe Kapcroo6pa30BaHHe, cneAYeT 

OQeHHB8TL TepMO,D;HHaMHqecKHMH H <pH3HKO-XHMHKO-rH,n;po,n;HHaMHqecKHMH MeTO

,D;aMH npH 06HsaTen1>HOM yqere reonorHqecKoii H rH,n;poreonorHqecKoii o6cTaHOBKH 

B H3y't.JaeMOM paiioHe. B 3aBHCHMOCTH OT IIOCTaBJieHHbIX 3a,n;aq H nonyqaeMblX 

pesyn1>TaTOB BbI,n;eneHbl cne,n;yIOI..QHe 3T81Ibl H MeTO}];bl rH,n;poreOXHMHqecKoro H3y-

qeHHH 1<apcTa (B. II. 3BepeB, 1967): 
• 

113yqeHHe paBHOBeCHH B CHCTeMe IIO,n;3eMHbie BO,D;bl - K'apcryIOI.I(Hec.a ropHbie 

nopo,n;bI, KOTOpoe Il03BOJIHeT cy,n;HTL O HaJIHqHH npon;ecCOB Kapcroo6pa30BaHIDI 

B HCCJie,n;yeMOH TOqKe B MOMeHT OT6opa npo6; 
. 

V V onpe,n;eneHHe KOJIHqecTBa BO,n;HopaCTBOpHMOH ropHOH nopO,D;bl, BbIHOCHMOH 

no,n;3eMHbIMH BO,n;aMH C e,n;HHH[(bl IIJIOI.I(a,D;H HJIH H3 061>eMa KapcTyIOI.I(HXCH rropo,n; 

B e,n;HHH[(Y BpeMeHH, Il03BOJIHIOI.Uee cy,n;HTL O MaC1IITa6e pa3BHTHH Kapcroaoro 

npo[(ecca B TOM HJIH HHOM paHOHe; 
• 

onpe,n;eneHHe CTerreHH arpeCCHBHOCTH no,n;3eMHbIX BO,n; no OTHOllleHHIO K Kapc-

TYIOI.UHMCH rropo,n;aNi, KOTOpoe II03BOJIHeT O[(eHHTL M8CllITa6bI pa3BHTHH KapCTOBoro 

npon;ecca B Ka}l(}];OH TOqKe OT6opa npo6bI H BbI):\eJIHTL ·yqacTKH HaH60JILlliero pa3-
• 

BHTHH KapcTa; 
onpe,n;eneHHe HHTeHCHBHOCTH paCTBOpeHHH KapcTyIOI.QHXCH nopo,n;, no3BOJIH-

IOI..Qee onpe}:\eJIHTL KOJil:IqecTBO BeI.QeCTBa, BbIHOCHMOro no,n;seMHbIMH BOA8MH 
V U 

. 

B l:ICCJie,n;yeMOli TOqKe H npOH3BeCTH paHOHHp�BaHHe TepplITOpHH no HHTeHCHB-

HOCTH BbII.QenaqHB8HHH KapcryIOI.UHXCH nopo,n;. 0HH MOryT 6bITL BbJqHCJieHbl KaK 

):\JIH rH}:\poreonor11qecKHX ycnoBHH, Ha6nro,n;aeMhIX B MOMeHT HCCJie,n;oBaHHH,. TaK H 
. 

)];JIH H3MeHeHHbIX BO apeMeHH, ecJIH B03MO>l<eH rrporH03 H3MeHeHHH CKOpOCTH 

,D;BH)l(eHHH no,n;seMHbIX BO)]; (PeKoMeH,n;aI(HH .•. , 1967): 
M3JIO)l(eHHbie Bbillle 3TaIIhI H COOTBeTCTBYIOI.QHe HM MeTO)];bl 6bIJIH rrpHMeHeHbl 

IIpH HCCJie,n;oaaHHHX KapcTa HH30B.beB p. 0I<H, a TaK}l(e ycToifqHBOCTH KapcTyIO-

I.I(HXCH ropHbIX nopo,n;, Haxo,n;HI.QHXCH B OCHOBaHHH ,n;eHCTBYIOI.QHX H npoeKTHpye-

MbIX r0:,n;poTeXHHqecKHX coopy>1<eHHH IIpe,n;ypaJILH. 
rH,n;poreoxHMHqecI<He MeTOAbI H3yqeHHH Kapcra xopomo cornacy10TCH c ,n;aH-

HbIMH reonoro-c1>eMoqHbIX H 6ypOBblX pa6oT H I103B0JIHIOT He TOJILI<O KOHT8KTH

p0B8T.b HTOr pa3BHTHH rrpon;ecca KapcToo6pa30B8HHH I< MOMeHTY HCCJie,n;oBaHHH, 

HO H 011pe,n;eJIHT.b H8JIHqHe ero B II8CTOHI.I(eM H ,n;aTL nporH03 Ha 6y,n;yII(ee. 
. 
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Cb 001 

DIE KORROSIONSGESCHWINDIGKEIT DER•• ••

HOHLENFLUSSE IM LIPTAUER KARST

Anton Droppa 

Geographisches lnstitut SAW, Liptovsky Mikulas, CSSR 

Die groflten Hohlen des Liptauer Karstes an der Nordseite der Niederen 
Tatra (Westkarpathen, Tschechoslowakei) sind Fluflhohlen, welche <lurch 
allochthone Gerinne gescha:ffen wµrden. Diese entspringen im Kristallingranit
kern der Niederen Tatra und versinken beim Eintritt in das Kalkgebiet in 
mehreren Schwinden (Ponoren). Im Berginneren bildeten sie groBe unter
irdische Raume - die Hohlen. Der Wiederaustritt an die Oberflache erfolgt in 
Form von Sprudelquellen. Der FluB Demanovka und dessen ZufluB Zadna 

. 

voda hat im Demanova"'.' Tai ein ausgedehntes Netz von Demanova-Hohlen in 
bis zu 9 untereinander liegenden Gangsystemen - in sogenannten Hohlen
niveaus - geschaffen (A. Droppa 1966). Im ostlich gelegenen Tai Janska 
dolina hat der FluB Stiavnica mit dem ZufluB Bystra auch mehrere FluBhohlen 
in 9 Hohlenniveaus gebildet (A. Droppa 1972). 

Alle bisherigen Arbeiten erklaren die Genese der Fluflhohlen <lurch Kor
rosion und Erosion (F. Vitasek 1940, A. Droppa 1966, 1972a). Aber niemand 
hat quantitativ den Anteil der Korrosion zu ermitteln versucht. Die Entwicklung 
der Fluflhohlen ist durch geologisch-tektonische, geomorphologische, klimati
sche und hydrologische Verhaltnisse, weiters aber auch <lurch physikalisch
chemische Faktoren der Fliesswasser bedingt. Auf der Grundlage der hydro
logischen Erforscl1ung wahrend 1968-1973 und der chemischen Analysen der 
Hohlenfli.isse und deren Wiederaustritten im Demanova-Tal und J anska-Tai 
werde ich zeigen, welchen Einfluss die Korrosionsgeschwindigkeit der Fliisse 
auf die Entstehung der dortigen Hohlen hat. 

Die hydrologischen . Verhalnisse des Demanova-Tales sind <lurch zwei 
Entwasserungstypen charakterisiert: Der obere Teil des Tales wird nur <lurch· 
oberirdische Gerinne entwassert, namlich <lurch die drei parallel fliessenden 
Bache Demanovka, Priecno und Zadna voda. Alie entspringen im kristallinen 
Granitkern auf der Nordseite der Niederen Tatra, von wo sie sich ihren Weg 

.

durch die Eismoranen nach Norden gebahnt haben. Beim Eintritt in das IZalk-
gebiet verlieren sie sich <lurch mehrere Schwinden. Das gut entwicl,elte I(luf
system, die Reinhalt (96 o/0 CaC03) und die Schichtung der mit 25-52° gegen 
NO fallenden Guttensteiner Kalke erleichtert die unterirdische Entwasserung. 
Unter Tag durchfliessen sie die tiefsten Hohlraume der Dema�ova-Hohlen, wo 
sie sich auch vereinigen. In 789 m ii. d. M. treten sie gemeinsam wieder in Form 
einer Sp1·udelquelle an die Oberflache, Vyvieranie gennant, deren l(apazitat 

· zwischen 400-700 1/sek. schwankt.
Die Schwinde des Demanovka-Baches befindet sich auf der glazifluvialen

Terrasse ,,Lucl,y'' in 918 m. Als durchschnittlicher AbfluB aus dem Einzugs-
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gebiet des Demanovka-Flusses von 10,1 km2 ergibt sich 227 1/sek. Die hochsten 
Schilttungen sind im April und Mai mit 507 1/sek. die niedrigsten im September 
-Oktober mit 95 1/sek. Der unterirdische FluBlauf ist 3 km lang, bei einem
Hohlenunterschied von 1·31 m errechnet sich .ein Gefalle von 44 Promille.
Aber das reale Gefalle ist unregelmaBig: Vom Ponor bis zur Pusta-Hohle auf
900 m Lange bei dem Hohenunterschied von 103 m betragt es 114,4°/oo, im
letzten Teil aber nur 13,3 Promille. Die Fliessgeschwindigkeit des unterirdischen
Abschnittes ist ·6 m/min. Sein FluBbet ist nicht bis zur Ganze bekannt. Unbe
kannt ist der Teil vom Ponor bis zur Pusta-Hohle mit 900 m Lange, weiters der
Teil zwischen der Pusta-Hohle und der Freiheitshohle mit 350 m Lange und
der Teil zwischen der Freiheitshohle und der Quellhohle (Vyvieranie) mit 170 m
Lange. Diese unbekannten Teile sind vorwiegend in Dolomiten zu _finden, wie
auch die Zahlenwerte von ·o,64 bis 1,09 fiir <las MG/Ca-Verhaltnis zeigen.

Die Schwinde des Priecno-Baches liegt auf dem Westrand des Plateaus 
Lucky in 876 m Hohe. Der durchschnittliche jahrliche Abflufi aus dem Ein
zugsgebiet von 3,6 km2 betragt 4 7 1/sek., der hochste ist mit 88 1/sek., der nie
drigste mit 26 1/sek. Das unterirdische Gerinne verstarkt nach seinem unbekan
nten Abschnitt den Hohlenflufi Demanovka in der Pusta-Hohle. In einer Lange 
von 500 m bei 62 m Hohenunterschied wird ein Gefalle von 124 °/00 erreicht. 

Die Schwinde des Zadna-Baches befindet sich auf dem Repiska in 839 m 
Hohe. Der jahrliche durchschnittliche AbfluB aus dem Einzugsgebiet von 
17,5 km2 betragt 410 1/sek., der hochste wird im April-Mai mit 1000 1/sek. 
erreicht, der niedrigste im August-Oktober mit 185 1/sek. Sein unterirdischer 
Verlauf ist unbekannt, erst in der Freiheitshohle mi.indet er in den unterirdischen 
Flufilauf Demanovka. 

DIE ZONE HORIZONTALER ZIRKULATION 

Alie drei unterirdischen Gerinne sind beim Eintritt in das Kalkgebiet 
wenig mineralisiert (Harte unter 0,1 g/1) und agressiv (2,2.mg/l CO2 agr.). Die 
Mineralisation 4ieser Wasser kommt vorwiegend aus dem hydrolytischen Abbau 
der verschiedenen Silikate. Der Vorgang lauft wahrend des Durchfliessens der 
kalkig-dolomitischen ·1zomplexe ab, und zwar i.iber dem IZarstwasserspiegel 
in der sogenannten vadosen Zone. Hier durchfliefit das unterirdische Wasser 
freie Gerinne, bezitzt also eine Oberflache. Ergebnis de1· Reaktionen ist das 
plotzliche Anwachsen der gelosten IZalcium - rep. Kalcium (Magnesium) -
Bikarbonate. Dies liegt daran, daB der Kalkgehalt dieser Wasser geringer als 
80 mg/1 ist, sodaB sie CO2 aufnehmen und damit den !Zalk losen - sie korro
dieren. Hier besitzt aber auch die Erosion ihr bedeutendes Wirkungsfeld und 
erweitert den Hohlraum zusatzlich. Innerhalb der DurchfluBstrecke <lurch <las 
Kalkgebiet harten sich die Hohlenfli.isse nicht nur <lurch !Zalk- und Dolomit
losung auf, sondern aucl1 <lurch Mischung mit hochgesattigten Sickerwassern 
a�s der vert�kalen Zirkulation. Es kommt dabei zur sog. Mischungskor1·osion,
die A. Boegl1 ( 1964)·· erklart hat. Der vadose Raum ist somit der Bereich von 
Korrosion, von Mischungskorrosion und von Erosion. 
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Die Tabelle l stellt die chemische Analyse der Hohlenfli.isse und der gemein
sai11en Wiederaustritte in einzelnen Jahreszeiten dar. Die Unterschiede der
Ca- und Mg-Gehalte in den oberirdischen Gerinne vor den Ponoren und
Quellen geben die \Verte der l(orrosionsfahigl,eit der unterirdischen Wasser
wieder. Nach den bisl1erigen vorlaufigen Ergebnissen auBert sich die I(or1·0-
sionsfahigkeit eindrucl,svoll in den Sommermonaten Juli bis September in ·
Werten von 25,1 mg/1 Ca und 15,47 mg/1 Mg. Die hol1ere l(orrosionsfahigkeit
der Sommermonate wird <lurch die hoheren Wassertemperatll:ren bewirkt, die
z"rischen 9,4 und 11,4 °C betragt. Beim Eintritt ins Innere der I(alke sinkt auch
die Te1nperatur des Wassers auf 7,4 °C, bei jeder Senkung der Temperatur wird
etwas CO2 frei, das zur zusatzlichen I<.all,losung zur Verfi.igung steht. Die
Wirksamkeit dieser Ab·kuhlungskorrosion beschrankt sich dabei allerdings auf
die oberen, meist vadosen Regionen. Auch ihre Gesetze hat A. Boegli (1964)
erklart.

Fi.ir die Bestimmung der <lurch die Hohlenflilsse ,weggelosten Kall,e und
D 1 . . F 1 C 

I( (T v -T p) · 
/ h o om1te 1st unsere orme : = - p -· 1n m3 km2/J a r, wobei C - die

Menge des gelosten CaC03 oder MgC03 in m3/km2/Jahr, oder mrri/1000 Jahr,
K = -6�-�-0·2��?� = 11,68 fi.ir CaC03 und 10,87 fur MgC03, Tv = Q.a,2, 7 .1000 .1000
wobei Q -- die durchschnittliche Jahresschilttung der I(arstquelle in 1/sek.,
a - die dt1rchschnittliche Menge des gelosten CaC03 in gr./sek., T P - die
durchschnittliche Menge des gelosten CaC03 in gr./sek in alien Ponoren und
besteht:

T
p 

= Qi. a1. + Q2. a2 + Qn . an 

P - Oberflache des Entwasserungskarstgebietes in km2
• 

Danach tragt die I(arstquelle der Demanovka im J ahre 1971 bei ihrer
durcl1schnittlichen J ahresschiittung von 530 1/sek. aus ihrem Einzugsbebiet. von
10 km2 um 27,8 m3/km2

, CaC03, oder 27,8 mm/1000 im Jal1r. Dieses selbe
Wasser lost zugleich um 16,2 m3/l,m2

, MgC03, oder 16,2 mm/1000 im Jahr.
Der Gehalt an gelosten Mineralen wird <lurch die IZontal,tlange des flies

senden Wassers mit den I(arstgesteinen beeinfluBt. Wenn <las FluBbett der
unterirdischen Demanovka frei und <las Gefalle relativ hoch ist, dann auch die
FlieBgeschwindigl,eit hoch ist ( 6 m pro Minute). Bei diesem relativ kurzen
Kontakt des flieBenden Wassers mit dem Gestein hat die chemische Reaktion
1,eine Moglichkeit., das Gleichgewicht zt1 erreicl1en. Die Wirksaml,eit des
Wassers ist dann mehr mechaniscl1 als phy�ikalisch-chemisch. Dies. wieder
spiegelt sich in den relativ kleinen Mineralisationswerten der Hohlenfli.isse und
in ofters bedeutenden CO2 ag1·.-Gehalt.
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Tab. 1. 

Die chemische Analyse der Hohlenfliisse im Demanova-Tal 

Datum der Messung: -16. l. 1971 

Lokalitat ITL/TWI IQ/Sek.I

Ponor des Qema- -0,4 144 

novka-Baches 0,6
Ponor des -1,2 35 
Priecno-Baches 1,2
Ponor des -2,8 170 
Zadna-Baches 0,8
Sprudelquelle des -.2,4 412 
Demanov�a-Ba- 4,4 
c)ld

• 

. 

Datum der ·Messung: 14. 4. 1971 

Ponor des Dema-
novka-Baches 
Ponor des 
Priecno-Baches 
Ponor des 
Zadna-Baches 
Sprudelquelle des 
Demanovka..; Ba-
ches 

.

0,3 
2,1 
1,8 
3,8 

-2,2
2,6

-2,4
3,8

.

. .

507 
(180) 

·so

(40) 
1000 
(260) 
609 

.

Datum der Messung: 23. 8. 1971 
.

Ponor des Dema- · 14,0 0130 
novka-Baches · 9,6
Ponor des 16,8 40 
Priecno-Baches· 11,4
Ponor des 16,0 214 
Zadna-Baches 9,6 
Sprudelquelle des 14,0 .

520 Demanovka-Ba- 7,6 
ches 

' . 

Datum der Messung: 13. 10. 1971 

Ponor des Dema- 6,8 95 
novka-Baches 4,2 
Ponor des 14,2 26 
Priecno-Baches 7,8 .

Ponor des 12,4 185 
Zadna-Baches 

.

5,8 
Sprudelquelle des 12,8 500 
Demanovka-Ba- 5,8 
ches 

� ----
1
-

1
-

I I Harte I Ca I Mg I HC03 so, 
Mg/Ca pH Alk. mg/1 mg/1 mg/1 mg/1 

7,0 0,28 

7,3 0,42 

ii,4 0,20 

8,0 1,48 

- 0,2 

- 0,3 

- 0,2 

- 0,9 

7,3 ·o,2s

7,0 0,5 

6,8 0,23 

7,3 1,3 

7,6 0,3 

7,0 0,6 

7,3 0,25 

7,4 1,2 

1,4 8,0 5,1 17,08 - 0,64 

1,96 8,0 7,53 25,82 - 0,94 

1,24 2,52 8,0 9,86 12,2 -

. 

6,44 26,0 . 24,78 90,28 -- 0,95 

. 

Die Korrosionsfahigkeit: 19,2 mg/1 Ca 
18,22 mg/1 Mg 

2,24 16,0 7,76 12,2 - 0,48 

4,06 8,0 16,66 18,3 - 2,08 .

2,24 10,0 8,5 12,2 - 0,85 
. 

p,6 20,0 21,87 54,9 - 1,09 

Die Korrosionsfahigkeit: 11,89 mg/I Ca 
15,68 mg/ 1 Mg

1;68 10,0 6,08 15,25 - 0,60 
. 

.

2,8 14,0 10,45 30,5 - 0,74 .

1,68 8,0 
: 

6,32 14,03 0 0,78 

5,6 32,0 20,4 79,3 pos. 0,64 

Die Korrosionsfahigkeit: 25,1 mg/1 Ca 
15,47 mg/1 Mg 

1,4 I 16,0 4,12 18,3 pos. 0,25 
.

2,4 12,0 8,94 36,6 pos. 0,74 

1,3 14,0 3,95 15,25 pos. 0,28 

4,85 20,0 18,62 73,2 pos. 0,93 

Die Korrosionsfahigkeit: 11,1 mg/1 Ca, 
15,9 mg/1 Mg 

Die Bemerkung: TL - die Lufttemperatur in °C, TW - die Wassertemperatur in °C, Q -

der AbfluB in I/Sek., Alk. - Alkalitat in mval, Harte in deutsche Grade, die Werte in Klam
mern - die Menge der tauchenden Wasser. 
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DIE ZONE VERTIKALER ZIRKULATION 
• 

Dagegen sind die Gewasser aus der vertikalen Zirkulation., die Sickerwasse., die 
aus der Infiltration in den Kalk-Dolomit-Komplexen resultieren., hoher mine
ralisiert. An Schichtungen unci kliiften stromt das atmospharische Wasser pro 
Stunde viele hundert Meter weit ins Berginnere. Daher wird iiberall., wo Wasser 
auf Wasser trifft, eine Konzentrationsdifferenz als Voraussetzung fur Mi
schungskorrosion zu beobachten sein. An der Decke des Janecek-Domes in der 
Freiheitshohle erreichen die Sickerwasser 0,015 1/sek, eine Gesamtharte von 
11,2 DH (deutsche Hartegrade) mit einem Kalziumgehalt von 70,9 mg/I· und 
von 39,9 mg/I Magnesiumgehalt bei einer Wassertemperatur von 6,8 °C. Dage
gen hat der HohlenfluB Demanovka unter dieseni Dom 16,0 mg/1 Ca 11nd 
21,0 mg/I Mg gelost. Daraus ergibt sich, daB die Losungsaktivitat in der Zone 
der vertikalen Zirkulation ungefahr 4,4 mal groBer ist als in der Zone der hori-

• 

zontalen Zirkulation. 
' 

Die hydrologischen Verhaltnisse des Tales J anska dolina. sind ahnliche, 
wie in dem Demanova-Tai. Der obere Teil des Tales wird durch zwei flie6enden 
Bache Stiavnica und Bystra entwassert. Beide entspringen im kristallinen 
Granitkern auf den Nordhangen des Gipfels f>umbier (2043 m). Beim Eintritt 
in die Guttensteiner Kalke der Mitteltrias verlieren sie sich durch mehrere 
Schw:inden und treten si� gemeinsam wieder in einer Sprudelquelle Hlboka in 
744 m an die Oberflache .... n·ie Schwinde des Stiavnica-Baches befindet sich auf 

' ' 

dem Puchalky in 879 m Hohe.· Der jahrliche_ durchschnittliche AbfluB aus dem 
Einzugsgebiet von 19,9 km2 be-tragi 450 1/sek, den hochste wird im April,-Mai. 
mit 800 1/sek·erreicht, der niedrigste im August-Oktober mit 154 1/sek. Unter 
Tag durchflieBt Stiavnica vorwiegend unbekannte FluBbett in der Lange 2.,4 km. 
Bei einem Hohenunterschied von 135 m erreicht sich ein Gefalle von 30,9 %.

Die Flie13geschwindigkeit des unterirdischen Abschnittes ist das 4,2 m/min. 
Vom FluBbett sind nur zwei Teile bekannt: die unterste Etage der Sokolova
Hohle mit der 20 m Lange bei der Schwinde und die Hlboka-Hohle mit 150 m 
Lange bei der Sprudelquelle. Die unbekanten Teilen sind vorwiegend in Dolo
miten zu finden, wie auch die Zahlenwerte von 0,56 bis 0,69 fiir das Mg/Ca
Verhaltnis zeigen. 

Die Schwinde des Bystra-Baches befindet sich bei der Miindung in den 
Stiavnica-Bach in 870 m Hohe und verstarkt den unterirdischen Lauf Stia�nica. 
Der durchschnittliche jahrliche AbfluB aus dem Einzugsgebiet von 9,5 km2

betragt 2131/sek, der hochste ist mit 400 1/sek, der niedrigste mit 861/sek. 

· Im J ahre 1973 betrug die Losung der Stiavnica 8, 17 mg/1 Ca und 6,89 mg/I
Mg (s. Tab. 2). Danach tragt die Karstquelle Stiavnica bei ihre� durchschnitt
lichen Jahresschiittung von 450 1/sek. aus ihren Einzugsgebiet jahrlich 
115 940 kg Ca und 97 775 kg Mg, was in Umrechnung auf CaC03 289 270 kg 
und auf MgC03 337 810 kg vorstellt. Dieses Karbonatvolumen schlieBt auch 
einen Anteil von Kalken und Dolomiten aus der Zone der· Vertikalzirkulation 

• 

e1n. 
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Tab. 2 

Die chemische Analysen der Hohle11fliisse irr1 J anska-Tal 

Datum der Mcssung: 12.11. 1968 

TL 
Q Lokalitat 

TW 
pl-I Alk. GH 

-

Ponor des 3,2 
2,24 240 7,6 

Stiavnica-Baches 3,2 

Ponor des 2,8 3,36 180 7,5 -
Bystra-Baches 3,8 

Sprudelquelle 3,8 4,2 500 7,8 
dcr Stiavnica 5,2 

Datum der .i\!essung: 5. 11. 1972 

Ponor des 9,6 
250 6,9 0,5 1,68 

Stiavnica-Baches 4,8 

Ponor des 7,2 
189 7,5 0,6 1,96 

Bystra-Baches 5,2 

Sprudelquelle 5,2 
520 7,4 1,0 3,36 

der Stiavnica 5,2 

I 

Datum der Messung: 11. 2. 1973 

Ponor des -0,8
154 7,1 0,5 1,4 

Stiavnica-Bachcs 1,4

Ponor des -1,8
86 7,3 0,7 2,0 

Bystra-Baches 1,4

Sprudelquelle -1,0
310 7,2 1,1 3,08 

der Stiavnica 3,4

Datum der Messung: 8. 4. 1.973 

Ponor des 3,8 
292 7,2 0,7 2,24 Stiavnica-Baches 2,6 

Ponor des 4,8 
151 7,3 1,0 3,36 Bystra-Baches 3,3 

Sprudelquelle 
. 

4,6 
577 7,3 1,2 4,2 der Stiavnica 3,4 

Ca 

12,0 

10,0 

16,0 

.

10,0 

18,0 

18,0 

8,0 

14,0 

16,0 

10,0 

14,0 

20,0 

HC03 S0,l

Mg/ 
Agr. Mg Ca 

8,26 33,55 - 0,69 -

13,36 45,75 1,33 -

16,28 61,0 - 1,01 -

• . . • • 

Die Korros1onsfah1gke1t: 6,64 mg/1 Ca 

7,1 mg/1 Mg 

6,08 30,5 neg. 0,60 1,76 
'. 

6,34 36,6 neg. 0,35 2,64 

12,41 61,0 neg, 0,69 1,32 
. 

Die Korrosionsfahigkeit: 6,65 mg/I Ca 

7,18 mg/1 M 

5,12 30.5 neg. 0,64 

5,52 42,7 neg. 0,39 -

9,02 67.,1 neg. 0,56 -

Die Korrosionsfahigkeit: 8,14 mg/1 Ca 

4,94 mg/1 Mg 

8,1 42,7 7,61 0,81 2,2 

12,88 61,0 10,46 0,92 2,2 

15,79 76,25 11,23 0,78 6,6 

Die Korrosionsfahigkeit: 11,28 mg/1 Ca 

8,35 mg/1 Mg 

Die Bemerkung: TL - die Lufttemperatur in °C., TW - die Wassertemperatur in °C., Q -

der AbfluB in 1/sek . ., Alk. - Alkalitat in mval., GH - Gesamtharte in deutsche Grade, Ca., 

Mg., HC03, S04 in mg/1 Agr. - die Menge CO2 agr. in mg/1. 
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O?wohl die I��rstfl�isse �er ?eiden behandelten Taler den selben Ursprung
und d1� selbe In1t1alm1neral1sat1on haben

., 
ist ihre IZorrosionsfahigkeit beim

Durchfl1eBen der kall,ig-dolomitischen Komplexe ve1·schiede:n. Mehr Dolomit
im unterirdischen FluBlauf der Stiav11ica be\virkt kleinere I<.orrosionsfahio-keit
,vo:raus sicl1 auch eine schwachere Intensitat der Hohlenentwicklung abl�itet;
nur 170 m Hohlenlange sind zuganglich.

Nach dieser Untersuchung hangt die I<.orrosionsfahigkeit der I(arstflusse
in kalkig-dolon1itischen I<.01nplexen ab von:

1. dem Gt·ade der Mineralisation der Wasser., 

2. den petrographischen Bestandteilen der I<.arbonate,
3. der Wassermenge und der Flieflgeschwindigkeit und
4. der Wassertemperatur.

Anton Droppa 

CORROSION RATE OF THE SUBTERRANEAN RIVER-COURSES IN THE 
LIPTOVIAN KARST 

SUMMARY 

The largest caves of tl1e Liptovian Karst on the northern side of the Nizke Tatry Mts. (West
ern Carpathians) are formed by allochtho11ous streams. The surficial waters issuing from the 
crystalline complex of the Nizke Tatry penetrate into limestones and dolomites (Middle 
Triassic). The subterranean stream of the Demanovka formed the Demanovske J askyne 

-

Caves, while the subterranean stream of the Stiavnica did, in turn, the caves of the J anska 
Dolina Valley. On the basis of chemical analyses of the subterranean and issuing waters the 
author tries to find the corrosionrate of subterranean waters as well as their influence upon 
the development of caves. 

The surficial stream running from the crystalline complex are aggressive and slightly 
mineralized (less than 0., 1 g per 1 litre). They reach their salt mainly by the hydrolytic de
composition of various silicates. Passing through limestones they metamorphose. The basic 

' 

feature of this metamorphosis is a sharp increase of calcium, resp. calcium (magnesium)-
-bicarbonate component. The dissolving intensity of carbonates is high in the initial stage of
contact, later on it decreases and at last an analogical equilibrium state gets settles as in the
infiltration of precipitation waters through limestone-dolomitic complexes. A measure of
reaching this equilibrium is the elimination of agressive carbon dioxide. Content of the other
components changes only slightly, mainly in dependence upon local conditions. All the streams
flowing from the crystalline area have approximately the same hardness (about 2°N) before

,

submerging. The difference in the content of Ca and Mg between submerging and emerging
waters is an expression of the dissolving capacity of water flowing through underground. The
dissolving capacity of subterranean waters manifests itself more intensively in summer month's
(about 40,5 mg. per litre). The minimum one is in vernal and autumnal months (about
27,0 mg. per litre). The drainage-area of the Demanovka shows an average dissolving capacity
33.74 mg. per litre? In an average annual yield of the deboucl1ing stream Demanovka with
530 I/sec, the submerging waters in the hydrological drainage-area of the Demanovka dissolve
according about 680.,2 tons of CaC03 annually. Tb.e drainage-area of the rivulet Stiavnicka
has a dissolving capacity of 15,0 mg. per litre. In an average annual yield of the debouching
stream of Stiavnicka with 450 1/sec, its tributaries dissolve about 289,2 tons qf CaC03 annually.
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DIE BEZIEHUNG ZWISCHEN GENETIK UND KLIMA DER.
HOHLEN 

Istvan Fodor 

Magyar Tudomanyos Akademia, Dunantuli Tudomanyos lntezete, 

Pees - U ngarn 

Die Untersuchung der Frage wurde veranlasst durch die Tatsache, dafi der 
Speleogenetik wahrend der Suche nach dem System jener Faktoren, die eine 
annahernde Bestimmung des Mikroklimas der einzelnen Hohlen gewahrleisten 
konnten, sowohl aufgrund der Ergebnisse des internationalen Schrifttums als 
auch unserer Hohlenklimauntersuchungen eine wichtige Rolle zukam. 

Das auflerordentlich spezifische Hohlenklima wird seit der zweiten Halfte 
des 19. Jahrhunderts von immer mehr Forschern untersucht. 

Fugger nahm un�er schweren Verhaltnissen langwahrende Beobachtungen 
des Eises in der Hohle von Untersberg vor und machte Aufzeichnungen iiber 
die Temperatur in der Zeit zwischen 1876 und 1887. Aufgrund dieser Ergebnisse 
erlautert er die Verhaltnisse der echten Eishohlen (13). 

Penck A. veroffentlicht 1889 die Ergebnisse der Klimaverhaltnisse der 
Hohle von St. Canziani. Dies ist umso bedeutender, als .er iiber das wertvolle 
klimatologische Material hinaus die Erfahrungen aus den Aufzeichnungen von 
Hanke, Marinics, Miiller und Pazze, wejterhin die Arbeiten von Richter und 
Fugger beriicksichtigt und die erste bedeutende Klassifizierung der Hohlen 
auf kliniatologischer Grundlage vornimmt (24). fenck unterscheidet dabei drei 
Typen: 

1. Oben geschlossene, schwer zugangliche, trockene Hohlen mit konstanter
warmer Temperatur. 

2. Oben offene, feuchte Eishohle mit konstanter niederer Temperatur.
3. Von zwei Seiten offene, von Bachwasser durchflossene, empfindliche

Temperaturschwankungen aufweisende Hohlen. 
Um die Jahrhundertwende und in den ersten Jahrzehnten des 20. Jahr

hunderts riickten innerhalb der Hohlenklima-Untersuchungen vor allem die 
Verhaltnisse der Eishohlen in den Vordergrund. Roschkott kann 1921 bereits 
eine� historischen Uberblick iiber die Entwicklutig der Eishohlentheorien 
geben (31). 

Aus dieser Zeit stammt auch die grundlegende Untersuchung von Lajos
Steiner in der Eishohle von Dobsina, die die Zeitspanne zwischen 1911 bis
J anuar 1919 erfasst (32). 

R. Oedl versucht unter Berufung auf d�e l;torschung von Crammer, Bock,
Fugger, A. Pen ck, Roschkott und Steiner, f erner auf gr?,nd der Beobachtungen
von Hauser sowie seiner eigenen Untersuchungen in Osterreich, der Schweiz
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u11d in Oberbayern eine neue klimatologische Aufteilung der Hohlen z11 geben, 
die er zur allgen1einen Annahme vorschlagt (23). Oedl unte14scheidet zwei groBe 
Gruppen: 

1. die Gruppe der Wasserhol1len,
2. Grotten oder trockene Hol1len.
Die Gruppierung der von Oedl angefiihrten trockenen I-Ioh.len, in denen

<lurch das Tiefergehen der Erosion der P1·ozeB der Hol1le11bildung zum Ab
scl1lufi kam, l,onnte der Verfasser lediglich aufgrt1nd verschiedener Gesicl1ts
punl,te vornehmen (Temperatur, Luftbewegung, der physil<alische Ursprung 
des die Hohle ausfiillenden Materials), deren Beriicksicl1tigung das System von 
Oedl differenzierter Werden lafit; als die Klassifizierung von Pe11ck ist. 

Danach unterteilt Oedl die trockenen Hol1len aufgrund der Temperatur 
in warme und kalte Hohlen. 

Gressel kritisiert die friiheren Versuche der klimatologischen Klassifizierung 
von Hohlen. Die nur auf dem Temperaturfaktor beruhende Aufteilung bringt 
den spezifischen Charakter der Hohle nicht eindeutig zum Ausdruck (z. B. die 
Art der Liiftung). Er schlagt eine I(lassifizierung nach dynamischen Gesicl1ts
pt1nkten vor (15), in der die klimaabhangigen Gesicl1tspunkte nicht geltend 
wer \.!en, weil sie bei der Frage der I(lassifizierung nicht ausschlaggebend 
beriicksichtigt werden. Dies halten wir fi.ir einen grossartigen Ausgangspunkt, 
da in der Dynamil, der Hohlen auch deren Genetik sehr stark wiederspiegelt 
wird. 

Danach werden drei Hauptgruppen der Hohlen unterschieden: 
a) die dynamischen Hohl en,
b) die statischen Hohlen,
c) die statodynamischen Hohlen.
Zur IZlarung der klimatischen Verhaltnisse der Hohlen haben zal1lreiche

Autoren Untersuchungen mit Materialsammlung durchgefi.ihrt (1, 4, 14, 15, 

21, 22, 25, 26, 28, 30), <loch kann hier nicht einmal auf alle der wichtigsten hinge
wiesen werden. 

E. Quitt verweist hinsichtlich der Entstehung des Mikrol,limas der Hohlen
auf die Rolle einiger geomorphologischen Gesichtspunkte (29.) Jakucs erschliefit 
in seinen grundlegenden Arbeiten die Genetik der Karstentwicl,lung (19) und 
bereits gibt friiher eine genetische Klassifizierung der Hohlen (20). 

Geiger erarbeitet die Syn.these des Klimas der Hohlen als unterirdiscl1e1· 
Grotten. Er meint: ,,Fur <las Mikroklima der Hohlen ist von entsci1eidende1· 
Bedeutung, ob die Hohle nur einen Eingang hat oder ob sie deren zwei oder 
mehrere besitzt'' (14). 

Wir gehen bei der Untersuchung der bestimmenden Faktoren des Hohlen
klimas von der These aus, dass die Hohle Bestandteil einer jeweiligen Land
schaft, ein im Gestein der harten Erdkruste auf natiirlichem Wege entstandener 
Hohlraum ist, der <lurch seine spezifischen geologischen, geomorphologiscl1en 
und klimatologischen Gegebenheiten zur eigentiimlicl1en F ormstruktu1· diese1· 
Landschaft h<!itragt. Das Klima der Hohle aber wi1·d von der Energiebilanz 
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bestimmt: Dieser Ene�giebilanz wird von drei Faktoren entscheidend gestaltet:
1. Die als Ergebn1s der Entstehung der Hohle zustande gekommene Mor

phostr�ktur (geomorphologische Struktur ). 
2. Die fiir die jeweilige Landschaft - in der sich auch die Hohle befindet -

charakteristischen klimatischen Verhaltnisse der Oberflache. 
3. Die Energien des Erdinneren.
Es ist je Hohle unterschiedlich, welcher von den Faktoren .primar zur

Geltung kommt. Die geomorphologische Struktur, die die Hohlen <lurch ihre 
endgi.iltige Ausbildung - worunter ihr gegenwartiger Zustand verstanden 
wird - erhielten, bestimmt aber, in welchem Masse und nach welcher Art das 
Klima der einzelnen Hohlen <lurch das Oberflachenklima gestaltet wird. Uber
blicken wir als Beispiel die charakteristischen Angaben der folgenden Hohlen. 
Die Beispiele wurden in Si.id-Nord-Richtung, annahernd am gleichen geogra
phischen Langskreis mit einem U nterschied von nahezu einem geographischen 
Breitengrad ausgewahlt. (Tab. 1). 

Tab. 1 

I 

Lage iiber 
Die fi.ir die Hohle charakt. meteorologi-
schen Angaben (Jahresdurchschnitt) 

dem 
• 

Geogr. Charakter 
Name Meeres- Gestein Breite der Hohle 

spiegel in rel. L W-dampf-
m oc feucht. druck L-stromung

mm 

Telki- 48°

30' 296 Riodacit 4,4 95 5,3 
•• 

veran- Kalt 
banya derlich 
Baradla 48°29' 331 Trias 9,9 97 9,2 

'' Tropf-
l(alkstein stein 

Dobsina 48°51' 971 Trias -0,9 98 4,5 
'' Eis-

. 

Kalkstein . 

Bela- 49
°14' 972 Trias 5,2 93 

'' Tropf--

Hohle Kalkstein stein 
. 

Es 1,ann auch ein Hohlenpaar genommen werden, bei dem das Ober
flacl1enl,lima infolge der gleichen geographischen Lage vollkommen gleich ist, 
die Entfernung kaum einige Kilometer betragt, wie z. B. die Hohlen von De
manova. Die eine ist trotzdem Eis-., wahrend die anderen Tropfsteinhohlen 
sind. Unsere eingehenden Forschungen bestatigen., dafi das Hohlenklima nicht 
blofl von den groflen Strukturformen sondern auch den innerhalb der Hohle 
vorhandenen abweichenden Formen, wie Litoklasen, Tuben, Gesteintriimmern, 
l{leineren oder grofleren Salen, engen Fluren., seitengangen usw. beeinflufit wird. 
·.A.uf weitere Einzelheiten kann hie1· nicht eingegangen werden, wie auch wegen
Raum- und Zeitmangel hier nicht ausfiihrlich erortert werden kann, mit welcher
Effektivitat bei gegebener Morphogenetik das Hohlenklima von den Wetter
verhaltnissen und dem IZlima der Atmospahre der Oberflache beeinflufit,
respektive gestaltet wird.
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I. Fodor

SUMMARY 

The factors by which the microclimate of different caves can be classified approximately, 
were looked for on the basis of the results of the international scientifical literature and my 
researches in cave-olimate. Our conclusion can be drawn as follows: the climate of cave is 
determined by its energybalance. This energybalance is formed by three factors fundamen
tally: 

1. morphostructure existing as a result of formation (development) of the cave.
2. microclimatic condition, characteristic for the given region in which the caves can be

found; 

3. energies inside the earth.
Which of the factors will be primary effectiv is different by the caves. The geomorphology

of caves given by their final developmant - the present stadius should be understand by 
this - will however determine how and in which degree the surface-macroclimate forms the 
microclimate of the single caves. 

LITERATUR 

BAUMGARTNER A.: Meteorologische Beobachtungen am Holloch. (Kleines Wassertal) 
21. X., 14 Abb., Meteorol. Institut, Miinchen 1950.

BERENYI D.: Mikroklimatologie. Mikroklima der Bodennahen Atmosphare. Akademiai 
Kisd6, Bp. 1967. 

BERENYI D.: Mikroklima in Tokajer Weinkellern. Urania, 1958, 4. 
' 

BERENYI D. - JU STY AK J.: Mikroklimatol6giai megfigyelesek az Aggteleki-cseppkobar-
langban. Kossuth L. Tudomanyegyet. Met. Int. Kozlem. 17, sz. Debrecen, 1960. 

BOCK H.: Matematisch-physikalische Untersuchung der Eishohlen und Windrohren im 
Sammelwerk ,,Hohlen im Dachstein''. Graz, 1913. 

CRAMMER H.: Eishohlen- und Windrohrenstudien. I. Bd. d. Abhandl. d. geogr. Gesellscl1., 
Wien 1899. 

CRAMMER H.-SIEGER R.: Untersuchungen in den C>tscherhohlen. Globus 75, Nr, 
20, 21 (1899). 

FODOR I.: Az abaligeti barlang mikroklimaja es hatasa az elo szervezetre. Pecsi Mtiszaki 
Szemle, 1969, julius-szeptember, XIV, evf, 3. szam. 

FODOR I.: Az Abaligeti es a Baradla barlangok legaramlasi viszonyai. Magyar Tudomanyos 
Akademia Dunantuli Tudomanyos Intezete., Kozlemenyek 11, Pees., 1970.

FODOR I.: A Baradla- es az Abaligeti-barlang legnedvesseg viszonyai. Komplex Foldrajzi es 
Tortenelmi Kutatasok ujabb eredmenyei a Dunantulon., Bp., 1972.; 

FODOR I.: Adatok a Karpat-medence jegesbarlangjainak mikroklimajahoz. Komplex Fold
rajzi es Tortenelmi Kutatasok ujabb eredmenyei a Dunantulon, Bp., 1972. 

FODOR I.: A Baradla- es az Abaligeti-barlang l1omersekletenek vizsgalata. Foldrajzi � .. anul
manyok a Del-Dunantul teri.ileterol. Bp., 1970. 

FUGGER E.: Eishohlen und Windrohren, 24-26. Jahresber. d. K. K. Oberrealschule in 
Salzburg. Beobachtungen in der Eishohle des Untersberges bei Salzburg. Mitt. d. Ges. f. 
Salzburger Landeskunde 28, 94 (1888). 

GEIGER R.: Das Klima der bodennahen Luftschicht. Braunschweig., 1961. 
GRESSEL W.: Uber die Bewettenung der Alpinen Hohlen. Meteorologische Rundscl1a11, 

1958, 2 H, 11, J. 
HA USER- OEDL: Bericht i.iber die Eisverhaltnisse der Hohle im Tennengebirge. Akademi

scher Anzeiger, Nr. 11, Akademie der Wissenschaften in Wien, Sitzung der mathema
tisch-naturwissenschaftlichen Klasse vom 6. Mai 1921.

J AKUCS L.: A Beke-barlang felfedezese. Bp . ., 1953., Mi.iv. Nep. 
JAKUCS L.: A hevforrasos barlangl�eletkczes. Hidr. Kozl., 28., evt·., Bp., 1948. 
J AKUCS L.: A karsztok morfogenetikaja. A karsztfejlodes varienciai. Akademiai I<.iad6., 

222 



Bp., 1971. 
JAKUCS L.-KESSLER H.: A barlangok vilaga. Bp., 1962. 
LAWRENCE E. N.: The microclimatology of caves.: Die Mikroklimatologie der Hohlen: 

Wheather, 10, 2, 1955. 
LUKIN V. Sz.: Temperaturni.ije annomalii b nescsem preduralja a kriticseskij analiz teorij 

podzemnovo holoda. Pescser, 5, 1965, Perm. 
OEDL R.: Uber Hohlenmeteorologie, mit besonderer Ri.icksicht auf die groBe Eishohle im 

Tennengebirge (Eisriesenwelt) Meteorolog Z. XL, 1923, H, 2. 
PENCK A.: Die Temperaturverhaltnisse der Grotte von St. Ganzian bei Triest. Meteorol. 

z., v. 1889. 
PETROVIC S.: Mikroklimaticky prieskum ladovej jankyne u Dobsine: Mikroklimatische 

Untersuchung der Dobschauer Eishohle (Slovakei). Meteorol. zpravy, 4, Praha 1952. 
POLLI S.: Meteorologia ipogea nella Grotta Gigante presso Trieste. Atti I. Congr. Int. 

Speleol. 1953. 
POLLI S.: Meteorologia ipogea nella Grotta Sperimentale ,,C. Doria'' del Carso di Trieste. 

Atti II. Congr. Int,. Speleol., Bari, 1-8 ctt, 1958. 
POLLI S.: Sulle Misure di meteorologia ipogea.: 'Ober spelcometeorologische Messungen. 

Atti VI. Congr. Nsz. Speleol., Trieste 1954. Trieste 1956. 
QUITT E.: Mikroklimatische Verhaltnisse in den Hohlen des Mahrischen Karstes. Wetter 

und Leben, 1962. 
RAJ MAN L., RODA S., KLINCKO K.: Moznosti speleoklimatickej terapie v gombaseckej 

jaskyni. Martin 1971. 
ROSCHKOTT: Uber Temperaturverhaltnisse in Hohlen. Meteorol. Z., Heft 2, 1921. 
STEINER L.: Die Temperaturverhaltnisse in der Eishohle von Dobsina. Meteorol., Heft 7, 

1922. 
TROMBE F.: Traite de Speleologie. Paris 1952 . 

• 

' 

• 

223 

•





lnte_rnational Speleology 1973, 111, sub-section Cb: Geographical factors in karst erosion 

Cb 003 

REMARKS OF THE USE OF QUANTITATIVE METHODS
TO KARST DENUDATION VELOCITY

Jerzy Glazek 

Institute of Geology, Warsaw University, Poland 

Maria Markowicz-t.ohinowicz 

Institute of Geology, Warsaw University, Poland 

. .

Ab s t  r a c t  : La methodc universelle de calcul de !'influence du climat et de la litho
logie sur la vitesse de la denudation karstique doit etre basee sur les principes 

, simples et logiques. Les resultats de ces calculs ne peuvent pas etre consideres 
en tant que mesures reelles de l'abaissement ou du delavage d'une roche con
crete, mais seulement comme un indice statistiquement reel. On ne calcule 
la hauteur o·u le volume que d'une roche conventionelle. De plus les resultats 
de ces calculs sont charges d'une erreur de l'ordre de 20 a 50 % . 

Dans la formule de J. Corbel ii faut admettre E en tant que difference 
entre la precipitation moyenne annuelle et !'evaporation moyenne annuelle 
observee sur le terrain, de meme que X en tant que la teneur moyenne annuelle 
en sels dissous. 11 est juste de calculer separement l'indice de denudation 
carbonatee (Xe), admettant en tant que T la durete carbonatee ainsi que la de
nudation karstique (TK), pla�ant dans la formule la mineralisation totale en tant 
que T. Ces deux indices consideres en commun illustrent clairement les diffe
rences lithologiques. Les exemples de calculs, effectues en Pologne montrent 
que les dolomites subissent une denudation quelques fois plus rapidement que 
les calcaires. 

INTRODUCTION 

During the last decade the main problem in karst investigation was to determine 
the rates of denudation and to assess relative significance of various factors 
controlling karst development (e.g. Gradzinski & Radomski 1963; Rudnicki 
1967; Glazek 1970; Waltham 1972; Panos 1972; Pulina 1972; Balazs 1973). The 
only available way for such evaluation is the application of quantitative methods. 

GENERAL REMARKS 

Among the many attempts of quantitative determination of the karst denudation

rate (e.g. Corbel 1959; Bogli 1960; Coward 1971; Howard 1971, Beckinsale 1972)

the only method widely used was that proposed by J. Corbel (1959, cf. also

Garns 1966; Groom & Williams 1965; Markowicz-Lohinowicz 1968; Kotarba

1971). This enables a comparison of data obtained with similar initial as-

sumptions. 
J. Corbel (1959, 1971) has given the following empiric formula for de-

termining the denudation of limestone regions: 
4ET 

X -
100

- m3/km2 yr or mm/1000 yr, 

' 
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where E - is the mean annual effective outflow (in dm), T - the content of 
dissolved salts in water (in mg/dm3). 

Several calculation means of these . parameters were given by J. Corbel 
( 1959, 1971) each of them being charged by some errors depending of used 
presumption. Other authors (e.g. Groom & Williams 1965; Pulina 1968; Garns 
1966; Beckinsale 1972) starting from different presumptions, proposed some 
modifications to Corbel's formula. The aim of these modifications was aspiration 
to determine real quantities of dissolved carbonate rocks. It lead to objective or 
only subjective more accurate results in a definite described situation ( e.g. 
Groom & Williams 1965; Garns 1966; Pulina 1968; Beckinsale 1972). These 
modifications lead to different values of the denudation rate coefficient due to 
different initial presumption and making more d.ifficult comparison of results. 
These results are charged with different errors depending on different assump
tion. Beside that, the authors using J. Corbel's formula do not precise the means 
of determination of parameters put in to calculation. 

J. Corbel accepted 2,5 g/cm3 as an, average specific weight of soluble rocks.
Groom & Williams (1965) modified the formula according to different specific 
weight of soluble rocks. But this weight may change within the limite 2-4 g/sm3

• 

We are sure, that the specific weight changed in broad limite from layer to layer, 
and the mean used by J. Corbel is sufficient, as the volumetric weight of soluble 
rocks is generally near the value accepted by J. Corbel. 

The significant differences are a result of the acceptance of the evaporation 
values by calculating the E parameter according to the formula E - P - D, 

where Pis the mean annual precipitation in decimeters, Dis the annual evapo
ration in decimeters. J. Corbel (1959) used the theoretically calculated values 
of potential evaporation ( on the basis of the mean annual temperature), hence 
with respect to arid areas the index values were distinctly lowered ( cf. Pulina 
1968, Markowicz & al. 1972). If meteorological data determining the field evapo
ration or individual runoff in a given area are available, the results will be more 
adequate. 

We feel sure that, when computing the chemical denudation index, along 
with the value of the carbonate denudation index (Xe, calculated on the con
centration of the HC0

3 
ions) the value should also be given of the total karst 

denudation index (XK, calculated on the total mineralisation). A comparison 
of the denudation of various karst formations - but exceptionally built of pure 
limestones - is possible only if both the above indices are available. The use 
of Corbel's formula allows to calculate the comparable values defining the rate 
of denudation, as surface lowering of the soluble rocks in mm/ I 000 yr or 
m3/km2 yr also in mm/yr of the conventional soluble rock. This value should 
not be regarded as an absolute measure of denudation, but as an index useful 
in making comparis?ns and permitting approximately to determine the effects 
of karst denudation. 

It should be stressed that the calculation of the karst denudation index 
with an exactitude of 0,1 mm/1000 yrs, as is currently practised, is scientifically 
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meaningless. In most publications containing calculations of the denudation 
index, no estimate of the error of the method is given. There is no need to 
explain that the results thus stated are deteriorated by error resoluting from 
errors in all the assumptions and measurements used in computing the para
meters in the formula. According to the authors' knowledge only J. Rudnicki 
(1967) has calculated the error in his computation of karst denudation coefficient 
in Western Tatra Mts. (Poland). He accepted an error of 20 3/0 • On the basis of 
many years observations of the same karst sources in the vicinity of Cz�stochowa 
( cf. Markowicz-Lohinowicz 1968) an attempt has been made here to estimate 
the error. It has revealed that calculation carried out on the same assumptions 
of Corbel's method (taking into account field evaporation) are encumbered with 
the error of c. 10 %, while, taking into account a modification of the method 
(Groom & Williams 1965, Pulina 1968) the error was in extreme case reached 
50 %. Hence, it may be concluded that under favorable conditions (available 
mean data collected over a number of years on precipitation., field evaporation 
and variability range of the chemical composition of water), the karst denudation 
index is burden to an error reaching 20 °/0 • If these data are not available and 
if denudation is determined on single analyses, on potential evaporation etc., 
the error of this method may even exceed 50 %.

But even the magnitude of the error of this method does not cancel . the 
geomorphological significance of the index of chemical karst denudation, because 
its values, calculated under various climatic and geological conditions, differ 
by several orders of magnitude and agree with geomorphological observations. 
However, the geomorphological significance is indicated only by. the magnitude 
order of the index and not by its absolute value in each single calculation. 

It should be stressed that data obtained by investigating waters from springs 
of the exsurgence type have a far greater geomorphological value, both in 
drawing conclusions concerning climatic influence ( cf. Harmon & al. 1972) and 
the effects of lithology on karst denudation as compared with data obtained 
from studies of river water. Data on waters from springs of the resurgence type 
are of intermediate value. During the calculation of karst coefficient in the 
industrial and/or dense inhabited areas even in karst source waters it is necessary 
to evaluate the precipitation water pollution ( cf. Oleksynowa 1966, Markowicz
Lohinowicz 1968, Jacobson & al. 1971, Kolodyazhnaya 1970). Moreover, due 
to pollution the analysis of river water may be completely useless· in such areas. 

SOME EXAMPLES 

The authors investigated three morphologically dissimilar areas of Poland: Polish 
Jura Chain., Holy Cross Mts. and Western Tatra Mts. The denudation inde?( 
has been established after Corbel's formula; the value E was calculated on data 
cited by Schmuck (1969), the value T was accepted on results of chemical 
analyses: the carbonate hardness, expressed !n _m�/1 �aCOa, to det�rmine the
carbonate denudation., and the mean total m1neral1zat1on, expressed tn mg/1 of 
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the dissolved salts, to determine the total karst denudation. The main charac
teristics of these areas are here considered (tab. 1): 

Tab. 1. 

Data Area 
•-----------

1. Altitude a. s. 1.
2. Denivelation between

· infiltration zone and ex
surgence zone

3. Type of g�ological
structure �nd of water
circulation

4. Lithology
• 

•. 

5. Mean annual temper
ature

6. Mean temp. of the
warmest month

7. Mean temp. of the
coldest month

8. Mean annual

/ Polish Jura Chain I Holy Cross Mts. !western Tatra Mts. 

300-500 m 200-600 m

100-200 m c. 100 m
Monocline dipping Block-folds, local 
2-5° to NE, re- ''nappe en reseau'' 
gional ''nappe en 

1100-2200 m 

500-1000 m
Alpine structure, 
single branch\vork 

reseau'' 
Limestones and Limestones, dolo- Limestones, dolo-
marls on the im- stones and marls 
pervious rocks separated by im

pervious rocks 
I 

c. 7.5°C (1) 6-7°C (1) 

17.5 to 18°C (1) 16.5 to l 7°C (1) 

-2 to -3°C (1) -3 to -4°C (1) 

stones and marls 
separated by im
pervious rocks 

-2 to +4°C (2) 

< 14.5°C (1) 

< -6°C (1) 

precipitation 600-700 mm (1) 600-700 mm (1) 1400-1800mm(2)
9. Mean annual field

. 

evaporation c. 460 mm (1) c. 450 mm (1) < 350 mm (1) 
10. Mean annual potential

• evaporation 
11. Total hardness ppm

CaC03

12. Carbonate hardness
ppm CaC03 

700-800 mm (1) < 700 mm (1)

100-250 (3) 150-650 (4)

13. Totalmineralization ppm
100-200 (3)'
250-500 (3)

125-425 (4)
200-900 (4)

< 500 mm (1) 

100-170 (5)

75-150 (5)
100-200 (5)

14. Denudation rate,
mm/1000 yrs
a) according to Corbel'
formula

Xe 
XK 

b) according to Pulina's
formula D 

15- 19 (6)
9- 16 (3)

21- 36 (3)

10- 32 (8)

-

10- 45 (4)
20-150 (4)

-

c. 50 (7)
45-85

108-140; 36-95 (2) 

50-54 (9)

(1) after Schmuck 1969; (2) after Kotarba 
_
1971; (3) after Markowicz-Lohinowicz 1973

(thesis, unpublished); (4) af�er Glazek and Markowicz-Lohinowicz 1973; (5) after Oleksy
nowa 1970; (6) after Markowicz-Lohjnowicz 1968; (7) after Rudnicki 1967· (8) after Pulina 
1971; (9) after Pulina 1972. 

' 
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Tab.2 

Data 
. 

Locality of sampling 

I. We s t e r n  T a t r a
M t  s.

1. Koscieliska 2 ( Smytnia)

.

2. Koscielis,ka 8b
(Raptawicka)

3. Koscieliska 9 (Pisana)
4. Koscieliska 11

(Lodowe Spring)
5. Bramkij 1

. 

II. Ho 1 y C r  o s s Mt s.
I. Gniewce

2. Lesica I

3. Checiny II

III. P o 1 i s h J u r a
C h  a i n

1. Dzialoszyn

2. Zloty Potok
(Zygmunt Spring)

3. Bz6w

. 

Carbo-
nate 

hard-
ness 
ppm 

CaCOa 

100 

. 85 

75 

90 

. 

·160

125 

290 

450 

130 

160 

160 

Total 
. 
. 

m1nera-
lization, 

ppm 

190 

125 

·130

115

175 

230 

380 

870 

. 

, 

350 

350 

. 

500 

Denudation rate 

Mg: Ca Lithology of infiltration 
• mm/ ration yrs 1000 

XK 
zone 

Xe 

0,67 60 115 Middle Triassic .thin
bedded dolostone-lime-
stone sequence 

0,60 51 75 
fUpper Jurassic - Lower 

0,55 45 78 { Cretaceous thick bedded 

0,55 54 69 
l Iimestones

.

1,00 83 91 Middle Triassic thin 
bedded dolostones 

0,33 10 19 Lower '' Muschelkalk'' 
limestones and mar ls 

0.,25 23 30 Upper ''Muschelkalk'' 
limestones and mar ls 

0,80 36 70 Givetian dolostones 
.

.

0,10 10 28 Oxfordian limestones 
· and mar ly limeston·es

0.,03 13 28 Oxfordian limestones.,

mostly ''felsenkalk''
.0.,15 13 40 Lower-Middle Oxfor.dian 

mar ls and thin bedded 
limestones 

The differing values of the denudation rate for the same area shows the 
influence of the cited authors' assumptions, of the differential solubility ( or 
relative resistance) of different carbonate rocks (cf. Glazek & Markowicz
Lohinowicz 1973) and of climatic changes (cf. Kotarba 1971). 

Within each of the investigated area different carbonate rocks occur on the 
surface, whereas the climatic conditions are similar in general. Data in tab. 2 
illustrate the differential denudation rate depending on rock solubility. 

CONCLUSION 

1. The strong differentiation of chemical denudation rate dependent on the
lithology of carbonate rocks shows the importance of Corbel's (1959) chemical 
denudation index with regard to geomorphological speculations under similar 

climatic conditions. 
2. In view of the lithological ·differences not only hardness as ppm CaC03
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calculated from HC03 but the sum of ions, too, should be taken into account 

in calculating of above index. 
3. Since the karst denudation index thus determined is usually affected by

an error of at least 20 %, thus the magnitude order of this index, and not its 
absolute values, is of the geomorphological importance. 

4. In different climatic conditions the index values may be similar due to
difference of rock lithology and solubility. 

5. It seems to be unrealistic to present a comparative study of climat
influence over the surface karst morphology ( e.g. Balazs 1973) without recog
nising geology and structure of an area. The development rate of the surface 
and underground features is controlled by climatic factors, but their morphology 
and distribution is controlled by local geology. 

I 
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Cb 004 

0 IIPHOPHTETE B OTKPhITHH RBJIEHHH 

KOPP03HH CMEillHBAHHH 

HnKOJiaii A. rB03,I:(C�KHH 

MI
""

Y, reorpacp0:qecK11H cpaKynnTeT, MocKBa, CCCP 

Bonpoc O IlO.HBJieHHH arpeCCHBHOCTM npH CMelllHBaHHH ABYX HearpeCCHBHbIX BOA 

nepBbIMH Bbl.HCHHJIH COBeTCKHe HCCJie)];OBaTeJIH A. H. ByHeeB (1932) H <P. <t>. 

JianTeB ( 1939). <I>. <I>. JianTeB yKa3aJI, qTo 3TO .HBJieHHe HMeeT B8lliHOe 3Ha'l!eHHe 

)];JI.H pa3BHTH.H no,n;3eMHbIX cpopM KapcTa Ha 60JiblllH?{ rny60:Hax H B006m;e B MeCTax 

nepece'l!eHH.H TeI{TOHH'l!eCI{HX TpeI.I.J;HH, r,rr;e npOHCXO,[(HT CMellIHBaHHe BO,!J; pa3Horo 

COCTaBa. Ilpe,n;cTaBJieHH.H <t>. cf>. JianTeBa no 3TOMY BOnpocy 6nIJIH H3JIO)l{eHbl 

HaMH B o6oHx H3.D;aHH.HX MOHorpa<pHH <<KapcT>> (rao3,n;eQKM11, 1950, 1954). 0,u;HaI<o, 

B 3ana,n;HOeBpone�CKOH JIHTepaType 3TO .HBJieHHe 6bIJIO ocaem;eHO JIMlllb B rrocne,u;HeM 

,n;ec.HTMJieTMH. B IlOJIY'l!MBllIHX 60Jiblll00'. pe30HaI-IC pa6oTax A .. BerJIH (Bogli, 1963'

1964 a, 6, 1965 H ,n;p.) oHo 1-1a3BaHo 1<oppo311ei:i cMellIHBaHH.H (Mischungskorrosion). 

,Un.a ,[(OKa3aTeJibCTBa Toro, 'l!TO rrpH CMellIHB8HHM ABYX HearpeCCHBHblX BO,!J;, 

y KOTOpbIX CB060,n;Ha.H H CB.H3aHHa.H yrneKHCJIOTa H8X0)];5ITC5I B paBHOBeCHH, )];OJilliHa 

o6pa30B8Tf:,C5I arpeCCHBH85I BO,n;a, A. EerJIH rrpHMeHHJI rpacpH'l!eCI<HH MeTo,u;, IIO 

cym;eCTBY' TO}K,D;eCTBeHHbI0'. MeTo,[(y <I>. <t>. JlanTeBa (CM. pHC. 1 H 2). Pa3HHQa 

COCTOHT B TOM' qTO KOJIH'l!eCTBO cao6o,o;HOH yr JieI<HCJIOTbl HaHeCeHO Ha pa3Hble OCH 

I<OOp,il;HHaT: y A. BerJIH cao6o,o;Ha5I yrneI{HCJIOTa - Ha OCb a6CQHCC, y <t>. <t>. Jlarr-_ 

TeBa - Ha OCb Op,D;HHaT' B CB5I38HHa5I - Hao6opoT. I{poMe Toro Ha rpa<pHKe <t>. <t>. 

JlanTeBa )];JIH onpe.n;eneHH5I KOJIHqecTBa arpeCCHBHOH yrJieKHCJIOTbl HaHeCeHbl ,u;o

IlOJIHHTeJlbHbie JIHHHH, M,o;ym;He CHM6aTHO c JIHHHeH paBHOBeCHH. Ha rpa<pHKe llie 

A. BerJIH KOJIHqecTBO arpeCCHBHOH yrJieKHCJIOTbl (T. e. CB06o,o;HOM -yrneKHCJIOTbI,

Haxon.aweHCH B H36bITKe no OTHOilleI-IHIO K paBHOBeCHIO )" onpe.n;enHeTCH 0Tpe3KOM

npHMOH, rrapannenhHOH ocH a6cQHCC. 

TaI<HM o6pa30M, <t>. <I>. JlanTeB Ha 25 JieT npe,n;BOCXHTHJI BbI3B8Blllee CeHca-

D;HIO OTKpblTHe A. BerJIH. 3arra,o;HOeBporrei1cKHe H aMepHK8HCKHe KapCTOBe)];bI, 

IlHCaBllIHe rrocne A. EernH O Kopp03HH CMellIHB8HHJI, B rro,n;aBJIHIOm;eM 60JibllIHH

CTBe He CCbIJiaIOTCH Ha <I>. <I>. JlarrTeBa KaK rrepBOOTKpbIBaTeJifl HBJieHHH, O'l!eBH,IJ;

HO He 3Ha5I ero pa60Tbl H CCbIJIOK Ha Hee B COBeTCl{OH KapCTOBe,n;qecKOH JIHTepa

Type (cM., HarrpHMep, Howard, 1966; Hedges, 1967; Tell, 1968). BeHrepCKHH 

KapcToae,u; ,U. Banalli (Balazs, 1966) B pe3IOMe caoeH cTaTbH cTaBHT cpaMHJIHH 

JlarrTeBa H BerJIH p.H,D;OM, KaK 6hi pa3,o;eJI.H5I 3THM Melli,o;y. HHMH rrpHOpHTeT B OTKpbI

THH, qTo BPJIA JIM rrpaBOMepHO, IlOCKOJlbKY <I>. <t>. JlarrTeB H ero rrpe,n;llleCTBeHHHK 

A. H. EyHeea HaMHoro orrepe,n;HJIH A. Eern1-r.!,., 

A. ,u. roaap.n; (Howard, 1966) npo113aen ---;reopeTHtiecKHH pacqeT Ha ocHoaa-

HHH H3BeCTHbIX KOHCTaHT paBHOBeCHH Melli.n;y KOMIIOHeHT8MH B B0,D;HOM paCTBOpe 
•• 

6HKap6oHaTa K8Jlbll;HJI H IlOKa3aJI, qTo rronyqeHHbie HM ,rr;aHHbie COOTBeTCTBVIOT 
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PHC. 1. qepTe}I<H, IlOHCH.8:IOI.I.'(He arpeCCHBHOCTb C.l\'1ec.0 ABYX HearpeCCHBIIbIX BOA, no <P. cp. Jiarr

TeBy. A - COOTHOIIIeHHH CBH3aHHOH yrneI<HCJIOTbl H CB06op;HOH B CMeCHX BO,z:r;. B - IlOHCHeHHe 

arpecCHBHOCTH CMeCI-I ABYX HaXO,D;HI.I.'(HXCH B paBHOBeCMH IiearpeCCMBHbIX BOA Ha rpacpHKe AJIH 

BbllfHCJieHHH arpeCCHBHOH yr JieI{HCJIOTbl. 
., 

IIOcTpoeHHHM Eern11, ocHoBaiiHhIM Ha orrhITHhIX ,n;aHHhIX T11JIJibMaHca H UeeH,n;epa, 

IllT10l\il\-1a, <l>Hrnepa. 

AMepHKaHCKMe KapCTOBe,D;bl H crreneonorH HaXO)];HT B CBOHX rreru;epax IIOJIOCTH' 

no,n;o6Hbie OTMeqeHHbIM A. EerJIM, KaK B03HHKaIOru;He rrpH KOpp03HH CMeIIIHBaHHH 

(Hedges, 1967). HaMH no,n;o6Hbie cpopMbI Ha6n10,n;an11cb B neru;epax KaBKa3a. 

<t>opMbI THna rroJiocTeir Koppo3HOHHoro pa3MbIBa (Korrosionskolke) HaMH OTMe

qeHhI B pHp;e neru;ep 3anap;HOH qacTH lO)l{HOro CI{JIOHa EoJiblllOro KaBK83a, I-IaIIpH

Mep, B COBeprneHHO cyxoir ceii:qac rreru:epe y c. KpaCHOBOJibCK, Ha p. XocTe (I'B0-

3)];eQKHH, 1959).

n. TeJIJI (Tell, 1968) He CO.l\ilHeBaeTC5I B cyru;ecTBOBUI-IHH H 3HaqeHHH Koppo-

31'111 CMelllHB8HHH. Op;HaKO, OCHOBbIBa5ICb Ha ,u,aHHbIX HCCJie,D;OB8HHH, npoBe,n;eI-II·IbIX 

HM B rpOTe nyMMeJiyHp;a (o. I'OTJiaH,n;, lliBe�HH), OH Cl.!HTaeT, qTo 11pH O�"b.HCI-IeHHH 

I10,D;3eMHOro BbI�eJiatJHBaHHH B IIe�epI-IbIX CHCTeMax B cnyqae BTeI{aHHH B 1-IHX 
. 

BO,!:(, Y}I{e H8CbllQeHHbIX 6HKap60H8TOM KaJib�H5I, CJiep;yer yqHTbIB8Tb B031VJ.0}!{-
HOCTb p;eii:CTBH5I H ,n;pyrHX cpaKTOpOB .. no ero .l\ilHeHHIO, oco6oe BHHM8I-IHe HY}KHO, 
o6paTHTb Ha H3yl.!eHHe COCTaBa BTeKaIOI.QHX B IIe�epHbie CHCTeMbl BOA. B QeJIOM
OH npHXO)];HT K 38KJIIOqeHHIO O Heo6xo)];MMOCTH ,n;aJibI-IeHllIHX liCCJie,n;oBaI-IHH, 6onee
o6mHpI-IhIX H 60,!Iee TO't.!HbIX, l.!eM pa11ee. . 

.. 
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Pnc. 2. qepTe>I<, IIOHCHHIOmIIH arpeccHBHOCTh CMeCH .r(Byx HaXO,r(H�HXCH B paBHOBeCHH 

HearpeccHBHbIX BO,n;, no A. EerJIH (BOCIIpOH3Be,r,;eH C yrrpomeHHeM). 

A. EerJI!l C'llHTaeT, l.170 AeHCTBHe KOpp03llH CMeUIHBaHH5I npo.HBJI5IeTC.H B TOM

cnyqae, KOrAa KapCTOBhle IIOJIOCTH . �eJIHKOM 3aTIOJIHeHbI BO,D;OH. Me)l(AY TeM, 

,I(. Eana>K (Balazs, 1966) 1-ra6nroAaJI B neI.Qepax ceBepHoii BeHrpHH cpopMbI BbI-
V menat.IHBaIIHH, CB.H3aHHbie C COBpeMeHHbl�l p;eHCTBHeM K0pp03Hll CMeUIHBaHHH, Ha 

CTeHax nemep C pyt.In.HMI,I. Oco6eIIHO CHJibHOe AeHCTBHe OKa3bIBaeT CMeUIHBaI-IHe 

rrpoca't!HB8IO�HXCH BeCHOH B rremepbI M.HrI<MX T8JibIX BOA C }KeCTI<Hl\iH 1<apCTOBbIMH 

BOA8Mll. 3TO Ot.IeHb nerKO TIOH.HTb, BOCTIOJib30BaBillHCb rpacpHI<0.1\1. cp. <t>. narrTeBa 

(pHC. I) . B 3TOM cnyqae TO'llI<H CMernaHHbIX BOA pacnOJ10)!{8TCH ria KpllBOH paBI-IO

BeCHH B 60JiblIIOM YAaJieHHH Apyr OT p;pyra., II Il03TOMY npHMaH JIHHH.H, coeAHHH

IOI.QaH 3TH TO'llKH, -npOMAeT AaJieI<O OT KpHBOH paBHOBeCHH BHYTPH ee H3rH6a, 

IIOI<a3bIBaH BhICOKYIO arpeCCHBHOCTb CMeCH BO)];. 

N. A .. Gvozdetsky (USSR) ' 

ON THE PRIORITY IN THE DISCOVERY OF THE PHENOMENON 

OF MIXTURE-SOLUTION 

SUMMARY 

For the first time Soviet investigators A. N. Buneyev (1932) and V. V. Laptev (1939) discov

ered the question of the aggression appearence while mixing two non-aggressive waters. 

V. V. Laptev pointed out that this phenomenon had a great significance for the development

of buried karst forms at big depths and in general at points of tectonic joint intersections

where the mixture of waters of various compositions occurs. This phenomenon was spotlighted

in West European literature only in the last decade. It was called mixture-solution (Mischungs

korrosion) in Bogli's papers which secured a great response.

A. Bogli utilized a graphical method i11 essence similar to Laptev's one in order to prove

tliat an aggressive vvater must be generated \vhile mixing two non-aggressive waters whose 

free and combined carbon dioxide is in equilibrium. 
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So that V. V. Laptev anticipated A. Bogli's discovery which caused a sensation for twenty 
five years. In most cases American and West Europian karst investigators who wrote about 
mixture-solution did not make any reference to V. V. Laptev as a pioneer of this phenomenon 
apparently not knowing his papers and references to them in Soviet karst literature. In the 
summary of his paper the Hungarian karst investigator D. Balazs (1966) featured Laptev's 
and Bogli's names together as if, sharing by this the priority of this discovery but it is scarcely 
rightful as V. V. Laptev and his predecessor A. N. Buneyev outstripped A. Bogli. 
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Cb 005 

LIMESTONE SOLUTION INTENSITY IN A KARST AREA 

IN LAPLAND NORTHERN SWEDEN 

Ulf Hellden 

Department of Physical Geography, University of Lund, 
Sweden 

INTRODUCTION 

A karst area on Artfjallet (fig. 1) was investigated for morphology, hydrology 
and chemical processes during the period 1970-72. The karst area is situated 
in the Caledonian Mountain Range, south of the Lake Over-Uman in the County 
of Vasterbotten. Mainly hydrological and chemical data from the period May -
August 1971 are presented in this paper . 

.

GEOLOGY 

The bedrock is an integral part of the low-grade metamorphic series of the Seve
Koli nappe, which constitutes the borderline towards the high-grade meta-
morphic bedrock of the Rodingfjeld nappe. The former is mainly composed of 
micaceous schists, phyllites, greenstones, migmatites, quartzites and limestones 
(IZulling 1955). The kars·t belt, which is 2.4 km2 in area, is built up. of partly 
crystalline, folded. limestones, which form beds varying in thickness from a few 
cm to more than ·o.5 m. The limestone is probably of Ordovician age. The 
karst belt is surrounded by migmatitic greenschists interspersed with winding 
bands of quartz. The contact zoq.e between the limestone and greenschist 
consists of calcareous and quartz if erous phyllite. 

The chemical composition of the limestone varies considerably in this area 
and the bedrocl< is sometimes dolomitic. The table below gives analyses of two 
samples. The analyses were carried out by Zoltan Sol yum · at the Institution 
of Mineralogy and Petrology, University of Lund. 

Tab. 1 

The chemical composition of two limestor1:e samples from Artfjallet 

--------

Sample 

1. 

2. 

;.,..._ ___ , ____ 

-·

% CaO % 

40.0 

31.1 . 

MgO % CO2 % Fe203+FeO 

4.9 35.8 0.9 

18.1 43.6 0.1 
-

Miscellaneous 

. 18.4 

7 .1 

Si 02, Na20 and Al203, can primarily be referred to the category ''miscellaneous''. The average 
density is measured at 2.6 g/cm3

•
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Fig. 1. Artfjallet, Sweden. · 

The top parts of the succession strike in a north-easterly direction but at 
the tree line level they turn off in a west-northwesterly direction in the form 
of a giant fold. As the strata are deeply folded, the dip fluctuates and its values 
vary from about 10-50° having a mean value of· about 35°W. The joints strike 
north-northw.est to northeast. 

During the maximum of the latest glaciation parts of the inland ice moved 
from east to west or west-northwest in this region, which is situated to the west 
of the ice-divide. As the thickness of the ice-sheet gradually decreased due to 

melting at the close of glaciation, the highest summits were laid bare above 
the ice surface and acted as barriers deflecting the ice flow. At a more advanced 
stage of deglaciation the ice is thought to have been channeled by the main 
valleys and to have formed valley glaciers. These gradually retreated towards 
the east and thereby created the pre-requisites for the formation of large ice
dammed lakes in the valleys. 

The till cover within the limestone zone has a depth varying from zero to 
about 30 cm. above the treeline and between 30 and 40 cm below this limit. 
The till is sandy and somewhat washed out because of slope processes. The. 
till is sometimes underlain by a thin layer of frost-weathered soil. About 75 per 
cent of the area above the treeline is covered with soil whilst the area below is 
almost entirely covered. 

MORPHOLOGY 

The karst zone has partly been formed through selective glacial erosion, which 
has given rise to a step-like morphol<?gy, so called trippenkarst (Sweeting 1972.). 
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Under the action ?f corrosion and frost weathering a karst landscape has de
v�loped,. characterized by pronounced karst depressions, karren and a highly
d1fferent1ated_ subterra�ean drainage system (Hellden 1973b ). The purpose is
not, as m�nt1o�ed earlier, to present a detailed morphological analysis of the
landscape 1n this paper. A few summarizing data, however, may be noted. 

Tab. 2 

Morphometrical data from the karst area at Artfjallet (2.4 km3)

Depression density 

Average length of depressions 

Average width of depressions 

Average depth of depressions 

Swallet density 

• Rising density

57/km2

Sm 

5 rn 

2.4m 

8.2/km2

6.1/km2

. 

The relationship between the depression type, size on one hand, and the 
.strike, dip and joint orientation of the bedrock on the other hand, is conspicuous. 
On the basis of 100 measured la pies grooves the following mean values were 
derived: Length= 60 cm, dip = 46°, width= 16 cm, depth= 4 cm. 

None of the allochtonous streams that reach the- karst belt flow over more 
than c. 100 m limestone before they disappear in a swallet. The who1e drainage 
pattern is subterranean except during the snow melt period at the end of 
May and beginning of June, when autochtonous melt-water can give rise to 
small brooks. Of the swallets marked on the, map (fig. 2), S1, S2 and S3 absorb 
at least 95 per cent of the allochtonous water discharge. The rest of the swallets 
are more or less intermittent and mainly function during the snow melt period. 
S1 drains the largest brook that reaches the limestone area. It has its source in 
the Gertrud Lakes of which the upper is situated in a cirque ·and the lower is 
dammed by n1oraine material. 

The Sotsbacks Cave, the largest known cavern of Sweden, forms an integral 
part of the subterranean drainage system. It has a mapped length of 1650 m 
and a vertical amplitude of 110 m between the entrance S1 and the innermost 
part 520 m from the entrance. The distance between swallet (S1) and outlet (U1)

is 2200 m horizontally and 250 m vertically. 
The cave consists of an upper dry system and an active lower system whjch 

is drained by the brook that is swallowed at S1• Certain portions of the upper 
tunnel network are filled with thick, well stratified sands. Dripstone formations 
are relatively rare; c. 200 stalactites with a length from some cm up to one dm. 
and one stalagmite of about 10 cm are all that have been found. 
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Fig. 2. Artfjallet karst area. I. engorged eskers, 2. peat-moss, 3. tree-limit, 4. limestone border, 

5. ''Devil's Crater,,, 6. intermittent stream with swallet, 7. permanent stream with swallet,

8. limestone area A, 9. the drainage area of A, 10. karst spring., 11. intermittent karst spring,

12. fossil karst spring., 13. karst depression.

CLIMATE 

The nearest weather station is situated at Hemavan about 25 km to the south
west of the investigated area, in the valley of Ume River, 450 m above sea level. 
The station has observations cont.inously listed from 1965. -The distribution of 
temperature and precipitation over the year is evident from table 3. In order 
to obtain values valid for the investigated area the temperature was adjusted to 
the altitude of 750 m above sea level in accordance with Angstrom's (1938) 

• • 

est1mat1ons. 
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Tab. 3 

Mean monthly precipitation and temperature values for 1965 - 72 

J F M A M I 
Temperature (°C) 

I A s 0 N D Year 

Hemavan -14.9 -13.0 -6.7 -2.2 3.7 10.4 11.0 10.4 5:3 0.4 -�.4 -7.8 -0.8

Temperature .

750 m asl -16.0 -14.3 -8.1 -3.9 2.0 8.6 . 9.2 8.6 3.7 -1.0 -7.0 -8.5 -2.2

Precipitation (mm) 
Hemavan 50 36 69 35 29 41 98 54 65 81 63 64 685 

It should be noted that only 5 months in the ye�r are frost-free and, ac
cordingly, only during this period can corrosional processes take place on the 
ground surface. The subterranean drainage, however, .. continues all the year 
round, although to a minimal extent in the six winter months. The annual 
precipitation of the investigated drainage area, 3.68 km2

, was calculated on the 
basis of the water discharge measurements that were carried out twice a day in 
May-August and once a day during one week in December in 1971. During 
the winter months the water discharge was roughly estimated about once a month.· 
The annual value 1000 mm (1009 mm) was result of these calculations. The 
evaporation was assesed at 150 mm (155 mm) per annum with the help of 
Tamm's formula (Angstrom 1958) E = 30xt + 221. E = evaporation in mm, 
t = annual mean temperature in °C. 

From the valu�s presented it is evident that the climate of the area belongs 
to type �T, tundra climate, according to Koppen's classification (Koppen 1936). 
However, it should be noted that no per�afrost exists in this region. 

On June 11, 1971, about 5 per cent of the ground surface below the treeline 
was covered with snow and 65 per cent above this limit. About J 1:1ne 25 nearly 
all the snow melted away. 

METHODS 

Water samples were collected once or twice a day during the period June
August at the outlet U1 and the swallets S1 and S2• In addition water samples 
were collected once a day at the outlet U1 during May and one week in December. 
In order to avoid CO2 diffusion between the samples and the atmosphere all 
samples were put into glass bottles with rubber plugs and were analysed within 
one hour in a laboratory installed at the cave entrance (U1). The analyses aimed 
at the determination of pH value and the contents of Mg+2 +ca+ 2, HCO;, CO2

and C03-
2

• The total hardness was established through complexometric titration 
with EDT A and Eriochromblack T. In addition alkalinity titration was made 
with 0.02 N HCI and SBV as indicator (Karlgren 1962). Instead of total airing 
with N2-gas CO2 free air was used. This was produced in the following way: 

with the aid of a bicycle pump air was pumped through tubes filled with ascarite 
which had adsorbed all CO2• Alkalinity is expressed in terms of mg. CaCOa/1 
(p.p.m. CaCOa)· 
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The HCO;, CO; and CO2 was estimated according to Karlgren's (1962) 
methods, using the dissociation constants K1 = 3.98 X 10-7 and K2 = 4.2 X 10�

11 

where K1 and K2 are the first and second dissociation constants of carbon acid. 
The error of the methods used is estimated at± 0.05 meq/1 (milliequivalents/1). 
To measure the pH an accumulator pH-meter, type Metrohm E 488, with 
a combined glass electrode, make EA 152 X, was used. 

In order to establish. communication between different swallets and springs 
and to form an idea of the characteristic features of the underground drainage 
system, four tracing experiments were carried out with Rhodamin B. Water 
samples were taken at varying time intervals and analysed two months later in 
an Aminco-Bowman Spectrophotofluorometer. As Rhodamin B is sensitive to 
ultra violet radiation, the sample bottles were stored and wrapped in tinfoil 
(Hellden 1973b ). For calculating the chemical denudation the formula of Corbel 
(1959) slightly modified by Williams (1963) has been used. 

· E(Tc + Tm)n
(I) X = -····-10 D

. 

X = denudation in m3/km2/year or mm/1000 years, E = effective run-off in dm, 
Tc = average Ca-hardness in mg CaC03

/l, Tm = average Mg-hardness in

.mg MgC03
/l, D = rock density in g/cm3

, 1/n = the fractional part of the 
drainage area that consists of limestone. ... 

The denudation has also been calculated on the basis of water discharge 
measurements according to the formula: 

(Trc+m) t

(2) X = 
D .. X A· - -x··-106 •

• 

X = denudation in m3/time unit/km2 or mm/time unit, Trc+m = total transport 
of Ca+2 + Mg+2 from the limestone area expressed in terms of g CaC03

/s, 
t = time in seconds, D = rock density in g/cm3

, A = area of the limestone zone
in km2

•

As pointed out by Beckinsale ( 1972) the above mentioned formulas do not 
provide a measure for the real denudation or for the denudation rate in a karst 
region. Considerable quantities may have gone into solution in subterranean 
drainage systems, which need not necessarily have any effect on the surface. He 
therefore suggests that the limestone solution intensity should be expressed in

terms of m3/yr/m3 limestone. However, there may exist great difficulties in

figuring out the volume of a certain limestone area and therefore the conventional 
method has been employed in this case. 

All figures have a time scale which is relative if nothing else is stated. The 
observations, carried out once or twice a day, are entered in consecutive order 
with the same distance between each of them although lacunae of up to two 
days may occur in one and the same series of observations. Total hardness is 
expressed _ in terms of mg CaC03/l  (p.p.m CaC03) on all figures . 

• 
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RESULTS 

H Y d r O 1 o g Y • 1
"'
11e tracing experiments that were carried out with Rhodamin Bshowed that swallets S1, S2 and Sa had communication with outlet U (Hellden

1973b). . 
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Fig. 3. The water discharge at swallets S 1 and S 2 and outlet U1 • During tl1e snow melt at the 

end of May and the beginning of June up to 60 c¼ of the outflow at U 1 may consists of perco

lation water. The inserted diagram shows water discharge, water temperature and free CO2

concentration at U1 during the period May 9-May 19, 1971. 

The water discharge at the two swallets S1 and S2 and at outlet U1 is shown 

in fig. 3. U1 has a calculated annual mean value of 105 1/s and delivers water all 

the year round. During the one week long measuring period in December 1971, 
after more than one month's frost, an average water discharge of 50 1/s was 

recorded. The average during the period September-April has been rot1ghly 
estimated at 25 1/s which is thought to be a minimal value. Most of this winter 
flow originates from snow and ice melting in the contact zone between relatively 
warm cave atmosphere and the zero isotherm. During snow melt at the end 

of May and beginning of June up to 60 per cent of the outflow at U1 may consist 
of percolation water. This value decreases rapidly and at the beginning of August 

it is only one or two per cent. The water swallowed by swallets S1, S2 andS3

constitutes the remaining per cent. 
T h e p h y s i c a 1 p r o p e r t i e s o f t h e w a t e r. The water is 

crystal clear at all water discharges of the swallets and outlets. Certain portions 

of tl1e fossil cavern system, however, reveal bulky sandlayers, which give evi-
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Fig. 5. The fluctua_tions of pH, Hco;, CaC03 and free CO2 at swallow S1 and outlet U1 • 

The concentration of CaC03 and Hco; and the pH value increase during the period, while 
the free CO2 content decreases. At the same time the water discharge decreases, and the water 

temperature increases (see figs. 3 and 4). 

dence that sediment transporting water streams have formerly run through parts 
of the subterranean drainage system. These parts are situated more than IO m -
above the tunnels now drained by water. The fluctuations of the water tempera-
ture at S1 and U1 during the measuring period are shown in fig. 4. During the 
snow melt outlet U1 has a minimum temperature of +0.5°C, which rises slowly 
towards about --+- I0°C in August. In the first week of December the mean 
temperature was 7-2.6°C at an air temperature of -2.0°C for measurements 
made at 13 p.m. The temperature variations at the outlet are closely associated 
with those at the entrance. In the summer, the cavern system has a cooling effect 
by day, and a heating effect by night on the water flowing through it at the same 
time as the fluctuations of the surface-water temperature are moderated. 

T h e c h e m i c a 1 p r o p e r t i e s o f t h e w a t e r. In no case has 
it been possible to correlate the changes of the free CO2 content, neither with 
temperature nor with water discharge. There exists, however, a tendency 

towards decreasing CO2, concentration during the measuring period at the same 
time as the water discharge is falling off and the water temperature is rising. In 

spite of the fact that water, at 0°C, can dissolve only 1.01 mg CO2/I at the 
partial pressure of 0.0003 atm. (Bogli 1960), values exceeding 1.5 mg CO2/I 
are not infrequent during the rapid snow melt at the beginning of June. This 
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Fig. 6. lA, 2A and 3A illustrate the relationship between total hardness (expressed in ter1ns 

of mg CaC03/1) and water discharge for the temperature intervals t, with the mean tempe

ratures i, at swallet S1• The relationship is described by means of the function y = axb, 

where the factors a and b seem to be dependent on water temperature and water discharge. 

n denotes the number of observations and r the coefficient of correlation. 1B-3B show the 

relationship between transport and water discharge. The curves are constructed on the basis 

of 1A-3A.

-
applies above all to swallet S1• The CO2, pH, HCO; and CaC03 changes at S1,

S2 and U
1 

are shown in fig. 5. The CaC03 concentrations never exceed 55 mg/1. 
pH which varies between 7.0 and 8.5 gives very low C0;2 concentrations. The
highest value, 0.46 mg/1, was recorded in December and corresponds to pH 8.25 
and the water discharge 45 1/s. Non-alkaline hardness (total hardness-alkaline 
hardness) is in general lower than 0.2 meq/1. Neither C08

2 concentration nor 
non-alkaline hardness is accounted for. 

The relationship of the CaC03 concentration to the water discharge with 
regard to S1, S2 and U1 is accounted for in fig. 6-8, where the relations between 
CaC03 transport in terms of g/s and water discharge are also registered. The 
CaC03 concentration is inversely dependent on the water discharge. The 
relationship assumes the form of a function, y = axb, where the factors a and b 

seem, in the first place, to be dependent on the water temperature and the 
amount of water discharge. It will be seen that very small changes in the water 
discharge give great changes in the CaC03 concentration when the water 
discharge is small. Similar results have been obtained in unpublished measure
ments from Czechoslovakia in 1972, from Spitzbergen (Hellden 1973a) and 
from authors like Stele! et al (1969), Garns (1972), Newson (1972) and others. 
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Fig. 7. A shows the relationship between .total hardness ( expressed in 'terms of mg CaC03/1) 
and water discharge at swallet S2• The relationship is described by means of the function 
,Y = axli where the factors a and b seem to be dependent on the water temperature and the 
amount of water discharge. n denotes the number of observations and r the coefficient of 

correlation. B denotes the relationship of the CaC03 transport to the water discharge. 

The observations made at S1 and U1 have been divided into temperature classes. 

In all cases, the coefficients of correlation are less than -0.90 except the value 

-0.83.

In the case of U1 the lower temperature interval gives higher values of y 

than the higher one at the same water discharge. The relationship is more 
accentuated at higher water discharge than at lower., The higher concentrations 
at lower temperatures are probably due to the ability of the water to dissolve 

more CO2 at a lower temperature and accordingly more CaC03 than at a higher 

temperature, the water discharge being the same (Bogli 1960). 

At S2 no connection between water temperature and CaC03 concentration 

has been stated because the changes in temperature at one and the same water 
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Fig. 8. lA and 2A show the relationship between total hardness (expressed in terms o! 
mg CaC03/I) and water discharge for the temperature intervals t and the mean temperatures t.

The relationship is described by means of the function y = axb where the factors a and b 

seem to be dependent on the water temperature and the amount of water discharge. r denotes 

the coefficient of correlation and n is the number of observations. lB and 2B are calculated 

on lA and 2A respectively and account for the relationship between CaC03 transport and 

water discharge. 

discharge are too small. The low temperatures are connected with high water 

discharge during the snow-melting and the high temperatures are bound to 
low water discharge. 

The relationship in the case of S1 is more complicated. At a water discharge 

exceeding 90 1/s it holds true that samples belonging to the lowest temperat:ure 

class get the lowest y-values and the highest class assumes the highest y-values. 

The relationship becomes more pronounced with increased water discharge. 

At S1 the water has run over limestone for a very short distance and therefore 

the above-mentioned conditions indicate that the reaction velocity between the 

water and the limestone which increases with the temperature, is relatively more 

important than the ability of the water to dissolve CO2• In the interval 30-90 1/s 

the curve 2A occupies an intricate intermediate position. Although it belongs to 

the highest temperature interval, it places itself between lA and 3A. According 

to the arguments pursued, it should have its place at the very top. The spread 
of the observations along the y-axis is too small for any reliable conclusions to 
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Fig. 9. The relationship between CaC03 transport from limestone area A and the water 

discharge at outlet U1• lB and 2B represent the difference in transport between outlet U1 and 

swallet S1 for the temperature intervals t and the mean temperatures t. n denotes the number 

of observations. lA and 2A are calculated on the basis of lB and 2B respectively and show 

the relationship between total hardness ( expressed in terms of mg CaC03/l) and water dis-

charge. 3A is based on interpolation for the water te1nperature + 6°C . 

• 

be drawn. A conceivable explanation of its position is that the temperature 

interval is so high that the original CO2 is reduced to such an extent that the 
higher reaction velocity between limestone and water is not sufficient for pro

ducing higher concentrations. 
At a water discharge of about 25 1/s the curves are intersecting. At a lower 

water discharge the CaC03 concentration seems to be dependent on the original 
CO2 concentration and thereby the lowest temperature interval gives the highest 
concentrations, the water discharge being the same. Also in this case the curve 

2A takes an intermediate position although it should stick to the lowest y-values. 

The proportion of the amounts of transported CaC03 in terms of g/s from 

the marked limestone area A, 1.09 km2
, (fig. 2) is shown in fig. 9. Curve IB 

represents the difference in transport between U1 and S1 within the temperature 

limits 0-4°C and curve 2B the difference in the interval 5-13°C. IA and 2A 

show the relationship of the concentrations to the water discharge and are 

calculated on the basis of 1 and 2B. 
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Fig. 10. The changes in water discharge and CaC03 transport at outlet U1. The transport 

values account for tht: difference in transport between U1 and swallet S1. The largest transport 

takes place during the snow melt at the end of May and the beginning of June when the 

amount of percolation is largest (up to 60 % of the outflow at U1). No less than 65 % of the 

annual CaC03 transport occurs in the period May-June. 

The greatest transport 1n the year occurs during the snow melt at the end of 
May and at the beginning of June, when the content of percolation water is
highest (fig. 10). 

T h e 1 i ·m e s t o n e s o 1 u t i o n i n t e n s i t y. If the conventional 
method is used for the calculatio1n of the solution intensity of the limestone with 
the aid of Corbel's formula and the mean hardness values from the measuring 
period, the result is: 
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•x = 8.54x 19x3.68 
, 

10 X 2.6 X 1.09 
X = 21.1 mm/1000 years. 

If,. however, X is calculated on the basis of the CaC03 concentration that 
corresponds to the annual mean value of the discharge at U1, 105 1/s, and the 
mean water temperature + 6 .0 °C the following equation is arrived at: 

X
= 8.54 X 29.5 X 3.68 

10x2.6xl.09 ' 
X

= 32.7 mm/1000 years. 
' 

Both these calculations, however, are misleading, because the changes in 
the CaCOa concentration with regard to water discharge and temperature have 
not been taken into consideration. 

. .

Therefore, the CaC03 transport from the area was calculated according to 
formula 2 based on the water discharge and water temperatures in the periods 
in the Tabel below and thereby the· transport values were stated with the aid 
of fig. 9. where curves representing the temperatures in the table had to generated 
·by interpolation.

Tab.4 

CaC03 transport from the limestone area A (1.09 km2) 

water 

Period discharge 
water 

transport 
% of the annual 

at U1

temperature transport 

May 2251/s +0.9°C 7.2 m3 23.7 

June 425 +3.0 10.0 32.9 

July 155 +8.8 3.2 10.5 

August 75 +8.3 2.0 6.6 

Sept. -April 25 
.

+2.0 8.0 26.3 

' Total 30.4 I 100.0 

30.4 m3 /years = 27.9 mm/1000 years. 

It should be noted that no less than 67 % of the annual CaCOa transport 
takes place during the period May-June when the infiltration is at its height. 
A very large portion of the transported limestone has been dissolved through 
corrosion, operating vertically. 

DISCUSSION AND COMPARISONS 

There are very few corrosion analyses from arctic areas that have been accounted 
for in the literature. Corbel (1957, 1959, 1960) has in his works tried to prove 
that the chemical denudation in arctic areas is high due to the fact that water 
can dissolve about 1 .6 times more CO2 az 0°C than at +20 °C. Williams, (1949) 
in one of his earlier papers, presents results that indicate that the CO2 concen
tration in the air under a snow-field can be twice as high as in the atmosphere 
at normal pressure. An important CO2 producer in temperate and tropical 

249 



CaCo
3

mg/I 
g/s 

.. 

50 

7/6 - 26/ 8 -72 
\ 

\ 

\ 

\ 
1A 

' 

\ 

', 3A 
\ 

\ 
' \ 

\ \ 

\ \ 

\ 

\ ' 

\ 
\ 

\. 

\ 
\ 

252A \ ', 

\. 

\ \ 

' 

\ '\ 

' 
' 

' ' 
\ 

'\. 

' 

' 

'\ ''' 
' 

' ' 

' 
' 

' '

' '

..... 

.... ' ' '

' '

.... 
.... 

..... 
..... 

1 B = U1 - S1

2 B = U 1 - S, 

' ' ' ' ' 

'
...... 

...... 
.... 

'
' 

' 

..... 

' '

-

'
.... 

.... --.... 
-
-

-

+ 
+ 

1B 
2B 

+ • •• -�---
--

, __ i I •
-�· . . /lit-�: • I

500 

g CaC03/ s 

g CaC03/s 

........._ -
-

+ 

+ 
+ 

' 

-

t=0-4°( t-=+1.J O( 

t = 5-13 °C t::,: + 8. 0 °c

-
--

-- -----
+ -

+ 

1000 I /s 

n • 18 

n=43 

Fig. 11. The relationship between CaC03 transported from area A and the water discharge 
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_ 
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intervals t and the mean temperatures i. n denotes the number of observations. IA and 2A 
are calculated on the basis of lB and 2B respectively and show the relationship between 
CaC03 concentration and water discharge. 3A is based on interpolation for the water tempe-

rature + 6°C.

-regions is the humus and vegetation cover where a CO2 concentration 10-100
times higher than that in the atmosphere can be found (Birot 1954). This CO2producer is for the most part lacking in arctic areas. For a cold, arid arctic
climate Corbel presents a mean denudation value of 40 mm/1000 years (1959)
and for arctic, humid climate values of more than 400 mm/1000 years. Somecomparative values are recorded in the below Table.

The wide range in the values is most likely due to the fact that the calcu
lations have been made on the basis of average hardness values from an analyses
series without considering that CaC03 concentration and transport change con
siderably with the water discharge throughout the year.

� 
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Fig. 12. The changes in the water discharge and CaC03 transport at U1 • The transport values 
account for the difference between U1 and S1• The largest transport takes place during 

the snow-melting at the end of May and the beginning of June., when the amount of percolation 
water is largest (up to 60 % of the outflow at U1). No less than 56 % of the annual transport 

occurs in the period May-June. 

Analyses that have been carried out in a low-water period, result in too high 
values, if one treats the total hardness according to Corbel's formula, and in 
a high-water period they give too low values as to the denudation. 

Tab.5 

Comparative values of limestone solution intensity ( X) and mean annual precipitation ( P) in 
• • 

arctic environment 

I X I p 

W. Spitsbergen (Corbel 1957, 1959) 40 mm/ 1000 ys 350 mm 

( Corbel 1960) 16 mm/1000 ys 350 
'' 

(Hellden 1973a) 11 mm/1000 ys 389 
., ., 

Inner Lapland, Sweden (Corbel 1960) 40 mm/ 1000 ys -

Artfjallet, Lapland (this paper) 28 mm/1000 ys 1000 

Somerset Island ( Smith 1969) 2 mm/1000 ys 129 
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CONCLUSIONS

As a result of the analyses on Artfjallet the following statements can b� made:

1. The chemical denudation rate is relatively high compare� with results

from. other arctic areas (Hellden 1973a, �orbel 1960, Smith 1969) �nd

-also compared with some other results from warmer latitudes (Sweeting

1965 Williams 1963, Stelcl et al. 1969). This is, in spite of the low
, . . . 

concentrations most likely due to the· high annual precipitation. 
2. The total hardness, in mg CaC03/l, is inversely depen�ent on the :ater

discharge. Relationship can be expressed by the function; Y = ax • I ts

position seems in the first place to be de�endent on_ water t�mperature

and the amount of water discharge. T h 1 s r e 1 a t 1 o n s h i p m u s t
b e  e m p l o y e d  w h e n  c a l c u l a t i n g  t h e  l�m e s t o n e
s o 1 u t i  o n i n t  ens i t y. 

3. The major part of the chemical transport occurs during the snow melt
when the amount of percolation water is largest. 

4. The water still has its aggressiveness when it reaches U1 above all because
· the transport velocity of the water is high.

5. The landscape is ·heavily karstified with a great depression density and
a well developed underground drainage system.
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Cb 006 

DIE QUANTITATIVE ANALYSE 
DER NIEDERSCHLAGVERHALTNISSE UND IHRE ROLLE 

IN DER KARSTDENUDATION 

Georg Lovasz 
Pees - U ngarn

Ohne Wasser gibt· es keine Karstdenudation; das ist ein karstmorphologisches 
Axiom. 

Die oberfachliche Verkarstierung braucht athmospharisches Wasser. Das 
auf den Boden fallende Wasser wird ihre positive und negative Wirkung in 

. vielen Variationen mehrerer anwesender Geofaktoren durchfiihren. Die Geo
faktoren wirken z. B. in folgenden Situationen negativ. 

Die geologische Komponente vermindert in Wasserwirkung, wenn der 
Kalkstein von lockeren, machtigen, und nicht verkarstierten Schichten bedeckt 
ist. In diesem Fall wird das athmospharische Wasser in den machtigen, lockeren, 
sandigen, tonigen und lehmigen Schichten versammelt. In dieser geologischen 
Situation ist die Wasserdurchsickerung durch die erwahnten Schichten und 
die Korrosionswirkung auf den Kalkstein nur in jenem Klimagebiet voraus
zusetzen, wo die jahrlichen Niederschlagsmengen grofl sind. 

Die oberflachliche Korrosion kann auch von der geomorphologischen 
Komponente vermindert werden. Diese negative Wirkung ist in der Form der 
steilen Abhange realisiert. In diesem Fall wird die Rolle der sonst auflerordent
lich vorteilhaften, groflen Niederschlagsmengen verringert, weil der bedeutende 
Teil des angekommenen athmospharischen Wassers auf den Abhangen ohne 
Einsickerung, und H2C03 Aufsteigung abflieflt. 

Ein Mangel des Bo dens und der Vegetation kann ein bedeutender, kor
rosionsvermindernder Faktor sein. In diesem Fall fehlt die Sphare, wo die sich 
erhohenden Prozesse der Wasseragressivitat abgespielt werden (D. Balazs, 1964). 
Ein Mangel an Boden- und Vegetationssphare kann in dem Wasser eine grofie 
Armlichkeit an H2C03 verursachen, und deswegen ist die Korrelation zwischen 
den Niederschlagsmengen und der Steigerung der Wasseragressivitat verhaltniss
maflig gering. (A. Bogli., 1960.) In diesem Fall wird die Wasseragressivitat nur 
vom in der Athmosphare aufgelosten H2COa erhoht. 

In anderen Situationen iiben die oben erwahnten vier sogenannten Grund
faktoren auf die Korrosion natiirlich eine positive Wirkung aus. 

Die Rolle des athmospharischen Wassers ist etwas komplizierter als die 
oben erwahten anderen Prozesse. Wichtige Faktoren sind die Zeit, die Menge 
und die vielen moglichen Variationen dieser beiden Komponenten. Ein bedeu
tender und auf die Korrosion wirkender Faktor ist die Niederschlagsmenge, u11d 
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ihre Verteilung in d.er Zeitrelation. Wenn diese zwei Niederschlagskomponenten
positiv sind, wird die Korrosion von optimalem Wirkungsgrad auch im Fall
der gemeinsamen, ungiinstigen Konstellation der friiher erwahnten Faktoren
nicht zustandekommen. 

Die friiher erwahnten vier Geokomponenten sind in der Zeit relativ 
konstans zu nennen; demgegeni.iber andert sich der Niederschlagsfaktor in der 
Zeit in einem wesentlich groBeren Masse. 

U nter den, von den geologischen, morphologischen, padologischen und 
Vegetationsfaktoren zustandekommenden, zahllosen I(arstdenudationsinten
sitaten sind viele Situationen in der Natur, wo die Verkarstungsintensitat vom 
Niederschlagcharakter bestimmt wird. 

Ziemlich allgemein ist z. B. in der gemassigten Zone die Lage, daB der 
Kalkstein an milden Abhanden von di.inen Boden und sparlicher Vegetation 
bedeckt ist. In dieser Natursituation ist -· hinsichtlich der unter dem Boden 
zustandekommenden Verkarstierung - der geologische Faktor als giinstig zu 
beurteilen, weil iiber dem Kalkstein das nicht verkarstierte Gestein fehlt. 

In morphologischer Hinsicht ist die Situation negativ. Schon vom kleinsten 
Abhang wird die Einsickerung des bedeutenden Teiles vom in kurzer Zeit 
angekommenen Niederschlag verhindert. 

Der padologische Faktor ist teilweise giinstig. Giinstig ist der Gang der 
' organischen Verwesung, die sich in dem den Kalkstein bedeckenden Boden 

abspielt und es besteht die Moglichkeit der · Losung des Niederschlagwassers 
mit entsprechender Quantitat von H2C03• Diese Lage ist aber deswegen ungiin
stig, weil die diinne Bodendecke nicht fahig ist, wenig athmospharisches Wasser 
zu stauen. So hat d.er Boden die Neigung, in Relation der verschiedenen Hang
expositionen des vorkommenden Mikroklimas auszutrocknen. 

Auch der Vegetationsfaktor ist nur teilweise positiv. Es fehlt die reiche 
Vegetation, die das sich zersetzende Material in grosser Menge produziert, und 
worunter charakteristisches, naBes Mikroklima entstel1en wird. In dieser, 
verhaltnismaBig allgemein befindlichen Naturlage hat die quantitative Verteilung 
der Niederschlagsmenge eine entscheidende Rolle. 

In der skizzierten, allgemein typischen Naturlage wird eine entsprechende, 
quantitative Niederschlagsverteilung die in dem Boden ablaufende organische 
Verwesung und die Entstehung von H2C03 n1ittelbar beeinflussen (J akucs L. 
1971�. Von �iner, in der Zeit entsprechenden, quantitativen Niederschlags
verte1lung w1rd. auch der fiir die Karstkorrosion giinstige Wasserhaushalt des
d�nnen . u°:d oft austrocknenden Bodens determiniert. Die Niederschlagsver
te�lung 1st 1n dem Fall ungiinstifg, wenn der iiberwiegende Teil der jahrlichen 
N1ederschlagsmenge mit groBer Intensitat ankommt. In diesem Fall ist die 
�insickerung weg_en der negativ wirkenden geomorphologischen und Vegeta
t1�nsfaktoren ger1ng. Deswegen ist die Niederschlagsmenge klein, die mit 
Hilfe _ des . H2�?a . Korrosion�vo��an�e zustandebringt. Die Niederschlags
verte�lung �st gu°:st1g,_ wenn die Jahrl1che, athmospharische Wassermenge oft,
und 1n kle1nen E1nhe1ten ankonmt. In diesem Fall wird das groBere Prozent 
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der jahrlichen Niederschlagsmenge in dem Boden mit der Hilfe von CO2 mehr 
H2COa aufnehmen, und diese quantitativ mehr Wasser kann eine intensivere 
Losung durchfiihren. Die erwahnte Niederschlagsverteilung hat auch auf die 
Vegetation eine positive Wirkung die eine groBere verwesungsfahige Material-
produktion bedeutet. 

Man kann also f eststellen, daB wir zur genaueren Prognose der bei den oben 
skizzierten Naturbedingungen stattfindenden Karstkorrosion die quantitative 
Struktur der gegebenen Niederschlagsverhaltnisse kennen miissen. Darum ist 
es notig, die sogenannte quantitative Analyse durchzufiihren. 

Durch fiihrung der Analyse sind die taglichen (24 h) Niederschlagsmengen 
oder Ombographangaben notig. Die Analyse wird genauere Ergebnisse geben, 
wenn sie mit langen Angabenserien durchgefiihrt wurde. Es ist zweckmassiger, 
die taglichen Mengen aufzuarbeiten, obwohl diese Angaben als Intensitatspa
rametern inexakte Informationen geben werden. Wahrend der Ausarbeitung 
sollen die verschiedenden Niederschlagsmengen in entsprechende Quanti
taskategorien gruppiert werden. Die Quantitatskategorien hangen von dem gege
benen Forschungsziel ab, und miissen dementsprechend bestimmt werden. 
Das jetzt aufgestellte Forschungsziel ist: Die Niederschlagsmengen festzustel
len, die auf einem fallenden, und mit mittelmaBig dichter Vegetation bedeckten 
Gelande wegen der Interzeption und Einsickerung keinen oberflachlichen AbfluB 
ergeben. Diese jetzt erwahnte Mengekategorie wird die erste Kategorie sein. 
Die zweite Kategorie bezeichnet die tagliche Menge, deren bedeutender Teil 
als oberflachlicher AbfluB · weiterflieBt. Den Beobachtungen und Messungen 
nach der Niederschlag 0,1-5,0 mm unabhangig von dem oberflachlichen 
Neigunggradius, keinen oberflachlichen AbfluB. Diese Menge wird von dem 
Boden eingesogen oder von der Interzeption evaporie1·t. Der Niederschlag 
5, 1-10,0 mm ergibt, in Relation einer entsprechenden Intensitat und einer 
oberflachlichen Neigung auf einem mit Grasvegetation bedeckten Gelande, eine 
kleinere oberflachliche AbfluBmenge. Unseren Beobachtungen nach wird eine 
bedeutende oberflachliche AbfluBmenge wegen der Interzeption und der zuriick
haltenden Wirkung des Unterholzes nur. in dem Fall einer starken Nieder
schlagsintensitat vorkommen. Das ist die zweite Kategorie. 

In der dritten Kategorie werden die taglichen Mengen fiber 10,1 mm stehen. 
Den Beobachtungen und Messungen nach ist es festzustellen, dass der groflte 
Teil dieser Mengen im aligemeinen an Oberflache abflieBt. Deswegen sind 
diese Mengen aus der Hinsicht der unter dem Boden zustandekomme11den 
Korrosionsintensitat zuwenigst in Betracht zu nehmen. 

In dem Spiegel des oben Erwahnten ist festzustellen, dass die oben erwahn
ten Niederschlagsmengenkategorien zur Durchfiihrungen des friiher skizzierten 
Forschungsziels entsprechend sind. 
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D a s  Zi e l  de r q u a n t i t a t i v e n  A n a lys e i s t ,  d i e  p r o 

z e n  t u  a 1 e B er e i 1 i g u n  g d e  r Ob i g e n  N i e.d e r s  c h  1 a g s  m e n 

g e n  k a t e  g o  r i e n  i n  d e r  d u r c h s c h n i t t l i c h e n  Ja h r e s s u m-

m e  f e s t z u s t e l l e n .
Die Tab. 1 demonstriert die bedeutenden prozentualen Beteiligungsdif-

f erenzen in der durchschnittlichen J ahressumme. 

Tab. 1 

Die prozentuale11 Beteiligungen der einzelnen Niederschlagskategorien in der durchschnittli-

chen Jahressumme 1951-1960 

Niederschlag in mm 
Station Land .

0,1-5,0 I 5,1-10,0 I 10,1< 

Plezeny Cs 50,5 29,5 20,0 

Hradec Kralove Cs 44,0 27,5 28,5 

Ostrava Cs 39,0 28,0 33,0 

Wien A 37,0 I 35,5 37,5 
' 

Poprad Cs 40,5 28,5 31,0 

Pees M 26,0 27,0 47,0 

Split Ju 27,5 17,5 55,0 

' 

Die Wertverminderung der gleichen Niederschlagsmengenkategorien (z. 
B. 0,1-5,0 mm) zeigt die quantitativen Strukturunterschieden der Nieder
schlagsverhaitnisse · der nassen und der etwas trockenen Klimagebiete.

·Die. aus dies en Wertveranderungen f estzustellenden Konsekvenzen ahneln
sich den Feststellungen der fri.iher erwahnten Verfasser und sind von den 
Angaben der Niederschlagsmengenstatistik untersto lzt. Auf den nassen, und 
mit dichter Vegetation bedeckten Gebieten ist die Karstkorrosion wegen der 
entsprechenden quantitativen Niederschlagsstruktur verhaltnismafiig intensiver 
als in den submediterranen Raumen., wo das Klima mit groBeren Nieder
schlagsmengenkategorien charakterisiert ist (L. Jakucs, 1971). 

Die quantitative Struktur der Niederschlagsverhaltnisse in der heutigen 
geomorphologischen Situation wirkt in den zwei Klimagebieten spezial. Diese 
Struktur wird an der mit koharentem Boden bedeckten Karstoberflache eine 
intensive und areale Karstkorrosion zustandebringen. Aber an der bodenbe
freiten Karstoberflache der Dinariden ist die von der spezifischen Wassermenge 
(z. B. I m3) stammende Karstkorrosion schwacher. Die unter dem Boden wir
kende Karstkorrosion ist in disem Raum nur in den Karreinsenkungen verstarkt, 
wo der Boden zusammengespi.ilt wurde. Diese speziale geomorphologische Lage 

· bringt also keine areale, unter dem Boden wirkende Korrosion zustande, und
wegen der schnellen Bodenaustrocknung ist auch das Korrosionsstempo nicht
gleich.

Es i s t  a l s o  f e s t z u s t e l l e n ,  d aB d i e  K o r r o s i o n s r o l-
1 e d e r q u a n t i t a t i v e n N i e d e r s c h I a .g s s t r u k t u r n u r i n 
d e r  R e l a t i o n  d e r  a n d e r e n  G e o f a k t o r e n  e r k l a r t  w e r 
d e n  k a n n. 
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In der Relation der Tiefkarstdenudation kann die quantitative Nieder
schlagsstruktur anders interpretiert werden. Auf die Tief karstentwicklung \Virkt 
natiirlich der in grossen Mengel,ategorien komn1ende Niederschlag entscheidend 
aus. In dieser Lage hat die Wassermenge in der Karstentwicklung und in de1· 
vom Wasser_ geleigferten Geschiebung eine bedeutende Rolle. In der Entwick
lu11g eines, mit bestimmte1n Durchmesser charakterisierten Tiefkarstgangen
systems ist die Lehmverstopfung bedeutend, die die IZarstent,vicklung perio
disch abstellen kann. Diese Erscheinung ist in Siidungarn (Mecsek-Gebirge) in
dem Spiegel des Hohlebachwasserganges gut zu studieren und wohl bekannt 
(Gy. Lovasz, 1971). Die erwahnte Lehmpropfausstossung und die Weiterent
wicl,lung des hinter ihr liegenden Tief karstsystems l1at ei11e strenge Relation 
mit dem GroBniederschlag. An solchen IZlimagebieten, wo der Niederschlag 
von g1·0Ber Intensitat keine oft vorkommende Erscl1einung ist, muss die quanti
tative Niederschlagsstruktur bei der prognostischen Beurteilung der Tiefkarst-
weiterentwicklur1g unbedingt in Betracht gezogen werden . 

Wenn die U ntersuchung der erwahnten quantitativen Niederschlagsstruk-
tur fiir einen Zeitraum von 70 J ahren durchgefiihrt wird, erscheint sofort die 
sekulare Oszillation der Niederschlagsstruktur. Das heiBt: Die quantitative 
Relation zwischen den verschiedenen Mengekategorien verandert sich. E s
ist m o g l i c h ,  m i t  Hilf e d e r  Pr o g n o s e  d e r  Pe r i o d i z i t a t  
d i e a r e a 1 e K o r r o s i o n u n t e r d e m B o d e n u n d d i e W e  i t e r
b i l d u n g  d e r  z e i tli c h  v e r s t o p f t e n  T i e f k a r s t s y s t e m e  

• • 

z u  p r o g n o s t1z1e r e n. 

G. Lovasz

THE QUANTITATIVE ANALYSIS AND ROLE OF THE CONDITION OF 

PRECIPITATION IN CARSTDENUDATION 

SUMMARY 

The autor presents the qu�ntitative analysis worked out by himself. It is nothing else but the 
definition of the percentile sl1are of categories of the amount of daily precipitation in the 
relation of the amount of many years. 

The definition of the categories for the amou11t of precipitation depends on the task of 
research. In the opinion of the author the definition of the following categories are necessery 
to the more exact definition of carstdenudation by climatic regions: 0, 1 -5,0 min, 5,1 -10,0 mm 
and over 10,1 mm. The percentile share of categories of precipitation-sum in tl1e sums of the 
years 195 1 - 1 960 on some climatic regions of Europe is shown in a table. 

The author states that tl1e amounts of precipitation of 0, 1 -5,0 mm have an effect m.11nly 
upon the corrosion under tl1e soil. The sums above 10,1 mm influence the development of 

carst1c caves. 
If we exami11e the percentile share of tl1e precipitation-categories in the yearly amount

during 70 years, we find a periodicity. Tl1is periodicity helps to prognosticate the mentioned

two kind of carstcorrosions. 
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Cb 007 

DER KARST IM KLIMATISCHEN ZYKLUS DES QUARTARS 

Vojen Lozel< 
V V 

Geologisches lnstitut CSAV, Praha, CSSR 

. .  

EINLEITUNG 

Obwohl aus den Quartarablagerungen der Karstgebiete, vor allem aus de11

Hohlenausfilllungen, reiche palaontologische und archaologische Funde stam
men, fanden die Beziehungen zwischen den Verkarstungsvorgangen und dem 
quartaren IZlin1awandel bisl1er wenig Beachtung., abgeseh_en von stratigraphi
schen IZorrelationen zwiscl1en den Hohlenetagen und Terrassenstufen. Der 
zyklische Sedimentations- und Bodenbildungswandel, der vom Bau verschie
dener Oberflachenserien abgeleitet �Nerden kann, ist allerdings so ausgepragt, 
daB er mit Recht als einer der maf3gebenden Verl,arstungsfaktoren angesehe11 
werden darf. Es ist somit anzunehmen, daB auch die IZarstvorgange eine klima
bedingte zyklische Periodizitat aufweisen. Mein Beitrag hat sich zum Ziel 
gesetzt., auf diese Bezieb.ungen bzw. auf die Moglichkeiten deren Untersuchung 
aufmerksam zu machen, die in Anbetracht der spezifischen Sedimentations- und 
Abtragungsdynamik im Karst oft recht kompliziert sein kann. 

BEZIEHUNGEN ZWISCHEN DEM KLIMAWANDEL 

UNO DER VERKARSTUNG 

Die Abhangigkeit der IZarstvorgange vom IZlima bzw. von den Standortsbedin
gungen ist seit langem bekannt., 

wie es die unterschiedliche Ausbildung des 
Karstes in verschiedenen Klimazonen bzw. in bezug auf die Vegetationsdecke 
zeigt. Wenn man diese gegenwartigc1n Beziehungen mit den Verhaltnissen der 
einzelnen Phasen des quartaren Klimazyklus vergleicht (Kukla 1961., Lozek 
1965 b ), so ergibt sich, daB die einzelnen IZlimaphasen den Verlauf der Ver
karstung entscheidend beeinflussen konnten. Es handelt sich nicht nur um die 
Temperaturschwankungen in der Spanne Kaltzeit-Warmzeit, sondern um den 
gesamten Komp lex von Standorts bedingungen, d. h. vor all em auch um die 
Feuchtigkeits- und Vegetationsverhaltnisse sowie. um den jahrlichen Klima
gang, die in bestimmten, fiir die einzelnen Zyklusphasen bezeichnenden l(om-
binationen auftreten (Lozek 1966). 

Die Warmzeiten sind also nicht nur warm sondern auch feucht, worauf 
ihre iippige Vegetationsdecke zuriickgeht. Aile angefiihrten Faktoren fordern 
die Korrosion der l(all,gesteine und fiihren zu einer intensiven Sinterbildung, 
wahrend die mechanische Verwitterung sich nur in beschranktem MaB geltend 
machen kann (Jager & Lozek 1968). 

Die I(altzeiten weisen groBenteils keine giinstigen Bedingungen fiir die 
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I(orrosion auf., was teils auf den Wassermangel sowie die schiittere Vegetations
decke teils auf die Bindung des Wassers <lurch Frost zuriickgeht. An<lererseits
stellt 'der Frost einen wirksamen Zerstorungsfaktor dar, der allerdings nur in
hinreichend f euchten Zeitabschnitten voll zur Gel tung kommen kann, wie · es
am besten im mittel.europaischen Hochgebirgskarst zu beobachten ist (Sekyra
1954). In den I<alzeiten kann man demgemaB im groben Rahmen Z\vei Phasen
unterscheiden, die <lurch eine spezifische Verkarstungsdynamik gekennzeichnet
sind:

a) Trockene vollglaziale Zeitsbschnitte mit kaltkontinentalem Klima, die
etwa der Lofiphase entsprechen, fiihren zur maximalen Beschrankung
der Karstvorgange, da sie nicht nur <lurch das Minimum der Korrosion
sondern auch der mechanischen Destruktion gekennzeichnet sind.

b) Hinge gen stellen die f euchtert:n Abschnitte der Kaltzeiten bedeutende
Perioden der mechanischen Abtragung dar, die sowohl das Karstgestein
als auch die sekundaren Ausfiillungen der Hohl1·aume angreift, abge
sehen davon, daB auch die chemische Korrosion zu dieser Zeit deutlich
1st.

Die erorterten Beziehungen werden allerdings nur auf allgemeine Voraus
setzungen gestiitzt und erfassen nur elementare Abhangigkeiten, genaue Belege
kann jedoch nur eine direkte Korrelation charakteristischer klimabedingter
Ablagerungsfolgen mit den Verkarstungsprodukten bieten.

MOGLICHKEITEN EINER KORRELATION DER VERKARSTUNG MIT DEM 

KLIMATISCHEN ZYKLUS 

Eine direkte Korrelation ist vor allem in den Eingangsabschnitten der Hohlen
moglich, in denen die Einfliisse des Klimas noch voll zur Geltung kommen und
die Sedimentation unmittelbare Beziehungen zu den Oberflachenablagerungen
aufweist (Kukla & Lozek 1958). Im tieferen subterranen Bereich ist vor allem
die Sinterbildung von Bedeutung. Mit der Verkarstung sind auch einige Ober
flachensedimente, vor allem die Quellkalke und Hangablagerungen sowie die
Bodentypen entwicklungsmafiig verkniipft (Kukla & Lozek 1971 ). Eine direkte
Korrelation mit vollausgebildeten LoBserien, die am besten den quartaren Kli
mazyklus widerspiegeln, ist leider nur an wenigen Stellen durchfiihrbar. Ein
zelne stratigraphische Korrelationsmoglichkeiten sind in f olgender Ubersicht
zusammengef aBt:

Die_ L 6 s s e - sowohl in die Eingansabschnitte der Hohlen direkt ein
gevv·eht, als auch am FuBe verkarsteter Range bzw. in Karstdepressionen lagernd
- gehen lateral oft in feinsplitterigen Frostschutt, jedoch nicht in Grobschutt
oder sogar Sinterbildungen iiber. Selbst am Fufle von Steilhangen, wo heute
Grobschutt angehauft wird, bleibt der LoB relativ rein (Srbsko-Hriste-Lozek
19_63, Stra�ska ska�a :-Lozek 1965 b ). Daraus ist ersichtlich, daB der Bildungs
ze1t de� Losses M1n1ma der mechanischen Destruktion sowie der chemischen
l(orros1on e�tsprechen. Vom Gesichtspunkte der Verkarstungsdynamik aus
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muB daher dieser Zeitabschnitt als Ruhephase betrachtet werden. 
Das Optimum der Q u e I I- k a I k - sowie der H o h I e n s i n t e r b i 1-

d u n g f .. allt in die erste Halfte der Warmzeiten, wie es die eingebettete Fauna 
sowie Flora erkennen !assen (Jager & Lozek 1968, Lozek 1965 a, 1972). Gleich
zeitig mit der Kalkausscheidung vollzieht sicl1 eine maBige mechanische Destruk
tion, die vor allem wahrend der spaten Phase der Quell- bzw. Sinterkalkakkumu
lation wirl,t. Sie findet ihren Ausdruck im Absturz grofler Blocke von den 
Hohlenwanden und -decken sowie in der Schuttanhaufung am Hangfufl (IJozek 
1963, I(ukla & Lozek 1971). Das Maximum des CaC03 - Transports in Wasser
losung und demgemafl auch eine sehr intensive IZorrosion fallt also in die erste
Halfte der Warmzeiten. Der eigentliche Gipfelpunkt davon entspricht dem
Feuchtigkeitsoptimum, wahrend sich spater die mechanische Destruktion immer 
starker geltend macht, was zuweilen zu groflen Absti.irzen von Hohlenp-ortalen 
bzw. -decken in den Eingangsraumen fiihrt. Hingegen entspricht in tief eren 
Teilen der Hohlensysteme der gesamten Zeitspanne der Sinterbildung eine 
Ruhephase der klastischen Sedimentation. 

Aus dem Angefiihrten geht hervor, dafl das Maximum der IZorrosion, 
d. h. der Verkarstung im engeren Sinn, in die friih- und hochwarmzeitlichen
Phasen fallt, was sowohl mit dem Humiditatsoptimum als auch mit der iippigen
Vegetation zusammenhangt. Indirekt wird dies auch <lurch die Bodenent
wicklung bestatigt, da zu dieser Zeit die starkste Terrae calcis- und demzufolge
auch Karrenbildung beobachtet werden kann. Die gemeinen Karren entstehen
meist als IZorrosionsfront der Terrae und werden erst sekundar infolge Entwal
dung und Bodenabtrag bloBgelegt.

Hier seien auch direkte stratigraphischc Beziehungen zu den Bodenkom
plexen der LoBserien erortert, die im Bohmischen (Prokop-Steinbruch) und 
Mahrischen IZarst ( Stranska skala - Lozek 1965 b) sowie z. T. im slowakischen 
Vah-Tal (Ivanovce, Puchov - Smolikova & Lozek 1962) verfolgt werden 
konnten. Einige erganzende Stiitzen boten auch die Profile IZarlstejn-Altan im 
Bohmischen Karst und einige Aufschliisse am FuBe von Pavlovske vrchy in 
Si.idmahren. Auf der Stranska skala \,iLJ.rde nachgewiesen, dafl der Basis-Pa1·a
braunerde eine Schaumsinterbildung alte1·smaflig entspricht. Spatwarmzeitliche 
und friihkaltzeitliche Phasen, dencn die oberen Abschnitte der Bodenkomplexe 
entsprechen, sind <lurch Grobscl1uttbildungen gekennzeichnet, was auf eine 
starke mechanische Destruktion hindeutet. Diese Abfolge stimmt chronologisch 
mit den Befunden iiberein, die von Untersuchungen an Sinter- und Quellkalken 
abgeleitet wurden (Jager & Lozek 1968). 

SchlieBlich sollen die Verhaltnisse in den iibriggebliebenen Abschnitten 
der Kaltzeiten erortert werden, d. h. mit Ausnahme der LoBphase und des 
Friihglazials. Hierher fallt namlich die Periode intensivster 1nechanischer 
Destruktionen. Eine Erfassµng dies er Zeitspanne in den Ablagerungsf olgen und 
vor allem deren IZorrelation mit entsprechenden Horizonten der LoBserien 
stoBt allerdings auf grofie Hindernisse, da geeignete Aufschliisse hochst selten 
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sind. Eine indirekte Parallelisierung bleibt wenig exakt, da die Ausbildung der 
meisten Hohlenserien der Zone humider Hugel- bzw. Berglandschaften und 
nicht der trockenwarme11 Lofllandschaft entspricht. Das friihkaltzeitliche 
Schichtpal,et (et\va Phase 3 der LoBserien) pflegt von den Bildungen des friihen 
Vollglazials (Phase 4 u. 5) nicht deutlich get1·ennt zu sein. Aus dem Profilbau 
der Hohlen- und Hangablagerungen ist e1·sichtlich, daB im Liegenden des 
reinen Losses bzw. der Frostschuttbildungen eine Schichtenfolge mit hoherem 
Grobschuttanteil auftritt, die nacl1 unten einen zunehmenden Anteil an Boden
material aufweist, wahrend gegen die Oberkante die Lofll,omponente die Ober
hand gewinnt. Diesen Schichten kommt in den Hohlenserien oft die Hauptrolle 
zu. Sie liefern auch die meisten Funde, die allerdings z. T. sekundar vermengt 
sind, was auf die spezifischen Bedingungen d.e1· Hohlensedimentation zuri.icl,gel1t, 
·bei der dem Frost eine bedeutende Rolle zul,ommt (I(ukla. & Lozek 1971). In
A11betracht dieser Storungen, die noch qurch spatere IZryoturbation verstarkt
werden konnen (Prosek 1951), sind in den betreffenden Schichtenfolgen deut
lichere klimabedingte Horizonte kaum zu ur1te1·scheiden.

Trotz dieser Unklarheiten bleibt es evident, daB diese Pl1ase sowohl durcl1 
deutliche IZorrosion als auch mecha11ische Ze1·sto1·ung gel,ennzeicl1net ist, die 
zusammenwirken. Es handelt sich somit um die Zeitspanne starkster Destruktio
nen und zugleich der groBten Materialanhaufung in geschlitzten f\l,l,umulatio11s
ra·umen. Dabei sei beachtet, daB in diesen Zeitraum aucl1 die Hauptphase der 
Tiefenerosion in Mitteleuropa fallt (IZul,la 1961, Sibrava 1972). Diese bedingt 
die Riicl,verlegung der Talhange und dadu1·ch auch die Zerstorung der H6l1len
eingar1ge sowie die Ausraumung von Hol1len, die sich teils <lurch den Ober
:flacl1enabt1·ag, teils du1·ch unterirdische Einstil1·ze in neu entstehende · tiefere 
Etagen vollzieht. Die Dynan1ik dieser Vorgange 1,onnte mangels verlaBlicher 
stratigraphischer Stiitzen bisher nicht naher erfaflt werden. 

Eine Paralelle zwischen dieser Phase und den gegenwartigen Bedingungen 
in der subalpinen Stufe liegt auf der Hand (vgl. Sel,yra 1954), wobei allerdings 

· zu beachten ist, daB in den IZaltzeiten ein viel trockeneres Klima l1errschte,
was eine geringere Zerstorung, jedoch eine intensivere Akkumulation zur Folge
hatte.

SCHLUSSFOLGERUNGEN 

Al1nlich wie andere Vorgange im Quartar unterlag auch die Verkarstung einem 
l,limagebundenen periodischen Wandel. Man 1,ann drei Hauptphasen unter
scheiden, die ineinander allmahlich iibergel1en: 

1. Die Warmzeiten mit starker IZorrosion, intensiver Sinterbildung und
einer mafligen mechanischen Destrul,tion, deren Produkt groBere Gesteins
stiicke, zeitweise sogar Grobblocke darstellen. 

2. Die friihkaltzeitlichen Abschnitte einschlieBlich des beginnenden Voll
glazials weisen Bedingungen auf, die sowohl eine maflige IZorrosion als auch 
starke mechanische Destruktion zur F olge haben. Diese wird in bestimmten 
P�asen noch _<lurch �ie Tiefenerosion verstarkt, die zur Riickverlegung der
Range und B1ldung t1eferer Hohlenetagen fiihrt. Zu dieser Zeit di.irfte somit 
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Abb. 1. Das Karstphanomen irn l,iimatischen Zyklus des Quartars. Phasen des Bildungszyklt1s 

der LoBserien: 1 -- einsetzende Verwitterung-Abspi.ilung, 2 - Ver\vitterungsboden (braune 

Waldboden), 3 - Tschernoseme-Abspi.ilschicl1ten, 4 - lviarker, 5 - Lehmbrockerlsande, 

6 - LoB; I( - Korrosion, D - mechanische Destruktion, RVH Riicl,verlegung der 

Talhange. 

die Bildung der IZa1·sthohlraume sowie deren. Auffiillung mit Sedimenten die 
hochste Intensitat erreichen. Eine nahere Phasengliederung kann in diesem 

Abschnitt bisher nicht du1·chgefiihrt werden. 
3. Die Lofiphase weist praktisch keine IZorrosion und eine nur sehr be

scl1ranl,te mechanische Destruktion auf, deren Produkt feinsplitterige Frostschutt

bildungen sind. DemgemaB stellt sie eine Ruhephase im Verkarstungszyklus 

dar. 
Die beschriebene Abb. 1 ist vor allem in der Mittelgebirgszone, d. h. in den 

meisten Karstgebieten Mitteleuropas giiltig. In anderen Klimabereichen miissen 

entsprechende Modifikationen in Betracht gezogen werden. 
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V. Lozek

THE KARST AND THE QUATERNARY CLIMATIC CYCLE 

SUMMARY 

The Karst processes are strongly influenced by cyclic clin1atic changes during the Quaternary. 
Three main phases can be distinguished: 

1. Warm periods (Interglacials, Holocene) charakterized by strong corrosion, precipita-
tion of sinter and a rather intensive mechanical destruction. 

2. Early Glacial periods incl. the starting Pleniglacial are characterized by an intense
mechanical destruction and a limited, but distinct corrosion. These factors are intensified by 
vertical erosion. Both the denudation and the accumulation reach in this time-spat its ma-

• 

x1mum. 
3. The Loess phase is a period of minimum mechanical destruction, practically without

corrosion. Therefore it represents the stade of minimum intensity of karst processes. 
This schema (fig. 1) reflects the situation in Central Europe and must be modified in 

other climatic zones. 
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Cb 008 

L'INDICE DE CORROSION LINEAIRE 

Maria Markowicz-t.ohinowicz 

lnstitut de Geologie, Universite de Yarsovie, Pologne 

A b s t r a c t : Intensities and velocities of karst processes are controlled by 

chemical factor (undersaturation or aggressiveness of water, named by H. Roques 

''driving force'') and hydrological or hydrogeological factor. Analysis of dis

solution velocity equation and its transformation enabling the linear velocity (or 

linear corrosion index) estimation. The exemplifications are given e.g. under the 

similar aggressiveness conditions the linear corrosion rate is relatively 5,000 x 

greater in the wider karst channel, while the dissolution rate is only 10 x greater. 

Depuis la parution des travaux de Jean Corbel (1959, 1964) l'activite chimique 
des eaux karstiques et la vitesse de !'action corrosive qu'elles exercent sur le 
calcaire est devenue le sujet de nombreuses recherches (ex. Bogli 1960, Roques 
1961, 1969, Rudnicki 1967, Thraikill 1968). 

La vitesse d' enlevement du CaC03 par un mouvement de l' eau coulante et 
}'action de dissolution etaient parfois confondues (ex. Bogli 1960) avec la vitesse 
de dissolution. J. Rudnicki (1967) a signale, qu'il serait utile de distinguer entre 
Ia vitesse de dissolution (soit la vitesse de croissance de la quantite du calcaire 
dissout par unite de volume d'eau) et la vitesse de corrosion (soit la vitesse 
d'evacuation de la quantite du calcaire par unite de surface de la roche). 

Partant de l' equation de la vitesse de dissolution du solide dans le Ii qui de 
(soit du calcaire dans de l'eau) : 

dC S 
- = k

T 
-(C*-C)*) 

dt V 

et partant de !'equation de la progression de la dissolution dans l'espace en fonc-

tion de la longueur de la voie d'ecoulement (Roques 1969) : 

dC 1 S 
- = k

T 
- - ( C* - C), 

dx U V

l'auteur a propose (Markowicz-Lohinowicz 1972) le calcul approximatif de la 
vitesse de corrosion lineaire selon I' equation : 

X1 = krl(C* - C)g/m s 

:i<) Selon H. Roques (1969) kT - coefficient de facilite - est caracteristique du couple solide,

liquide et du monde de leur mise en contact ; S - surface de la roche> V - volume d'eau.,

le rapport S/ V caracterise le degre de dispersion du solide dans le liquide., C* - teneur en

Ca CO de la solution saturee en equilibre, C - teneur en CaC03 mesuree, ( Cq - C) -
3 

soussaturation ou l'agressivite d'eau. 
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(l - perimetre mouille de la voie d'ecoulement d'eau).
L'indice de corrosion lineaire den1ontre la vitesse d'e·vacuation de n1asse 

du calcaire par unite de longueur de la voie d' ecoulement d' eau. 
Une difficulte essentielle, selon H. Roques (1969) est la valeur inconn11e du 

coefficient de · facilite dans les conditions des reactions en milieux naturels. 
L'auteu1· a essaye d'evaluer cette valeu1·, en partant des equations�presentees 
par H. Roques (1969) et des donnees mesurees sur le terrain dans les Tatras en 
aout 1972. On a mesure la teneur en CO2 et HC03 - de l'eau de pluie ( echantillon 
nr. I) et de cette eau meme egouttee d'un lapie developpe a la surface plate d'un 
bloc de calcaire (echantillon nr. 2). Puis on a mesure la teneur en CO2 et HC03-

de l'eau d'une petite_ source des roches cristallines (echantillon nr. 3) et de l'eau 
qui s'ecoulait de cette source s'ecoulait sur la paroi calcaire au fond d'un aven 
(nomme << Ratusz >>), restant en contact avec la roche calcaire sur la voie de 5 m 
(echantillon nr. 4). Les resultats d'analyses sont donnes ci-dessous : 

• 

l 

Echant. pC02 Teneur en HC03 - Concentration Agressivite de l'eau 

(nr.) min med max d'equilibre calculee calculee graphiquement. 
min med max graph. 

C f mg/1 I CaC03 C* I mg/1 J CaC03 (C*-C) I mg/1 l CaC03

1 5. 10-4 .2 7 12 75 63 68 73 

2 6. 10-4 20 25 30 80 50 55 60 
3 6. 1 o-<l 8 13 18 80 62 67 72 
4 5 .10-·1 20 25 30 75 45 50 55 

Puis on a calcule le nombre d'unites de transfert (NUT) par integration 
graphique (selon Roques 1969., p. 473), en partant des teneurs en HC0

3-- et 
tenant compte des erreurs de !'analyse (± 5 mg/1 CaC03). Les resultats du calcul 
sont donnes ci-apres : 
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Nombre d'unites de transfert (NUT)

• I min med ' max I max/min 
Le lapies 0,120 0,277 0,436 4 

La paroi d'aven 0,036 0,216 0,410 10 

En employant des equations proposees par H. Roques (1969., p. 472) : 

• 

SOlt 

dC 1 

dx == kT 
u V

(C* - C), 

C2 
. 

dC 
-··- -

C1 (C* - C) -

L 

kT 1

0 u
a dx,



on a obtenu: 

SOlt 
dC 

-·--• - --

cl (C* - C)

k
T = (NUT) U a L 

I 
soit k

r 
= (NUT) Q L .

1 

, On a mesure sur le terrain le debit d'eau Q(m3/s), la longueur de voie
d'ecoulement L(m), et perimetre mouille de cette voie /(m), tant en cas de lapies 
qu' en cas d' aven. Admettons, qu' en train de prendre des mesures sur le terrain 
aient ete commises des erreurs qui ont influence les resultats du calcul de coeffi
cient de facilite k

r 
et, en consequence, d'indice de corrosion lineaire. Des donnees 

ci-dessous demontrent cette influence :

le lapies 
• 

mtn 

med 

max 

max/min 

l'aven 
• 

min 

med 

max 

. .

max/min 

Debit Longueur 

Q L 

m3/s m 

1 . 10-7 0.,5 

5. 10-7 0,75 

1. 10-6 1,0 

10 2 

2,5. 10-4 4,0 

5 .10-4 5., 0 

1. 10-3 6,0 

4 1,15 

Peri- kT XL dC 

metre m/s g/m s dt 

l g/m3 s 

m 

0,1 0,6 .10-7
· 3·. 10-7

0,12 0.,9. 10-6 - 6,0. 10-6 5,5. 10-2

0,14 3,0 .10-6 2.,5 .10-5

1.,4 50 83

0,30 1,3 .10-4 1,7. 10-3

0,35 1,6.10-3 2,8 .10-2 7,5. 10-1

0,40 6,0. 10-3 1.,3. 10-1

1.,3 47 72 
. 

Malgre une erreur tres importante de calcul (valeur maxima par rapport 
aux· minima montent presqu'a centaine de fois ), l'indice de corrosion lineaire 
pourrait etre utile en train d' evaluation des vitesses relatives de developpement 
de di verses f ormes d' erosion chimique dans les karsts. 

On voit, ci-dessus, que l'agressivite de l'eau etant du meme ordre de

grandeur, le perimetre mouille etant a peu pres redouble, la vitesse de corrosion

lineaire est presque de 5 000 ( cinq mille) fois plus grande en cas de paroi d'aven

<< Ratusz >> qu' en cas de lapies sur un bloc de calcaire plat, arrose par de l' eau

agressive de pluie, tan dis que la vitesse de dissolution est seulement dix f ois

plus grande . 
. De ce point de vue !'influence des quatres phases chimiques de dissolution

du calcaire ( evoquees p_ar Bogli, 1960) sur la morphologie des terrains karstiques

n' est pas aussi grande qu' on le pensait. C' est, comme le soulignait H. Roques

(1969), l'agressivite de l'eau et le mode de mise en contact du couple solide

liquide qui jouent le role le plus important. 
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La theorie des transferts de masse presentee par H. Roques (1969) permet 

d'etudier !'influence morphogenetique en terrains ka1·stiqt1es des facteurs tels 
que les conditions climatiques (par ex. : temperature, pluviosite) et cond.itions 

geologiques (par ex. resistance differentielle des roches carbonates aux actions 
chimiques, zones faibles ou la concentration d'ecoulement d'eau aurait lieu). 

L'auteur voudrait exp1·imer l'espoir, que l'exemple de cor1·osion lineaire 

ainsi calculee sous le rapport de la vitesse serait utile dans les recherches en 

geomorphologie dynamique des terrains calcaires. Connaissant ia valeur des 

indices de co1·rosion lineaire on pourrait, par exemple, comparer la vitesse 

d'evolution des grottes ou estimer combien de temps faudrait-il, dans telies ou 

telles conditions climatiqt1es., pour qu'une grotte a dimensions co11nues se forme. 
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Cb 009 

RELATIONS· DEBIT-TENEURS ET DEBIT-EROSION DANS 
, , 

LES KARST MEDITERRANEENS 

Jean Nicod 

lnstitut de Geographie, Aix-en-Provence, France 

Recherches effectuees sous la direction de J. Ni cod par J. Leven, Olive, B. Hakim. 
Mesures periodiques eff ectuees par M. Guendon, analyses par Mme Sistach 
(Laboratoire de Geographie Physique). Renseignements hydrologiques. fournis 

par le Cabinet Ruby (13 les Milles), le B. R. G. M. Marseille, le Service hydro
logique de la Societe du Canal de Provence (13 - Le Tholonet). 

Nos recherches ont ete effectuees sur un nombre important de sources, 
e x  u r g e  n c e s  karstiques de Basse Provence calcaire (fig. 1) choisies soit en 
f onction de leur inter et specifique (impluvium calcaire ou dolomitique, dans des 
regions de conditions bioclimatiques diff erentes) soit dans le cadre de l' etude 
particuliere d'un secteur : Bassin de la Roquebrussanne et partie orientale de la 
Sainte Ba1.1me. Nous avons utilise, aussi, a titre de comparaison, !es travaux de 
B. Hakim sur la riviere souterraine de J eita, au Liban (B. Hakim 1972).
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en 1964-1965 et 1971-1972. 

-

Les trois themes d' etude concernant nos exurgences sont : 
- Etude des variations hydrologiques, bilans annuels, nature et agencement

du reservoir karstique. 
- Etude des variations des caracteres physiques (temperature, pH) et

chimiques de l'eau en fonction des debits, analyse des co�rbes d'equilibre, 

variation du rapport (Mg/rCa). 

- Etude des variations du tonnage des carbonates exportes en fonction du

debit (variations debit - erosion). 
C' est sur ces deux derniers themes que portent notre communication, nous 

renvoyons pour le premier, a nos publications anterieures (J. Nicod 1969-1970). 

VARIATIONS DEBIT-TENEURS 

Le regime des exurgences des karsts mediterraneens est simple. On pourrait le 

qualifier de pluvial exagere et differe, comme le montre la courbe des debits de 

la Sourced' Argens. L'annee se decompose en deux periodes. La saison froide, 

periode des precipitations importantes et efficaces, se traduit par une serie de 

pulsations. Un dephasage s'introduit en general entre la date des premieres 

pluies et des premieres crues, ou bien si les averses d'automne sont considerables 

les crues correspondantes sont attenuees ; ces particularites du regime automnal 
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sont a mettre en relation avec la reconstitution de la reserve hydrique du sol, et 
surtout de la reserve karstique. La saison chaude est celle des debits soutenus, 
decroissants, en regime non influence, la courbe de decrue reguliere exprime le 
destockage karstique. L' etude des teneurs totales en carbonates ( titre hydroti
metrique TH)(1) montre des variations en sens inverse de la teneur totale et du 
debit. En ete, et surtout en automne, lorsque la decrue se prolonge en cette saison, 
les teneurs soot plus fortes que pendant les pulsations hivernales (fig. 2). Le 
rapport r Mg/rCa varie dans le meme sens que les teneurs. C' est pendant l' etiage 
que predomine !'infiltration lente des eaux, done un meilleur contact avec la 
roche et la circulation dans les aquiferes poreux, profonds, dans les dolomies ; 
par ailleurs, nous avons montre (J. Nicod 1971) que la dissolution de la dolomite 
decroit moins vite que celle dela calcite avec !'elevation de la temperature de 
l'eau. L'etude comparee des teneurs (TH) en carbonates et du pH) faite avec Ies 
courbes de Roques (rectification importante des courbes de Tillmanns par les 
teneurs faibles et les pH eleves) montre que la sursaturation est atteinte en ete, 
pour un certain nombre de sources, et se prolonge au cours de l' automne, si 
�elui-ci est sec. Les observations faites par J. Leven en 1970 ont complete les 
notres en 1966-1967 : ainsi dans le bassin de la Roquebrussa�ne la sursatu
ration a ete de regle aux sources du Trians, de Font-Robert, de Saint Martin et 
de Saint-Medard . 

. La multiplication des observations doit permettre de nuancer les remarques 
en ce domaine. Entre les sources qui accumulent toujours des tufs (par exemple 
celle qui alimente la fontaine du Champignon de Barjols) et celles qui n' en 
donnent jamais (Source d' Argens ), la plupart presentent des eaux differentes en 
hiver et en ete. Et on peut rechercher aussi des variations d'une annee a l'autre. 
Ainsi la source d' Argens, pour la periode 1971-1972, caracterisee par des pluies 
abondantes, un fort remplissage hi vernal, et un debit soutenu penqant 1' ete, 
presente une variation faible du TH et du pH, et la saturation etait loin. Ce fut 
!'inverse au cours de la periode 1964-1965, le stockage de l'hiver 1964-1965 

ayant ete particulierement deficient, et· la saturation fut proche d'etre atteinte 
deux fois (tab. 1). 

, 

Tabl. 1 
Variations extremes des caracteristiques de la Source d' Argens a Seillons 

I 1971-1972 I 1964-1965

TH minimal 28 24
.,6 

maximal 33,5 37.,2 

pH minimal 6,7 6.,7 

maximal 7,1 7,2 

. Lors des premieres pluies, les forts debits enre�istres ne se traduisent p�s,

en general par une baisse immediate des �eneurs, _ma1s on constate au contra1re
-· 

1 _ TH e�prime en degres fran9ais. Un degre = 10 mg/I de CaC03 ou 8.,4 mg/1 de Mg COa. 
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Fig. 3. Relation debit et tonnage de carbonates exporte's de trois sources : Source d' Argens

a Seillons, La Foux de la Roquebrussanne, Saint-Martin de Cot1gnac. 

un ·rH toujours eleve. Nous pensons qu'il s'agit de !'expulsion des eaux a torte

teneur stockees dans le karst ... mais bien sur, cela varie avec le dispositif des 
sources de la nature des aquiferes karstiques correspondants. Le rapport 
rMg/r Ca, que nous avons deja etudie dans des publications precedentes, presente 
des particularites interessantes. Il peut s'approcher de 1 dans le cas d'exurgences 
d'aquiferes dolomitiques, comme la source du Saint Rosaire a Toulon, la source 
du Gapeau et celle de Beaupre a Signes. En theorie, il ne devrait pas depasser 1, 
puisque dans une roche dolomitique a 100 °/0 de dolomite, les deux carbonates 
sont en proportion equimoleculaire (la dolomite etant de formule Mg Ca ( C03)2• 

En realite on observe parfois un rapport superieur a 1, et il s'explique par la 
precipitation preferentielle de la calcite dans les cavites. C'est ce que J. Leven 
(1971) a observe dans les eaux du lac souterrain W du Rega:i de Neoules : de 

. . 

nombreuses concretions s'etalent a la surface du lac et dans le ruisseau qui 
_ l'alimente, beaucoup sont en forme de champignons dont le chapeau affleute au 
plan d'eau. L'augmentation du taux de magnesium est une consequence de la 
precipitation abondante de la calcite dans les cavites aerees . 

• 

, , 

RELATION DEBIT EROSION 

Connaissant les teneurs et les debits correspondants nous avons calcule, avec 
l'aide de B. Hakim le tonnage quotidien exporte par un certain nombre de 
sources. 

Si Q est le debit en 1/s et m la mineralisation en mg/1 soit IO TH). Ce 
tonnage est de Qm x 86 400. 
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ou exprime en tonnes Tj = Qm x 86 400 x 1 O ; 
L'analyse des variations de Tj (tonnage quotidien exporte) en fonction du debit, 
opere par methode graphique (cf. les travaux de Iv. Garns et A. Pitty) montre 
que les points correspondants aux valeurs respectives de T et de Q sont disposes 
suivant une courbe qui devient une droite a partir d'une certaine valeu1· (fig. 3). 
En effet, a !'exception du cas particulier signale supra (expulsion d'un stock 
d'eau accumulee), Ia teneur m varie en general en fonction inverse du debit, pour 
des debits mediocres. Le tonnage exporte T = Q m croit done plus vite Q. 
A partir d'un certain debit, la teneur devient pratiquement constante, et le 
tonnage exporte Qm croit lineairement avec le debit. La courbe devient done une 
droite, dont la pente est determinee, en coordonnees arithmetiques, par la mine
ralisation. Cette pente est caracteristique d'une exurgence, ou plus generalement 
d'un massif karstique. Des recherches ulte1·ieures permettront de preciser 

- pourquoi a partir d'une certaine valeur du debit la mineralisation est
constante dans nos exurgences proven9ales ( cf. egalement les travaux de C. Rous

set 1971). 
- Si cette mineralisation constante s'observe pour les tres grands debits

(nous ne le pensons pas, mais nous n'avons pas assez de points pour construire 
la courbe). 

Telle qu'elle est etablie, la courbe des tonnages quotidiens exportes permet 
d'affiner nos connaissances sur le bilan de dissolution, done sur !'erosion kar
stique. On sait qu'une methode approchee est donnee par la formule de Corbel : 

4ET 
Dissolution specifique = -- en m3/km2/an ou mm par millenaire dans 

100 
laquelle E est la valeur de I' ecoulement en dm, et T, dans cette f ormule, la teneur 
moyenne en mg/1 (m dans notre formule). 

Dans !'application de cette formule, on associe le plus souvent une valeur E, 

resultant de !'observation precise sur de nombreuses annees et une mesure 
episodique de la mineralisation ( T ou m). 

L'etablissement de la courbe des tonnages journaliers exportes permet 
d' avoir par interpolation, au contraire, autant de valeur de la teneur en carbonates 
que de valeur de debit. Connaissant celui-ci on peut calculer avec precision le 
tonnage annuel exporte. Connaissant les debits moyens annuels, on peut etudier 
Ies variations d'une annee a l'autre, du tonnage annuel exporte. 

Si on divise le tonnage annuel exporte par la densite du calcaire (2, 7) et par 
la surface de l'impluvium, estime par des considerations geologiques, on obtient 
annee par annee la dissolution specifique en m3/km2/an. Le tableau 2 donne 
quelqu'aper9u de ses variations d'une annee a l'autre. 

En conclusion nos recherches montrent que dans nos exurgences karstiques 

mediterraneennes, sauf a l'etiage et peut etre par forte crue, le tonnage de 

carbonates exporte est proportionnel au debit. On peut done calculer avec u11e 

grande precision le volu1ne de carbonates exporte et la dissolution specifique 

pour des periodes hydrologiquement differentes, et apprecier pat· la avec plus 

de surete cette derniere valeur. 
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Tab. 2 
Source d'Argens (impluvium estime a 80 km2

, J. Nicod 1967) 

Tonnage annuel Volume exporte 
Dissolution 

Debit moyen 
specifique Annee 1/s exporte (en t) ma 
m3/km2/an 

1963 . 1.100 10.840 4015 50,2 

1966 620 6.110 2260 28,2 

1967 175 1.724 637 7,8 
. 

1971 570 5.617 2078 25,9 
.

Valeur en appliquant la formule de J. Corbel pour les annees 1964-1966 (J. Nicod 1967) 37. 
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PRECIPITATION DES CARBONATES DE CALCIUM 

• 
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. 

• 

Travail realise en collaboration avec A. Girou Maitre Assistant a l'Institut 
. . 

National des Sciences Appliquees .de Toulouse 

.
. 

. 

Nous avons utilise un dispositif experimental represente en fig. 1 et des 

conditions operatoires permettatit-d'isoler cinetiquement l'etape de transfert de 

ma�iere a !'interface solide-liquide dans -µn systeme C_02 - H20 Ca C03•

Les courbes de precipitation experimentales de CaC03 ont une allure 
generale que 1' on peut schematiser comme en fig. 2 et sur lesquelles on peut · 

distinguer plusiurs. regions : 
- la partie AB correspond au temps de latelice. Durant cette periode, la

germination n' est pas encore realis·�e. La solution est en equilibre metastable ; 

- la partie BF correspond a la precipitation proprement .. <lite. Elle est
representative de la vitesse de croissance des gerines cristallins f ormes durant la 

.
. . ' . 

premiere part1e. . . 
Nous· avons procede a une etude experimentale detaille� de ces courb�s . 

• 
• 

. 
I . ... . �- • ' -

/ "I . 
pH mltre1 

. • 
. 

pH i'flgtre . • 

• 
. • . 

. 

. • . • 
Pmitre . • -.. . 

' . . --= . - -
• � L... . . -

-· . 
-

. 

L... '-. -� -. - -
. - -- � 

/'� 
. V -� ;, -. . - - -

t -�
-

' -• . - - - - . . -
••• �- . - •• 

C CO2 mitre-
. -

-- . 

L..... 
L.. .... -

,_ '- 8 
-

A -- - ._ -
--- - - • 

L..- - - -o-- -
'- . -- - -o- -

._
-
._-

- . 
L.. - I • 

L.. - .-- - - -
... . -o • --o- -- � - .-- ... -

• - - . 
L.. -i

- - -o . 

'-'-
- -- h:,_ L.. 

- ---
L... 

- - . - - - -- -
L..... 

-- - -
.. -� o- ._

. . -
• - - - . . ·-o - -• � 

-0-
-

'- - -
-0

- - ' / ...
' . -

-l:: 
-

10
°

CL..... ,0- -- -
. - -

'\..-_J - --- . -- - - -• . -- - . - . - - - . 

- ---

Fig. I. 

. 277 

•



-

�+ � A · r.---�B
f--__I . 
I 

I I • 
I I 
I I 
I I 

I I 

I I 
I I 

• 

• 

I . 
I . 

I I I:-::-::-.:=-=-�----2-F . I 
.1 

. I 
.... �-- ----- �- --- -----------�, -- - I 

1' : I < I I. 
I . I I I 

/ 

Fig. 2. 

PERIODE DE GERMINATION· 
. . 

temps 

II semble exister une relation entre temps de.latence (ou son inverse : la vitesse 
de germination) et la variete cristalline qui apparait. Grosso modo, on peut dire 
qu'a 30 °C, l'.appari_tion de vaterite correspond aux vitesses· de · germination les
plus faibles. La calcite apparait pour les valeurs moyennes de cette vitesse. Des . 
. ·zones de recouvrement existent. 

. 
. 

A 10 °c, la meme regle s'applique a la calcite et a la vaterite mais avec des 
• • 

vitesses plus petites �n valeur absolue. Par contre, dans ces conditions de tempe-
rature, l'aragonite n'est jamais obtenue experimentalement. 

A 50 °C, le decalage des valeurs absolues de vitesse de germination se fait 
au contraire par exces et la plage d'apparition ·de l'aragonite se developpe forte
ment. pour envahir .pratiquement tout le domaine des eaux naturelles au-dessus 
de 70 °C. .

Poµr une configuration de cellule donnee, on peut tracer dans le plan { [Ca++], 
Pco2. equilibrante (0)}, les divers domaines d'apparition de ces trois varietes 
[(1), (2) et (3)]. Cette ·construction est donnee en fig� 3: · -

. 

Independamment de la nature du cristal qui appara_it, il existe a :une tempe-
rature. donnee, une relation entre la vitesse de germination et la vitesse de 
croissance a l'origine, cotnme le montre la fig. 4. Le modele empirique _obtenu 
est de la f orme : 

avec: 

. 

log Tg = � 0,6 log Vo + 1,8 a 10 °C 

Tg = temps de latence experimental 
precipitation en mg/1-mn. 

en minutes, Vo = vitesse initiale de 
. 

(0) Pco2 = pression partielle de CO2 dans Ia phase· gazeuse surmontant Ia solution . 

. 
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Ce temps de latence est f ortement influence par : 
- l'ctat et la matiere des surfaces de_ la cellule de mesure,
- le hold-up des bulles de gaz dans la cellule,
- !'agitation du milieu;
- le degre de depassement,
- la temperature.

..

ITE 

lCICO 

- - , .

Les deux premiers postes trahissent !'importance des phenomenes de
germination heterogene alors que les trois derniers agissent sur · la germination 
homo gene. 

L'agitation qui est un parametre difficile a definir .et a mesurer a fait l'objet 
d'une etude speciale dans des cellules aerees et_ agitees mecaniquement. Pour 
une configuration de cellule donnee, la variation de la vitesse de germination 

( V g == -) en. fonction du nomb·re de Reynolds de l'agitateur a l'allure repre-
Tg 

sentee en fig. 5. 
On constate que : 
- aux faibles vitesses de rotation (partie PQ) !'agitation augmente V g en

accroissant la vitesse de difft1sion des ions en solution (action sur la germination 

· homo gene) ;
- au-dela de 800 t/mn (partie QR) la tres forte et tres brusque �ugmentation

de hold-up augmente fortement Vg (action sur la germination heterogeri.e) ; 
- au-dela de 3 000 t/mn (partie RS), la vitesse de germination semble sous
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le controle cinetique des reactions de surface (pas d'action de l'agitat1on sur -la 
germination heterogene ). 

· La mesure experimentale des temps de latence a permis de calculer les .
energies superficielles des diff erentes varietes allotropiques. 

,, 

Ces mesures ont confirme l'existen9e d'une forte con;iposante heterogene 
dans les phenomenes de germination des carbonates de calcium. · 

' . ' , 
PERIODE DE CROISSANCE DES CRISTAUX 

. 

Diverses constatations experimentales nous ont conduit� decouper la courbe de 
precipitati.on (partie BF. de la fig. 2) en 4 zones distinctes : 

- dans la partie BC, 1' element cinetiquement limitant est la vitesse de. . 

diffusion des ions entre la solution et les faces cristallines ; · · 
- dans la partie CE, la vitesse de diffusion des ions et les vitesses de desol- .

vatation et d'insertion des ions dans le motif cristallin (reactions de surface) sont 
du meme ordre de grandeur ; 

- dans la partie ED, !'element cinetiquement limitant es� la vitesse de
reaction de surface directe. On est encore assez loin de l'equilibre pour negliger 
la vitesse de reaction de surface inverse ; 

- dans la partie DF, les deux vitesses de reaction de surface directe et
inverse sont du meme ordre de grandeur et interviennent Conjointement. 

Ce decoupage qui n' etait au. depart qu'une hypothese a permis ·de batir 
un modele mathematique que nous avons pu verifier av·ec une excellente �pproxi
mation a partir d'un programme de calcul exploitant les donnees experimentales. 
La fig. 6 donne a titre de comparaison, les traces calcules et experimentaux de 
deux essais eff ectues a 10 °C. 

Accessoirement, le calcul machine a permis d'ajuster, par regressions, les 
valeurs numeriques des coefficients de vitesse introduits dans le modele [c. f. (5)] .

. 
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Les phenomenes de diffusion . predomina·nts dans la premiere partie de la 
courbe de precipitation (partie BC), ont fait l'objet d'une approche analytique 
theorique. On peu� en eff et concevoir plusieurs schemas·. cinetiques diff erents 
selon- que l'on se place dans l'une OU l'autre des hypotheses suivantes .:

-· l'ion HCO;, tres fortement predominant en solution deva.nt. CO; aux·
. . ... 

pH consideres, migre a travers la couche limite avant de reagir s�lon : 
· 

H co; - co; + H+, 

au· voisinage immediat de la surface cristalline. II fournit ainsi l'ion CO; -
ulterieurement· incl us a cette surface. II f aut al ors considerer un flux de migration 

. . . 

• d'ion H + en sens inverse.
- l'ion HC9; ·se transforme selori _la meine reaction dans la solution et

c'est l'ion co;- _qui migre a travers -la couche limite. · 

.Malgre des constantes de diffusivi�e differentes pour les divers ions consi
deres, des considerations de necessaire compensatio_n des charges electriques 
deplacees ·amenent a la conclusion qU:e, du point de vue formel, le _modele ma the-

. 
. 

matique �e cette etape es� le meme dans tous les cas. 
Si on utilise, comme critere global de vitesse de croissance cristalline, la 

vitesse a l'origine Vo, !'experience montre qu'elle est fonction 
- du degre de depassement,
- de la temperature,
� de !'agitation du milieu.

_ . Ce dernier paran;ietre a egalement fait l'objet d'une experimentation parti-
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culiere dans des cellules aerees et agitees mecaniquement. Si 1' on reporte Vo en 
fonction du nombre de Reynolds de l'agitateur, on obtient des courbes a ma-

. . 

ximum comme �n fig. 7. En premiere analyse .ces courbes montrent : 
. ,. 

- dans·la partie TU l'.inflttence positive de !'agitation du milieu sur la vitesse
de diffusion des ions, element cinetiquement limitant de cette premiere partie 
de la courbe de precipjtatio� � 

- dans la partie UV, !'influence d'une augmentation de la surface deve-
loppee des faces cristallines du fait de !'augmentation du ·nombre de germes 
a nourrir, lui-meme lie a l'accroissement par le hold-up de bulles du pouvoir de 
germination heterogene ; 

- aux grandes vitesses de rotation, la periode de latence cesse d'etre
apparente en tant que periode individualisee. La croissance des germes _debute 
tres tot alors que la germination se poursuit. La vitesse maximale de precipitation 
est done decalee dans le temps et s' eloigne de plus en plus de la vitesse initiale. 
Sur la courbe de precipitation, la partie BC se d�veloppe. Ceci e,xplique l' exis-
tence du maximum et de la partie decroissante UX. 

• 

• 
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• 
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• 

Il faut noter que pour les vitesses de rotati·on �e l'agitateur superieures 
a 500...:..800 t/mn, on a toujours obtenu de• l'aragonite a 30 °C. Ceci, en con
tradiction avec la loi de correspondance : temps de · latence-nature du .cristal 
observe dans Ies cellules aerees mais non agitees mecaniquement. Des etudes se

poursuivent- pour approf ondir ces mecanismes de g�rmination-croissance.
. Notons pour terminer que certains ions etrangers, dont le plus importat;tt

en karstologie est le magnesium, sont susceptibles par leur presence de def or mer
les courbes de· precipitation dans le sens d'une augmentation de la phase de
latence et de changer la variete allotropique precipitee. L'influence du magnesium. 
a une concentration s·uffisante se traduit par une orientation vers l'aragonite. Ce 
prenomene deja_ sig�ale (1) a fair l'objet d'une application a la genese des forma-
tions aragonitiques naturelles ( 4). II �st illustre e11 fig. 8. . .

• 

. \ 

CONCLUSIONS 

Nous avons essaye a partir de donnees experimentales precises d'elaborer un 
modele mathematique des phenomenes de croissance cristalline. Le modele mis 
au point semble satisfaisant pour la periode de� croissance proprement dite. 

· II n-'englope pas toutefois la periode de latence.
Nous dispospns pour cette ·periode de latence d'un nombre· important 

. 

d' observations experimentales et d'un modele empirique valable pour une 
geometrie de cellule bien determinee. -· 

L'agitation du milieu apparait comme un parametre essentiel. Malheurese-
- . 

ment le degre d'agitation d'un milieu est une notion difficile a quantifier autre-
ment que par une convention globale, forcement tres sommaire. 

- La description de !'agitation par une representation analytique du champ
d�s vecteurs vitesse des particules fluides est pratiquement impossible a aborder 
sinon pour .-des geometries de solution beaucoup trop simplifiees pour avoir un 
interet reel. _Nous avons essaye une premiere approche experimentale de ce 
probleme en travaillant dans des cuves agitees mecaniquement et en reliant la 

l, 

turbulence moyenne de la solution au nombre de Reynolds de l'agitateur. Des 
resultats interess�nts ont ete obtenus. 11 e�t bien evident qu'il faudrait aller plus 
loin p_our pouvoir les utiliser clans les configurations d' ecoulement reels comme 
on en rencontre en karstologie. 

Les etudes se poursuivent dans ce sens, de me�e qu'un travail symetrique 
sur les cinetiques de dissolution des .carbonates de calcium

., en particulier dan� 
ses rapports avec la turbulence du milieu. 
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THE USE OF ACTIVATED CARBON FOR THE DETECTION 

. OF THE TRACER DYE RHODAMINE WT 

P. L. Smart

Department of Geography University of Bristol, England 

M. C. Brown

Department of Geography University of Alberta, Edmonton, Alberta, Canada 

A b s t r act. The results of laboratory experiments on the elution of Rhodamine WT from 
activated carbon are reported. Elution of carbon at room temperature with 
a large weight of carbon and minimum volume of elutant will produce highest 
elutant fluorescence. However large volumes of elutant with concentration will 
increase minimum detectability. The best elutant was found to be 10 % ammo
nium hydrozide in 50 % aqueous I-propariol. Theoretical arguments are given 
to support this finding. 

It was demonstrated that dye loading, initial solution concentration, and 
time since adsorption had occurred, all influenced maximum fluorescence on 
elution. This multivariate situation prevents quantitative application of activated 
carbon adsorption in water tracing studies. 

The use of activated carbon for the detection of fluorescene used in karst ground
water tracing tests has been widespread since the introduction of the method 
by Dunn (1957). A considerable body of empirical expertise has been assembled 
during the use of the technique [Haas (1959), Zotter (1963), White (1967), 
Drew (1968), Aley (1971)], but there has been a poor understanding of the 
mechanisms and controls of dye elution and adsorption. This paper reports 
the results of a series of laboratory experiments on the elution process for a new 
tracer, Rhodamine WT. 

A. EXPERIMENTAL METHODS

A known weight of 8-10 mesh activated carbon1) was added with stirring to 
a known volume of a solution of Rhodamine WT2) dye in distilled water. The 
carbon and solution were separated after a given time (sufficient to allow total 
removal of dye), and the carbon dried for 24 hours at 11_5°C in a natural con
vection oven. After homogenisation, samples were weighed into glass-stoppered 
Pyrex bottles to which an appropriate volume of elutant was added. The bottles 
were maintained at a constant temperature in a water bath. Three ml samples 
of the solution were removed periodically for determination of the dye released 
usi1:1g a Turner 1113) filter fluorometer equipped with a standard rhodamine

1) A product of Fischer Scientific Ltd., Cat., No. 5 -685.
2) A product of E. I. Du Pont de Nemours & Co. Ltd., Wilmington, Del. USA.
3) A product of G. K. Turner Assocs. Palo Alto, California, USA.
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filter combination [Wilson (1968)]. All samples were returned to avoid volume 
loss . 

. The results are reported in terms of the maximum dye fluorescence obtained 
in the elutant. Fluorescence was employed rather than dye concentration, be
cause it reflects detectability; dye fluorescence for a given concentration varies 
with the solvent. _All results are expressed as equivalent fluorescence by con
verting from machine reading to Rhodamine WT concentration in distilled 
water using a calibration curve. 

B. ELUTION CONDITIONS

1. Carbon Weight and Elutant Volume

For a carbon of 429 [J.g/g dye loading and an elutant composed of 75 % aqueous 
ethanol at 40°C, the weight of carbon (w) and volume of elutant (v) were varied. 
As expected there was an inverse non-linear relationship between v/w and 
maximum fluorescence (fig. 1 ). Furthermore it was fourid that for a given v/w 
there was no difference in maximum fluorescence when volume only or weight 
only had been varied. This indicated that there was an equilibrium between dye 
concentration in solution and loading on the carbon surface, which controlled 
the amount of dye release, rather than a set mass balance, e.g., 20 o/0 of adsorbed. 
dye released. 

Thus although the best simple technique for examination of carbon de-
tectors must maximise carbon weight, and minimise elutant volume, higher 
detectabilities may be realised by employing large volumes of elutant which are 
subsequently concentrated by evaporation. This is the basic pri�ciple of the 
Soxhlet extractor, which might well be applied to elution of detectors. 

2. Elutant Composition

For seven carbons of different loading, a variety of elutants were prepared 
using methanol and ethanol as solvents and various concentrations of sulphuric 
acid, nitric acid, potassium hydroxide, ammonium hydroxide and detergent as 
additives. The results were analysed using a 2-Way 1\1.odel 1 analysis of variance 
with specific contrasts [Brownlee (1960)]. Ethanol gave significantly better 
results than methanol (95 o/0 significance level) for all runs and for only those 
with ammonium hydroxide. This additive gave statistically higher maximum 
fluorescence at the 5 · and 10 o/0 concentrations as compared to the 1 o/o (99 %
significance level), but the former were inseparable. The acids and potassium 
hydroxide were unsuccessful as \Vere chloroform, benzene, and butanol solvents. 
Marginal means from the analysis of variance are presented in tab. 1. 
Examination of the results indicated a possible relation between percentage 
water in the elutant and ·maximum fluorescence. A further experiment was 
therefore run using methanol, ethanol, 1-propanol, 2-propanol and acetone with 
different percentage compositions of water. A carbon of 78 !J.g/g loading was 
used. The results showed that the maximum fluorescence did vary witl1 elutant 
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400 

water content, the relationship also depending on the alcohol employed (fig. 2) . 
. 

Furthermore higher unbranched alcohols proved better than lower or branched 
ones, or acetone of similar molecular weight to propanol. When expressed in 
terms of absolute concentration these results exhibited the same features. 
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The data indicate that it was replacement of dye by alcohol molecules 
adsorbed at the carbon surface by van der Waal's forces which caused elution. 
Solubility differences in the solvent and replacement of dye adsorbed onto polar 
sites are both eliminated as elution mechanisms due to the· increasing desorption 
shown by successively less polar molecules. However this trend, which complies 
with Traube's Rule (Hassler ( 1963) Chapter 9], and the steric effects noted for 

elutants of equal molecular weight are both consistent with the operation of van 

der Waal's dispersion forces in adsorption. Thus competition between the 
adsorbed dye and molecules from the elutant solution causes a shift in the 

solution concentration/dye loading equilibrium, such that dye molecules are 
released [Kipling (1965) p. 179-181]. 

Tab. 1 

Marginal Means from Elu tant Eva lu ation 

Analysis of Variance 

' 

Elu tant Maximum Fluor escence 

(% by wt.) (Equiv. Fluor. Units) 

- • 
M e tha no l Etha nol 

1 % KOH 137 83 

5% KOH 124 50 
.

0.5 % H2S0 4 109 270 

5 % H2S0 4 65 193 

0.5 % HN0 3 98 234 

5 % HN0 3 46 148 

1 % NH40H 424 287 

5 % NH
4
0H 288 681 

10 % NH
4
0H 149 648 

100 % Solvent 316 115 

Detergent - 558 

However, it is evident that solubility effects do explain the differences in 
elution caused by addition of varying amounts of water. Dye solubility in the 
non-polar higher alcohol chain members is low, and hence although desorption 
may be potentially high, this potential may not be realised unless dye solubility 
is increased. This explains the trend for highest maximum fluorescence values 
from methanol (no water) to propanol (50 <3/0 water). 

The relative success of alkali versus acid additives may be explained by the 

occurence of maximum fluorescence of Rhodamine WT under alkali conditions. 
However, comparison of values of maximum fluorescence for the ammoni11m 

hydroxide additive with those for ethanol of corresponding water content 
indicated considerable improvement for ammonia (tab. 2). This effect probably 
indicates some removal of dye bonded to polar adsorption sites, though other 
effects may be responsible. 
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Tab.2 

Effect of Ammonium Hydroxide Concentration 
on Maximum Elutant Fluorescence 

Ammonium Hydroxide 
M axi m u m  E l u t a n t  

F l u o r e s c e n c e  
Concentration 

With Alkali Without Alkali 
• 

1% 92 90 

5% 186 120 

19 % 245 170 

Elutant: Ethanol at 20°C. 

3. Elu·tant Temperature

Two carbons of 159 µg/g and 298 µg/g loading were eluted at controlled 
temperatures using 50 % aqueous ethanol. Values for the 30°C sample of the 
159 µg/g carbon are probably in error due to non-homogeneity of the sample. 
It is evident that when corrected for the inverse effect of temperature on fluo
rescence, more dye' is· eluted at higher temperatures (fig. 3) .. However, when 
considering detectability alone, there is an overall decrease with temperature. 
More dye is eluted at elevated temperatures due to the exothermic nature of 
adsorption [Weber and Morris (1964)]. There is a decrease in the strength and 
specificity of van der Waals forces with temperature [Kipling (1965) p. 61], 
thus more dye may be released by replacement at the carbon surface. 

C. DYE/CARBON INTERACTION EFFECTS
' 

Preliminary experiments indicated that dye loading on the carbon, initial solution 
concentration from which adsorption took place, and the time the carbon re
mained in the water after completion of adsorption, all affected the maximum 
fluorescence on elution. A series of experiments was therefore carried out holding 
two of these variables constant and varying the third. Seventy-five per cent 
aqueous ethanol at 40°C was used as the elutant. 

1. Carbon Loading

There is not a simple linear relationship between carbon loading and max
imum elutant fluorescence (fig. 4). This may be due to adsorption occuring on 
heterogeneous sites, as was deduced previously; those utilised first being strong 
but readily eluted, while those between 200 and 300 µg/g loading not yielding 
dye on elution. Above 300 µg/g far lower bond strengths are involved and there 
is a marked increase in dye released per unit carbon loading. Identical results 
were obtained for a great variety of elutants indicating that dye/carbon inter
actions only control this relationship. 
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2. Time Since Adsorption

Two carbon loadings were used, one of 95 µg/g in a a closed system, and 
the other 2090 µg/g washed in a continuous flow open system. In the former 
(fig. 5), decrease in maximum fluorescence was due entirely to relocation of dye 

on the carbon surface. Internal transport processes move dye from surface sites 
into the carbon grain, such that it becomes irreversibly bound or too deep to 
contribute during the period of elution [Weber and Morris (1964)]. However 
for the higher concentration, this process plus loss of dye to the continuous flow 
occurred. The dye is not bonded irreversibly and desorption could occur until 
a loading at which the solution equilibrium concentration was zero. 

Thus detectors should not be left in streams for long periods after dye 

adsorption. Furthermore they should be dried on retrieval unless analysed im-
• 
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medi�tely. Some strong bond sites may however retain elutable dye, providing 
they are not colonised by competing organics. 

3. Initial Solution Concentration

Maximum fluorescence on elution is strongly controlled by initial solution 
concentration (fig. 6), probably because of an increase in the agg1·egation number 
with higher concentrations which causes progressively larger micelles to be 
adsorbed [Giles and D'Silva (1969)]. The release of one micelle containing 
a number of molecules produces higher elutant concentrations than that of one 
molecule. The results indicate that high dye concentrations are necessary in order 
to optimise carbon elution, even though terminal loadings may remain constant. 

From the results of the dye/carbon interaction effect experiments, it is 
apparent that any use of activated carbon in a quantitative ma11ner, as suggested 
by Brown (1972) is impossibly complex, even in distilled water systems. All 
three variables affect maximum elutant fluorescence and there is no apparent 
way to control them in the field situation. The use of a more ideal substrate, 
such as macroreticular resins, may prove more fruitful for quantitative use. 
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Cb 012 

. 

OB HHTEHCHBHOCTH KAPCTOBOH 3P03HH 
HA TEPPHTOPHH CCCP 

B. n. 3BepeB
reoJIOrHtieCI<HH llHCTHTYT AH CCCP' Moc1<aa, CCCP 

B. A. 3BepeBa 
IlpOH3BO)];CTBeIIllblli H 11ayqHQ-H�CJie.n;onaTeJII:,CI<HH liHCTHTYT IIO HH>KeHepHbIM 

H3bIC1<a1-11-1.H.l\'1 B cTponTeJibCTBe roccTpoH CCP, Moc1<aa, CCCP 

HaH6oJiee o6·beKTHBIIhIM IIOI{a3aTeJ1eiv1 HlITeIICHBI-IOCTH p83BHTH.H COBpel\-teIIHbIX 

npoQeccoa I<apcTa .sIBJIHetc.H neJIHtIHHa XHMHtiecKo:ti .n;eHy.n;aQHH (Corbel n ,n;p., 

1965), no,n; l{OTOpoii IlOHI-IIV18IOT YCJIOBHOe CHH>KeHHe ae�HOH noaepXHOCTH B e,n;n

HHQY npehteHH. 06bitIHO, npH pactieTax XHMHtJeCKO� ,n;eHy,n;aQHH HCilOJIL3YIOT ,n;a1-1-

Hbie IlOJIHOro XHMHtJeCKoro CTOI<a (MaI{CHMOBHtI, 1953), KOTOpbIH, 1{81( IIOI<a38JIO 

HaytJeHHe rn,n;poreoxHMHtJec1<oro 6aJia11ca TeppnTopnn CCCP (3aepen, 1971), 

cpopMHpyeTC.H H3 PfI.ii;a HCTOtJHHKOB, npHtieM Ha;l ,r(OJIIO 8T.l\'10C<pepHoro IlOCTYIIJieHH.H 

H no,n;aeMHOrO CTOI<a npHXO)];HTC.H COOTBeTCTBeHHO 14 H 54 % IIOJIHOro XHMHtieCKoro 

CTOI<8. 
, 

OcHOBHbIM 1\1exa1-1H3MOM I<apcToo6pa30B8HHH 8BTOpbl C"lJHT8lOT no,n;aeMHbIH 

CTOI<, no,n; I<OTOpbIM 01-IH IlOHHMaIOT npoQecc IIOCTOHI-IHOro IIepeMell.lel-IH.H rpaBHTa

QHOHHbIX II0)];3e.l\'1HbIX ao,n;, 38KJIIOtJeHHbIX B paCTBOpHMbIX ropHbIX nopo,n;ax Bepx

HHX qacTeii 3eAIHOH KOpbI, OT o6JiaCTeii IIHT8HH.H K yqacTKaM )];peHHp0B8HHH. Macca 

MHrpnpyIOlllHX B IIO,D;3eMHbIX ao,n;ax B paCTBOpeHHOM COCTO.HHHH XHM;I-I"lJeCI<HX 

3JieMeHTOB I-I onpe,n;eJI.HeT co6oii: no,n;ae.l\'11-IbIH XHMHtieCKHH CTOK, K8pTHp0B8HHe KOTO

poro BbIIIOJIHeHo Ha TeppHTOpHH CCCP (MaKapeHKO, 3aepea, 1970a). 3TH ,n;aHHbie 
u u 

HCIIOJio30B8Hbl ,ll;JIH KOJIH"lJeCTBeHHOH OQeHKH H I<8pTHp0B8HHH IIO,D;3eMHOll XHMH-

qecJ<OH ,n;eHy)];aQIIH Ha TeppHTOpHH CCCP (MaKapeHKO, 3aepea, 19706). 

3TH MaTepHaJibl, a TaI<>Ke pe3yJinT8Tbl" I<apTHp0B8HHH I<apcTa Ha TeppI-ITOpHII 

CCCP (IlapMy3HH, 1962; Po,n;HOHOB, 1963; CaaapeHCI<HM II. A., 3aepeaa B. A. H 

,n;p.' 1967) H IlOCJIY)KHJIH OCHOBOH )];JIH OQeHKH HlITeHCHBHOCTH I<apCTOBOH 3p03HH 

Ha TeppHTOpHH CCCP. 

KaK y}I<e CKa38HO Bbillle, no,n; ee BeJIHt.JHHOH IIOHHM8IOT ycJIOBIIOe CIIH>I{el-IHe 

3eMHOH IlOBepXHOCTH, I{OTOpoe COOTBeTCTByeT 061>eMy BbIHeceHHoro II0)];3el\-\llbli\1H 

BO)];aMH pacraopea1-1oro Ben�eCTBa. TaKHM o6pa30M, BeJIHt.IHH8 I<apCTOBOH 3p03HH 

H, MO>KeT 6bIT.b Bbipame1-ra CJie,n;yIOll.lHM ypaBHeHHel\-1

H = M,,c (CK- c,,) ' 

r,n;e Afnc - MO,n;ynb II0)];3el\'1HOrO CTOI<a; C,,- I-IatiaJinIIOe H CK - I<OHet.JI-IOe CO,D;ep

}I{8HHe HOHOB, o6pa3yIOUlHXC.H npH paCTBOpeI-IHH TeX HJIH HI·IbIX I<apcTyIOlllHXC}I 
ropHbIX rropo,n; (1-1aqaJILHOe co,n;ep>I{81-IHe o6bJl.JHO COOTBeTCTByeT HX I<OII�eH'rpa�I-IH 
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B aTMOCcpepHbIX oca.n;I<ax, I<OHet.JHOe - B no.n;3eMHbIX ao.n;ax, _npeHHpyIO�HX onpe

.n;eJieHHblM MaCCHB ropHblX nopo.n;),
V 

(! - IlJIOTHOCT.b 1<apcTyJOI..QHXCH ropHblX nopo.n;, KOTOpaH ,D;JIH I<aMeHHOH COJIH

COCTaBJIHeT 2,2 r/cM3, ,D;JIH rHilCOB H .MeJia - 2,3 r/M3 H AJIH H3BeCTHHI<OB H )];OJIO-

MHTOB 2,4 r/cM3•
HcnOJI.b30BaHHe .n;aHHblX O IlO,D;3eMHOM XHMHt.JeCI<OM CTOKe IlpH onpe.n;eJieHHH

HHTeHCHBHOCTH I<apCTOBOH 3p03MM .n;aeT 6oJiee TO'l!Hble pesyJI1>TaTbl, "C.JeM npH y"C.JeTe
BCero XMMHt.JeCI<Oro CTOKa H Il03BOJIHeT 6oJiee 06DeKTHBHO o�eHHBaT.b CKOpOCTh
pa3BHTHH coapeMeHHbIX I<apCTOBblX npoQeCCOB.

IIapaMerphI, HCilOJIL3yeMbie )];JIH pactieTa HHTeHCHBHOCTH I<apcTOBOH 3p03HH,
IIOJiyt.JeHbl CJie.n;yJOI..r(HM o6pa30M.

BeJIHtIMHa Mo.n;yJIH no.n;3eMHOro CTOI<a B3HT8 C I<apTbl no.n;3eMHOro . CTOI<a Ha
TeppHTOpHH CCCP M8ClllTa6a 1 : 5 000 000 ( 1964). Co.n;epmaHHe HOHOB, 06pa3yro
l.[(HXCH B pe3yJILT8Te paCTBOpeHHH I<8pCTYIOIJ¥IXCH ropHbIX nopo,u;, npHHHTO I<aI<
cpe.n;Hee B3Be11IeHHOe HX MemeHHOii KOHQeHTpaQHH no pacxo,u;y B pe1<8X, ,u;peHHpyro-
1.[(HX yqaCTI<H pacnpOCTpaHeHHH K8pCTYIOI..r(HXCH ropHbIX nopo_n (no .n;aHHbIM r11.n;po
JIOrHt.JeCI<HX emero.n;HHI<OB 38 1936-1966 rr .) 38 nepHO)]; OT 3 AO 10 JieT. IIpe.n;notI
TeHHe OTA8BaJIOCb npo6aM, OT06paHHbIM B 3HMHI-OIO MemeHh, Kor.n;a, Kor.n;a B cpe.n;
HHX H BbICOKHX IIIHpOTax IlHT8HHe peI< IlOJIHOCThlO o6ecIIetIHBaeTCH no.n;seMHbIMH

B0)];8MH. ,UJIH 6ecCTOl.JHbIX paiiOIIOB co.n;epmaHHe OT,D;eJibHblX I<OMilOHeHTOB B no.n;-
V 3eMHbIX BOA8X onpe,n;eJIHJIOCb KaK cpe.n;Hee B3BellleHHOe HX I<OH[(eHTpa�HH B KapCTO-

BbIX BO,D;8X no Il.1101.[(a,D;H pacnpocTpaHeHHH Toro HJIH MHOro THII8 I<apcTyIO�HXCH
ropHbIX nopo.n;. B Tex paHOHax, r_ne pelliHMHbie Ha6nro,n;eHHH cpaBHHTeJILHO pe,n;KH
H HMeIOI..r(erocH cpaKTHt.JeCKOrO MaTepHaJia He,D;OCT8T0l.JHO ( B OCHOBHOM 3TO CH6Hpb
H ,UaJibHHM BocTOK), ,n;aHHbie 06 HHTeHCHBHOCTH KapCTOBOM 3p03HH pacnpocTpaHH
JIHCo Ha _npyrne CXO)];Hble B KJIHMaTHt.JeCI<OM, reonorHt.JeCKOM H rH.n;poreo.11orHt.JeCI<Ol\.1
OTHOIIIeHHH paHOHbl pa3BMTHH COBpeMeHHbIX KapCTOBbIX npo[(eCCOB. l{OHQeHTpa
[(HH HO HOB, co,n;epmal.[(HXC� B aTMOccpepHbIX oca,n;I<ax, npHHHTbl I<8K cpe,n;HHe )];JIH
Bn1,n;e.11.HeMn1x Ha TeppHTOpHH CCCP naH,n;IIIacpTHbIX 30H ( 3BepeB, 1968).

I'paHHQhI paiioHoB pa3BHTHH r<apcTa Ha TeppHTOpHH CCCP npHHHTbI no ,n;a11-
HbIM cxeMhI patio1-1HpoBaHHH 1<apcTa CCCP MaCIIlTa6a 1 :7 500 000 (CaBapeHCI<HM,
3aepeaa H ,n;p., 1967), Ha I{OTOpOH BbI,D;eJieHbI yqaCTI<H pacnpocTpaHeHHH Kap6o
H8TI-IOro, MeJIOBOro, rHilCOBOro H COJIHHOro I<ap·cTa.

Ha OCHOBaHHH H3JIO)l(eHIIbIX ,n;aHHbIX BnepBbie · COCTaBJieHa cxeMaTHqecKa.H
I<apTa HI-ITeHCHBHOCTH I<apcToBoii 3p03HH Ha TeppHTOpHH CCCP B MaCIIITa6e
1 : 10 000 000 (pHC. 1). ,U.1151 KapTHp0B8HHH BhI6paHbI cne.n;yromHe rpa.n;a[(HH HH
TeHCHBHOCTH KapCTOBOH 3p03HH - YCJIOBHOro CHH}KeHHH 3el\•lI-IOH IIOBepxHOCTH,
B MliI<pOHax B ro,n;: < 5, OT 5 .n;o 10, OT 10 ,n;o 20, OT 20 ,[(0 50, OT 50 ),o 100 H > 100,

KOTOpbie C ,D;OCTaTOl:.IHO� IlOJIHOTOH xapaKTepn:3yIOT ee pa3BHTHe Ha TeppHTOpHH
CCCP.

l{OJIH�eCTBeI-IHa.SI O[(eHKa HHTeI-ICHBI-IOCTH pa3BHTH.SI KapcTa IlOI{a3bIB8eT, l:.ITO
OCHOBIIbl.l\rl Q_)aKTOpOA1, onpe,n;eJIHIOmHM CKOpOCTb KapcToo6pa3oBaHI1.SI BCJie.n; 38
JIHTOJIOrn:qecI<Hl\11 COCTaBOl\il nopo.n; H FCJIHMaTHl.JeCKHMH ycJIOBHHMH .HBJIHeTC.H ITOJIO-
}KeI-IHe I<apCTY�mHXCH ropHbIX nopo,n; OTHOCHTeJibHO lVleCTHbIX 6a3HCOB ,n;peHH-
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poBalIHH. 
TaK, HHTeHCHBHOCTn XHMHqecKOH ,n;eHy,n;aQHH r. Xo;:i;)Ka-MyMhIH B Cpe,n;HeH 

A3HH' npe,n;cTaBJI.HIOII.{eH co6o.H COJIHHOH MaCCHB' B03BbIIllaIOmHHC.H 6onee T.IeM Ha 

500 M Ha)]; MeCTHbIM 6a3HCOM ,n;peHHpOBaHHH, COCTaBJIHeT � 1700 µ/ro,n;, a MH,n;ep

CI<Oro COJI.HHOro eynona' I-I8XO,D;Hll{eroc.H HH>Ke MeCTHOrO 6a3HCa ,n;peHHpOBaHHH' 

BCero 350 µ/ro,n; (KopOTKeBHl.f, 1970) .. Ta1<oe )Ke COOTHOilleHHe xapaKTepHO H ,D;JIH 

paHOI-IOB pa3BHTH.H rHilCOBOrO I<apcTa. HanpHMep, 11axon.HmHeCH B 6opTaX ,D;OJIHHbl 

p. Y<phI rHilCbI, no ,n;aHHbIM r. r. CI<BOpQOBa (1955), xapaKTepH3YIOTCH HHTeIICHB

HOCTI,10 1<apCTOBOH 3p03HH � 300 µ/roll,, a B ,D;OJIHHe p. 0KH, r,n;e OHH 3anera10T

HH>I<e COBpeMeHHOro 3p03HOHHOrO Bpe3a, - BCero 55 µ/ro11. (3BepeB, 1967).

�faKHM o6pa30M, �6maH TeHlJ.eHQHH H3Me}leIIHH MHTeHCI-IBI-IOCTH 1<apCTOBOH 

3p03HH 38KnJOqaeTC.H B TOM, qTo Ha yqacTKax, pacnoJIO)KeHHbIX BbIIlle MeCTHbIX 

6a3HCOB npeHHpOBaHH.H, OHa Ha nopH,D;OK BbIIlle, qeM ,D;JIH yqaCTKOB, r,n;e 1<apczy10-

m11eca nopo,rr;bI Toro me cocTaBa 3anera10T HH:>I<e e:ro. 

Heo6xo,n;HMO OTMeTHTI>, T.!TO npHBelJ.eHHbie BbIIlle 3HaqeHHH HHTeHCHBHOCTH 
' 

I<apCTOBOH 3p03HH xapaKTepHbl JIHIII:E, lJ.Jl.H OT;J;eJinHbIX, HMeIOII.l;HX HaH6onee 6naro-

npHHTHbie ycnOBHH yqacTKOB. B �eJIOM )Ke TeMilbl 1<apcTOBOH 3p03IDI HaMHOrO 

MeHbIIIe. Hx 3HaT.IeHH.H ,D;JIH paHOHOB pa3BHTHH 1<ap6011aTHOro, MeJIOBOro, rHTICO

BOrO H conHHoro 1<apcra npHBe,n;eHbI B Ta6. 1. Bcero Ha TeppHTOpHH CCCP B pe-

Ta6JI. I

11HTeHCHBIIOCTL I<apcToBoii 3p03HH Ha TeppHTOpHH CCCP

.

Tino ll\a,D;b Tio,n;3eMHhIH XHMH'l!ec1<HH 11HTeHCHBHOCTl, 1<a pCTOBOH 

I{apCTyIOLQHeCH pacnpocTpa- CTOK 3p03HH, µ/roJJ, 

nopOJJ,bl HeHHH 

106
l<M

2 106 
T r/ce1<. KM 2 cpe,n;H.R:H MaI<CHMaJib. 

Il3BeCTHHI<H 

1-1 ,D;OJIOMHTbl 2,45 40,75 0,53 6,96 40 

Men 0,24 5.,14 0,68 9,30 -

rHnCbl 0,28 13,83 1,44 19,90 300 

KaMeHHaH conn 0,03 7 .,14 6,75 97,50 1700 

TeppHTOpHH 

CCCP 3,00 66,86 0,71 9,70 .

• 

3YJII>TaTe pa3BHTHH 1<apcTa npOHCXO)];HT BbI!r(enalJHBa·HHe npHMepHO 3 MHJIJIHOHOB M3

B ro.n: BO.D:HOpaCTBOpHMbIX ropHbIX nopo.n:. 
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International Speleolog·y 1973, Ill, sub.section Cc: Karst climatology and micror.limatology 

Cc 001 

EFFECTS OF TRADE WINDS ON KARST FEATURES 

Watson H. Monroe 

U.S. Geological Survey, San Juan, Puerto Rico, USA 

A b s t r a c t. Les 1·egions des vents alizes se caracterisent par un climat chaud et humide.,

une action continuelle du vent, des orage torrentiels., et des ouragans de temps 

en temps. Le 1·esultat de l'action combinee de ces facteurs est un paysage dans 

lequel les formations calcaires forment les cretes qui se projettent au-dessus 

des autres formations geologiques, asymetrie des formes, et grottes de rivieres 

souterraines avec des canyons de grande profondeur. 

INTRODUCTION 
• 

Too little attention has been paid to the influence of the trade winds on the 
development of tropical karst land forms. The combined effects of a warm, 
humid climate, a high annual rainfall with a high h�midity a_nd torrential 
showers, a constant wind direction, and such climatic accidents as hurricanes 
have together profoundly affected solutional landscapes. As Puerto Rico is in 
the line of flow of the northeasterly trade winds, it provides a good site to 
observe these effects. 

CLIMATE OF PUERTO RICO 

Puerto Rico has a warm climate dominated by the nearly constant easterly trade 
winds, and by rainfall generally scattered throughout the year but characterized 
by sudden showers. 

On the northern coast the wind blows from the easterly quarter - northeast 
to southeast - for more than two-thirds of the time. On the eastern coast and 
at the northwestern corner of the island this dominance from the easterly quarter 
is even more marked, exceeding 75 percent of the time. Normally the winds are 
not very strong, exceeding 24 km/hr less than 5 percent of the time. These 
velocities are greatly exceeded, of course, on the rare occasions when tropical 
hurricanes pass over Puerto Rico; at such times the wind velocity may exceed 
250 km/hr, and a storm with a velocity of more than 17 5 km/hr can be expected 
once each century. 

The temperature range in -San Juan on the northern coast is commonly less 
than 10°C. The mean maximum is 30°, and the mean minimum is 21°. In the 
higher mountains the range is somewhat greater with a mean maximum of about 
25° and a mean minimum of about 13°. The highest temperature ever recorded 
in Puerto Rico was 40° at a point on the south coast, and the lowest recorded 
temperature was 6° at the east end of the Cordillera Central. 

Rainfall in Puerto K1co 1s tairly well distributed throughout the year, and 
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ranges from about 860 mm in the very dry southwestern part of the island to
more than 4 000 mm in the Luquillo Mo11ntain Range in the northeastern part.
In the prin;ipal karst belt in northern Puerto Rico the range is about 1,300 to
2,500 mm. The relative humidity in the San Juan area averages about 80 percent
throughout much of the year. The rate of evaporation is very high. In San Juan
the rate is 2 072 mm whereas the annual precipitation is only 1,631 mm. In the

' ' 
. hhigh mountains the rate of evaporation is 1,294 mm a year compared wit 

a rainfall of 2,146 mm. 
Most showers in Puerto Rico are sudden and have sharp edges, so that the

path of a shower can be plainly demarked. The showers tend to be torrential
but are estimated to last usually only_from 15 minutes to half an hour.

Puerto Rico is in the belt of hurricanes, but owing to its long east-west
shape most of these tropical storms pass north or south of the island. The principal
effect of hurricanes is extremely heavy downpours of rain -at times as much as
400 mm in a day-accompanied by strong wind.

CLIMATIC EFFECTS ON KARST FEATURES 

The warm, humid climate of the trade wind belt promotes the rapid and intense
. 

-weathering of all intrusive and volcanic rocks, producing thick soils. If the soil
• contains much granular material, it is easily eroded and the material that is

carried along by the streams is very corrasive, promoting rapid erosion.
The torrential rains cause rapid erosion of the soil. The flood waters carrying

this material cause rapid deepening of valleys, especially when the transported
sediment contains abrasive mineral grains. In addition these rains remove any
soil that has developed on limestone. As the most important reservoir of carbonic
acid available for solution of limestone is in plant-bearing soil, this removal of the
soil slows down solution of the 11nderlying limestone. As a result- limestone is
a ridge-making rock in the tropics, standing high above the surrounding lowlands
underlain by other sedimentary rocks and igneous rocks, which although much
harder when they are fresh, weather rapidly to soils that are more easily eroded
than is limestone. The rain also soaks and lubricates clay, which then gives way
in landslides. At places where such clay underlies limestone, great blocks of
limestone fall and slide down hill toward streams (Monroe, 1964, p. B123-
B125). These rockfalls leave high cliffs that accentuate the cuesta scarps
formed by differential erosion (Blume, 1970, p. 167-179). 
. A most important effect of the torrential rains is the c�se hardening of softl1mes�one (Monroe, 1966, p. 1-7). When the rain falls <;>n soft porous limestone,e�pec1ally when driven by the trade winds, it soaks into the rock and immediatelydissolves the surfaces of the grains and crystals of calcite. As these rains usuallylast only a short time and are followed by brilliant sunshine, the wet rock iswarm�d, c�rbon dioxi�e is driven off, and calcium carbonate is reprecipitatedessentially 1n place. This results in a very hard carapace of marble-like limestone- that has been indurated in place. This reprecipitated limestone should not beconf�sed with secondary crusts of flowstone, dripstone, and caliche or calcrete,
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which also are formed in the tropics. This induration is very common in Puerto·". 
Rico and has also been seen in Cuba (Panos and Stelcl, 1968, p. 155-159). 
I also observed it in Jamaica in April 1972. 

Sediment-laden streams have greatly enlarged the rooms and passages of 
the river caves of Puerto Rico. These caves probably started as ramifying 
solution cavities in the limestone, but �orrasion by quartz and other abrasive

minerals soon enlarged the connected cavities into tubes and eventually into· 
very large passages. In the Camuy Cave System_ some of these passages are more

than 30 meters from ceiling to floor, and the presence of quartz sand and por
phyritic cobbles in alluvium shows that this deepening of the passages is con
tinuing today. 

' 
' 

. 

The fairly constant wind direction has resulted in asymmetry of the lime-
stone hills at places where the hills are sufficiently isolated to allow full play 
of the wind. Thorp (1934) ascribed this asymmetry to the wind-driven rain 
water beating more continuously on the windward side than on the .lee side. 
In 1966 I pointed out that the windward side is more indurated than ·the lee 

• 

side and that consequently solution may be less rapid after induration. I have

seen similar asymmetry in Jamaica in limestone hills where the rocks are

nearly horizontal as in Puerto Rico. In Cuba asymmetry is apparently due to· 
structure of the rocks (Panos and Stelcl, 1968, p. 159), rather than to wind 
direction. Sweeting reported that the closed depressions (cockpits) in Jamaica 
are asymmetric with the steep side generally on the west, which. according to 
j\ub receives more of the rainfall (Sweeting, 1958, p. 188; 1972,. p.72-73). 
l have looked for asymmetric dolines in Puerto Rico, but have not found any.

The lines of mogotes in Puerto Rico are generally oriented west or west 
southwest. This lineation has been explained by jointing, as it has been proved 
that stratigraphic control plays no part, nor does tilting or dip. The orientations 
are in the principal directions of the trade winds, and it is remotely possible that 
the orientation is due to wind action. Possibly the intervening blanket sand 

· deposits were alined in these directions in the early stages of the formation of
the mogote karst. The orientation would be preserved as solution took place

beneath the blanket sand, leaving the lines of mogotes remaining as residuals
(Monroe, 1969, p. 111-121).

The geomorphic effects of hurricanes are those caused by strong winds and 
especially by extremely heavy rainfall, at times exceeding 400 mm a day. The

winds blow down trees and the rains cause floods, which undermine banks of 
streams. This adds debris to the flood waters, increasing erosive power. Many 
trees fall into rivers and are washed away by the flood waters. During the 
hurricane of 1928 a log jam formed on the Rio Camuy at t.he entrance to the

Camuy Caves, blocking the entrance. The log dam gave away suddenly and the

water drained out of the valley in a f tt� hours, but rotten logs block the entrance

to the caves to this day, making it impenetrable, and logs are found in all parts 
of the cave system. 
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CONCLUSIONS 

The climate of the trade wind belt has had definite effects on the formation of 

the karst land forms of Puerto Rico and other islands of the Antilles. Probably 

the most important of these forces has been the frequent torrential rain storms 

that have laid bare limestone ridges, case hardened limestone, accentuated the 

cuesta land forms, and scoured out the river caves. 
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Cc 002 

TOIIOKJIHMATHqECKHE HAEftIO�EHHH 
IlPOH3BE�HHLIE B IlE�PE ME3HA� 

r. HaMy, E. Muxaii, r. Maxepa, E. Teo�opauy
lIHCTHTYT cITeneonornH, ByxapecT, PyMbIHHH 

ToITOI<JIHMaTHqec1<He HCCJie,n;oBaHHH np0Be,n;e1-IHhie 6, 7, 8 Ma.ff H 23, 24, 25, 26 HIO

H.ff 1970 r. .ffBHJIHCb ITpO,D;OJI)l(eHHeM cepHH MHI<po- H TOITOI<JIHMaTHqec1<oro H3Y

'lleHHH neI.Qep PyMbIHHH, HaqaToii K. MoTarneM c coTp. H npo,n;onmeHHOH E. ,U:y

MHTpecKy, M. BHXMaHOM H COTp. 

IleI.Qepa Me311a,n; o6pa3oBanacb B Meso3oiic1<Hx H3BeCTH.R:I<ax ropHoro I<PH>Ka 

Il3,n;ypH Kpaiironyi1, B6JIH3H Macc11Ba Bn3,n;Hca Ha BbICOTe 4501-550 M Ha,n; ypoBHel\1 

MO pH B ,n;oJIHHe pyqb.fI IleIIITepa, ITpaBoro ITPHTOI<a peqHOH ,n;oJIHHbI Me311a,n;. 3Ta 

ITeI.Qepa H8XO,[J;HTCH Ha paCCTOHHHH 1300 M OT TYPHCTCI<OH 6a3bl Me3Ha,n; Ha rpaHHQe 

Me}I<JJ:Y ropHOH H npe,z:i:ropHOH 30Hbl ITOHH>KeHH.fI Bero III. 0Ha OI<pymeHa BbICOTaMH 

6001-700 M, H3 KOTOpbIX yITOMHHaeM M3rypy Me3Ha,n;yny:ii B ceBepHOH qacTH, 

ropy Bafia H BepIIIHHY M3pHIIIoape (694 M) B IO»<HOH qacTH. 

061.Qa.R: ,n;oJIHHa rannepeii B 3TOH ITeI.Qepe - 3464 M, cq11TaIOI.Qeiic.R: IT.R:Toii ITO 

BeJIHqHHe B CTpaHe. Ee ranepeH H 38Jlbl pacrronomeHbl Ha ITHTH ypOBHHX H co,n;ep

maT MHOroqHcJieHHbie o6pa30BaHHH CTaJiaKTHTOB H CTaJiarMHTOB. qepe3 HH>I<HHH 

3Ta>I< npoTeI<aeT pyqeii, I<OTOpbIH ITpelli,z:i:e qeM ero I10I<HHYTb, TepHeTC51 B co6CTBeH

IIhIX KaMeHHbIX pOCCbIITHX H BhITeKaeT Hapymy B BH,n;e CHJibHOrO HCTOqHHI<a HH}I<e 

Ha 150 M OT BXO,n;a B ITeI.Qepy' 06pa3y51 pyqeii IleIIITepa. 

,I(JIH YHCHeHH51 TOITOI<JIHMaTHqec1<11x' oco6e1-1HOCTeH ITeI.QepbI Me3Ha.n; 6bIJIH 

rrpoBe,n;eHbI JieTOM l{OJIHqecTBeHHbie H3MepeHH51 ITO TOI10I<JIHM8THqecKOMY ITpO(pHJIIO 

Ha 5 MHI<pOKJIHM8THqecI<HX CT8HQHHX Ha ypOBI-I.f.IX 20' 100 H 200 CM. 

AKTHBHa.H IIJIOI.Q8JJ:b H MeCTHbie ycnOBH51 He 6bIJIH O)];HH8I<OBbIMH Ha ynOMHHy

TbIX CT81-IQHHX, pa3JIHqaHCb cne.n;yroI.QHM : 

- rrepBa5.I CT8HQH.H pa6oTaJia BeCHOIO H neTOl\:l Ha 3apoc,IIIeM TpaBOH I<OIIyce

BbII-IOCa, B 50 M OT TYPHCTCl{OH 6a3bI H 30 .l\tl OT IIOTOI<a. Jlec I-IaXO,IJ;HJIC.f.I Ha paCCT05I

HHH 100 ivl. AI<THBI-Ia.H IIJlOI.Qa,D;b 6bIJia IlOI<p�rTa 1\11-IOroneTHHMH TpaBaMH; 

BTOpaH CT8rl1�HH (pa6oTana TOJibl{O BeCHOH) 6bIJia ycTaI-IOBJieHa Ha pyt.I.be 

IlernTepa I-Ia paCCTO.HI-IHH I 000,-1200 M OT nepBOH Ha He60JibIIIOM MbICe B MeCTe 

CJIHHHHH ,z:i:nyx cyxHx pycen - ogHoro, cnyc1<a101.QerocH H3 rreu�epI>I H p;pyroro 

cneBa OT I-Iee. PacCTO.HHHe p;o BXO)];a B rreI.Qepy - 50 M, Ha 20-25 1'1 1-11-I}I<e BXO,D;a. 
V 

AI<THBHaH rrrrou�a,n;:o - I<aI< H I -Ia rrepBOH CTaHD;HH - IIOI<pbITa 1\ill-IOroneTI-IH.IVlH 

TpaB81\-1H. Jiec BeCbMa 6JIH30!{ J,,I 6onnIIIYIO qac·1·1., )];I·IH ,n;ep»<HT TepMO.i\1eTpbI B Tel-II-I; 

- c·raI-I[(H.H J\[Q 3 6bIJ1a ycraHOBJieHa npH BXO,n;e B neI.Qepy B 10 1\1 OT ee npaBOH

CTeHbI. AI{'fJ,,IBJi8H TIJIO�a)];b COCTO.HJia H3 pyH11006pa3HOro H3BeCTI-IHI<a' IIOrpy>I<CH

I-IOro 6JIOI{al\'111 BO BJ18}l{HYIO I'JII✓IHY - npi,,r6JIH3HTeJibI·IO B 50-60 l\'l OT BXO,D;a B rre

r�epy, I-Ia pOCCbITIH, 1-raXOJJ;HII�e.HC.H npH CJIHJIHHH ·rpex B03,D;YLIII·IhIX IIOTOI<OB ( O,UlII-I 
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H3 ner.qepbI, ,n;pyroii, Hapy>KHbIH, npH rJiaBI-IOM BbIXo,n;e H3 Hee M TpeTHH TO)I(e 
BHeIIIHHH npH He60JII,Ill0M ,D;OIIOJIHHTeJII,HOM BhIXO,D;e) 6bJJia ycTaHOBJieHa CTaH-

QHH N2 4;
- nocJie,D;HH5I, 5-5! CT8HQH5I pa6oTaJia B Henocpe,n;CTBeHHOM OJ1H30CTH ((OKa-

MeHeBIIIero Kac«a,n;a>> Ii <<TaHKOBOM 6aIIIHH)) Ha BTOpOl\'1 3T8}Ke (6oJinllIOM 38Jl JieTy
'l!HX MbIIIIeiI). PaccTOHHHe ,n;o 6JIH)I(aHIIIeH cTeHbI - 5 M. HecMoTp.H Ha To, 't!TO 3an, 
B KOTOpOM 6bIJIH ycTaHOBJieHbl np116op�1, HaXO,D;HJ1C5I Ha BTOpOM 3Ta)I(e, coo6r.qaJIC5I 
qepe3 ,D;Ba 60KOBhIX npoxo,n;a, o6pa30BaBIIIHXCH pa3pyIIIeHHeM, C nepBbIM 3Ta)I(0.1Vl, 
,D;OCT8TO'l!HO y,ri:aJieHHblM OT BXO,D;a. 

OcTaJibHbie 3Ta)I(H ner.qepbI ll,O 11.HTOro He MOrJIH 6bIT.b o6ecne'tleHbI MHKpO
KJIHMaTH'lleCKHfAH CTaHQH5IMH. B Ka>I<.r(OM 6b!JIO ycTaHOBJieHO - BeCHOM H JieTOM 
no O.r(HOMY TepMOMeTpy H rHrporpacpy. 

"'C..JaCbI Ha6JII-O,D;eHHH 1, 7, 9, 13, 15, 17, 19 BeCHOH H 1, 7, 13, 19 - JieTOM 6bIJIH 
BhI6paHbI TaK, 't.!T06bI CB5!3aTf> OCHOBHbie I(OJie6aHH5I (yTpOM, B IIOJI)];eHb H Be'lle
poM) CHapymH H BHYTPH ner.qepbI, C co6n10,n;eHHeM rrporpaMMbl KJIHi\'laTOJIOrli't.!eCKHX 

I 

Ha6JIIO.r(eHHH MeTeOpOJIOrH't.!eCKOH ceTH, C TeM 'l!T06bI ace H8IIIM Ha6nro,n;eHH.H 6bIJilI 
1<oppenHpoaaHbI c 6JIM)I(aiillleii cTaHQHeiI rocy,n;apCTBeH1-1oii MeTepeonorHtJec1<oii 
CeTH. 

AHAJIH3 CHHTETH1-IECKOro IIOJIO)KEHH.H B IIEPHOA 
HABJIIOAEHHH 

BecHOH (6-9 Ma5I) 6bIJI ycTaHOBJieH n;eJibIH p5I,n; 6apH'l!eCKHX n;eHTpOB, 'l!TO Bb13BaJIO 
IlOHH)I(eHHe ,n;aBJieHHH H, CJie.r(OBaTeJibHO, HeycTOHtJHBOCTb IIOrO)];bI. TaK HanpHMep, 
6 Ma5I a 2 qaca OTMetJeH ,n;enpeCCHOHHbIH KyJiyap, coe.r(HH.HIOI..QHH IIIMpOKYIO o6JiaCTb 

. . 

HH3Koro .r(aBJieHH5I, HaXO,D;.HI.qHHC.H Iia 3arra,n;e EBpOilbI (npOT5IH)1BIIIHMCH C ceaepa 
AcppHKH ,n;o 10ra I'peHJiaH.r(HH) c BOCTOKOM EaponbI (11a.r( qepHbIM H KacnniicKHM 
MOp5IMH). K Betiepy 6 Ma.H Ha.I:( Ap,n;5IJIOM ycTaHOBHJIC.H 1-1e60JibIIIOH rpe6eHb, B oc
TaJII,HOM me npocTpaHCTBe - JIOlli6HHa, B KOTopoii: o6pa3oaanc.H BTOpHtIHbIH 
QHKJIOH, conpoBO)I(.r(aBIIIHHC.H ,D;O)I()];.HMH. 

7-ro Ma.H Ha,n; BCeij CTpaHOM ycTaHOBHJIOCb HH3KOe ,n;aBJieiiHe, 38MKHYTOe H30-
6apaMH, KOTOpoe co,n;eiiCTBOB8JIO cpopMHp0B8HHIO TyMaHa H MeCTHbIX )];O)l()];eii. 

IlocTeneHHO, K KOHQY HHTepBaJia, .r(aBJieHHe IlOBbICHJIOCb, H, IIp05ICHHBIIIHCb 
c 3ana,n;a, ycTaHOBHnacb xopoIIIa.H rroro,n;a. 

Bo BTOpoii HHTepaaJI Ha6nro.n;eHHH (23-26 HI-OH5I 1970) I0)I(H85I tJ8CTb KOHTH
HeHTa OCTaJiaCI, rro,n; BJIH.HHHeM IIOJIH C ,D;OBOJibHO IlOBbIIIIeHHbIM ,n;aaJieHHeM. I{ KOH
n;y !-IIITepBana (K 26 HIOHIO) - ceaepo-3ana.u; CTpaHbl - KpMIIIaHa - BOIIIeJI B ccpe
py .u;eiiCTBHH CHCTeMbI HH3Koro .r(8BJieI-IHH, nepeceI<aIOr.qeH CeBep EBpOilbI. B pe-
3YJibTaTe CHHOTITHt.IeCKOro IIOJIO)f(eHHH noro.u;a 23, 24 H 25 HIOJI5I ycTaHOBHJiacn 
5ICHOH H Tennoii C M8KCHMYMOM 30

° H MHHHMYMOM 13,51-14
°

. Ha'l!HHa.H C 25 HIOJIH 
. 

noro.n;a H3MeHHJI8Co, TeMnepaTypa IIOHH3H.Tiaco, BeTep YCHJIHJIC.H ,n;o 5,-6 M/ceI< H
TIO III en .r(O)f(,D;f,. K 15 1:..1acaM 26 HI-OJIH noro.n;a Haqana YJIYtIIII8TbC.H. 

C yqeTOM CHHOTITHt.IeCKOro IIOJIO}KeHH.H OCTaBHBlliero cne,n;bl H8tJMII85I C 7-ro 
.l\'185! B BH,D;e 38MeTHOro IIOTenneHHH, a TaKme aKTHBHOH TIOBepXHOCTH H OKpyma10-· 
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ll(ero JiaH,IJ;lllaq>Ta, qacOBhie H cyToqHbie KOJie6aHHH TeMnepaTyphl H BJialliHOCTH 

B03,IJ;yXa rrpe,n;cTaBJIHIOTCH Tai< : 

H a 2 0 0 Cl\1 H a ,n; ll O B e p X H O C T I, IO II O q B bl. HaH60JibllIHe 3Ha

qeHHH OTMeqeHbI, ecTeCTBeHHO, B CB060,IJ;HOH aTMOCq>epe. TaK, Ha MHKpOI<JIH.l\18TH

'lJeCKOH cTaHQHH N2 1 B03ne TYPHCTCKOH 6a3bI Me3Ha,n;, r,n;e ,n;onHHa I1eII1Tep1>1 

HeMI-Ioro pacllIHpHeTCH, C03,IJ;aBaH 3THM 6narorrpHHTHbie ycJIOBHH ,IJ;JIH CHJII:,HOH 

HHCOJIHQHH, TeMnepaTypa B03,n;yxa Ha 200 CM ,IJ;OCTHrana BeCHOH H JieTOM HaH60JTh

ll1He 3Haqer-IHH. HanpHI\'lep, 8 Ma.SI K 15 qacaM OTMelieHO 24 °C = H 26 HIOJIH 13 lI. 

30 M. - 5 °C (pHC. 3 a, c). 

Cy>I<eHHe ,IJ;OJIHHbI l1eII1Tephl BBepx TIO TeqeHHIO H CTeKaHHe 6onee XOJIO,IJ;HOrO 

H BJia)l<Horo B03,IJ;yxa H3 nem;epbI no cyxoMy pycny, OTXO,IJ;HIIJ;eMy H3 rpoTa, oTpa-

3HJIHCn Ha TepMOMeTpax CTaHQHH NQ 2 npH CJIHHHHH yrroMHHYThIX ,IJ;Byx cyxHX py

cen, H 3THM 6bIJIO rrpe,n;onpe,n;eneHO ClIH)KeHHe Ha 4° (BeCHOH) HaH60JII,IIIHX 3Haqe

HHH no cpaBHeHHIO co CTaHQHeH NQ 1.

3oHa rrpH BXO,IJ;e B nem;epy .IlO,IJ;BepllieHa BeCI,Ma 6oJThIIIHM TepMHqeCKHM KO

ne6aHHHM IIO cpaBIIeI-IHIO C BHyTpeHHHM npocTpaHCTBOM, HO ropa3,IJ;O MeHnlIIHM, 

'lieM B 30He Hapy>KHOH aTMOCcpephI. TOJibKO 3HaH 3TH KOJie6aHHH Mbl MOrJIH 061>

HCHHTI, ce6e npHqHHY noHHllieI-IHH Ha 6° no cpaBHeHHIO C MHKpOI<JIHMaTHlieCKOH 

TOlIKOH npH CJIHHHHH pacnoJIO}KeHHO.H Ha paCCTOHHHH 50 M B  COBepllleHHO CB06o,n;

HOH aTMoccpepe H Ha 10° no cpaBHeHHIO co CTaHQHeH B6JIH3H TYPHCTCI<OH 6a3hI. 

Ha CTaHQHH BHYTPH nepBoro 3Tama ne1Qep1>1 Me3Ha,n;, pacrrono:>1<eHHoii - Ka.I< 

6bIJIO ynOMHHYTO - npH TpOHHOM CJIHHHHH MeCTHhIX IlOTOKOB B03,IJ;yxa, HeC.l\10TpH 

Ha TO, qTQ ,n;o BbIXO,IJ;a He 6onee 60 M, OTMeqeHO MeHee IlOJIOBHHhI MaKCHMaJThHOro 

3HaqeHHH TeMnepaTypbl y TypHCTCI<OH 6a3bl ( 1 I ,5° BeCHOH H 17 ,8
° JieTOM) H Ha 2°

MeHI:,llle qeM nepe,n; BXO,IJ;OM B neI.Qepy. 3TO HBHO BbipameHHOe IIOHH>I<eHHe HaM 

IlOI<a3h1B8eT, 'l!TO rrpH BXO,IJ;e B neI.Qepy HaXO,IJ;HTCH 30Ha HHTepcpepeH�HH BbIXO,IJ;H

m;ero H3 neI.Qepbl B03,D;yxa C BXO,D;HI.QHM. 

ranepeH H 38Jlbl BTOporo 3Tama, Haxo,n;Hm;HeCH Ha 20-30 M Ha,D; rrepBbll\-1, 

XOT51 H coo6m;aroTCH C I-IHM B Henocpe,n;CTBeHHOH 6JIH30CTH CTaH�HH, BCe }Ke coxpa

HHIOT noqTH nOJIHOe O,D;H006pa311e Te.l\-1IIepaTyphI - BeCHOH TeMnepaTypa He npe-
• 

BhilliaJia 10,8° H JieTOM 15° . qaCOBbie HJ1H cyToqHbie KOJie6aHHH He npeBblll18JIH 

0,3-0,8° . TaKaH rroqTH llOCTOHHI-IaH TeMrrepaTypa 10,3°-l0,8° BeCHOH II 14,2°-

15,00 JieTOM 6bIJia OTMeqe1-ra Ha BepXHHX 3T8>I<ax, r,n;e 6bIJ1H ycTaHOBJieHhI TepMO

rpaq>hl. HecMOTpH Ha TO, qTo HX TOqHOCTf> MeH:bllie IIO cpaBHeHHIO C TepMOMeTpaMH 

(c qyBCTBHTeJibHOCTbIO ,n;o O)J;HOH p;eCHTOH rpa,n;yca), Mb! MOrJIH OT,D;aTI:, ce6e oTqeT 
V V 

cornacHO IlOCTOHHI-IOH, 11errpepbIBHCTOH JIHHHH, qTo OHa HMeeT noqTH TO >Ke 3Ha-

qeHHe, 6e3 'l!aCOBbIX H cyToqHbIX KOJie6aHHH I<aK H Ha ,n;pyrHX ypOBHHX. 

TaKHe me I<OJie6aHHH TeMrrepaTypbI B03,n;yxa npOHCXO,IJ;HT B HOqHoe Bpel\'l.f!. 
' . 

B ,n;aHHOM cnyqae rrer.qepa 11rpaeT ponh TepM11qecKoro H30JIHTopa, xpaHHTeJIH npe-

,n;h1,n;yr.qHx KJIHMaTH'lJeCI<lIX ycnoBHH, B ,n;HeBIIOe BpeMa. IlpH T8l{OM IIOJIO)I{eI-IHH 

HaH6onee I-IH3I<He TeMnepaTypbl 6bIJIH OTMeqeHbI B TeX ,D;BYX IIYHKTaX Ha OTKpbITOM 

B03,D;yxe, pacnOJIO}I{eHI-IbIX no HarrpaBJieHHIO CTeKaIIHH CBepxy 6onee XOJIO,D;I-IOro 

H Tamenoro B03;::i;yxa BI·IH3 KO ,n;Hy JJ;OJIHHbl ITellITepa. K 1-My qacy TeMrrepaTypa 

B03,n;yxa c1-1apy>KH rrem;epbl CIIH3HJI8Cb ,n;o 7,8
°

' B nem;epe >Ke, Ha CT8ll�HH NQ 5 
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( Ha BTOpOM 3Tame) TeMrrepaTypa BO BCe ,D;HII Ha6JIIO,D;eHIIM BeCHOH ,n;eplliaJiaCo Ha 

10° II JieTOM Ha 14,2°. Ha 06e11x CTaH�IIHX B 30He IIHTepcpepeHu;IIII 3HaqeHIIH TeMrre-

paTyp ,D;OBOJioHO 6JIII3I<H' TeM He MeHee CBelliIIH B03,Il;yX 60Jiollle qyBCTByeTCH Ha 

CTaHll;HH N2 3 (npH BXO,D;e B rrein;epy), r,n;e 3TH 3HaqeHHH rroqTH Ha IIOJI rpa.n;yca 

IIOHH)KeHbl qeM Ha CTaHll;HH NQ 4, HaXO,D;Hin;eHCH B r.rry611He. 

HaHMeHolllaH TeMrrepazypa, OTMeqeHHaH B 5 q. yTpa TaI<me IIOI<a3aJia 60JibUIHe 

I<OJie6aHIIH Ha CB060,D;HOH aTMOCcpepe. HarpeBaHHe B pe3yJioTaTe CHHOIITHqecI<oro 

IIOJIO)KeHHH 0Tpa3HJIOCI, H Ha MHHHMaJII:,HbIX TeMrrepaTypax. TaI<, yTpOM 7 Ma.H 

6nIJIH OTMeqeHbl HaHMeHLillHe TeMnepaTypbI 6° Ha TYPHCTCI<OH 6ase, 7 ,5° npH 

TOqI<e CJIHHHIIH, 8,5° B nein;epe npH BXO,D;e H 10,2° Ha BTOpOM 3Tame, C TCM qTo6bI 

9-ro MaH HaHMeHolllHe TeMnepaTypnl IIOKa3aJIH 38MeTHOe IIOBbIIIICHHe Ha 2° (11 °

Ha Typ11cTc1<oii 6ase H 10,5° - npH Bxo,n;e B neru;epy). E,n;HHCTBCHHOH cTaau;11eii,
. V 

Ha I<OTopyro He IIOBJIHHJIO H3MeHeHHe norO,D;bl H coxpaHHBIIIeH HeHapyllleI-IHbIMH 

e)Ke,n;HeBHnie KJIHMaT11qeCKHe ycJIOBHH, 6bIJia CTaHu;IIH Ha BTOpOM 3Tame neru;epbI

Mes11ap;, r,n;e He 6nIJIO OTMeqeHO HH IIOHHlliCHHe, HH IlOBbIUieHHe, a TOJII:,KO MHHH

M8JII,HOe IlOCTO.HHHOe 3HaqeHHe B 10,2° BO Bee TpH ,D;HH Ha6n10,n;eHHH.

TaKOe me HBJICHHe 6nIJIO ycTaHOBJICHO H JieTOM, KOr,n:a MHHHMaJI:bHOH 6bIJia 

TeMrrepaTypa a 14,2° BO ace ,n;HH aa6nro,n;eHHH. Elliep;aeaaoe op;aoo6pasHe MHHH-
V V 

MaJlbHhIX 3HaqeHHH Ha BepXHHX 3Ta),l<aX, IIOMHMO OTCYTCTBHH npHMOH CB.H3H co 

CB06op;Hoii aTMOCcpepoii, o6oHCHHeTCH TaI<me H BJialliHOCToIO, ,D;OXO,D;Hru;eii noqTH 

,n;o IIOJIHOro HaCbIIll;eHHH H MelllaIOru;eii BeCOBOii CTpaTHQ.)HKall;HH B03,D;yxa. BHyT

peHHHH MeCTHaH a3pau;11H, OTMeqeHHaH H ,n;pyrHMH HCCJie,n;oaaTeJI.HMH, TO}Ke MOmeT 

cnoco6cTBOB8TI:, Ta�OMY O,D;H006pa3HIO' 6e3 3aMeTHbIX ellie,n;HeBHnIX TepMaqeCKHX 

I<OHTpaCTOB. 

B pesyJioTaTe OTMe"C!eHHOro Bbillle, MO}KeM rrpHHTH I{ 38KJIIO"C!eHHIO OTHOCHTeJib

HO 3BOJIIO�HH TeMnepaTypbI Ha paCCTOJIHHH 200 CM OT IIOBepXHOCTH, qTo B ,n;HeBHbie 
. 

'tlaCbl HaH6onee BbICOI<He TeMrrepaTypbl BCTpeqaIOTCH Ha CBe>Kel\'l B03,n:yxe, a HO"C!.bIO 

HaH6onee HH3KHe, np0:qeM IIOMHMO BeC.bMa aKTHBHbIX rrpou;eccoB pa,n;:0:au;HH, Bam

HYIO pOJII, HrpaIOT TaKme Q.)OpMa H co,n;epmaHHe MeCTHOro JiaH,n;IIIacpTa. B rreru;epe 

TeMrrepaTypa B03.ri;yxa ,D;HeM H 1-1oqr,ro rroqTH BCer,n;a IIOCTO.HHHa, KOJie6JIHCb Me)K,n:y 

10,2° H 10,8° BeCHOH H 14,2-15° JieTOM. KpoMe Toro, eCJIH Ha CBemeJV[ B03,n;yxe 

cyToqHI,Ie TepMHqecKHe aMIIJIHTY,D;bl npeBbllll8JIH 16° ' TO no r.,1epe yrny6neHH5l 

B rrell'(epy' OHH CTaHOBHJIHCI:, He3I·JaqHTeJibHbll\ilH, 5° - npH BXO,D;e, 4° Ha BTOpoii 

MHKpOKJIHM8THqecKof1 CT8HI.J;HH H 0,2-0,8° Ha BTOpOM 3Tame ( CT8I-Ill;I15I ,NQ 5).

BJJa}I{l-IOCTI, B03,n;yxa .HBJIHeTC.H KJIHM8THqecKHl\1 3JieMeI-ITOM C MaJIOH CTa6HJib

HOCTI:,IO. Il03,D;I-IeiirnHe HCCJie,n;oBaI-IHH cneneonorOB (PeHO 1959 M cf>. ra6e, 1960) 

TIOK83bIBaIOT, l.ITO B03.D:YlllHa.H Macca B CB060,n;HOH aTA10C<pepe npH 25° HMeeT 75 % 

OTHOCHTeJibHOH BJI8}l{H0CTH, npH 20° . Y>I<e 100 °/o II np:a 13 ° - CTaHOBHTCH 

nepeaac1,1ru;eaaoif. 

3Ta 3aBHCHMOCTI:, BJia)I{HOCTH OT Te.l\1rrepaTypbl IIOl\'lOrna HaM o6n.HCHHTI:, <<rre

peHaCbIIll;eI-IHbI� TY1\'18H)) 6bIBllJ:C,Ill 7 l\'185! Me}Kp;y 15 H 19 qacaMH Ha nepBOM 3Ta)I{e 

rreru;epbI. TenJibIH H BJI8}I{HbIH B03.D;yx (16° B 15 "C!aCOB B CB060,n:Hoii aTMOCcpepe 

rrpH 95-98 % OTHOCHTeJII:,HOH BJI8)I{HOCTH ceiiqac }I{e IIOCJie ,D;O}l{,D;H), npOHHI<HYB 

B ne�epy TIOBepxy' BCTpeTHJI TeMnepaTypy IO' 5-11 ° . 3TOT rrepeoxnam,n;eHHbIH 

308 



B03,n;yx o6pa30BaJI TyMaH Ha MeCTHbIX KOH,D;eHCHpOBaHHblX H,n;pax. EoIJIO OTMeqeHO, 

qTo B JieTHee BpeMH TyMaH B ner.qepe IIOBTOpHeTCH qar.qe qeM BeCHOH, B oco6eH

HOCTM B 19 H 7 qacoB. 

Iler.qepa Me3Ha,n;, XOTH He HBJIHeTCH aKTHBHOH, TaK KaK HHKaKOH pyqeiI He 

IIpOTeKaeT B HMmHeH qacTM raJiepea, He MO»<eM Bee me ee o6'bHBliTb IIOJIHOCTblO 

OKaMeHeJIOM. Cyr.qeCTByIOr.qMe Me,n;JieHHO CTeKaIOr.qM:e liH<pMJI.&TpaQMM o6pa3yIOT 

TOHKYIO BO,D;HH)710 IIJieHKY, li BBM,D;e KaIIeJI.& IIaAaIOr.qHX C IIOTOJIKa IIPOAOJI}I{8IOT 

IIpOQeCC o6pa30B8HHH CTaJiaKTliTOB M CTaJiarMHTOB. 3TOT IIOCTOHHHbIH HCTOqHHK 

BJiarH IIpH TeMIIepaType 10° IIO,n;,n;epmHBaeT HeIIpepbIBHOe HCrrapeHMe H 6Jiaro,n;apH

3TOMY OTHOCMTeJI:bHaH BJI8)KHOCTb IIpeBbIIIIaeT 90-9 5 % M B raJiepeHx 4 M 5-ro 

3Tameii, OTMeqeHHbie rHrporpacpaMli 3HaqeHliH AOXO,D;HT ,n;o 96-98 % . 

IlcHxpoMeTpbI, ycTaHOBJieHHbie Ha CTaHQMHX IIpH BXOAe B ner.qepy, T8K}Ke 

IIOKa3aJIH 3Ha"C.JeHliH 6oJiee 85 . 90 °/4, IIp11qeM MaKClil'\'1.YM 6oIJI BO BpeMH IIepeCbl

r.qeHHOrO T)7M8Ha. · 

KoJie6auu11 TeMnepaTyp1,1 B03�yxa ua O CM 

KaK npH 200 CM, TaK H IIpM O CM Ha6JIIO,D;8JIMC:b TaKHe me KaqecTBeHHbie I{OJie-

6aHHH' IIpHqeM KOJIMqeCTBeHHbIX ,n;11cp<pepeHqI1aQMH ropa3AO 6oJI.&IIIe B CB060AHOM 

aTMOccpepe. Ha116on.&IIIHe 3Ha"C.JeH11H 6bIJIH OTMeqeHbI Ha TYPHCTCKOH 6a3e, r,n;e 

,n;HeM, Kor,n;a HHCOJIJIQliH 6bIJia HaH60JI:bIIIeH 11 aJI:b6eAO M8JlbIM, TeMrrepaTypa Ha 

3TOM ypOBHe ,D;OCTHrJia BeCHOH 32,4° . TepM11qecKHH KOHTpacT BbIHBJIHeTCH Ha 3TOH

CTaHQMli MHHHM8JibHbIM 3KCTpeMyMOM, B 6°' OTMe"C.JeI-IHbIM B 1 q_ Hoqn. Ha Apyron

CTaHq:011, B rryHKTe CJIHHHliH H3-3a xapaKTepa aKTMBHOH IIOBepXHOCTli li oco6eHHO 

M3-3a 38TeHeHHH TepMOMeTpa, 3HaqeHHH CHM3MJil1Cb Ha IIOJIOBMHY (pHC. 3 B). 

TeMnepaTypa aKTHBHOH IIOBepXHOCTH IIPH BXOAe B ner.qepy ,n;HeM (qacbI 13 M 

15) IIO,D;HHJI8C:b ,n;o 16 ,4 °' B TO BpeMH KaK B rny611He e,n;Ba ,n;o 9 '7° . Hoqr,10 TeMnepa

Typa CHHmaeTCH Ha 06e:0x CTaHqHJIX' HO 6onee BbipameHHO Ha CT8HQliHX B TOqKe 

CJIHHHHH B03AYI11HbIX TeqeHHH, r.n;e IIO"t!Ba 6onee BJiamHaH. 

B ner.qepe, no cpaBHeHHIO C ,n;pyrHMH 30HaZ\iH npH BXO,n;e B ner.qepy H Ha CBe

meM B03,n;yxe, TeMrrepaTypa aI<TMBHOH IIOBepXHOCTH BeC.&Ma IIOCTOHHHa, 6onee qeM 

Ha ypoBI-Ie 200 CM, OCTaBa.HCb Mem.u;y 10,2° II 10,4° )];HeM H Hoqr,10.

H3MEHEHH.H TEMIIEPATYPbl B03�YXA 

B MHKpOKJIHMaTH'IJeCKOM npocTpaHCTBe 

Ha6JIIO)];eHMH npoae,n;eHHbie Ha 0-200 CM I-Ia pa3J1liqHbIX ypOBHHX Il03BOJIHJ1H 

BbIHBHTb HaH60J1bI.IIHe H31\'leHeHliH B TQqKe' ycTaHOBJie:ijI-IOH B6J1H3M TYPHCTCKOH 

6a3bI. TaK, y 3eMJlH HaH60Jlblll8H aMTIJIHTy.o;a BeCHOH (3 )];HH Ha6J110.n;eH0:ti) 6bIJ1a

26,8° (6,0° - 7 MaH B 1 qac Hoq:0: H 32,8° - 8 MaH B I 5 qacoa), no cpaBHeHHIO

C 10,2° B Toq1<e CJlHHHHJI. (8,0° - 8 .1\'18H 1 qac HQqH H 18,2° B 15 qacoB) H 9, 1 ° npH

Bxo.n;e B rrell.(epy (8,5° - 7 MaH B I q, HO"l!H H 17,6° - 8 1\18.H B 13 q,; pHC. 1 a, B, c,

d, e). 

bOJibUiaH BapHa�I15I J\1e}I<AY )];I-IeM H HO"llhIO 6hIJia OTl\1.eT.IeHa H 11a ,n;pyr·Hx ypoB-

H5IX - Tal{}I{e l-I Ha TypHCTCKOM 6a3e - Ha ypOBHe 20 CM, r.n;e aMIIJIMTy,n;a 6r')IJia 
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PMC. 1. KoJie6aHMH TeMnepaTypbI B03,o.yxa B MMI<pOl{Jil-IMaTifqecr<OJ\'1 npocTpaI-IC'rBe, BeCHOl1. 

A - Toq1<a 1 (TypMcTc1<aH 6a3a), B - Toq1<a 2 (MeCTO CJIMHHHH). C- Tot..JI<a 3 (Bxo.n; B ne�epy), 

,U - Toq1<a 4 (BHYTPM ne�epbI, nepBbIH 3Tam), E - Toq1<a 5 (BHYTPM 11e�epb1, BTopoii 3Tam). 

17,1° (coOTBeTCTBeHHO 7,8° H 24,9°) BeCHOH H 15,8° (cOOTBeTCTBeI-IHO 15,2° H 31°) 
JieTOM, B pe3yJibTaTe CHJibHOro HarpeBaHHH IlO'l.IBbI BO BpeMH 1.IaCOB HHCOJIHQMH 

H OXJialli)];eHHH HQqbIO, OTpamaeMhIX H B 6JI1'Illi8Hlllee npocTpaI-ICTBO. ITpH 200 CM

OTMel.IeHO 15,2° (8,8° H 24,0°) BeCHOH H 15,5° (15° H 30,5°) JieTOM, npH'CJCM o6a

pa3Hbie 3HaqeHMH 6bJJill B HHTepBaJie Melli,n:y 7 MaH 1 qac I-IOtIH (HaHMeHbIIIHe 3I-Ia-

1.IeHH5I 38 Been nepllO)];) H 8 Ma5I - caMbIH TefIJibIH ,n:eHb, 15 traCOB) H, COOTBeTCTBeH

HO 26 HIOJI5I Me}I<)];Y -qacaMH 1 H 13 (pHC. 2). 
B .n;pyrHX TOtIKaX BHe neI.QepbI, T. e. y CJIHHHM5I H npM BXO,n:e B neI.Qepy' aMilJill

TYAbI npH 20 CM 6bIJIH 10,3° (8,2° M 18,5°) H 5,7° (8° H 13,7°), a rrpH 200 CM - 12,2°

(7,8° H 20,0
°) H 3,4° (7,8° H 11,2°). 

ITo BepTHK8JIH Mem,n:y pa3JIHqHbIMM ypOBHHMll, Hall60Jiblll8H pa3HllQa 6bIJia 

OTMeqeHa TaKme y TYPHCTCKOH 6a3bI, r,n:e TelVirrepaTypa C 0,3° (9 rv1aH) H ,n:o 2,8°

(7 1ViaH) 6hIJia XOJIO,D;Hee qeM Ha ypOBHe 200 CM HOtibIO, a )];HeM llOtIBa 1-1arpenacb

C 4,4° (6 MaH) AO 8,8° (9 M�.H) no cpaBHeHHIO C ypoBHeM Ha 20 CM. Hoq:r:,ro y TOtII<H

CJIHHHHH HHBepcHH TeMrrepaTypbl Ha ypoBHHX rroqBbI - 200 CM ,D;aJia I-Iall60Jibillee

3HaqeHMe 0,6° M ,D;HeM HaH60Jil>IIIYIO pa3HHQY 4,5° (7 Ma.H 13 qacoB).

Mem,n;y ,n;pyrHMH ypOBHHMH pa3HHQa TeMrrepaTypbI 6brJia MeHbrne, rrop.H,n;I<a 

0, 1 °-'0,9° BeCHOH, He ,D;OCTHra.H 1,5° JieTOM.

AHaJIM3MpyH 3HaqeHHH TeMrrepaTyp Ha pa3JIMqHbIX ypOBH5IX B ToqKax, ycTa

HOBJieHHbIX HaqHH8H co BXO,D;a B neI.Qepy M ,n;o TypHCTCI<OH 6a3bl' 6bIJIO o6HapyllieHO 

MHTepeCHOe HBJieHHe: ypOBHH C HaH60JiblllllMll 3HaqeHM5IMH TeMrrepaTypbl ,D;I-IeM I-le 

6bIJIH ypOBHll O M 20 CM, I<8I< o6bltIHO rrpOHCXO,D;llT I-Ia pa3JIHqHblX 8I{TllBI-IbIX no

BepXHOCT.HX B 't.I8CbI Hall60JibllleH HHCOJIHQllll B pe3yJibT8Te CllJibI-IOro HarpeBaHMH 

IlO'CJBbI H 6JIH3JiemaI.Qero CJIOH B03,n;yxa, C TeM qTo6bI I-IeMHOro yMeI-IblllMTbCH 
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I< ypOBHIO 200 CM. Ha6JIIO)];eHHH IIOI<a3aJIH, tITO ypOBHHMH C MaI<CBMaJibHOM TeMrre

paTypon HBJIHIOTCH YPOBHH O H 200 CM B TOtII<e 1 (TypHCTCI<as:r 6asa) H TOtII<e 2 

( CJ1H5IHHe) H YPOBHH O, 100 H 200 CM B TOtII<e 3 ( CHapy)l(H, y BXO)];a B rre�epy). 

YpoBHH Ha 20, 50, 100 CM Ha rrepBbIX ABYX CTaHI(HHX H Ha 20 H 50 CM Ha CTaH[(HH 3 
. 

OTMetiaIOT 3HatieHH5I MeHbIIIHe Ha HeCI<OJibI<O .n;eCHTbIX rpa.n;yca. 3TO 061>HCH5IeTC5I
HaJIHtIHeM XOJIOAHOro CJIOH B03,rzyxa, Teeyll'(ero H3 rrell'(epbl TOJIII(HHOM MeHee 1 M 
rrpH BbIXO)];e H3 Hee H AO 2 M no )];OJ1HHe, CIIOJI3a5I no CI<JIOHY' B TO BpeMH I<aI< IIOtIBa 

..., 

OCTaeTCH TeIIJIO_H B pesy JibTaTe HarpeBaHHH. 

TaI<HM o6pa30M HaHMeHbIIIHe 3HatieHH5I OTMetiaIOTCH y TypHCTCI<OM 6a3bl Ha 

ypOBHe 100 CM' ( C 9 AO 17 q.)' 3aTeM y CJIHHHHH B pa3JIHtIHbie qacbI Ha ypoBHe 

50 HJIH 100 CM, H y  BXOAa B rrera;epy Ha ypoaHe 50 CM, a 3TO IIOI<a3bIBaeT, tI_TO CJIOM 

XOJIOAHOro B03.D;yxa, BbIXO)];HI.QHM H3 nera;epbI, CI<OJ1b3H no CI<J10HY' rrpno6peTaeT 

60JibIIIYIO TOJII.QHHY. 

Ilo 3TOM rrpHtIHHe, HHBepCHH npOHCXO,D;HII(He HOq:010 y TypHCTCI<OM 6a3bI, 

o6bII<HOBeHHO He3HaqHTeJ1bHbI, B TO BpeMH I<aI< y BXO)];a B nemepy OHH COBCeM He 

Ha6n10,n;aIOTC.H, HO B3aMeH OTMetiaIOTC.H B 3TH qacbI H30TepMbI, OXBaqeHHbie rJiaB

HbIM o6pa30M ypOBHHMH 20-100 CM. 

Ilo Mepe yrny6neHHH ao BHYTPb nera;epbr TepMHqecI<He pa3JIHqHs:r Ha acex 

ypOBHHX HaMHoro yMeHbIIIaIOTCH. TaI<, TepMHqecKaH aMIIJIHTy,n;a Ha CTaH[(HH NQ 4

Me>KAY IIOACTHJiaIOII(eM IIOBepXHOCTblO H ypoBHeM 200 CM 6bIJia 2,2 °c, a TO apeMH 

!{al{ 13 CI3060.AIIOH 8TJ\,10C(pepe aMTIJ1HTy,n;a BblpU>KaJiacr, B 8,8 °C. CyTOtIHaH aMilJIH:

Ty,n;a Ila ypOBHe 200 CM 6n1J1a 3 ,4 °' B TO BpeMH I<aK y noqBI:,I - 1,9°' a Ha CTaH[(HH 

N2 .I I-Ia ypOBHe 200 CM - 15,2° H y  noqBbI - 26,8° . 

Ha CT8H[(HH NQ 5' BapHa[(HH TeMIIepaTypbI B MHI<pOI<JIHMa1•11qec1<0M npocTpaH

C1'Be BeCb.l\1a I-Ie3HaqHTeJ1oI-Ia, B cpe,n;11eM 0,3° . 

3a Bee TpH ,n;HH 1-1a6nro,n;eHHM TeMrrepaTypa· rroqBbI coxpaHHnacb B npe,n;enax 

10,1 °-10,4° H Ha ypOBHe 200 CM 10,2°-10,8° BeCHOM H 14,1 °-15,0° JieTOM. 

l:>a3I-IH[(a eII(e MeHblllaH 6bIJia yc1·a1-IOBJieHa .l\1e>I<,n;y ypoBHHMH 20, 50 H 100 CM (0,1 °-

0 ,2°)' 1111or,n;a }Ke Tep.1\-1Hqec1<He aMIIJIHTYAhI Me>I<AY 3THJ\-1H ypoBHflMH COBCeM OT

cyTCTBOI38JIH. JleTOM T81{8}1 pa3I·IH[(a Me>I<AY ypoBI-1.Hl\lH He3I-raq11TeJ11>Ha, HO BCe-TaI<H 

60JI.bl!Ie qeM JieTOM (0,2°-0,8°). 
V 

CpaBJIHB8H ,n;aHI-Ibie rronyqeI-II-lble I-Ia 3'f01'I C'faHI(HH C ,n;aHI·lblMI1 CTaI-I[(HH 

N� l 11 N2 2, ycTaHaBJIHnaeTcH, {,ITO 11arpeBaI-1He 1303,n;yxa BO BHelllHeH cpe,n;e ora;y-

ra;aeTcH T8l{}Ke lI BI-IYTPhI rreII(ephI, I-IO 3TO HarpeBaI-IHe BeCnMa ocna6JieI-IO H npHXO

,D;HT C I-IeI<OTOpI:>11\i 3aTI03)];aHHel\'l. HarrpHJ\ilep' 8 1\1851' B ·HaH60Jibllle }I<apI<Hll p;eHb' ·Ha 

CTaI·I[(I1H NQ 1 I-Ia ypoBHe 200 Cl\'1 MaI{CHJ\'18JloHa5I TeMrrepaTypa B 24 ° 6hIJia OTMeqe1-1a 

B 15 lJ.' a I-Ia CT81-II.J;I1H NQ 5' Ha TOJVl }Ke ypoBHe, 1\ilaKCHMaJibI-IOll 6bIJia TeMnepa·rypa 

10,8° B 19 t.I. H 10,7° B 1 qac HOqH .n;pyroro )];HH. TaI{}I{e 24 H 25 HIOJIH I-IaH60Jibllla5I 

Te1V1rrepa·rypa I-Ia CT8H[(HI-I N2 1 6bIJia 29° B 13 q_ H I-Ia CTaH[J;HH .N"2 5 - 15° B 19 lJ, • 
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3AKJIIOqEffHE 

Ha6nro,r:i;eHHH rrpoB�,[(eHI-Ibie BeCHOH H neTOM TIOKa3aJIH onpeneneHHyro pa3HH�Y 

B xo,r:i;e MeTeoponornqeCI<HX 3neMeHTOB, B 3aBHCHMOCTH OT MeC'fOHaXOIB:,[(eHHH CTaI-I

J.\HH. BonbUIHe I<OHTpaCTbl Mem,r:i;y ,D;HeM H HOt.IbIO ycTaHOBJieHHbie B TOl!I<e, Haxo

,D;Hl.[(eHCH y Typ11CTCI<OH 6a3hI, r<aI< pecpneI<c cyToqHOH HHCOJIHIJ;HH H I-roqHOH pa

,[(ttau;nn cHnm:aroTcH no Mepe rrpH6nnm:eHHH K rrel.[(epe H npH cal\1101\il Bxop;e B Hee 
. . 

COBCeM He3HaqHTeJihHbl. 

Hapy}KHOe HarpeBaHHe H oxnam:,r:i;eHHe nepe,r:i;aroTCH H B rren�epy TaKHM o6pa-

30M, t.ITO H B nocne,r:i;HeH TOl!I<e - Ha 2-0M 3Tam:e OTMeqaroTCH I<One6aHHH nopH,D;I<a 

HeCI<OJlbI<HX ,r:i;ecHThIX rpa;:::i;yca. IIocTerreHHOe HarpeBaHHe B03,D;yxa IIPH y nyqrneHHH 

norO,D;bl BO BpeMH nepno,r:i;a Ha6n10,n;eHHH OTpa3HJIOCb H B nemepe C 3aTI03,[(aI-IHeM 

Ha HeCI<OJibI<O qacoB B BH)];e IIO,D;HHTHH TeMnepaTyphI I< MaI<CHCaJibHOMY 3Ha-q:eHHIO 

10,8
° H COOTBeTCTBeHHO 15° . BHeIIIHHe cyToqHbie I<One6aI-IHH He OTpam:aIOTCH Ha 

BepxHHX 3Tam:ax, cpaI<T OTpa}I<aeMhIH TIOCTOHHHOH TeMnepaTypoH, 3aIIHChIBaeMOH 

TepMorpacpaMH. 

TerrnbIH BhIIIaBIIIHH CHapymH )];O)I{)];b TaI<IB:e H3MeH.HeT aTMOCcpepy rrel.[(epbI, 

ycTaHaBJIHBaH Ha nepBOM 3Ta}l{e ryCTOH TyMaH I<aK cnep;CTBHe MaCCHBHOH KOH,D;eH

cau;HH Terrnoro B03,n;yxa IIPH I<OHTaI<Te C XOJIO,D;HbIM B03,ZJ;YXOM nemepbI. 

EcnH BHeillHHe ycnOBHH OI<pym:aIOI.[(eH cpep;bI B.,JIHHIOT B HeI<OTOpOH CTeIIeHH 

Ha aTMOCcpepy nel.[(ephI, TO MO)I{HO CI<a3aTb Tome caMoe H OTHOCHTeJibHO BJIHHHHH 

B03;:::i;yxa uel.[(epbI Ha 01<pymarouzyro cpe,r:i;y. TaI<, xono.n;1-1bIH H THmen0:i1: B03AYX 

BbIXO,D;HT H3 nel.[(epbl, CTeKaeT TIO CI<llOHaM H pycny peqI(H IIernTepa, C03,D;aBaH 
..., ..., ... HHBepCHOHHbIH, rroqTH TIOCTOHHHbIH CJIOH B MHI<pOKJIHMaTHqecI<OM npocTpaHCTBe, 

HCHee BbipalliaeMbIH B6JIH3H BXO,!J;a. 

0THOilleHHH Mem;:::i;y aTMOC<pepoii: nel.[(epbl H BHernHeH cpe,z:i;oii:, OTpamaeMbie 

MX B38HMOBJIHHHHeM, 6bIJIH BbIHBJieHbl npH 6narorrpHHTHbIX CHHOIITHqecI<HX ycno

BHHX BO BpeMH HayqHbIX HCCJie.n;oaaHHH • 
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AGRESSIVE CONDENSATION 

Giorgio Pasquini 

University of Genoa, Institute of Geography, Genoa, Italy 

In the higher limestone massifs of the Mediterranean there is widespread 
hypogeic Karst which cannot satisfactorily be accounted for by either the action 
of great masses of circulating water - even in the remote past - or by the 
action of percolation water in the present time. These caves, even when they 
follow an extensive and complicated course, are prevalently vertical in direction, 
(1. 2. 3.) and it is an irrefutable fact that their upward extension is due to 
breakdown of the vault and upper walls, at a point where percolation water 
has no contact. Many of these breakdowns are of recent date, and some can 
even be observed in action ( 4). It is my belief that such forms are due to the 

corrosive action of water of condensation. 
When the vaults and walls of a cave are covered by a fine layer of water, 

and when, over their entire surface, they are uniformly wet to the touch, we are 

in the presence of condensation of the moisture in the atmosphere. 
This condensation is aggressive in as much as it is loaded with atmospheric 

CO2• That this is so has been shown by analysing waters which have been 
allowed to condense on specially prepared surfaces* (5) and in the majority of 
cases it is possible to observe a thin, superficial layer of characteristically viscid 
material or slime. 

Corrosion occurs in the outermost layer and penetrates to a depth which 
varies, according to the porosity of the limestone, from hundredths to tenths 
of millimetres or more, and every break in the continuity of the rock, every 
microclase permits the corrosive action to extend by capillary flow. 

When there is heavy condensation, water runs down the walls and from 
the vaults by gravity- ie. it becomes percolation water. A classification of the 
various types of percolation has been proposed elsewhere, (6) and I do not wish 
to consider here whether this terminology should be restricted, genetically, 
to only those waters arising from condensation inside the cavity, or whether it 
might be extended, descriptively, to include waters entering from the exterior. 

The percolation waters originating from water of condensation may still 
be chemically aggressive and attacl, the underlying rock, or else, when they 

attain their piezometric level, they will contribute directly to the aggressivity 

of the phreatic currents. 
The starting point of the Karst process produced by aggressive condensation 

is an empty space, a vacuum, within the body of the rock. The minimum 

dimensions of the space must be such as to permit circulation of the atmospheric 

*) Analysis carried out in 1959 by the lstituto di Geochimica, University of Rome our 

water samples from the caves of Luppa, Pietrasecca and Val di Varri. 

• • 
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air, and the space itself must be in communication with the surface, even if only
by means of a complicated series of minute cracks or fissures.

The shape of this space or ''protovacuum'' is completely indifferent: the
action of the condensation waters will gradually cause its walls to recede, and
corrosion will extend along the microclases. so that the space will tend to assume
an elongated, ogival form along the line of fission of the rock. Maucci calls this
form a ''spindle'' (7. 8. 9.).

The expansion of the cavity intersects other microclases, breaches other
weak points in the rock and, concomitantly, the separation and falling off of
material from the upper portion, due to gravity, accelerates the process, as the
lower part of the spindle fills with debris.

I do not wish to distinguish between chemioclastic and graviclastic actions
(10). When Corrosion is entirely dependent on the diffusion of a gaseous mixture

' on to every surface and in every fissure and is not bound up with gravity but
acts, in a manner of speaking, ''inversely'', to the action of waters which flow
from top to bott9m, then all of this ''inverse erosion''., even in its mechanical
consequences, is due to aggressive condensation.

The process can be schematised as follows: 1. Proto-vacuum. 2. Spindle
3. Expansion of the spindle and inclusion of other contiguous spindles along
the lines of fracture of the limestone.

All of this leads to the formation of .caves of large dimensions which owe
nothing to the action of circulating water, be it phreatic or vadose.

The condensation of the aqueous vapour loaded with CO2 is subject, to
the physical laws governing the behaviour of gases, and thus variations in tem
perature and pressure cause variations in condensation.

It must be stressed that, except in some particular cases, the temperature
of the atmosphere must be higher than that of the rock, otherwise condensation
does not take place and the walls of the cavity are dry., unless of course they
are bathed by vadose waters, as happens frequently in winter or in the mountains.

All meteorological variations in the atmospheric pressure at the surface
of the calcareous mass are transmitted to the most deeply-seated space which
has some means of communication with the exterior. Every increase or dec1·ease
in pressure causes a temporary increase or decrease respectively in condensation.

Furthermore., the pressure inside the cavity depends on the morphology
which causes separation of the air into relatively warmer or cooler layers. A mass
of warm air exerts a greater pressure on the walls which contain it than does
a mass of cool air.

The four main types of atmospheric circulation within caves ( 11) give rise to
characteristic areas of corrosion.
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1. A cavity with an opening at the top; the classical shaft which opens
onto the surface. The air is layered into warmer air on top and cooler
air underneath. The maximum pressure is at the bottom of the shaft
and maximum condensation occurs on the lower part of the walls:
nearest to the base. This may well explain why spindles of this type



often �rese�t their greatest di�meter in the lower third of their length.
2. A cavity with an opening at the base. Warmer air accumulates and

causes condensation in the upper part of the cave where both the
pressure and the temperature are highest.

3. A cavity with an opening at the side, as is frequently the case on rocky
slopes on the mountain side. When the temperarure of the external
air is higher than that of the enveloping rock, the air enters and passes

• up and along the vault, gradually becoming cooler, and it finally passes
out along the floor of the cave. Maximum condensation occurs in the
upper parts of the cavity before the temperature of the gaseous mass
equilibrates with that of the rock. This could explain why many simple
caves of this type are markedly widened out towards the top.

4. ''Wind-tube'' caves. Leaving aside the different methods of circulation
according to the position of the two or more openings, where the
gaseous mass circulates with a certain velocity, the greatest pressure
is exerted, and therefore the greatest condensation occurs on the
surfaces directly exposed to the jet, whereas ''to leeward'' there is less
condensation. In the narrow passages which separate the wider cham
bers there is an increase in condensation because of an increase in
temperature due to the greater speed of air flow.

It is clear that aggressive condensation can form only where the air masses 
. 

are saturated - or 1·ather, supersaturated - with water. This saturation is 
virtually constant in caves where waters are present in some form because, as 
the saturation point of these waters changes, evaporation occurs. It is evident, 
therefore, that percolation plays an important role in the production of aggressive 
condensation. 

If one can imagine this process, which is continuous, as a series of individual 
processes separ·ated in time, then it is logical to suppose an increase in the 
aggressive potency of the condensati9n waters by the Bogli effect (12, 13) in 
as much as every layer of damp air which condenses mixes with the layey; 
immediately pre.ceding it wl1ich has already given up a part of its CO2 content 
on contact ,vith the rock. 

• 

Therefore, aggressive condensation carries out its speleogenetic function 
in all those situations where the internal surfaces of a cave are not attacked by 
aggressive waters of a different provenance, as indeed it does in phreatic caves 
where the vaults have been left uncovered, even at brief intervals., because of 
a diminutio11 in the level of the water. Many changes in the typical phreatic 
morphology which can be observed today in caves which have already been 
abandoned by the waters for a considerable period of time, and which have no 
percolation, can, in fact, be ascribed to aggressive condensation. 

SUMMARY 

It is difficult to attribute the genesis of certain large caves only to the action of vadose or 

phreatic waters. In these cases, the inverse erosion, due to the aggressive condensation of 

the atmospheric CO2, plays a prominent role from the moment that the cavity is exposed 
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to the atmosphere. The various ways in which circulation of the air influences corrosion are 
examined. 

SOMMARIO 

La genesi di alcune grandi grotte e difficilmente attribuibile solo all'azione di acque vadose 
o freatiche. In tali casi l'erosione inversa, dovuta alla condensazione aggressiva del CO2

atmosferico, svolge un ruolo preminente a partire dal momento in cui la cavita e in comunica
zione con l'esterno. Vengono esaminate le varie modalita con cui la circolazione dell'aria
influenza la corrosione.

RESUME 

Difficilement on peut expliquer la genese des certaines grandes grottes seulement par !'action 
des eaux vadoses ou phreatiques. Dans ces cas !'erosion inverse, a cause de la condensation 
aggressive du CO2 atmospherique, joue un role important a partir du moment ou la cavite est 
mise en communication avec l'exterieur. Les diverses modalites sont examinees selon les
quelles la circulation de l'air exerce une influence sur la corrosion. 

ZUSAMMENFASSUNG 

Die Genesis einigen groBen Grotten ist nicht einfach erklarbar nur aus dem Grunde der 
Wirkung Vadosen- oder Phreatischenwassern. In diesem Fall spielt die ,.,Inverserosion'', die 
auf der Aggressivenverdichtung atmospherischen CO2 folgt, eine wichtige Rolle von dem 
Moment, daB die Hohle in Verbindung mit der AuBenseite steht. Die verschiedene Modalitat 
der Luftzirkulation und ihre Einwirkung auf Korrosion werden examiniert. 
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EINFLUSS DES KARSTRELIEFS AUF DIE 
MESOKLIMATISCHEN VERHALTNISSE 

Evien Quitt 

Geographisches lnstitut der Tschechoslowakischen Akademie der Wissenschaften Brno
..., , , 

CSSR 

Das untersuchte Gebiet des Mahrischen Karstes hat vom mesoklimatischen 
Gesichtsp"4nkt ein sehr gegliedertes und mannigfaltiges Relief, das zusammen 
mit der bunten Vegetationsdecke die Entstehung einer Reihe charakteristischer 
mesoklimatischer Typen bedingt. Es war notig im groBen und ganzen unkon
ventionalle Forschungsmethoden zu verwenden um die AuBerungen und die 
Verteilung aller dieser Typen im Zeitabschnitt von 3 bis 4 J ahren, in dem die 
U ntersuchungen durchgefiihrt wurden, zu erfassen. 

Fiir die Losung zahlreicher Fragen der Grundforschung und der Praxis 
ist die Begrenzung der Flachen mit einer unterschiedlichen Sonneneinstrahlung 
wichtig. Man kann daraus auf Grund des Charakters der aktiven Oberflache 
auf die Strahlungs- und Warmebilanz des Gebietes schlieBen. Die Sonnenein
strahlung kann die Temperaturverhaltnisse bei Tag, besonders die GroBe der 
Temperaturmaxima bei heiterem Wetter, die Entwicklung der thermischen · 
l(onvektion, usw., charakterisieren. Eine bedeutende Charakteristik des Gebietes 
ist auch der Wert der Beschattung, der besonders in den Wintermonaten von 
Bedeutung ist. Der spate Sonnena�fgang oder friihe Sonnenuntergang beeinfluBt 
deutlich den Tagesgang verschiedener klimatischer Elemente, als auch die 
Geschwindigkeit des Abtauens der Schneedecke. Bei der Kartierung · der 
Geschwindigkeit des Aufta11ens der Schneedecke im Mahrischen Karst wurde 
festgestellt, daB die Existenz der Stellen mit einem langdauernden Vorkommen 
der Schneedecke nicht von der Menge der anfallenden Sonnenstrahlung und 
der Lange der Besonnung, sondern vor allem von der Dauer der Beschattung 
des Gelandes im Laufe des Tages abhangt. An iiberwiegend in den Nachmittags
stunden beschatteten Stellen bleibt die Schneedecke viel langer liegen, als an 
Stellen mit einer ebenso langen Besonnung, die jedoch am Vormittag beschattet 
sind. Die Radiationsverhaltnisse, besser gesagt die Dauer der Besonnung bzw. 
Beschattung, beeinflussen auch die Temperaturwerte und ihre Verteilung im 
Gelande bei Tag. 

Infolge Mangel an Beobachtern und Mittarbeitern an den Forschungen 

war es notig zur Ermittung der Temperaturverhaltnisse des l(arstgebietes die 

effektivsten Forschungsmethoden anzuwenden. Deshalb wurde die Methode 

der Temperaturmessungsfahrten eingefiihrt, bei denen ein vor der Automotor

haube abgebrachtes elektrisches Widerstandsthermometer beniitzt wurde. Die 

Temperatur wurde wahrend der Fahrt bei einer Geschwindigkeit von 30-40
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Stundenkilometern in Intervallen von rund 5 Sec. gemessen. Im Nord- und
Mittelteil des Mahrischen Karstes wurden 4 Hauptstrecken gewahlt, an denen
die Temperaturmessungsfahrten bei typischen Wettersituationen unternommen
wurden. 

In den schattigen Canyons kommt es vor allem in den Sommermonaten
und in der Ubergangsperiode zur Entstehung von Temperaturinversionen, die
durch die Tatsache bedingt sind, daB bei Tag fast iiberhaupt nicht die Sonne
auf den Talboden scheint, wahrend die oberen zwei Drittel der Talhange sehr gut
besonnt werden. Diese Inversionen sind also fiir das Gebiet des Mahrischen
Karstes vor allem nur bei sonnigem Wetter typisch und kommen am haufigsten
und mit groBter Intensitat in der .warmen J ahreszeit vor.

Die mesoklimatischen Verhaltnisse des Mahrischen Karstes werden jedoch
auch <lurch die lokale Kaltluftadvektion aus den benachbarten hoher gelegenen
Lagen beeinfluBt. Hier muB man die Teilung des Mesoklimas des Karstgebietes
in das selbstandige Klima, zu dem fast das ganze Gebiet mit Ausnahme der
Karstcanyons gehort, und das unselbstandige Klima, bei dem in seinem Charak
ter der EinfluB der lokalen Advektion iiberwiegt, in BetraQht ziehen. Hier kommt

• 

es wahrend typischer Wettersituationen zur Bildung von Temperaturinver-
sionen. Die I<e.nntnis des U mfanges der Inversionslagen ist von grundsatzlicher
Bedeutung fiir die Baupraxis als <lurch die technische und biologische Praxis.
Diese Lagen sind namlich <lurch einen geringen Luftaustausch in horizontaler
und vertikaler Richtung charakterisiert. Man muB hier mit einem haufigeren
Vorkommen von Spatfrosten rechnen, die Moglichkeit der Rekreation in Zelten
isi hier beschrankt und es besteht hier eine wesentliche Neigung zur Bildung
lokaler Nebel, was auf die hohere Luftfeuchtigkeit zuriickzufiihren ist.

Die Lufttemperaturinversionen im Mahrischen I<.arst kommen vor allem
in den Canyons vor und erreichen eine unterschiedliche Intensitat in den ein
zelnen J ahreszeiten, was vor all em <lurch das Prinzip ihrer Entstehung bedingt
ist.

Die infolge der Beschattung des Gelandes entstandenen Inversionen wur-
den bereits teilweise besprochen. Ihr Vorkommen ist am haufigsten und ihre
Intensitat am hochsten im warmeren Jahresabschnitt. Dabei ist interessant,
daB im Tagesgang diese Inversionen fast iiberhaupt nicht in den Morgenstunden
vorkommen, ihre hochste Intensitat jedoch in den Mittagsstunden erreichen.
Am haufigsten kommen sie im Canyon Suchy zleb, Pusty zleb, dem Tal des
Baches Krtinsky potok und im oberen A.bschnitt des Flusses Ricka vor. Derartige

· Inversionen dauern oft den ganzen Tag, ihre Intensitat nimmt jedoch in den
Nachtstunden langsam ab, oder sie verschwinden iiberhaupt. Dies ist <lurch den
niedrigeren Wert der effektiven Hangausstrahlung de1· tief eingeschnittenen
Taler im Ve1·gleich mit freiem Gelande bedingt. Auf Grund des Tagesgano-es ·
der Intensitat der inversen Schichtung kann man sel1r leicht feststellen, �m
welchen lnversionstyp es sich in jedem einzelnen Falle handelt.

Die dt1rch die lokale I(altluftzufuhr von den umliegenden Hangen verur
sachten Temperaturinversionen entstehen ebenfalls praktiscl1 im Laufe des
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gan�en J ahres. Mit Riicksicht auf �en Mechanism us ihrer Entstehung kommt es
zu 1hrem Vorkommen meist in schmalen tief eingeschnittenen Talern und 
Canyons (klei�ere effektive Hangausstrahlung bei derartigen Talern). Weniger
oft kommen s1e auch in Talern vor, deren Hange mit Wald bewachsen sind. 
B�i den in d�r Friih durchgeftihrten Temperaturmessungsfahrten haben wir
d1esen Invers1onstyp am haufigsten im Canyon Lazanecky zleb, oft auch in 
Pusty zleb bis zur Felsenmiihle beobachtet. Dieser Inversionstyp kommt auch 
im Ricka-Tal vor. Die Entstehung lokaler Inversionen mikroadvektiven Charak
ters wird ·vor alle·m <lurch intensive Ausstrahlung bei klarer und windstiller 
Nacht und eine geeignete Form 11nd Oberflache der die Talsohle umgebenden 
Hange bedingt. 

Die U nterschiede der • durch Inversionen inf olge Beschattung bedingte� 
Temperaturen erreichen bei heiterem Wetter in der Ubergangsp�riode bei Tag 
gewohnlich 3-4 °C. Bei Nacht sinken die U nterschiede, oder sie verschwinden 
iiberhaupt. In den Wintermoriaten schwanken die Werte der Unterschiede um 
1 °C. Bedingung ist auch hier ein heiteres windstilles Wetter. Die infolge Inver
sionen mikroadvektiven Charakters entstehenden Temperaturunterschiede errei
chen in der Ubergangsperiode rund 2-3 °C, im Sommer dagegen nur 1-2 °C, 
im Winter infolge langerer Dauer der negativen Strahlungsbilanz nehmen sie 
bis auf 4 °C zu. Die groBten Unterschiede werden bei diesem Inversionstyp 
begreiflich knapp vor dem Sonnenaufgang verzeichnet. Voraussetzung fur ihre 
Entstehung ist wieder eine klare und windstille Nacht .. 

Die Lufttemperatur, besonders dann die empfundene Lufttemperatur wird 
<lurch bewaldete Flachen beeinfluflt. Im Winter iibt das Waldmilieu einen 
Einflu£ auf das langsamere Auftauen der Schneedecke aus, sodaB zur Zeit, wenn 
im Wald noch Schnee lie gt, wahrend er anderswo bereits auf getaut ist, der Wald 

. . 

ein gewisser Kaltespeicher ist. Im Sommer gleicht dann das Waldmilieu bei 
heiteren Tagen die Temperaturextreme aus und beeinfluflt besonders die 
empfundene Temperatur. Sehr oft beobachtet man bier eine bis um 4 °C 
niedrigere Lufttemperatur als im freien Gelande. 

Etwas komplizierter als der Temperaturverlauf sind im Mahrischen I(arst 
die Feuchtigkeitsverhaltnisse. Die Luftfeuchtigkeit wird auBer von den bei der 
Lufttemperatur erwahnten Faktoren noch <lurch die Verdampfung aus der 
aktiven Oberflache und in gewissem MaB auch durch die Durchliiftungsinten-
sitat beeinfluflt. 

Auf Grund der Feuchtigkeitsmessungsfahrten wurde festgestellt, daB am 
Boden der tiefen und stark beschatten Canyons im Mahrischen Karst im warmen 
Halbjahr im Durchschnitt um 30 % hohere relative Feuchtigkeit als_im freien 
Gelande ist wahrend in den Talern, wo sich Temperaturumkehren mikro-

, 
. 

. 

advektiven Charakters auBern, dieselbe oder um 10 % hohere Feuchtigkeit 
vorkommt. Im Winterhalbjahr ist die relative Luftfeuchtigkeit in de� Canyons 
ahnlich oder nur etwas hoher als im freien Gelande, in den Talern, wo man 
Inversionen mikroadvektiven Charakters beobachten kann, jedoch im Durch
schnitt um 10 % hoher. Diese Unterschiede kommen begreiflich wieder nur bei
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heiterem und windstillem Wetter vor. 
Die mesoklimatischen Verhaltnisse des Mahrischen Karstes sind verhalt-

nisma6ig kompliziert. Dies ist ein typisches Beispiel einer Modifizierung der 
makroklimatischen Verhaltnisse <lurch das gegliederte Relief. Die wesentlichen 

· Unterschiede im-Tages- und Jahresgang der klimatischen Grundelemente wider
spiegeln sich am meisten im Charakter der Vegetationsdecke. Man kann j edoch
voraussetzen, da6 derart wesentliche Unterschiede in den klimatischen Cha
rakteristiken auch die hydrographischen Verhaltnisse, die Weise und Geschwin
digkeit der Gesteinsverwitterungs und die Boden- und Karstprozesse beein-
flussen.

In diesem Beitrag war es moglich nur sehr kurz einen Teil der auf Grund 
der Messungen die im �ahrischen Karst beinahe4 Jahre durchgefiihrt wurden 
erreichten Ergebnisse zu erwahnen. 
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DIX ANS DE RECHERCHES PERIODIQUES DANS UNE 
GROTTE DE GLACE (LA GROTTE DE SCARISOARA, 

ROUMANIE) 

Josif Viehman 

Institute de Speologie, Cluj, Roumanie 

La grotte << Ghetarul de la Scari�oara >> se trouve dans les Monts Apuseni 
a 1150 m d'altitude. La grotte s'ouvre par deux avens de 50 m _de profondeur oil 

· l'un a un diametre de 60 m. Au fond de cet aven on penetre dans un reseau
souterrain au milieu duquel ii y a un grand bloc de glace de 75 000 m3

• Ce bloc
divise la grotte en plusieurs parties laterales lesquelles rapportees au fond de
l'aven ont des profondeurs qui varient entre 7 et 30 m. La surface superieure
du bloc delimite le plancher de la Grande Salle. Les autres cavites sont : L'Eglise,
la Petite Reservation et la Grande Reservation ou se trouve egalement le fond
de la grotte a 105 m de prof ondeur.

A partir du mois de mars 1963 on a entrepris des recherches mensuelles 
jusqu'a 1968 et annuellement jusqu'a 1973. Le but des recherches a ete la 
connaissance de !'evolution et de la morphogenese de la glace et de la relation 
entre le climat exterieur et celui souterrain. << Ghetarul de la Scarisoara >> est 

. 

, , 

une grotte �tatique prevue d'une seule entree. 
Pour ce but on a enregistre d'une maniere systematique la temperature, 

l'humidite, la pression atmospherique, l'eau de condensation et des dates con
cernant le mouvement de l'air. Pour l'etude de la morphologie de la glace on 
a retenu un nombre des stalagmites test et on a effectue la-dessus des mesurages 
e� des observations periodiques concernant la hauteur et le diametre des for
mations, la frequence et le rythme de 1' eau d' egouttement, la localisation et le 
deplacement de ces gouttes, la migration saisonniere de la glace dans les zones 
de limite, la volatilisation de la glace, le role de la glace dans la genese des perles 
de caverne (I. Viehmann, 1967) et l'enregistrement des dates concernant la 
morphologie du bloc de glace. On y a utilise egalement la technique de la 
photogrammetrie. · 

.
L'historique des recherches entreprises dans la grotte << Ghetarul de la 

Scari�oara >> rappelle quelques etapes essentielles comme par exemple : A. 
Schmidt (1863) qui etudie la grotte en 1858 et A. Bielz (1884), puis les ouvrages 
monographiques publies par E. G. Racovi\a (1927). Ces recherches concernent 
seulement l'aven et la Grande Salle de la grotte. 

C'est en 1947 qu'on commence a etudier les autres salles de la grotte, 
connues aujourd'hui sous le nom de la Grande Reservation et la Petite Reser
vation. Les recherches de ce stade-la sont conduites et publiees par M. �erb�n 
(1948, 1957, 1967) et elles representent la somme des premieres observations 
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, . precises. 
Enfin c' est en 1963 que I. Viehmann et Gh. Raco vita commencent les 

recherches periodiques qui ont presente jusqu'a l'instant les informations les 
plus detaillees sur les problemes de cette grotte. 

Les resultats des recherches n' ont pas encore elucide toutes les inconnues 
de la grotte pour les deux raisons suivantes : 

- la duree trop courte des recherches ( 10 ans) ·
- Ia planification de l'etude de la grotte et l'int�rpretation des dates

obtenues par deux voies : la partie du Sud a ete s�ignee par mon collegue 
Gh. Racovita et la partie du Nord par !'auteur de cet ouvrage. 

Les observations entreprises par E. G. Racovita ( 1927) ont constitue les 
premiers reperes des recherches qui ont suivi .. L'etape qui appartient au collegue 
M. �er ban nous f ournit des mesurages et des dates auxquels ont peut se rap porter
d'une maniere comparative apres un bon nombre d'annees. Les recherches
effectuees apres 1963 on.t confirme en partie les conclusions anciennes, laissant
d' autres en reserve .

. 

• 

Les principaux resultats de ces observations chronologiques d'une duree
d'au moins de 10 ans sont les �uivants :

1. Les modifications climatiques de surface font leur effet dans le sou terrain
·apres un retard de quelques heures pendant les mois de froid au-dessous de O °C

. et de quelques mois pendant le reste de l'annee. 
2. La morphologie des formations de glace est determlnee par le micro

climat souterrain et par les conditions d'egouttement de l'eau d'alimentation. 
3. Le bloc de glace se trouve dans une diminution continuelle, · le plancher

de la Grande Salle etant aujourd'hui plus bas·de 120 cm qu'en 1947. 
4. Dans sa totalite la . glace de la grotte de Scari�oara se trouve en retraite,

son agrandissement en volume ou sa conservation n' etant plus possibles d.ans 
les conditions clima.tiques de l'Europe a present. 

5. La grotte << Ghetarul de la Scari�oara >> a ete ii y a  longtemps une grotte
a deux entrees. Les 2 avens, connus aujourd'hui ont constitue la premiere entree 
de la grotte qui ont f onctionne pendant les premieres phases d' existance comme 
des << ponoare >>(1). L'hypothese a ete formulee pour la premiere fois par E. Raco
vita dans son ouvrage de 1927. La decouverte et le topographie d'un pont nature! 
a l'interieur de l'aven secortdaire et d'une galerie diagonale (une continuation 
morphologique du pont nature!) qui relie les deux avens entre eux, confirme 
solidement l'hypothese d'E. Racovita. La deuxieme entree de la grotte est 
l'entree d'aujourd'hui dans la grotte Pojarul Politei, une grqtte qui se trouve dans 
la continuation immediate du fond de la grotte de Scari�oara. II y avait une fois 
les 2 grottes, separees aujourd'hui par un bouchon d' ecroulements avaient 
constitue un seul reseau karstique et la grotte Pojarul Politei avait fonctionne 
d'abord · comme une resurgence. 

(1) Perte de riviere. 

324 



• 

• 

. 

6.- La periode_ ou la glace avait commence a s'installer dans la grotte de
�cari�oara est synchrone avec : 

� 

a) un climat froid equivalent con1me temperature baissee du moins aux
conditions d'aujourd'hui des Carpates de la Roumanie dans les altitudes 

. qui depasserit 2000 m. Ce fait est a·tteste par la decouverte d'un squelette 
de Rupicapra rupicapra carpatica clans la Grande Reservation de la 
grotte(2). On sait tres bien _que cet animal est un fossil� pour les Monts 
Apuseni . 

b) l'ecroulement et le colmatage qui avaient separe le reseau souterrain dans
les deux grottes connues aujourd'hui (�cari�oara et Poj_arul Poli\ei).·

c) l'installation de- la glace clans d'autres grottes des Monts Apuseni. Une
partie de ces grottes s'appelle << ghetar >> (par exemple Focul viu, Zgu
ra�ti, Bortig, - Virtop) mais seulen1ent deux · gardent encore· 1� glace
permanente.

E .. Raco vita ( 1927) par le d'une glace << fossile - >> non aff ectee par les variations 
saisonnieres ou bien annuelles, et d'une glace << actuelle >> qui fond et se. re
nouvelles chaque annee. Pour l'avenir les recherches devront ·s'interesser seule
ment a la glace fossile. M. �erban et ses collaborateurs ont etabli comhle suite 
de l'arialyse des deux carottes de glace, !'existence de trois periodes froides 
pendant les 200_ derni_eres annees dont la principale se situe entre 1800--:- 1850. 
Conformement aux interpretations paleoclimatiques faites pa� Gh. Racovi\a 
( 1972) la periode froide commence vers 1700 et se termine avant 1920, etant done 

. 

plus longue que celle definie par M. �erban. pans la Grande Salle, a une haute11r 
. de 3 m il y a  sur les murs en c�lcaire une trace circulaire qui marque probablement 

le niveau m�ximum de la glace, dans le passe, dans cette grotte. En tenant compte 
de la vi�esse actuelle de retraite de la glace pendant les 26 4ernieres annees (a un .
repere central de la Grande Salle) on peut apprecier que ce nivea_u de la glace 
a pu exister vers l'annee 1850. Dans ce point le niveau de la glace a baisse 
pendant les _ 26 dernieres annees de 70- cm. Le stade actuel des recherches ne 
permet pas ·encore de pr¢cisions paleoclimatique. Le grand- bloc de glace epais 
de 18 m (M. �erban et colab., 1957) s'est forme dans la derniere phase sylvestre· postglaciaire, celle du hetre et l'age des couches inferieures.est d'environ 3000 ans
(�'apres les analyses de pollen faites par E. Pop et I. Ciobanu, en 1 �50). . -�

7. Dans la grotte de Scari�oara la glace a pu s'installer dans un espace de
temps relativement court. On formule cette· hypothese d'apres les obseryations 
entreprises par nous (I. Viehmann et V. Craciun, 1959) a l'occasion de l'etude 
du phenomene de migration saisonniere de la glace dans les zones limitrophes : 
comme une autre consequence de << l'effet de retardement >> du climat de surface 
sur le microclimat souterrain est egalement le .f ait que la formation de la · glace 
annrielle dans ses zones les plus profondes se prodriit pendant deux mois, tandis 
que sa retraite (la fonte) annuelle pendant 9 ou 10 mois. 

8. Les recherches des dernieres- annees ont mis en evidence !'existence des

.

(:!) P,1r le Di1nitritt Leo11it.i::1. 
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stalagmites de gl�ce << ther�oindi<;ateurs >>. Ce sont des c_olonnes annuelles dont 
la morphologie obseryee par exemple au mois d'avril peut nous fou�nir des dates 
sur le climat de l'endroit pour les mois de janvier, fevrier et mars. La suite des 
recherches devra· aboutir a la possibilite d'utiliser le bloc de glace comme_thern10-
indicateur fournisseur de dates paleoclimatiques. _-

9. Le chauffage annuel de l'air des plus profondes parties de la grotte est
, provoquee par : - _ 

a) l'arret de la penetration de l'air froid
. 
clans la grotte, 

b) la penetration de la chaleur superficielle par la voie de !'air de l'aven· et

jusqu�aux parties profondes de la grotte, en ce cas l'air ayant le role d'un
conducteur calorique,

c) les radiations caloriques provoquees par les· patois calcaires de la grotte,
d),, ii· y a en meme temps une penetration partielle de l'air chaud dans Ja

grotte. _ _ 
Cette penetration se produit par l'aven comme << e:ffet Bernoulli >> a l'epoque 

J 

des vents plus puissants. . 
10. L'e:ffet riegatif de l'air chaud sur ·1es stalagmites se produit d'une

maniere 4irecte · proportionnelle avec la distance· entre ces dernieres et le bloc 
- .

de glace. 
On peut rappeler encore quelques resultats dont la valabilites est hypothe-

_tique ou territoriale n' etant pas generalement valables pour toute la grotte de 
Scarisoara. · 

, .

Depuis le debut de notre siecle du moins, les stal_agmites de glace de la salle 
<< �'Eglise >> ont eu un developpement ininterrompu (Gh. Racovita, 1970). 

Selon !'opinion de M. �erban (1967)_ pour 1� - glaciation de cayerne de la . 
grotte . << Ghetarul de la �cari�oara >> est specifique un phenomene de << contraste 
d� phase >> : _ le bloc de glace ne reussit pas a se conserver entierement et la 

. · reduction de sa masse determine le · developpement des stalagmites de glace. 
Deux des flancs du bloc de glace. sont verticaux. Jusqu'a· .present 

leur morphologie est expliquee par le phenomene d'ablation - volatilisation et 
par celui des radiations caloriques propres au calcaire. 

La verification du mouvement du bloc de glace sur la verticale a ete mis 
a I' epreuve jusqu' a present par deux voies. En collaborant avec les collegu�s 
T.· Rusu, Gh. Racokita, et V. Craciun, le flanc du c·ote de la Grande Reservation
a ete plante de bornes qui ont ete ensuite materialisees clans l'espace a l'aide des 
c�lculs et des mesurages eff ectues avec un theodolite_. Dans la partie opposee· du 

; bloc, au fond d'une rimaye Gh. Racovita a instal�e. entre 1�66-68 un dispo•sitif
de leviers qui lui a fourni !'information hypothetique d'apres laquelle le bloc 
aurait execute - a ce point - un deplacement sur la base d'environ 4 cm. 

Dans l'avenir les recherches devront renoncer a recueillir. de nombreux 
details, amasses- par des methodes et dans des endroits diff erents de la grotte. 
L'observation experimentale, locale et· de longue duree des phenomenes gene
ralement valables a la glace et au climat de la grotte pourront elucider Ies in
certitudes qui existent encore dans !'evolution de la glace de cette grotte. · 

• 
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Stajic, S. Fe 031 

• 

Sternisko, H. Ba 034 Ba 044 
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Sweeting, M. M. Aa 016
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Takacs-Kacs6, E. Fb 004

Tell, L. -Ba 043
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Wadewitz, S. Ba ·034 Ba 045 

Warszynska, J. Fe 037 
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Werner, E. Ba 048 Eb 042 
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Zengina, S. M. Aa 018 

Zverev, U. P. Ca 032 Cb 012

Zvereva, V. A. Ca 027

• 

331 



• 

• 

-

• 

• 

• 

• 

. , 

• 

• 

• 

• 

• 

.

J ako ucelovy naklad pro 

Organizacni vybor 6. Mezinarodniho speleologickeho kongresu 

v Olomouci vydala 
.

ACADEMIA, nakladatelstvi Ceskoslovenske akademie ved 
.

Praha 1976

Ob·alku navrhl Josef Tyfa 

Redaktorka pu.blikace dr. Marcela Cilkova. 

Vytiskl Disk Ric any, provozovna Davie 

• 

.. 

• 

• 

-



•

• 



-

• • 



, 

•



-·
•



' 

_\-

Plate l. L ayout of the T 
.• 

reb1snjica R iver bed along the P opovo Polje with m arked sink holes. 
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Plate 2. Graph of water losses along the Trebisnjica River bed in the -Popovo Polje. 
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