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Ba 001 

International Speleology 1973, II, sub-section Ba: 

Geomorphology of the karst surface 

CLASSIFICATION AND TYPOLOGICAL THEORY 
OF KARSTIC STRUCTURES 

K. Ashton
New Zealand Speleological Society 

Auckland - New Zealand 

A b s t r a c t. A successful classification of structured objects cannot be acriieved 

without due regard �eing taken of the form of structuring in,A,lved. The present paper 

considers a fonn of structure adequate for karstic phenomena and defines the minimal 

criteria needed for a classification, giving examples from the field of cave structure.

Such classifications yield models, called here quotient structures, families of which

constructed along the lir1es shov1n he1·e, fonn a typology ·of the original structure. 

The first step into a11y sci.entific or syst€·ma.tic study i1.1volves 

the definition of tl1e domain a11cl objects of interes·t, tl1e establislLment 

of a voce.bulal."'Y, and ttie deter·mination of criteria by v1l1icl1 observables 

1nay l,e fitted into the clc.ssification in1p]_ied by this pr·ocess. Su.ch 

classificatior.1 tend to ·l)e 11ighl;j¥ subjective in the fir.•st. insta1:i.ce a.1.Lu

teco1rle logj_call:y¥ effective only a:ftei� mucr1 revision 

tli.e st1.1l:l�/ 1"Jecomcs clea:r·. \Vb.en successf'ul the resul.t 

as 

lS 

the natu1·e 

strikingly 

o:f 

effective, as in 

d. . ] . ,,,� lSCJ.'(: .1110 • vw.11011 

th�� s1)eci ali2ecl langt1.age of any 

v,e classif;; a tr:,ee t3.ccor·ding to 

developed scientific 

its lear type we 
J. 

actually in�ly a classification of a whole st�ucture; in two trees of 

t1le sa1ue rela·tio11s a.11.Li.

cell str'ucture to €_,';!.'OSS rrior.·phology, it3 sj_rnj_J. ar. 

In the ·1)re seJ:rt T)[�per VJ(; p:r:·e se:i.1.·t c. paI·tic11lfj I' asp �Jc, t of· a ger..eral 
� ... 

tr1eory of· the classifica·tion of' ;-3t·r1.1c.t;·l1i·es :L11. a ±
"'
orn1 v1l1ict1, it is

· 1 
, 

1 
· · 1r' · · · 1 · t · 11 1 l1oped, rnay be of' use to c·:.e georn.oi-px10 ogJ.s1-;. �.r.tl!3 1:rti_i y VJl 10\11e·vor 

be somev.:hat Arj_stotelia1-1 , ciel.i11eating c.ortdit;ions that f-111 a.nalysis n111st 

satisf'y r·atl1e1. .. t11ar1 1)rc se11ti:r1g an aJ_gori ·t11.1n for sucri ani-3.lysis. At eo.ch

stage in oui" c.ievelopmc11t; \'Je sl1all f'ix·s·tly c.1esci ... ibe a cor1str11ct;ion, 

refine the description matheu�ticall.y and give illustrations fron1 the 

field of c;ave s·ci .. 11ctur·e. It is 1-:-topecl tho:t paral:Lel ilJ.u.str·ation i11

more genera]. l<::a1--st .u1orpl'io].ogy v,ill occ1J.l."' ·to tl1e :r:•eader simt1l taneo11sly. 

'l'he type. o:f strtlCtl1.re vie➔ s11all co11.sicl.er w:Lll be a simpJ.e, 

hej.I•archicaJ. 011e. That ii:: to say, vie sl1all imagi11e a ·basic set or 

13 
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collection of' o·bjects, called the level zero set. From ce1.1tain assem
blages of these objects, new objects will be constructed into certain 
configurations, these new objects forming the level one set. This 
process will then be repeated foI·ming higher J_evels of objects, each 
level consisting of objects built as configurations of objects from 
the previous level. For the purpose of our present avplications, and 
to simplify the mathematics, we shall suppose that each level is 
:formed from the previous one by means of only one type of configuI·a
tion. 

Let Ak represent the set at level k and Fk the configu.I·ation
(a function) whicl1 constructs level Ak+l' and suppose that Fk is a
configuration of m objects from Ak, tl1er1 any member of Al{+l has the
form u =. Fk(x1, •.• , xm) where x1, ••• , xm are objects from Ak. In
general, not all objects of the form F k( x1, •• � , xm). need be i11 Ak+ 1•
A simple, heirarchical structure G. ( ·for Gestalt) is ·therefore an 
(n+l)-tuple (A

0
, A1, •.. , An) of sets.of objects where each Ak,

k = 1, •.• , n is formed from Ak-l by means of a function Fk_1•
If we consider A5 to represent a cave (or A6 a group of caves),

then lower levels, in sequence, migr1t comprise sucl1 sets as: 
A

0 
- the basj.c components of the roclc.s present, 

A1 - specific facies presented as segments of passage walls (including
fills), 

A2 - sections of passages ( of some .c ·o·nstant cr1aracterj_.stic),
A

3 - passages,
A4 - assemblages of passages.

Mathematically the idea of classification is based on the equiva
lence relation, that is a r�lation between pairs of objects which 
partitions the w�ole set of objects into disjoint classes, called 

.

equivalence classes. Such a relation may usuaJ.ly be parapl11"a.sed as a 
. . 

relation o:f ''similarity'' and ec1:ch equivalence c.lass comprises all 
those objects \�1hich are mutually similar. 

Thus in defir1ing a piezometric. surface across a cave ree;�.on v,e 
. 

may, in fact, be declaring tr1at cer·tain discret� v,ator su.rfc1.ces ob-
servable v,ithin the ca.ves are ''equivaler1.t'' in son1e sense, t11e surface 
being a geometrical abstraction contair1ing all n1embers .of t:his equiva-
lence cJass and no others. 

If R is an equi valE!ri.ce relu tioi1 v,e sl1all. syn1bo J.ize t11E-: equiva
lence of objects a and b by ''aRb'' and. the cla�3s of alJ_ obje_cts equiva
lent_ to a will be der1ot_ed by [a]. Not€. i.ih:si.t i:f aRb, t11en [a]= (b].

In practice such a relation is define� by givi11g a diagnostic 
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feature, th.us all sparry rocks may be considered 1nutually equivalent 
as opposed to all mj_cri tic rocks; sections of passages may be clas
sified. as hox•izontal, sloping or vertical; as containing or not con
taining fil] - or water; or according to presumed p�ocesses of 
formatj_on that may have occurred within them. 

The use of classes of' objects, rather than the objects themselves, 
entails a loss of information content; it is a deJ.iberate ''blurring'' 
of th� field of view for the purpose of achievii1g a comprehensive and 
comprehensible model. It is therefore of interest to note that the 
general theory predi.cts that, ·for a very \Vide range o:f structures, 
tl1ere exist families 01· classifications, eac:t1 of which involves its 
own blurred viewpoint, but which together entail no information loss. 
In this sense the· definition of an adequate structure G is equivalent, 
in all respects, to the definition of an adequate family of classifi
cations. 

Eqt1ivalc1ice relations cJ.a.ssify sets of objects and therefore, in 
order to classify a heirarchical structure G = (A

0
, • • •  , An) we re.

quire a:r.i. (n+l)-tuple R = (R0, • • •  , Rn) of eq1.,1ivale11ce relations where,
for each k = o, .•. , n, Rk is a relation on the set Ak. Not sur
prosingly, such a set of relations will not, in general, suffice but 
certain c·onditions must be satisfied, for the purpose of defining 
w:r�.ic11 we must make the following preli1r1inary definitions. 

Suppose that u and v are objects_ in Ak+l and we have a relation R
on t})e lov,er level Ak. Suppose further.� that u and v are constructed: in
the same manner but from different members of Ak (e.g. two passages of
the same approximate form but rU11..ning through diffe�ing strata) 
i.e. u = F(x1, ••. , xm) and v = F(y1, ••. , Ym).
Then we say that u and v are related by the i n d u c e d  relation 
of R, symbolically u(R)iv, exactly when x1RY1 & �RY

2 
& ... & xmRYm.

To pa:i.�e.phrase, u(R) iv if' and onJ.y if u and v are constructed in
the same way and their corresponding components are related. Note that 
(R)i is a relat;ion on the set Ak+J.·

In the example above, suppose that tn.e .strata had been classi:fied 
into classes having the same erosional effects, then two passage 
sections would. be related. by the inductior1 of this relatioi1 exactly 
v1hen t:t .. ey sho\ved tJ:1e same erosional morphoJ.ogy. 

Less important is the notion of the subduced relation. Suppose 
that u and v are objects in Ak' R is a re].ation on A1r and u and v are
similar in. configu:11ation: 
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i. e. u = F(x1.1 • • •  , xm) & v = F(:>'"
1, • • •, Ym) •

Then we say that for j = 1, •.• , m; .xj(R)syj.

In other words, each�pair of correspunding components is related by

tl1e subduced relation, a :r.·elat:i.on on Ak_1• Fo:r· two objects }c.,y in Ak-l'

x(R) y exactly when they pl.ay tr1e same role i11 the construction of two
s 

objects in Ak related by R.
Thus, irt the above exampJ. e , if we had clftssifie d the passage

s�ctions init;ially according to the ir erosione-1 features and 'vVe noted 
that the passages had similar structure, then we would have subduced 
a relation between strata on the basis of their erosional capacities. 
Note that petrological ar1alysis might t11en re-fine this deriv·ative 
classification. 

The aim of a classification is to provide a simplified model, an 

image of the origina.l structure, indeed in algebraic ter.11s, a homo
morphic image . S1Jppose oux· initial str·ucture is G = (A

0
, • • •  , A n) ar1d

we wish to consider R = ( R
0

, • • •  , R
n

} as a possibly s1.1.itable clas-
sifier. Two conditions must be satisfied. The first condition simply 
requires that, fork = o, ••• , n-1, (Rk)i is a relation on Ak+l' a
condition that will alvrays be satisfied in the present domain of 
applica.tion since tb.e f'act that objects appear in Ak implies that they
are eflployed in some object of Ak+l·

The w.ore significant conditiori is that, fo:!· k = o, ••. , 11-l, 

C 

that is t() say t!1at if u(Rk)iv' tb.en uRk+lv: at each level, tl1e ·re
lation m11st t)e no finer tl1a.n the reJ.a tio.n ir1d"l1ced f�o1n tl1e p1.·evious 
level. 

T}11-i.s any t·il✓O objects of the same configlJ.r•ati-:>rt, and construct;ed
from simila1� componer1ts m u s t be :i:·elated on t:t10ir ov1r1 level. 
Otl1er objEicts not so constru.cted may also be related. 

Consider f1. passage containing tb.e passage sectio11s of: the abo·.re 
f.:X?.,.r:11:•le cine. al.so a section ,,1hic1:i., v1r1i]e rr1.aintaining its gej1.e:r·o.J_ fo:i::-1ri, 
contj_11u_es ir1t<) e .  regior1 of clifi'eririg geology. Tl1e tVJ() ea.rli(-)r 
sections are rela.t;ed a p 1? i o J:> i. as descrit•�d above out \Ve

r:12,;y· e.lso ,,,isl1 to include ·che late::!:' sect ions nf t'ne �-, a,� c::::: i:•c..... "'" - •J 1>,J � .... ,,,. c· ·  �;.
- .., 

. , ., T" ··1 " � •.. '(1 ,_, C ,. ,, - C... ,.. ' -h - � • r.· 1· 
. -

v� c bci .. .;s l� .. ! C.b� .ll �OI[G 011J..,6I' r.p_�:::., S' ·� 1 ·--,uc� (':.!!:lC ') J_•.:.."'. ·, , ..... t .. -· , .... ,.,., ("'"••�..., • • ._,,. --- _, """-,. • .I... .J. : ... .., - • .,, ., � ,, .... • I ' • • t . l • . - . �- ..... - �. .

Ar1v sec11.tence R - ( R ,..,r..., ) tJ 1 
- o' • • · ' 'ri satisfying the a·bove

v1ill yield e, sj_1npli.fied st;I7Llctux·e, 11a,ri1-ig tl:e sante 
fev,er elc1i:ents, ·tl:;e ne�·" elements- beirJ.f; cg_'\J.ivale11c8 c1.a�;ses 
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ments (objects) of G. This simplified structure is called, by a�alogy 
with algebra, the quotient structure with respect to R and is sym
bolized as G;R• 

As a simple example, suppose G is a cave system in which two 
types of passages occur, say phreatic and vadose, this statement it
self constituting a grossly ov·ersimplified classifice.tion. Then G /R is
a system having just two passages, one representing ''phreaticness'' and 
the other ''vadoseness''. 

In constructing suitable relations it is often of help to use a 
family of relations and to take their intersections as the defining 
relation: t�at j_s, to use relations R1, R2, ••• , Rt all defined on the
same level and then to say uRv if and only if uR1v & uR

2
v & ... &

& uRt -rr, takin.g this as th.e relevant relation. Thus the criterion for
equivalence of two passage sections may be that they have the same 
erosional features a n d  the same fill, or absence thereof a n d  
the same slope etc. The use of such families has justification in the 
earlier remarks concerning classification without information loss. 

It may aJ.so be shown that, under the conditions considered here, 
. 

the subduced relation, on any level, is the coarsest possible relation 
on that level. Thus, as exemplified in the above paragraph on sub
duction, this l)rocess is a useful starting point for the constuction 
of a classification where the treatment for some particular level 
seems fairly clear. 

Having achieved a consistent quotient structure the interesting 
problem then remains, to explain why the particular scheme of classi
fication fits the structure. 

Giv�n two classifiers R1 = (R�, ... , R�} and R; = (R;, ... , R�) 
for G, we say that R2 is coarser than R1 if for k= o, •.• , n, 
Rt c Ri· In such a sit11ation ·it ccµi be shown that G /R2 is a mod�l,
or image of G/Rl, just as G/Rl is an image of G.

The problem of a typology is simply to est�blish a sequence of 
classifiers of increasing coarseness to in.elude as wide a range of 
struct11res as possible within the same moder or t y p e, to enu
merate these types and explain their significance. Thus within a cave 
we may group increasing sets of passages together, despite certain 
minor differences, until this is no longer consistently possible.: the 
resulting classes represent the t y p e s  of passage present. 
Similarly we may compare caves throughout a region with regard to si
milarities of their entire structu�e, and construct a typology of 
ca,res V.Ji thin that region. Further, we might consider the whole karstic 

' 
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envj.rorunent as a heirarchical structure and rereat tl1e a;nalysis to de-

rive._ a karstic typology. Our general theory car1 give only the broad 

outlines of proceedure but it does guarrantee that if any karstic 

assemblage can be represented as an exampla of a common hei.rarchic 

structure, then there exists a family of classifiers which can de-

scribe karstic phenomena completely, without loss of information. The 

converse statement is also true. 

We have here considered our phenomena as static but, if such a 

structure as the above can be definec, there we can construct a dia

chronic model of karstic development in ter.1ns of mappings of quotient 

structures. 

ZUSAMMENFASSUNG 

Eine erfolgreiche Klassifizierung strukturierter Objekte kann nur unter Beziehung der 

Struktur selbst gewahrleistet werden. Das vorliegende Referat betrachtet eine fur 

karstische Probleme angemessene Art der Struktur und definiert die moglichst kleinste 

Menge von Kennzeichen, dass fur eine solche Klassifizie:rung benotigt ist. Beispiele 

aus dem Gebiet der Hohlengefuge sind vorhanden. Solche Klassifizierungen liefern Mo-
' 

delle, <lessen Familien, wie im Referat konstruiert, eine Typologie der Urstrukturen 
•• 

gewahren. 
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Geomorphology of the karst surface 

KARST TYPES IN THE PHILIPPINES 
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-

The calcareous formations are very common features in the Philippines, 

the exteT1sion of the karst areas amoui1ts nearly ten per cent of the 

total s·urface. 

The Philippine Islands have a young geological history, even the 

rocks or the K�rst areas are mostly of �ertiary and Quaternary age. 

T11.e young crus·tal move·a1ents have been active, the karst regions are 

considerably tilted and faulted. There are thousands of limestone out

ci ... ops, but the extensive karst plateaus can be found only on the mayor 

isJ_ands (fig. 1) • 

Tr1e arcl:1ipelago has a great quantity of annual rainfall, ·chere

f'ore the developmer1t of tr1e karst topography is very intensive. The 

kai .. stic features a1. .. e greatly diversified, ·there can be found all 

-varia tior1 of the form.s cl1aracteristic for tl1e vvet t1.•opical karstlands. 

The geo1norphological r·esea1. .. ch of the Philippine karst areas are 

still 11eglected. There are only some studies about the Bohol karst 

hills, bu.t the other ra.ther inaccessible karst areas are almost un-

knovrr1. 

GEOLOGY 

The oldest calcareous rocks are sma11 marble deposits in the Pre-
. 

-Jurassic basement complex. Also a few limestone lenses are found of

Jurassic and Cretaceous age.

The bulk of the calcareous sedimer1ts is of Post-Cretaceous 

periods. According to the geological surveys, tl1e 1nair1 karst areas 

of t;he Philippines consist o:f limestones as follov,s: 
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F-ig. 1. Karat areas of the Philippine Islands. The geographical situation of the dif
ferent karst types discussed in this paper. 

20 



Period 

Holocene 

Pliocene
Pleistocene 

Type of calcareous 
rock 

Raised coral reef 

Marine sediments and 
extensive reef lime
stone· 

Upper Mioce�e- Marine elastics 
Pliocene ( calcarenit.e) silty 

and reef limestone 

Oligocene
Miocene 

Oligocene 

Paleocene
Eocene 

Mesosoic 

Mixed shelf marine 
deposit, reef lime
stone 

Marine sediments 

Mixed shelf and 
deeper water deposits 

Metamorphic rocks 

Approx. 

per cent 
of total 
karst 

10 

30 

15 

40 

1 

3 

1 

Distribution 

Many parts of the 
archipelago, esp. 
in Visayas 

Bicol, Visayas, 
Mindanao 

Luzon, Central 
Visayas, Mindanao 

· Visayas

Small quantity _·in 
Cebu 

Visayas 

Roinblon etc. 
•

The chemical analyses of Philippine limestone have given the following 

results: 

Ca.0 

Limestone.of Pliocene-
Pleistocene age 

(7 samples from Bohol, 

Voss, 1970) 47,89 

Limestone mainly 
Miocene age 
( 110 sarople s, Bureau 

of Mines, Manila) 53,50 

MgO·

1,25 

0,90 

Si02 Al2o
3 

Fe2o3 -_·co2 ( los.� on
ignition) 

4,78 3,10 1,70 40,08 

' 

0,80 0,40 o_,30 42,00 

According to these samples, the dominant Miocene limestones are re-
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latively pure havjng a Caco3 content of 90-98 per cent. There is also

found dolomitic limestone ju the islands Cebu, ��gros and in Batangas 

Province (Luzon). 

The Philippine Islands are the most faulted and tilted part of 
.. 

the Malayan Archipelago_. Yo11n.g Tertiary sediments are uplifted into 

more hundred meters elevation in many places. These tectonical move

ments are continueing even today. 

,. ..

CLIMATICAL FACTORS 

The Philippine Islands are situated between 6-20 degrees north of the 

equator. Their climate is wet tropical. The yearly mean temperature 

are c 0 25-27, the relative humidity 70-80 per cent. 

The karst areas of the Philippines have the average a.nn11al rain

fall between 2000-5000 millimeters. The intensity of rainfall is high, 

especially in Luzon, where the tropical cyclones (taifun) are respon

sible for at least one-third of the t�tal precipitation. The rainfall 

in the Philippines is seasonal particularly in the western islands of 

Visayas 1rpde_r the influence of south-east-Asian monsoon. 

The Philippines consist of tnree geographical regions: Luzon, 

Visayas (the central islands) and Mindanao. The charact�ristic annual 

precipitation in these regions is as follows (Manalo, 1956): 

Luzon 

Visayas. 
Mindanao 

Philippines 

Average annual 

rainf'all, mm 

2739 

2402 

2365 

2550 

. 

Average rainy 

days ( ann1tal) 

170 

179 

182 

175 

Greatest daily rainfall 
. 

ever recorded, mm 

880 (in Baguio) 

571 (in Borongan, Sarnar) 
424 (in Surigao) 

The average monthly rairrfall (mm) in selected places nearby the 

extensive karst regions (see their position on fig. 1). 
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Fig. 2. Limestone towers of 

Fig. 3. Rock shelters along 

Maung Saint Paul Range 
Palawan Island. 

the foot of limestone 

from the Culiatan polje, Ulugan Ba3, 

hills in the Mount Saint Paul Range. 
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. 

Tuguegarao -Cu.lion Carmen Borongan Cotabato 

(N-Luzon) (Pa·lawan (Bohol) (Sam�r) (Mindanao) 

Provjnce)
.

. 

Jan.uary 31,5 28,7 216,4 640,1 84,1 

February 23,4 19,1 110,0 440,2 89,7 
. 

March 32,0 11,2 110,2 359,6 89,6 

April 67,8 52,6� 48,3 257,8 150,6 

May· 137,9 207,0 147,6 265,9 218,7 

J1.1ne 158,0 350;8. lo/7,7 231,? 238,5 

July 245,9 669,8 207,3 189,7 271,3 

August 206,5 603,8 201,4 149,4 239,0 

September 236,2 517 ,6. 199,6 
< 

179,8 223,0 
' 

October 232,9 291,3 220,7 336,3 278,9 
. . 

November 274,3 254,0 286,0 549,4 186,7 

December 145,3 100,8 262,6 656,l 107,4 

Year 
. 1791,7 �106,7 2207,8 4256,0 2177 ,5 . 

. 

The hydrogeological situations of the Philippine karst regions 
are very variant according to the. relative al ti tu.de above the base
-level of erosion. There are very big underground rivers with collap
sed dolines and natural bridges. The longest kr1own cav0-system is 
situated in Luzon, Cagayan Province, near by Penablanca town. It is 
called Callao Cave, its lenght is 9 kms with an active waterflow. 
There are also low limestone regions partially with surface drainage 
(e.g. Kegelkarst in Bohol). The carbonate hardness of the karst 
-waters is relatively low, but it is counterbalanced by the abundant
quantity of precipitation.

The primary v e g e t a t i o n  of the Philippine karst 
areas is generally very dense tropical rainy forest. In consequence 
of the human activity, some lower parts of the karstlands were burned 
up an� they are now covered by grass. 

CONTRIBUTION TO THE KARTS TYPES 
OF THE PHILIPPINES 

The topographical features of the Philippine karst areas are very 
multifareous. There are found all the types and variations of the 

,, 
. 

c
::_

. 4 
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tropical huroide karst called with a general term as ''Kegelkarst''. By 
way of introduction, we have to mention of it, that not all limestone 
topography will form this special surface relief. For instance the 
uplifted young coastal coral fields and the different outcrops of 
limes·tJone in the folded mo11ntains usually have no characteristic 
form of cone ka�st, although the steep slopes or vertical walls are 
dominant. 

As the climatical conditions of the Philippine Islands have 
close similarity, the main reason of the variety in the karst topo
graphy is the difference in the lithology, geomorphological position 
a.nd the lenght of denudation.

Here following are presented a few types of limestone topography 
characteristic of the Philippines. As the technical terms are not 
unambigouos in the different languages ( ''Kegelkarst'', . ''Turmkarst'', 
''Kugelkarst'', ''Sinoidkarst'', ''Cone Karst'', ''Tower Karst'', ''Cockpit 
Karst'' etc.) , the karst areas studied by the author are compared with 
similar - better known - karst regions, as control types. 

1. YANGSHUO TYPE KARST

Yangshuo or Jangso is a small town in Kwangsi Province of China. In 
its vicinity are found the best examples of isolated, tower-shaped., 
high karst island-mounts (Wissmann, 1954; Balazs, 1960)� Similar 
features can be found 
the PJ:1ilippines. Some 
nonkarstic rocks (a), 
(b). 

along the west coast of the Palawan Island in 
of these are situated on the main island among 
or .forrned isolated sea islands or peninsulas 

a/ Mount Saint Paul 

The base rock of this karstblock is the thick hard limestone of 
Middle-Miocene age, which is quarried as marble. Th� karst has an 
area of 35 sq. kms (fig. 4). 

The cl1aracteristic features are the vertical towers up to 
600-1000 mts a.s.l. The top of towers �s covered by rough pinnacles
and the steep walls have·1arge deep grooves extending down ("Spitz
karren'') • Among the tov1ers there are deep star-like depressions
( ••�ockpi ts''). The lcarstmass is crossed by a big unnamed undergro11nd
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1------ S o u t h C h i n a S e a =============::? L------------------- SAINT PAUL BAY
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:::::, 
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Fig. 4·. Karst region of Mount Saint Paul with 'the surrounding nonkarstic catchment 
area. 

river carrying .the water of the Culiatan 
I 

is a nonkarstic catchment area of 30 sq. 

interior basin (polje), which 

kms. A survey of the 6 kms 

long 

pino 

underground channel was 

companions by boat from 

carried 

the sea 

out by the author and his filip-

entrance. 

b/ Bacuit Archipelago . 

. 

Along the west coast of the Palawan, the erosion of sea has formed. 
a line of island groups and isolated peninsulas. The faulted and up-

lifted rocks are mostly hard grey limestone of Middle Mioce�e age 
. 

using as precious marble. 

The best known karst-peninsula (a few hundred years ago it was 

an island) is the Lipuun Point in the southern part of the Palawan, 
near Quezon. (Synonim on map: Albion Head Point, 203 meters.) Many 

valuable archeological findings were excavated 

Caves during the last years (Fox, 1970). 
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Karst islands and peninsulas of the Bacuit Archipelago, Palawan Island. 
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The karst islands and peninsulas of Bacuit Bay in the Northern 
part of the Palawan are less known._ (Enclosure 1.) The karst islands 
occupy an area extending from N to S 25 kms, from W to E 15 kms. The 
islands belong to the administration of El Nido ml1n:i.cipality. The · 

main karst islands and peninsulas are as follows: 

Approx. area Highest poin.t 

. 

Cadlao Isl.and 
. 9,8 sq. kms 609 meters ' 

' 

.

Matjnloc Island ' 5,1 II II ' 

393. 
If 

Tap:i.utan Island 
. 

3,7 '' ti 436 '' 

3,1 '' '' -378 II Lagell: Island 
• 

Minilog Islan� 2,0 '' '' 

.

367 ff 

Cauayan Island 1,1 •• ft 258 It 
' . 

. 

Inambogol Island 1,1 ft It 202 '' 

. 

South Guntao 1,0 ,, ff 182 ff 

Other smaller islands .

. .

(about 30) 6,1 ti ,, 330 II 

.

El Nido Peninsula 2,8 ft It 457 fl 

.

Cudugman Peninsula 1,2 It ft 160 It 
' 

. 

. 

Total area 37,0 · sq. km.s 

As the islands are well isolated and have relative small areas, 
. 

. 

the hill-forms are the dominartt karst features. Their number is about 

110. In the bigger island can be f'ound also some small starshaped

depressions (''cockpits'', -abou·t; 18). More thousands of caves are si
tuated in the steep naked walls. In these caves aI-e living the 1

balinsasayao b"irds ,(C O 1 1 0 C a 1 i a f r a n C i s a: g e r -
m a n  i), which make the famous edible nests. These are collected 
by the local fishermen (called boceadors) and transferred to Manila. 

• • 

' 

Other similar karst archipel.ago are found S of El Nido in the 
Pagdar)a11 Bay and on the E coast in Taytay Bay • 

. 2. ORGANOS TYPE KARST 

The namB-giving control t·ypes are the steep-sided limestor1e hills of 

the Sierra de los Organos in Cuba ( ''mogotes''). The bulk of the karsts 

in the Philippines has some· resemblance to these forms, but there are 

regions with transitional featm·es. 
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a/ Coron Island 

This island belongs to the Palawan Province (fig. 5). The rocks of the

nearly impassable n1ourrtai11s are haru Miocer1e limeston.e • The N - S ex

tension of the island is 20 kn1s, from W to E 9 kms. The l1ighest towers

have ar1 elevation over 600 meters · a. s .1. The is] E-lnd is cI·ossed by a

f'aul t ill the d·irection NNW - SSE, along it there a1.·e so1ne depressions
. 

sunken under the sea level and filled with Water. 'l1he island l1a s a 

total area of' 75 sq. kins wi tl1 the ir1t0rcollin lakes. ThG biggest lake 

is the Lake Cabugao ( 4, 2 sq. 15Jns, depth 5-13 meteI·s) , all the 9 lakes 

l1ave a surf ace of 6, 5 sq·. krns • 

Morphology: The very I·ough relief is made of abcut 490 karst hill� 

and 150 closed depressions. Tl1.e. steep, sha.rp hills covered b:y dense 

rainy forest have an average height of 200-300 m.eters a·bove tl1e base 

level. The rate of the closed depressions is about 20 per cent. There 

are plenty of caves, but the most of the springs appear under the sea 

level. 

The karst of Coron 
' 

shaped Yangshuo and the 

Island is a transitional 

Organos type. 

b/ Calbiga Karst 

form between ·the tower 

One of the greatest karst plateau of the Philippines is found in the 

Sa1nar Island, Eastern Visa:iras. About one four·th of tlie total ter·ri tory 

of Samar· has an open lcarst topography. The n1ost compact kars·t is ttie 

region E of Cal biga to¥1n, in the Middle Samar, with an area of· 900 sq. 

kms. His extension from N to S is 55 kms from 'l'inar1e River to Basey 

River and in the W - E .direction 20-30 kms (enclosure 2). 

lVIorphology: 'I1he vast area of Calbiga karst pla.teau l1as an average 

top level 300-400 rneters a.s.l. and only the highest l1ills hav·e a 

height of 600 meters. The plateau is separated fron1 their surroU11dings 

by thrust faults. The young developed steep hills have a relative 

height of 100-200 meter·s in general. Characteristic fornis are the 

steepsided zigzagged long depressions (fig. 7/I). These are special 

''tr·opical uvalas''. As the cl&.ssic u·\ra.la.s i11 Yugosla.via are for1ue'-1 by 

the coales�ence of several dolines, the tropical uv�las of Calbiga 

karst are coalesced star-sh8.ped coclcpi ts. The pr'oportion of tlie cLe

pressions is corr�aratively high in some places of the plateau (20 - 30 

per ce11i.;). There a:ce plenty of/ dr·�y ca�ves and big rui.c1erg:col.Ll1.d ri ver.·s. 
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The Calbiga karst is a transitional form between the Organos type 

ancl. the Gunung Sewu type 11Kegelkarst'' in Java (Lehmann, 1936). 

3. SEWU TYPE KARST: CARMEN THOUSAND HILLS

The best known and published karst regions in the Philippines are the 

karst hills of Bohol Island. The popular local naroA of these rounded 

conical :t1ills is the ' 1chocolate hills'1
, one of their researchers 

(Teves, 1947) . called them as '1 haycock hills'', but may be the best name 

is the ''Car·men Thousand Hills'', used by the first scientific explore:r·, 

L.A. Faustino, chief geologist in Manila (1932). The most recent

valuable explanations. are given by F. Voss (1970).
. 

. 

The Southwestern part of the island has a karstic surface of 

about 600 sq. kms. The base rock is the loose coral limestone of Plio

cene and Quarternary age. 

Morphology: The Carmen Thousand Hills have similar forms to the 

Gunung Sewu Mountains in Central Java, but it should be remembered, 

however, that each karst region is the result of an individual develop

ment and many different factors contribute to the trend of development. 

For instance �he Gunung Sewu - as control type - consists of more 

harder and older (Middle Miocene) limestone, therefore the hills are 

in some places more resistant against the erosion. The Gunung Sewu are 

crossed by many widergro,md rivers of exogen origin in cor1trast of 

Bol1ol, where the caves are comparatively seldom. 

There are more different hill forms in the Bohol karst regions. 

The most remarkable formations �re around Carmen town in the ce�tre, 

especially near Buenos Aires village (fig. 8). These hills have a 

height about 300-380 meters a.s.l. and from the f'lat base level about 

50 to 90 meters. They are more or less dome-shaped, cone-f'ormed and 

now covered by grass. There are twin-hills or compound hills and their 

distI•ibution is in general linearly directed ( ''gerichteter Karst''). 

Teves (1947) found three sets of summit elevations. Voss (1970) stres

sed the importance of the complicated pa·t;ter11 of anticlines, synclines 

and related structures in the present karst morphology. 

The analyses of the spI·ing wa-t;ers collected among the hills sl1.ow 

a relativ·ely r1igh rate of denudation. The kaI·st ·springs have Caco3
about 200-300 milligramm/liter in solution and the Loboy River has a 

l1aI·dness of about 200 mg/1 Caco3 near the Loboc powerstation. ThBse

data correspond to the annual chemical denudation of 55 - 60 millime-
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Fig. 10. Karst hills ("haycocks") South of Cannan town, Bohol Island. 

ter/!000 years. As the physical denudation of this loose rocks is 

probable•two or three times higher than the chemical effect, the age 

-of these hills may be only 200. 000 - 300. 000 years.

4. TUAL TYPE KARST

The less fascinating karstic landscapes are the vecy young uplifted 

rocal reefs, like on the Kai-Ketjil Island (Indonesia) near Tual 

(Balazs, 1968, 1971). 
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Fig. 11. The forms of.closed depression (black spots) and their distribution in three 
different karst areas. I - Northern part of the Calbiga Karst, Sa.mar Island. A special 
"tropical uyala" is found in the middle. II - Dolines and one uvala in the Niiddle 
European karst type of Aggtelek NE of Mount Pities. III - Intercolline plains among the 

karst hills of Bohol Island, South of Cann.en. 
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There are two typical appearences of this karst topography: the 

strip karst and the lowland ka.rst. The first one is narrow edges of an 

uplifting island with a breadtl1 of some l1undreds meters up to several 

kms. Such coral rims are situated in Cebu, Negros, Panay, Leyte etc. 

islands. The lowland karst sometimes occupies a whole coral island, 

like in Visayas the Mactan, Panglao, Bantayan and oth�r islands. 

The main features are the numerous little shallow depressions and 

the sea caves. These areas are usually transformed by human activity 

(agriculture etc.). 

GENERAL COMPARING 

Summarizing what has been said, the following table contains some 

morphological parameters for comparing of the studied Philippine karst 

areas: 

Name of karst are Age of rocks Number of Percentage Relative Average 

hill forms cl osed of closed height of relief-

on depressi- depr. of the hills energy 
. 1 sq. lCm ons on total area m m/km

2

1 sq. km 

Mount Saint Paul Middle- 3,0 1,3 15 300-600 400 

Miocene 
• 

Bacuit Archipelago II 3,0 0,5 5 200-400 250 

Coron Island It 6,5 2,0 15-20 150-250 250 

Calbiga Karst II 6-8 3-4 20-30 100-200 150 

Carmen Thousand Pliocene- 8-12 1-2* 30-ao* 40-90 80 

Hills Pleist. 

T o  compare: Triassic 2-4 6-8 70-80 50-150 100 
a Middle-European 

karat (Aggtelek, 

Hungary} 

According to these selected examples, tr.1.e karst areas «:>f the 

tropical Philippines are very variable· in forms and ages. This paper 

has given only a short introduction with the requirement, that more 

* 

In·t ercol line lowland 



detailed investigations are necessary in the future. The Philippines 

are short of experts on karst morphology, therefore it is most desider-

able to give them more powerful help by the scientists of the developed 

countries. These studies would be useful both for the economical deve

lopment of the Philippines and for the enrichment of the international 

karst science. 
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International Speleology 1973, II, sub-section Ba: 

Geomorphology of the karst surface 

DER ALPINE KARST IN DER ZENTRALSCHWEIZ

A. Bogli
Hitzkirch, Schweiz

Der alpine Karst ist gekennzeichnet durch das Zusammenwirken'glazia
ler rmd karstischer Form1.1ngsvorgange, die sich gegensei tig beeinf.lus
sen. Der alpine Karst ist somit ein karstglazialer Formkomplex auf 
und in gefalteten Gesteinen. Die gegenseitige Beeinflussung besteht 
einerseits in einer Lockerung des Gesteinsverbandes durch korrosive

• 

Erweiterrmg der Kliifte in den Kluftkarren und der Schichtfugen, wo-
.. 

/ 

durch der Zusammenhalt der Kalkbanke verringert wird. Andererseits 
wird der Gletscher die gelockerten Banke abtransportieren tmd. dadurch 

. 
. 

. . 

eine gestufte Landschaft bilden, die der Autor 1964 als ''Schichttrep-
penkarst'' bezeichnete, wenn die Schichtung nahezu horizontal verlauft, 
und als ''Schichtrippenkarst'' bei starker geneigter Lagerung. Das ist 
gleichzei tig die Gru..Yldlage fur typische Kar.renbildl1ngen. 

Der alpin� Karst ist aber auch durch das Klima mitbestimmt, 
durch die langen schneereichen Winter 1.llld die ku.rzen niederschlags
reichen Sommer. Mit zrmehmender Hohe sinkt die Temperatur und das· jn 

. 

tiefern Lagen noch vegetationsfreundliche Kl�ma wird zunehmend vege-
tationsfeindlich. Konsequenterweise treten zwei klimamorphologische 
Typen auf, der alpine Hochkarst, ein nackter Hochgebirgska�st, im we
sentlichen oberhalb der Waldgrenze, und der silvane �arst, der Wald� 
karst, ein grim.er Karst, tmterhalb. Dazwischen befindet sich ei::.-1e 
Uebergangszone, wo sich beide verzahnen. Die ubere Grenze des Hoch
gebirgskarstes ist gegeben durch die Frostschuttgrenze. Die Frost
s ,chuttzone mag als Nichtkarst gelten, doch beweist die teilweise

unterirdische Entwasserung,·dass sich auch hier noch Verkarstungsvor
gange abspielen. Es handelt sich im wesentlichen um ein dynamisches 
Gleichgewicht zwischen der Bildung der Korrosi6nsformen und deren 
Zerstorung durch Frost. 

Die drei Bereiche des silvanen Karstes, des nackten Hochgebirgs-
karstes und der Frostschuttzone lassen sich in den hohen Kalkalpen 
uberall untersche:i..den, so auch im Muotatal. Hier beginn.t der silvane 
Karst schon am Rande der Talsohle auf 630 muM imd reicht hinauf bis 

•• 

gegen 1700 m, die Uebergangszone bis 1800 m, und darub.er folgt der 
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nackte Hochgebirgskarst, der zwischen 2300 m 2400 m von der Frost
schuttzone abgelost wird. Im Gebiete Bodmeren-Silbern-Karrenalp njromt 
der silvanA Karst 20% der Flache ein, die Uebergangszone 5% und der 
nackte Hochkarst 75%. Das weist darauf' hin, dass uber der Kote 1800 
muM ausgedehnte plateauartige Flachen auf'treten. 

_Es sei noch kurz eine weitere Beziehung auf'gezeigt. Das ganze Ge
biet war wahrend Hochwurm tief unter Eis begraben, der silvane Karst 
zwischen-1000 und 400 m, daruber mit weniger als 300 m. Der inneralpi-
ne Eiszerfall erfolgte nach dem Buhlstadi1.1m sehr schnell •. Wahrend des 

. 

Geschnitzvorstosses wurden die heutigen ✓Hochka.rstgebiete bis tief in 
die Zone des silvanen Karstes hinunter noch einmal von Eis bedeckt. 
Kurz darauf wu.rde das Gebiet endgu.l.tig eisfrei, und auch der Daunvor
stoss konnte nur noch die hochsten Lagen der Karrenalp erfassen in 

•• 

einem Bereiche, der heute noch zur Frostschuttzone gehort. Auf' Grund 
../ 

.dieser Entwicklimg wird offenbar, dass der heutige silvane Karst einst 
. ' 

so nackt war wie der gegenwartige Hochkarst. Wir finden hier die glei-
chen Grosselemente, den Schichttreppenkarst, den Schichtrippenkarst, 
und die glazialen Rund.hocker. 

Der nackte H o c h  g e b i.r g s  k a r s  t ist gekennzeichnet 
durch das kars�physiognomisch dominante Auftreten verschiedenster Kar
renformen. Im deutschen Sprachraum ist wie in keinem anderen Sprach
raum uber Karren und alpjnen Karst gearbeitet und geschrieben worden, 
und zahlreiche narobafte Geomorphologen haben hier gearbeitet (Bogli 

. 

1951). Deshalb sind auch roit ganz wenigen Ausnahmen die Fachausdrucke 
. 

hier ent standen, ausgenoromen etwa Termini wie Ka.menica. 
Der s i l v a ne K a r s t  war mehr noch als der Hochkarst 

Ziel zahlreicher Diskussionen. Otto Lehmann beispielsweise schloss der 
''karrigen Plattenlandschaft'', die identisch mit dem nackten Hochkarst 
ist, nach 1)nten eine Region der ''Karrendolinen'' an, unregelmassig ge
formten Dolinen, 11nd noch tiefer eine ''Dolinenlandschaft''. Rathjens 
begriindet diese Einteilung tiefer, indem er betont, dass Karren und 
Dolinen zwei verschiedenen, klimatisch bedingten Hohenzonen angehoren. 
Diese Einteilung wurde, roehr oder weniger variert, allgemein ubernom
men. Haserodt sejnerseits .negiert aber diese zonale Gliederung, we
nigstens was die Dolinenlandschaft angeht. Die Entscheidung, ob das 
eine oder aa� andere Zutreffe, ist eher eine Frage des Blickwinkels 
�nd_lokale�_Besonderheiten als ein effektiver Gegensatz. Im Walde ver
decken Bodenbildungen und Vegetation die Karren weitgehend, wodurch 
die Dolinen, es sind meist .kleinere Formen, karstphysiognomisch domi
na.nt werden. Aus \�iner · gewissen Distanz betrachtet sind fast nur die 
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Dolinen zu sehen, aus der Nahe aber erweist sich der Fels als restlos 
mit Karren bedeckt. 

Noch einige Worte zu den Hohlen. Als alpiner Hohlentyp werden 
tiefreichende Schachtsysteme angesehen, welche nur die Zone der Vado
sen vertikalen Wasserbewegtmg umfassen. Das ist ein Trugschluss, da 
die Erforschung haufig oben beginnt und in den meisten Fallen die 
Zone lateraler Wasserbewegung noch nicht erreicht hat oder wegen Ver
sturzen oder Siphons nicht erreichen kann. Das grosse Au'smass der 
Zone vertikaler Wasserbewegung mit vadosen Bedingungen ist ein wesent
liches Element alpiner Hohlen. Es sei an die Schachthohlen Frank-
reichs und Osterreichs erinnert. Ursache dafiir ist die, schnelle Ein-
tiefung der Taler im Pliozan und Pleistozan. Damit wurde auch der 

• 

•• 

Vorfluter fur den Karstbereich schnell tiefer gelegt, und die unter-
irdische Verkarstilllg folgte mit einiger Verzogerung. Braucht diese 
viel Zeit bis zur vollen Entwicklung der lm.terirdischen Entwasserung,. 
dann liegt der Vorfluter tief und die Zone vertikaler Entwasserung 
wird bis zu 1000 m und mehr machtig. Setzt aber die unterirdische 
Verkarstung schnell ein, dann liegt die piezometrische Flache schqn 
in Tiefen zwischen 200 m und 300 m tmter der Oberflache, so dass sich 
hier bei lateralen Wasserbewegungen ''horizontale'' Gangsyst�me ent
wickeln konnen. Mit der phasenweisen Tieferl�gung des Vorfluters wer
den neue, laterale Systeme·in tiefer Lage aufgebaut. Das Holloch im 
Muotatal (120,5 klil Lange, 808 m Hohendifferenz 1973) gehort diesem 

alpinen Hohlentyp an 1.md weist drei Hauptni veaus au:f. Es vertri tt s.6-
mi t den vollstandigen alpinen Hohlentyp mit einer Zone primarer ver
tikaler Wasserbewegung von 200 m bis 300 m Machtigkeit. 

Wenden wir lms noch z1Jm Schlusse der. Karstdenudation· ·in den bei-
den Karsttypen zu (Bogli 1971).· Au£ Grund zahlreicher Messungen, wo-
bei auch die Kalkgehalte des Hollochwassers Qeigezogen werden konn
ten, ergaben sich die folgenden Resultate: 
Im nackten Karst ist der maximale Kalkgehalt durch den co

2
-Gehalt 

der atmospharischen Luft allein gegeben. Der mittlere Kalkgehalt des 
in die Kluftkarren einfliessenden Wassers liegt bei 17 ppm. Da der 
jahrliche Abfluss im Mittel 2100 mm betragt, e�gibt sich ejn Ober
flachenab�rag von 15 mm im Jahrtausend. Das ist der gleiche Wert, 
der durch die Sockelhohe der Karrentische ebenfalls wahrsc�einlich 

gemach t v,ird. 
•• 

Daraus ergibt sich, dass ein grosserer Anteil des Gesamtabtrages 
unterirdisch weggelost werden muss. Ein wesentlicher Anteil wird schon 
in den ersten 10 m bei der Bildung der Kluftkarren verbraucht. Ein 

41 



I 

Stolle�, der 40 m unter einem solchen Karren:feld hindurchfuhrte, wies 

nur wenige korrosiv erweiterte Kliifte auf, nicht signifikant mehr, 

als das in den tiefern Teilen der Fall war. Umgekehrt sickert im sil

vanen Karst das Wasser durch Bodenbildungen hindurch, reichert sich 

mit Caco
3 

an, und im Bergesinnern ist es kaum mehr korrosionsfahig 

oder scheidet sogar Tropfsteine aus. Eine Gegenuberstellung der Ab-
-

tragswerte im silvanen Karst und im nackten Karst ergibt die folgen-

den Resultate: 

Waldkarst Gesamt Abtrag 
' •• 

Verhaltnis 

abtrag oberird. unterird. 0 • u• 

. 

Waldkarst 91 mm 81 mm 10 mm 8 • 1 •

nackter Kai .. st 
. 

71 mm 14 mm 57 mm 1 • 4 •

·Waldkarst • nackter Karst 9 • 7 8 • 1,4 1 •
5,7 • • • •

Es zeigt sich eindeutig, dass im nackten Karst trotz der tieferen Tem

peraturen, etwa einem arktischen Klima entsprechend, trotz der merk

lich hoheren Abflussmenge (18% mehr als im Waldkarst) der Abtrag um 

22% geringer ist als im Waldkarst. Damit wird deutlich, dass das Aus

mass de·r Karstdenudation in erster Linie eine Funktion der Vegetation, 
. . 

der biologischen Aktivitat und der Bodendecke ist. 
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THE NAHANNI NORTH KARST: A QUESTIONMARK·-
ON THE VALIDITY OF THE MORPHOCLIMATIC CONCEPT 

OF KARST DEVELOPMENT 

G. A. Brook. D. C.! .ford 
McMaster University, Hamilton, 

Ontario, Canada 

INTRODUCTION 

In 1936 H. Leh.maim recognised that in the Sewu Motmtains of Java the 
' 

karst cockpit formed at the earliest stages of karst development and 

was not simply a later stage in the evolution of the doline as proposed 

by Grtmd. Lehmann was the first to propose in the morphoclimatic 

theory, that the morphology of karst landforms is largely a ftmction 

of the climate under which they develop. Since then, climatic controls 

have been widely invoked to explain regional variations in the 

characteristics of karst landforms and it has been claimed that certain 

features can form only under particular climatic conditions. Climate· 

has further been employed in the classification of karst landscapes, 

for instance, the terms tropical karst, or arid and semi-arid karst 
• 

are. in common use. In particular, tropical and extratropical karst 

forms have been differentiated. As an example, towers, mogotes, cones 

and cockpits are thought to form only under tropical or sub-tropical 

conditions. Where such features have been identified outsice of 

present-day tropical limits, they have been labelled as fossil or 

relict forms which date to a previous warmer geological period, usually 

designated as the Tertiary. 

The intensity of development and the varied nature of karst land

forms in hot, wet areas of· the v✓orld, has further suggested that solu

tion is more rapid in tropical areas and diminishes in intensity 

towards regions of polar climate. Attempts have been made to establish 

a global model of limestone solution rates. Corbel (1957, 1959), for · 
instance, considered that because carbon dioxide is more soluble in 

water at lower temperatures, solution of limestone must be more rapid 

1n colder areas. Adams & s,�inne:r:·ton (1937), l1owever, claimed that the 

controlling factor in the solution process was not temperature but the' 

par1?ial pressure of biogenic car·bon dioxide in the soil atmosphere. 
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Optimum conditions for the production of biogenic carbon dioxide are 
considered to be found in areas of tropical rain forest. Both the 
production.of carbon dioxide and solution rates are thought to de
crease towards higher latitudes. 

The diversity of ka:rst landforms present in the Nahar1ni North 
Karst of northern Canada casts considerable doubt upon the validity 
of the morphoclimatic concept in its present form. Furthermore, 
present-day solution rates in the area suggest that a global model of 
limestone solution based solely upon climatic considerations is en
tirely unrealistic. 

' 

' 

.T.HE NAHANNI NORTH KARST 

Intense karst development in the southeastern Mackenzie Mountains at 
61° N occurs in a belt of country 6-12 Kms. wide extending for 50 Kms. 
north of First Canyon, South Nahanni River (fig. 1). The karst as
semblage which constitutes the most northerly complex karst known, is 

, more typical of a tropical or sub-tropical climate tha.D: the prevail
ing cold continental interior climate (Siberian type, Koppen Dfc-E). 
The mean annual temperature is -2° C and the mean annual precipitation 
of 520 mm falls mainly as rain during the short summer season. Karst 
featu.r·es identified to date include many types of karren, extensive 
tracts of limestone pavement with grikes, labyrinth karst made up of 
networks of bogaz, corridors and karst canyons, solution dolines, 
collapse and subsidence dolines, cenotes, uvalas, poljes, karst 
towers, natural bridges, caves and dry fluvial canyon systems. Forms 
occur both in mantled and bare karst areas. 

Four major phy_siographic components formed by folding and thrust 
faulting in thick sequences of Palaeozoic sedimentary rocks are of 
importance. The Nahanni Range (1,300-1,500 m), the most southerly 
range o� the Franklin Mountains, and the Nahanni Plateau (1,000-1,700 
m), the·easternmost component of the southern Maqkenzie Mountains, are 
bounded on their eastern flanks by west-dipping thrust f_aults (Douglas 

& Norris, 1960). Between these two upland masses, at 350-830 mis the 
Mackenzie Plain which narrows i"'rom 50 Kms in the south to half' -chis 
value· in the north where it accon1moda·tes t;he Rain Plateau rea.cl1ing ·up 
to 1,700 m (figs. 1 & 2). Botl1 the Nahanni and Rari1 Plateaus ai ... e broad 
dome-shaped structural higl1.s betv,;eer1 vi:."1.ich, and locating tl1e rnaj or 
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Fig. 1. Physiography of the Upper Mackenzie River area and the location of the Naharmi 
North Karst. 

karst development is the shallow, heavily fractured Nahram Syncljne. 

Rock dips are generally less than 10° • 
. 

Golutional processes have operated principally·jn the Middle De-

vonian Nahanni Limestone, a medium to massively bedded, fjne-grained 

limestone 150-250 m thick. Underlying the Nahanni Limestone and im

portant in limiting the downward progress of solution are three further 

stratigraphic units, an ar.·gillaceous limestone, a coarsely crystalline 

dolomite and a fine-grained dolomil,e. Above ·the limeGto11e and an im

portant source of acid water are sh�les of the Upper Devonian Simpson 

Fo1.--matior1, which may at.,cain a maximum thickr1ess of 600 m. 

· .  The southern Mackenzie Mountains is foremost a fluvial province.

Where the South Nahanr1i Rivel.' CJ.'osses ·!;he soutl1ern flan1: of the Nahanni. 

platea11 in an ax•ea of possible o.r1tecedent d1.'ainage development, First 

Ca11yor1, 15 Kms long and 1,150 m deep has. ·been incioed. Both the Nahanni 

and Ram Plateaus are, deeply dissected by steep-walled canyons to a.eptl1s 

of 1,1?0 metres. The magnitude of the fluvial dissection has encouraged 

t:t-.1.e ye:ct;ical developrn.e11t of' kar.st la1-idfo:r.'ms. 
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Fig. 2. Schematic geoiogical cross section throubh the southeastern Mackenzie Mountains 

(modified after Law 1971). 

Much of the· southern Mackenzie Mormtains may have escaped glacia

tion during the Wisconsin or Wurm period (Wilson 1958; Prest, '1967), 
.

but the area was certai�ly covered by Laurentide ice from the east 

during at least one of the earlier glacial periods. Erratic material 

derived from the Canadian Shield and deposited at altitudes in excess· 

of 2 ,ooo m attests to tl1e -thiclmess and erosive power of this ice 

sheet. The present state of lmowledge indicates that ice caps with 

' 

radiating valley glaciers were present on both the Nahanni an.d Ram 

Plateaus during the final glacial.episodes. It is also evident that 

throughout this period much of' bhe karst belt remained free of ice. The 

Ice Cap Glaciation is believed to represent the maximum extent of 

Wisconsin ice in this area. Because much of the karst belt shows no 

evidence of glaciation at this time, it is apparent that some karst 

f'orms may have been developing without serious interruption since at 

least the end of the Illinoian (Riss) Glacial. This fact differentiates 

this area from most other limestone areas at similar or higher lati

tudes. 
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THE KARST ASSEMBLAGE 

The land:forms o:f the Nahanni North Karst are broadly divisible into 
those that occur w�thin and those that occur outside the boundaries of 

the area glaciated.by the Ice Cap Glaciation. Glaciokarstic forms, 
particularly extensive tracts of limestone pavement with grikes and 

bogaz, as well as a suite of smaller-scale solutional forms, dominate 

the �andscapes of glaciated areas. Non-glaciated areas are character

ised by extremely large-scale solutional forms. Particular attention 
.

will be given here to a description of the most spectacular features 
occurring jn areas not glaciated during the Wisconsin; these include 

. ' 

labyrinth karst, poljes and aolines. One glaciokarstic form of con-
siderable magnitude, the dry fluvial canyon system, will also be de
scribed. 

.LABYRINTH KARST 

Dominating the Nahanni karst belt is a suite of solutional forms 
which, following Verstappen (1964, 1969), constitute labyrinth karst. 
Labyrjnth karst is made up of intricate networks of linear solution 
streets1 which result from the solutional widening and deepening of
fractures (fig. 3). Street dimensions range from grikes up to 3 metres 
deep, 2 metres wide and a-few metres long, through bogaz and corrido�s 
to karst canyons which may be up to 200 metres deep, a few hundred 

metres wide and one or more kilometres long. Walls are vertical and 
exhibit fragments of phreatic and paraphreatic caves·suggesting that 
streets wer_e created by groundwater moving both vertically and lateral

ly along fractures. Floor profiles are irregular due to uneven col
lapse of street wallw; solution dolines and ponds in this breakdown 
material are characteristic. The scale of street development depends 
upon both the vertical and horizontal extent of host fractures or nar-
�ow fracture zones, a..�d period of development. Where only one discrete 

• 

fracture is enlarged, streets tend to be narrow and of medium depth_; 
\Vhere solution acts within narrow zones of fractured rock, streets 
will be considerably broader and generally deeper. The most massive 

• 

labyrinths have formed around a west-dipping reverse fault approximately 

parallel to the axis of the Nahram Syncliµe. 

1 
The analogy is made between the canplicated networks of negative linear forms 
constituting labyrinth.karst and the streets in an urban area. 
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Fig. J. A karst street in the North Karst which has developed along a fault with 
slight vertical displacement. The dimensions of streets are variable and their walls 
may contain fragments of phreatic caves. Floors are composed of irregular talus fills 

and contain sh�llow solution dolines and karst ponds. 

and 

1972 

metres vertical walls·to east 

north and south, contained in 

One karst �anyon displaying 150-200 

west and only slightly lower cols to 

what may well be a perennial lake of considerable depth. Raven 
. 

Lake may have formed following the partial blockage of outlet sinks in 

the floor of the canyon (fig. 4). As with other streets, water enters 

both by surface and uriderground routes. Hydrological investigations in 

the area suggest that Raven Canyon receives water via underground don-

labyrinth karst to both duits from extensive areas of smaller-scale 

east and west. These in turn are charged not only by precipitation but 

also by surface runoff.from adjacent impermeable shales. That inflow 
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rates,into Raven Canyon can at times far outweigh rates of discharge 

was conclusively established in late July 1972, when, following 203 mm 

of rainfall in eight days, the level of Raven Lake rose by almost 

35 metres in a matter of days, indicating a rapid flow-through time 

between it and the small-scale labyrinth karst. 
. .

Once the vertical limit of solutional penetration along a given 

set of fractures has been reached, widening of streets both by so

lutional undercutting of the walls and by gravitational collapse aided 

by frost action predominates. This leads to the consumption of inter

corridor areas with the formation of residual karst towers and ir

regularly-shaped closed depressions, here referred to as karst 

platea2 • These may be differentiated from dolines in that a number of

streets radiate from them. Jennings & Sweeting (1963) and Jennings 

(1969) called features formed in a similar'way, but differjng in their 

morphology, ''box-valleys''. In the Nahanni, the coalescence of the 

largest streets, karst canyons, has produced canyon platea that may 

reach depths of over 200 metres. Canyon platea are entirely closed, 

vertical-walled features with irregular, debris-covered sides and 

floors, Debris is massive with blocks 10-20 metres in diameter not un

common. Floors contain one or more partially alluviated dolines. In 
. 

times of heavy rainfall dolines can not always cope with the volume of 

inflowin� water and temporary ponds�lasting only a few days are formed. 

Labyrinth karst has been .reported from Austria (Bauer & Zotl 1972), 

Brazil (Tricart & Da Silva,. 1960), West Irian (Verstappen, 1·964, 1969) 

and Australia (Jennings & Sweeting, 1963; Jennings, 1969), where 

street depths vary up to a maximum of 50 m. The Nahanni labyrinths 

appear to be the largest features of this kjnd known. 

POUES 

Generally for a closed depression to qualify as a polje it must be 

several square kilometres in area. Four closed depressions in the 

Nahram- $yncline between the Nahanni and Ram Plateaus, the largest of 

which has dimensions of 2.5 x 1.5 kilometres, show virtually all the 

characteristics of tropical poljes except that they are of small di-

2 
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The analogy is made between the market place or square of an urban area, which 
constitutes a large open space within a street network, and the closed depression 
characteristic of k�rst labyrinths. The term platea (pl. platea), is derived from 
the Latin noun platea and the Greek plateia meaning a public square. 



mensions. As a variant of the polje, these features constitute the most 
northerly examples of t�is karst form known, and the only examples in 
Canada. All three northern poljes (fig. 4), have steep to vertical 
sides 30-120 metres in height with an abrupt break in slope between 
floor and walls. Floors are flat ann alluviated with one or more ponors. 
Two of the poljes contain small residual limestone hills or hums. Ten 
kilometres S.W. of these poljes is another of definite glaciokarstic 
origin. It is apparent that follow�ng the formation of an :i.,ce-scoured

closed depression, solutional and ·periglacial processes operated to 
widen the depression and steepen its walls. A residual karst tower and

'

small pito�s are visible in the polje floor which is alluviated and 
. 

contains ponors, possible springs and a seasonal river channel. 
There is considerable controversy·as to the origin of poljes. Many 

I 

features in Yugoslavia are considered to be of tectonic origin, occupy-
ing fault-angle depressions, fault troughs and synclines. The four 
Nahanni poljes appear to occupy either shallow fault troughs or fault 
angle depressions. Vertical displacement of faults appears to be slight 
so that solution has been extremely important in their formation. 
Examination of Lafferty and Barens Poljes in July 19?2 revealed the 
presence in both of distinct strandlines in talus aprons. In addition, 
a marked solution notch with a number of small youthful caves was 
evident around the perimeter of Barens Polje at between 3-10 me�res 
above the floor. That the poljes suf'fer peri.odic inundation, as this 
evidence suggested, was left in no doubt in late July 1972, when after 
203 mm of rainfall, all three northern poljes flooded. Two sources 
for the floodwater were identified, spring flow and surface runoff from 

' 

surrounding shales. Flood water was turbid indicating that a con
siderable volume of suspended material is funnelled into these sediment 
traps during flood periods. 

By the beginning of August 1972, large areas of the Lafferty and 
Nahanni Poljes had been inundated. Maximum water depths were probably 

' 

of the order of 10 metres and 20 metres respectively. At the same time 
Barens Polje had become a large lake (fig. 5) with depths of up t� 12 
metres and had developed a surface overflow discharging about 5 m3/sec. 
at its northwest extremity. At the end of August, there was no sign of 
a decrease in this surface discharge nor of a lowering of lake levels. 
In all likelihood the poljes contained water when the 1972/19?3 winter 
freeze-up began. It has not been determined whether flooding takes 
place during the snowmelt season as we-11 as at times of heavy swnmer 
rainfall, nor is it possible at this stage to say at what frequency 
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DOLINES 

The most characteristic landf'orm of' most karst areas is 

to inhibit tree 

the doline.
Solutio� dolines are scattered throughout the Nahanni while collapse
and subsidence dC1line's are common where there is a� thin cover of' shale 
or Sinkholes have developed where perennial streams flow
from shale areas and sink underground upon reaching limestone. Forms
occur both J.n bare and till-mantled karst and are to be found on

plateau surfaces, in valley floors and occasionally even 
•

J.Il steep
valley and canyon walls. 

Also present alld remarkable for such an area is the cenote • These
features are vertical�walled solution cylinders containing p errnanen·t
ponds. N1Jroerous examples are to be found, some being 20 metres J.Il dia-
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meter and extending 30 metres to the surface of the pond. In classical 

cenotes such as those of the Yucatan Peninsula, Mexico, the pond sur

face is at the level of the local groundwater table; in the Nahanni 

features, water levels vary so much between closely�spaced individuals 

that water bodies are undoubtedly perched. The presence of water in 

cenotes can only be explained in terms of low betlding planP. transmis

sivities and the blockage of vertical percolation routes by permafro.st

ice bodies. In winter ponds freeze and in this area of sporadic perma

frost only partial melting occurs during the short summer season. The 

surfaces of some cenote water bodies were still covered by ice at the 

end of August 1972. These landforms appear to derive their water from 

the melting· of drifted snow. The cenotes of the Nahanni are a cold 

climate variant of the classical tropic�l form. A most remarkable con

centration of features occurs at Cenote Col, a narrow residual rock 

platform between two deep canyon yards. Twenty five solution dolines, 

cenotes and sinkholes are concentrated into 0,7 square kilometres 

(fig. 6). Such dense karstification may.be observed in humi.d tropical 

areas such as parts of Mexico, Guatamala and Honduras, but under cold 

climates it is unknown. 

CLOSED FLUVIAL CANYON NETWORKS 
. 

. 

In the karsts of temperate countries and in highland tropical areas 

such as Central Mexico, it is common to find river valley systems that 

are now drained completely via \mderground routes. Seven closed river 

canyon systems have been identified in the North karst area. The 

largest of these dendritic networks, Can�l Canyon, is more than 14 kms 

long and 1,000 metres deep. All canyons contain permanent or semi

permanent lakes whose waters sink into alluvial dolines. These features 

are of glaciokarstic origin. The fluvial canyons existed prior to the 

Ice Cap Glaciation when they were occupied by valley glaciers which 

built up sizeable and moraine and fluvioglacial-outwash deposits. At 

this time sub-glacial meltwaters may have been partially routed under

ground. Followi. ng ice retreat, those canyons that had already dev�loped 

or could subsequently develop effective undergromid discharge routes, 

remained closed and were deepened by solution. Where this did not hap-

pen, normal surface drainage was re-established. 
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Fig. 6. Cenote Col 
and 

a narrow limestone platform between two canyon platea. 25 solution 
sinkholes are concentrated into 0.7 kms2 • The photograph clearlydolmes, cenotes 

illustrates the effect. of jointing upbn the karst 
marks the break between limestones and background 

devel opment. The steep slope in the 
the overlying Simpson shales. 

WATER CHEMISTRY 

During t'he s1.1roroE!r o:f 1972, 150 water samples :from shale, till-covered
limestone, glacial deposits and bare limestone were analysed to de-
termjne- their chemical characteristics. Calcium and • 

magnes1.11m hard-
nesses, temperature, pH wid alkalinity 

clusions can-be drawn :from the results. 

were measured. 

First, total 

• • 

Two maJor con-

hardness values 
which generally range between 80-120 p.p.m. 

' but :for spring waters may
be as high as 355 p.p.m.' 

suggest. 

are higl1er tl1an a consideration o:f latitude 
and climate would Secondly, 

waters appear to be distinguishable 

characteristics. It 1.S also evident 
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water categories, water chemistry differs from one surficial and bed
rock geological type to another. 

In an attempt to explain such variation, the carbon dioxide 
content of the soil atmosphere was measured at 35 localities. The 
results jndicate high CO

2 
percentagep of 0.03-2.25% j_n shale soils and 

' 
' 

low -values of O .-002-0. 08% on glacial end moraj oe and. outwash materials. 
Shallow soils in limestone areas contained between 0.01-0.42% co

2
• 

Variations in soil atmosphere characteristics from one soil type to 
• 

another are largely a function of differences in soil depth, �rainage 
properties and the density of the covering vegetation. Soils on·shale 
ar.e of considerable thickness and support a dense coniferous forest, 
where�s thin limestone soils with lower production of biogenic co

2 
are 

much less densely covered. High water hardness values can thus be.ex
plained in terms of equilibration with soil CO

2 
partial pressures. 

Extremely high values are characteristic of waters that have passed 
' 

from shale to limestone by either surface or underground routes. 
Water chemistry and soil co

2 
data has revealed that the Nahannj_ 

Karst is ac�ively developjng today at a surprisjngly rapid rate for an 
area at 61° N with a sub-arctic climate� 

. . 

DISCUSSION 

From work carried out in the Nahanni North Karst, it.has become jn
creasingly obv�ous that the almost tropical or·sub-tropic�l nature of 
the karst assemblage questions the validity of the hypothesis that a 
hot humid climate is necessary for the development of some karst lan�
f orms. The pres.ence of vast tracts of labyrj nth karst on a scale not 
known elsewhere, poljes with ·tropical rather than temperate c.haracter
istics, karst towers and an uncommonly high den_sity of negative forms, 
suggests that tmder ideal conditions these landforms can develop ·over 
a much wider range of cljmates than is suggest�� in the literature. 
Nor is· it possible to argue that the karst assemblage is relict, 

. 

having been moulded during earlier warmer �d wetter conditions, for 
these landforins are certainly of Quaternary age. It is further apparent 
that such an argument is unnecessary, for water chemjstry data jndicate 

that the present rate of denudation in the area ca� adequately account 
. 

. 

for features which-have been evolving since at least the end of the 
. 

IlJinoian Glacial. Because it escaped the brunt of Wisconsin ice, the 
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Nahanni karst is the only known sub-arctic karst that has had time to 

1'ully develop. 

If the existence of the Nahanni karst suggests revision of the 

morphoclimatic concept, it also points to possible alternatives. The 

Nahanni assemblage indicates the influence of structure in determining 

the course of solutio11al development and the u.l timate morphology of 

karst landforms. An abundance of sub-vertical open fractures in a mas

sively bedded limestone with few oper1 bedding planes has left the 

soJ.utionally widened fracture, the karst street, . the most common land

form of this region. 

In conclusion, support mus·t be given to the contention that with 

an adequate period of development, suitable lithological, struct·ural, 

topographical and geological controls, the for1nation of any single 

karst landform should be possible under a wide range of climatic con-

ditions • 

• 

' 
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Geomorphology of the karst surface 

ON THE USE$ OF SPECTRAL ANALYSIS 
IN KARST STUDIES 

M. Ch. Brown
Department of Geography Univec!t of Alberta

Edmonton, Alberta Can 

1. INTRODUCTION

Thip paper is concerned with both the realized and the potential utility 
of a relatively new statistical tool, ·spectral analysis, for karst 
studies. Following a brief discussion of the technique,· its limitations, 
assumptions, power, and mechanics, attention is paid to applications in 
such diverse fields as karst hydrology, meteorology, and automatic sur
face pattern recognition. Some of the karst applications have utility 
to fields outside karst studies. I

. . 

2. EXPOSE OF SPECTRAL ANALYSIS

Assume a time record x(t) of some geophysical event which is Gaussian 
and station�ry. Then a regular sample at interval t will yield a 

. , 

t i m e s e r i e s n, t1, t2, tn. Then·-the function s values at
a given set of points are completely determined by the ensemble 

averages: 

and the covariance: 

Cij = covariance [x(ti), x(tj)J

= average [x(ti)-x(ti)] .[x(·tj)-x(tj)]

If we can assume the average is o (x(ti� = o)

• 
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Then, because stationarity implies independance of statistical 
properties from the time origin, 

C . . = c( t. -t . ) 
J.J J. J 

' 

If we compare the series with itself at one tt later • in time ( ie, tl
with t2; t2 with t_3, etc.), then two �t later, up to 1 a g T ' we 

then define the covariance at lag T as: 
• 

c(T) = average [x(t).x(t+T)] 

which is the autocovariance function (similar operations produce the 
autocorrelatior1 function), a time domain ±·unction. Sometimes we prefer 
to Fourier transform this into the frequency domain, and produce a 
·graph called the spectrum. The spectrum is:

00 

Spectrum = 2 c(�).cos 2�fT.dT 

0 

when ''m'' is the number of lags and also the nUII1ber of bandwidths, the 
plot of frequency vs. contribution to total variance is the v a r  i-
a n c e spectrum, as in Jenkins and Watts (1968, p. 21). The spectrum 
gives a direct estimate of the contribution of various frequences, or 
frequency bands, to the variance of the original record. Thus a pe
riodic or a p e r i o d i c sine curve of· wavelength (A) of 12 
minutes will yield a spectr1Jm with a peak at 1/12 = .083 cycles per 
minute. It is i��ortant to note that as m increases (relative to n), 
although we produce more line estimates, narrower bands, or better re
solution, our confidence in the statistical significance of the 
estimates drops correspondingly. This is because of truncation, so 
that if m/n x 100 = 50%, for example as in Hanna and High (1970, p. 
222), 50% of the original data is lost and the spectr1J1n becomes 
ff jittery''·· .Tukey ( 1958) recommends < 10%, although slightly larger 
values are also advocated. A one-dimensional spatial series (eg. a 
land tFaverse) can also be so analyzed. If a series is compared not 
with itself, but a second series, the c r o s s  - c o  v a r i a n c e  
can be calculated. This is a co�plex quantity, made up of the product 
of the in phase (co-specturm) spectrum and the out of phase (quadrature) 
spectrum. Tl1e o- ·O h e r e n c e specturm measures the frequency 
''correlation'' between the series, and the phase spect;rum shows lag or 
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lead of the series at specific frequencies. Finally, poly-dimensional 
spectra cru1 be computed, and this has led to startling results. 
(Consid.er, for example, Rayrier and Golledge's 1971 (p. 66) empirical 
verification of Christaller's K = 3 net for the state of Iowa.) The 
power of t;he statistic, for those vvho remain du.bious, can be il
lustrated by an example fro1n Blackman and Tukey (1958, p. lv); they 
report significant resolution of an ocean wave off La Jolla, California, 
caused by the Indian Ocean, with = 1 km and ampli t·ude = 1 mm! 

3. APPLICATIONS.

A - KARST HYDROLOGY 

Any water quality data sampled regularily will be amenable to spectral 
analysis. This includes tempeI·ature, chemical quality, etc., and should 
reveal fundamen·tal i11formation about the aquifeI·. I have a1sJ extended 
Ashtqn's (1966) methods by treating a cave as a Black Box (Brown, 1973) 
and examining the cross-covariance and spectra of stage jnput and out
pu-c of a large karst system in Western Al.berta (Brown, 1972). Fig. 1 · 
shows the cross-covariance which resulted, the output spectrum with a 
discernable 80 hr. peak as waves move through the system, and si
multaneous dye test results (see also Brown 1971). The co-spect� 
substantiated the lzypothesis in:fei•red from these: large unknown: inputs 
to the system leave it 20 hours before the known input waves enter the 
system. 

°IJVe are prese11.tly considerir1g three-dim.ensio11al cave passage 
• I 

meanders, as in:formation from these would extend consider�bly the work 
of Scheidegger (1970) and Yalin (1972) concerning river ·behaviour. ·By 

.. 

substituting solution for erosion, and eliminating g in phreatic tube 
:formation, ·vve hope ·to reach f1mdamental answers about ri1,er morphology. 

B • CAVERN MICRO-METEOROLOGY 

Fl l1mme1."' ( 1969) l1as p:.cc·,�,rided a raos t usBfu.l example o:f SJ:•ectral e..nalysis 
in cave 11:.eteor·olog:7/. l·c has ·oee:r1 observed that ::,cme caves, and some 

· ' .. · � s } r ve n·,,·-r-e ('""! .. 

0l ..,c- c:: -regular v,1,_· r1d reversals, VJi th:passages \'Jl -cr1i:r1 ca:\7-:.;: ... , �l::i •.• v- ,_ -- ..... �..., -

l ·._·,,p ..... _1· ou··s � 4·' ..-;.-.e r-,··,-a�,:.-,-. .1..l .-::."?')s c.,' s.-=.co11(,s. Ir"= the U.S., tl1is is termed 
- • • ._, .J. 'J .i.:. ...,, .-.. .._,. .L.. ' ............ • - ... �.. - -

-
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Fig. 1. Maligne Basin, Western Alberta. Input/Output Cross-Covariance (n = 400 2 hr. 
sample stages; m = 100); Output Log Spectrum; and Simultanecus Tracer Test (1.8 Kg 

Rhodamine WT). 

' 

precision, expensive laser optics), and indeed Fourier and other 

optical filtering and analysing systems are now widely used in remotely 

''cave breatbi ng''. Simple meas·urements have proven this to be Helmholtz-

t:r.pe resonation. Plummer has ana.lysed the specti--a .  of v1inds i11 caves, 

anc1 proposes ·!:;hat these could be used to indica.te tl:i.e existence of 

cl1arr1bers of various sizes and distan.ces a,11a.y f'rorn the measure.rner1t si"'ce. 
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C - PATTERN RECOGNITION 

It is a feature of spectral analysis 

(advantages: speed, real-time filter 

that it can be performed optically 

changes; disadvantages: loss of 
. -- . 

sensed automatic pattern recognition. Given appropriate boundary filter 

conditions, I propose that karst landforms could be automatically 

identified by such features as round holes or enclosed basins, 

lineations on &xposed limestones, etc. 
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Ba 006 

0 nPHMEHEHHH KOflHLf ECTBEHHblX METO.QOB 
JlllA OUEHKH HHTEHCHBHOCTH 

KAPCTOBOH JlEHY JlAUHH 

A. r. 4MHMWeB
MHc'fffTYT reorpaCS,MM AH CCCP 

MocHaa, CCCP 

HOJIMqeCTBeHHa.H oueHKa MHTeHCMBHOCTM cospeMeHHhlX KapCTOBhlX npoQ eCCOB 

Il03BOJI.HeT nporH08HpOBaTb oco6eHHOCTH pa3BHTM.H KapcTa, qTo HMeeT·BaEHOe 

HayqHoe H npHKJia,n;Hoe 3HaqeHHe (MaKCMMOBHq, 1963; raoa,n;e�KMH, 1970; qM

KMWeB, 1971). �JI.H onpe,n;eJieHHR CKOpOCTH KapCTOBOM ,n;eHy,n;aQHM npHMeHHIDTC.H

CJie,n;yID�He MeTO,n;hl: Kop6eJIE, KapcTOBO-r�.n;poMeTpMqeCKHH, YHJibEMCa H Kap

CTOBO-rH,n;poXHMMqeCKMH. 

MeT0,11; Hop6eJis=r. CKopoCTb KapCTOBOH ,n;eHy,n;a�MH Kap6oHaTHHX nopo,n; 

¢paH�Y3CKMM ·HCCJie,n;oBaTeJib �- Hop6eJib (Corbel, 1959) npe,n;JIOEMJI onpe,n;e

JI.HTb no q>OpMyJie: 

4 ETn 
X ::: ' (1) 

100 

... u 8/ 2 
r,n;e X - BeJIHqHHa nosepXHOCTHOH KapCTOBOH ,n;eHy,n;a�HH, M KM . ro.n;, HJIH 

MM/TbICs=rqeJieTHe; E - BbICOTa CJIOE CTeKaID�eH BO,D;hl, ,n;M; T - co,n;epEaHHe 

B Bo.n;e Kap6oHaTa KaJib�HR, Mr/JI; 160 - K00¢q>H�HeHT nepeao.n;a_BeCOBliX

e,n;HHHU B · o6'beMHhle qepea ae.n11qv1Hy y.n;e.nbHoro B.eca Caco
3 

( 2, 5); n -

Ko0¢¢HUHeHT, noKa3bIBaID�HM, KaKaB qaCTb TeppMTOpHH CJIOEeHa Kap6oHaTHliMH 

nopo.n;aM11. 

BeJIHqHHa no.n;aeMHOH KapCTOBOM .n;eHy.n;aUH11 BblqHCJIReTCR no ¢opMyJie: 

4 E'T' 

X, :.-:: = 

100 

... ., 8/ 2 
r,n;e X' - BeJIHqMHa no,n;aeMH011 KapCTOBOH ,n;eHy,n;aUHH, M KM • ro,n;, MJIH 

(2) 

t..1M/TbIC.HqeJieTHe; E' - BbICOTa CJIO.H BO,D;hl, CTeKaromeM no,n; aeMJieii, ,D;M; T' -

co,n;epEaHwe B no,n;seMHhlX so,n;ax CaC03, Mr/.n.

Do ,n;aHHhlM �- Kop6eJis=r, o6mas=r KapcToaas=r ,n;eHy,n;au11s=r npe,n;cTaBJI.HeT co-

6oii cyMMY nosepxHOCTHOM w no,n;aeMHOH XHMMqecKow ,n;eHy,n;aUHM, a TaKEe Me

xaH11qecKOM 8µ0SMH (Ha )];OJIIO IlOCJie,n;HeM B-ropHbIX CTpaHaX npHXO)];MTCB 50% 

OT noaepXHOCTHoro pacTBopeHME, a Ha paBHHHaX - 10%). 
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u 

, Ilo MeTO)zy RopoeJI.H OhlJia no,n;cqMTaHa CKOpOCTh xapCTOBOH ,n;eHy,n;a�MH

,n;Jia MHOrMX paMOHOB 3eMHOro mapa, a TaK�e ,D;JIE pa 3JIJ1qHhlX KapCTOBhlX 

yqacTKOB CoseTCKoro Coroaa (RocTMH, 1967; BeJIRK, 1968, A�HrnKapMaHM, 

1970). Otta M8MeH.HeTca B illHpOKMX npe�eJiax, npMqeM C IlOBhlllieHHeM MeCT

HOCTM Ha Ka�,n;hle 1000 M yBeJIHqHBaeTC.H npMMepHO B,n;Boe. 

KapCTOBO-rM,n;poMeTp�qeCKHA MeTo,n; npe,n;JioEeH IlOJibCKHM HCCJie,n;oBaTe

JieM M. IlyJIHHOM (Pulina, 1968 a, 1968 6). 4>opMyJia era HMeeT BH,n;: 

12,6 • QT 
.u = ------' 

p 

Q 

TaK KaK V =-
p 

• 1000 ' 

TO ,U = 0, 0126 • V T , 

r,n;e A - CKOpOCTb KapCTOBOM ,n;eHy,n;d�HM, M
3

/KM2 ro,n;,

Q - cpe,n;HHM ro,n;OBOM CTOK, M
3

/cex; T -·co,n;ep�aHH8 B 

KapCTYIOII.\eMC.H nopo.tihl, Mr/J.I; V - MO,n;yJib CTOKa, JI/CeK 
2 KapcTyIOII.\MXC.H nopo,n;, KM .

( 3·) 

(4) 

(5) 

..,

BO,n;e paCTBOpMMOH 

• KM2
; p - IlJIOII.\a,D;b

3ToT MeTo,n; M. Ily JIHHa (Pulina, 1971) np11MeHJ1JI ,n;JI.H no,n;cqeTa CK opoc

TH • KapcToBoA ,n;eHy,n;a�HH MHOrl1X KapCTOBhlX paMOHOB, pacnoJio�eHHhlX B 30-
• 

Hax yMepeHHOro 11.cy6TponJ1qecxoro KJIHMaTOB. 0,n;HaKO HM He ,n;aeTC.H OilHCa-
. 

HHe rH,n;poMeTpMqecxoro MeTo,n;a, a npHBO�HTC.H JIHllih KOHeqHhle ¢opMyJihl. Boa-

MO�Ho, OH BhlBe,n;eH 3MilHpHqecKH. 

HaaaaHHe "rH,n;poMeTpHqecxoi1 MeTo,n;" ynoTpe6JI.HeMoe M. IlyJIHHoA npHMe-
... 

HHTeJihHO K MeTo,n;y o�eHKH HHTeHCHBHOCTM xapCTOBOH ,n;eHy,n;a�HM, He COBCeM 

y,n;aqHo, IlOCKOJibKY TaK Hd8hlBaeTCH 0,D;MH_H8 rH,n;poJIOr11qeCKHX MeTO,D;OB, illH

pOKO IlpHMeHH8MhlM npH rH,n;poreOJIOrHqecKHX, reorpa�HqecKHX, a TaK�e H 

KapCTOBe,n;qecKHX HCCJie,n;OBaHMHX. B 3TOH CBH8H YKo8dHHhlH Me�·o,n; npaBH�b

Hee H TOqHee Ha3hlBaTb KapCTOBO-rH,n;poMeTpHqecKHM • 
.. 

HeaaBHCHMO OT M. IlyJIHHhl HdMH OhlJIO IlOKaaaHo, qTo KapCTOBO-rH,n;po-

MeTpHqe�KHM MeTo,n; �BJI.HeTC.H MO,n;H¢HKa�MeA MeTo,n;a Kop6eJIE. Rax H8B8CTHO, 
.. 

. 
... CJIOM CTOKa aa onpe,n;eJieHHhlH npoMe�yTOK BpeMeHH H C onpe,n;eJieHHOM IlJIOII.\8-

,n;H paBeH (,UaBhl,D;OB H KOHKHHa, 1958, CT�. 281): 

/ 
y = 

86400 . TQ 

P .  106
• 1000 (6) 

r,n;e Y - B8JIJ1qHHa CJIO.H CTOKa, MM; T - BpeM.H, cyTKH; Q - pacxo,n; IlOTOKa, 

M
3

/cex; P - nJioma,n;b oacce,i;iHa, KM2 •
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4 .  86400 . 365 . Qf 

P .  1000 . 100 . 100 

12,6 • QT 

p 

H ,U = 0,0126 • MT , 

rr _ 
· 

8 2 r,n;e � CKOpOCTb KapCTOBOM ,n;eHy,n;a4.t,1.1,1, M /KM • ro,n;, .J,1JI.J,1 

T.1,1e; Q � cpe.n;Hero,n;oBoM pacxo.n;, M3 /ceK; T - co.n;ep*aHHe a

Ta KaJib4HH, Mr/JI; P - IlJioma.n;h 6acceHHa, KM2; M - MO,lzyJib
2 

• KM .

(7) 

(8) 

(9) 

MM/�bICSiqeJie-
., 

ao.n;e xap6oHa� 

CTOKa, JI/CeK· 

KapCTOBo-r.1,1,n;poMeTpI11lieCKI11H MeTo.n; BnepBhle np.1,1MeHeH HaMM B 1967 r:· 

,Il;JISI no.n;c qeTa CKO pOCT.1,1 KapCTOBOM .n;eHy ,D;al.\MIII BaJI,n;ai1cKOM B03BbIIIIeHHOCTH. 

PeayJibTaThl .0Til1X HCCJie,D;OBdHIIIM B Mae 1969 r. 6hlJIH ,D;OJ!O*eHbl Ha Yl nJieHy

Me KapcToBow ceK4.1,1.1,1 AH CCCP. Iloa*e KapcTOBo-r.1,1,n;poMeTp.1,1qecKMM MeTo,n;oM 

HaMM 6hlJia no,n;cqI11TaHa CKOpOCTb KapCTOBOM ,n;eHy,n;a4.t,1.1,1 ,D;JIH MHor.1,1x KapCTO-

BhlX perHOHOB 

Ilo,n;cqeT 

CCCP.
..

ocJio�HSieTcH Hecosna,n;eHHeM rpaH.1,14 nosepxHOCTHMx .1,1 no.n;aeMHbIX ao,n;oc6o-. 
. 

poB. 8TO Tpe6yeT npe.n;BapHTeJibHOrO ,n;eT.aJibHOro KapCTOJIOrHqecKoro aHaJIM-

MHTeHCHBHOCTb KapcToaoro npOL\eCca B 8H8liHTeJibHOM Mepe CBSI8aHa

C 06'beMOM CTOKa H no3TOMY CHJibHO M€HSieTCSI no cesoHaM ro,n;a H B pa8Hble 
I 

xop�lliO BblSIBJISieTCSI np.1,1 aHaJIHae ,n;aHHhlX, I lOJiyqeHHblx, KapCTOBO-
...

. 
MMeH ,n;aHHhle no ceaoHaM ro,n;a .1,1 aa oT,n;eJihHhle ro,n;bl, MO�Ho npocJie-

. 
. 

,D;HTb ,D;HHaMHKY KapCTOBblX npo�eccoa BO apeMeHH. qTO KacaeTCSI o6mero no-
. . 

u KaaaTeJISI CKOPOCTH KapCTOBOI/1 ,n;eHy,n;a4MH, TO OH no,n;CliHThlBaeTCH no cpe.n;-

HeMHOroJieTHMM ,n;aHHhlM, np.1,1qeM qeM 60JibWe pSI,n; Ha6Jiro,n;eHHM, TeM 8HalieHHe 
' 
I 

ITOKa8aTeJIH 6JIM*e K ,n;eMCTBHTeJibHOM BeJIHliHHe. 
TaKHM o6pa80M, aeJI.1,1q.1,1Ha o6mero noKaaaTeJIH HHT9HCMBHOCTH KapcTo� 

. 
Bore npOL\eCca, noJiy4eHHaH KapcToao-r.1,1,n;poMeTp�qecKHM MeTO,Il;OM, SIBJIHeTCSI 

ocpe,n;HeHHOM K8K no TeppMTOpHI11, TaK M BO apeMeHM. 

MeTo,n; YHJibSIMCa. RpoMe paCCMOTpeHHblX HaMH MO,n;H¢MKa4.1,1.ti ¢opMyJihl Rvp-

6eJISI (8 .1,1 9) ·cymecTByIDT .1,1 ,n;pyr.1,1e. HaH60JibWHM MHTepec cpe.n;H HHX npe,n;
CTaBJI.HeT Bblpa*eHMe, npe,D;JIO*eHHOe n. "· YMJibSlMCOM (Williams, 1963):
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, 

--

X = 
E (Tc + Tm)

10 D 

' 
(10) 

r'Ae X -'cKOpOCTb KapCTOBOM 'AeHy'Aa�HH, MM/TNCHqe�eTHe; E - CTOK, 'AM;

T - COAepEaHHe B BO'Ae KaJib4HH, Mr/JI; Tm - CO'Aep�aHHe B BO'Ae MarHHHj
C 

Mr/�; D - IlJIOTHOCTb H8BeCTHHKa. 

KapcToBo-rH'APOXHMHqecKHM MeTO'A. EcJIH o6�eM BNHOCHMOM Ha KapcTo

Boro MaCCHBa IlOPO'Ahl OTHeCTH K n�oma'AH, TO paBeHCTBO npMMeT BM'A: 

C 
-
-
•- .

-·

TIOCKOJibKY V 

TO C = 

V 

' 

86400 • 365 • 
WT 

2,5 • 1000 000 000 

0, 0126 • WT

p 
, 

(11.) 

(12) 

(13) 

r'Ae C - CKOpOCTb KapCTOBOM 'AeHy'Aa4HM, M
8

/KM
2

• ro'A, HJIM MM/ThlCHqeJie-
8 

THe; V - o6�eM BhlHOCHMOH HS KapcTyromerocH MaCCHBa IlOPO'Ahl, M ;  W -

cyMMapHhlH CTOK, JI/CeK; T - CO'AepEaHHe B BO'Ae Kap6oHaTa Ka�b�HH, Mr/JI; 

P - TIJioma'Ab KapcTyromHXCH IlOPO'A, KM2
.

Ilpe'A�araeMUH MeTo'A, HaaaaHHhlH HaMH KapcToBO-rH'APOXHMHqecKHM, Y'AOe 

6eH 'AJIH IlO'ACqeTa KapCTOBOH AeHy'Aa4HH TIO AaHHhlM cpaBHHTe�bHO He6o�billHX 

noeepxHOCTHhlX H IlO'A8eMHhlX IlOTOKOB. 

KaK IlOKa8dJIH HCC�e'AOBaHMH, MeTeopHhle BO'Ahl HMeroT 'AOBO�bHO 3HaqH

TeJibHYID MHHepaJIH8a�HID (0,5-0,8 Mr=3KB.), COCTaB�Hroruyro 'AO 10% H 6oJiee 

KOHeqHQH MHHepaJIH8a4MH BOA KapCTOBhlX HCToqHMKOB (.Lly6JIHHCKMM, 1967, Ko-
• 

JIO'AH�HaH, 1970). B 3TOH CBH8H MHTepeCHO npeA1o�eHHe M. ilyJIMHhl (1968 a), 

KOTOphli aaMeHHJI T B q>opMyJie Kop6eJI.H Ha b,. T, 060 8Haqaromee yBeJIHqeHMe 

CO'Aep�aHHH B BO'Ae Kap6oHaTa KaJib4MH npH B8 aHMOOTHOW9HHM aTMOCq>epHhlX 

OC8'AKOB C Kap6oHaTHhlMH IlOPO'AaMH H�H npH nepeceqeHHH peKaMM KapCTOBhlX 

MaCCHBOB. OHO pdBHO: 

(14) 

I''A8 Tr - MHHepaJIH3d4HH KapCTOBhlX BOA; T
a 

- MHHepaJIM8a�HH aTMOCq>epHhlX

OCa'AKOB H TpaH8HTHOro CTOKa. 

IlOCTOHHHaH OlliH6Ka, paBHaH 6-8% B CTOpoHy yeeJIMqeHMH ITOKa3aTeJIH 
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V CKOpOCTM KapcTOBOH �eHy'Aa�MH, CBH8aHa TaK�e C yc�OBHhlM npMHflTMeM

Y'Ae�bHOro Beca HSBeCTHflKa aa 2,5, TOr'Aa KaK s 'AeWCTBMTe�bHOCTM OH 

HeCKO�bKO Bhlllie. ��fl IlO�yqeHMfl 6o�ee TQqHhlX 3HaqeHMM MHTeHCMBHOCTM 

KapCTOBOro npo�ecca 3TO o6CTOHTe�bCTBO c�e.nyeT yqMThlBaTb. 
--

Pac C MO Tp e H H hl8 MeTO'Ahl OCHOBaHhl Ha yqeTe CTOKa M CO'Aep�aHMH B BO'A8 
U V paCTBOpMMOM K�pcTyro�eMCfl IlOPO'Ahl, Il03TOMY OHM MoryT paCCMaTpMBaTbCfl

KaK MO'AM�HKa�HOHHhl8 sapMaHThl, yqMThlBaID�Me napaMeTphl OCHOBHhlX COCTaB-

• 

QUANTITATIVE EVALUATION OF THE INTENSITY 
OF KARST DENUDATION 

A. G. Chikishev 

SUMMARY 

The rate of karst denudation may be determined by one of the following techniques, 

that of: l) Corbel, 2) Karst-hydrcxnetric, 3) Williams·, 4) Karst-hydrochemical. 

According to J. Corbel, a French scientist, the rate of karst denudation in carbonate 

rockS can be detennined by means of the following formula: X = 4 ET/100. M. Pulina. 

£ran Poland suggested his karst-hydrometric method expressed as D = 12, 6 QT/P. But 

Pulina fails to describe his technique citing the final formulas alone. The author 
' 

shows that the kaq1t-hydrometric method is a modification of the offered by J. Corbel. 
' 

. 

Among other modifications of Corbel's fonnula rather interesting is that suggested by 

P. Williams (1963), which now looks as follows: X = E(T +T ) ./10 D.
C m 

If the volume of the rock removed from the karst is correlated to some definite 

areas this equation will become as follows: C = V/P; since V = 86400 • 365 • T/2, 5 • 

• 1000.000.000 we shall have C = 0.0126 WT/P. We have called the suggested technique 
. 

as karst-hydrochemical. It is convenient to evaluate karst denudation on the data 

from comparatively small surface and subsurface karst flows. 

By the Corbel technique and its modifications hased upon the flow volume and 

CaCO content in water one can quantitatively determine the intensity of karst pro-
3 

cesses in carbonate rocks. The discussed techniques can be also applied when evaluating 

the rate of karst denudation in halogenic formations. 
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Ba 007 

International Speleology 1973, II, sub-section Ba: 

Geomorphology of the karst surface 

CnEJ1EOnOrH4ECKOE PAHOHHPOBAHHE CCCP 

A. r. LIHHMwea
HHCTHTYT reorpacl>HH AH CCCP

MocHaa, CCCP

CneJieOJIOrHqecKoe pawoHHpoBaHHe CoseTcKoro Coroaa npeAcTaBJIHeT co6oH 

TPYAHYID H B aHaqHTeJibHOI Mepe HOByro aaAaqy. PaasepHyBlliHeCn B IlOCJieA

HHe I'OAhl lliHpOKHe cneJieOJIOrHqecKHe HCCJieAOBaHHfl noaBOJIHJIH HaKOilHTb 

3HaqHT6JibHhlW ¢aKTHqeCKHM MaTepHaJI 06 oco6eHHOCTHX pacnpocTpaHeHHH 

KapCTOBhlX nemep, HX Mop¢0JiorwqeCKOM CTpcieHHH H ¢aaax pasBHTHfl. 3To 
. 

� 

HBHJIOCb OCHOBOH 'AJIH BhlAeJieHHH cneJieOJIOrHqeCKHX perHOHOB, a TaKRe 

ycTaHOBJI8HHH aaKOHOMepHhlX CBH36H Me*AY Mop¢ocTpyKTypHhlMH H 6�0KJIHMa-

THqeCKHMH ¢aKTOp8MH KapcToo6paaoBaHHB H oco6e11HOCTHMH pacnpocTpaHe-

HHH ne�ep. 0AHaKO CJia6aH paapa6oTKa Bonpocoa o KPHTepHHX palOHHposa

HHH H npHaHaKax TeKCOHOMHQeCKHX e'AHHH� pas11oro paHra aaTPYAHHeT co-
V 

CTaBJieHHe KapT cneJieOJIOrwqecKoro paMOHHpOBaHHH. 

Bor1pochl pa.tioHMpoBaH1-1H nemep paccr-.ictTpt'lBaJI11cb B pa6oTax H. A. rsoa

Ae�Koro, B.H. "HBaHOBa, r.A. MaKCMMOBMqa, R.H. MapyaWBWJIH, A.r. qHKH

llieBa H APYI'HX HCCJie'AOBaTeJiew. 0AHaKO cxeMa paMOHHpoBaHHH ne�ep CqaeT

CKoro Coroaa 'AO CMX nop He paspa6oTaHa. 

CneJieOJIOr1tqecKoe paiiOHMpoBaHHe HBJIHeTCH O�HHM H3 BHAOB cne�HaJib

Horo KOMilJieKCHoro KapCTOBe�qeCKoro pdiOHMpOBaHWH. CneuH�MKY ero co-

CTaBnse� noKaJibHOe pacnpocTpdH8HKe IlO'A88MHhlX 

CBB38HO C npephlBWCThlM pa3BHTHeM·KapcTyro�HXCB 

., 

KapCTOBhlX IlO�OCTeM, qTo 

o6pasoBaHMM. B aa'Aaqy 

.. 

JIOr11qeCKHX perHOHOB paaHOM B8Al1ql1Hhl H CAOEHOCTW, a TaKEe ycTaHOB�e-

Hwe HX ecTeCTBeHHhlX rpaHM�. B OCHOBY paiiOHMpOBdHHH 'AOJI�Hhl 6hlTb IlOJIO

E8Hhl MOp�OCTpyKTypHhle ¢aKTOphl. BWOKJIHMaTK49CKwe ycAoBwn KaK 6hl Ha

KJia�hlBaIDTCB Ha AHTOMOp�HYID OCHOBY, o6yc�aB�HBatt caoeo6paswe IlOABeM

HhlX KapCTOBhlX ¢opM, MHTeHCMBHOCTb l1 HanpaaJieHHOCTb KapCTOBhlX npo-

11,eccoa. 

OcHOBhiBaHC h Ha 3TOM npHH�1111e Mb! Bbl�8JI}18M B np 9AeJiax CoseTCKOf'O

CoIDaa 12 cneJieo�orwqecKHX cTpaH, 27 cne�eo�or11qe�KHX o6AacTeA 11 38 

cne�eOAOf'l148CKMX npOBHH�Hti. IlpH 6oAee AP06HOM pawoHHpOBaHMH MOf'yT 6hlTb 

Bhl'A8A8Hhl cne�eoAor11qecK11e OKpyra H paHOHhl. 

BocToqHo-EsponeAcKa.H cne�eOJIOf'HqecKaH CTpaHa, TeppHTOpHSJibHO 

cosnaAaro�aE c PyccKol paBHHHOM, xapa1<Tepwayeri1c.H 0Haq:v1TeJibHhl?v1 pacnpo-

71 



CTpaHeHHeM KapCTOBhlX ne�ep, npHypoqeHHhlX K Kap6oHaTHhlM H ra�oreHHhlM 
nopO'AdM na�eoaoHCKoro, MeaosoHCKoro H KaHH030MCKoro aoapacTa. HaH6o�ee 
lliHpOKO KapcTOBhle nemephl pacnpocTpaHeHhl B Ba�'AaHCKo-Ky�OHCKOH, KaMCKO
Cpe'AHeBO��CKOH, IlpHKaCilHHCKOM H �HeCTpOBCKO-IlpHqepHOMOpCKOM cne�eo�o
rHqeCKHX o6�aCTHx, KOTOphle no�paa'Ae�flIDTCfl Ha HeCKO�bKO KapCTOBhlX npo
BHH�Hw: �BHHCKo-MeaeHbCKaH, Cpe'AHeBO��CKafl, Y¢HMCKo-KaMCKaH, �eMa
Y¢HMCKaH, 3ana'AHO-TipHKaCilHHCKafl, BocToqHo-IlpHKaCilHMCKafl H IlPH'AHeCTpOB
CKafl. 

B npe'Ae�ax BocToqHo-EBponewCKOH CTpaHhl HCC�e'AOBaHO � aaKapTHposa-
HO 385 KapCTOBhlX nemep. HaH6o�ee KpynHhle H8 HHX OnTHMHCTHqecKafl ('A�HHa 
92000 M), OaepHafl (80100 M), KphlsqeHCKafl· (18785 M), M�hlHKH (14120 M), 
BepTe6a (7820 M), KyHrypcKafl (5600 M), ReHHHrpa'ACKaE .(3100 M) H CeBe
PflHKa (2500 M). 

Oco6HH HHTepec npe'ACTaB�fleT nemepa OnTHMHCTHqecKafl, aaHHMaromaH no 
o6mei 'A�HHe IlO'A3eMHhlX ra�epei nepBoe MeCTO B CCCP H TpeTbe B MHpe 
(noc�e nemephl ��HH'A PH'A� - 'A�HHa 121000 M M  Xe��ox - 'AAHHa 109182 M). 
0Ha pacno�araeTcH Ha �eso6epe�be �HecJpa 6�Ha c. Kopo�HBKH. Tiemepa 

. -

o6paaoBa�aCb B TOpTOHCKHX rHncax. B HeH Bhl'A8AfleTCH TpH GTa�a. ra�epeH 
xapaKTepHayroTCfl pa3�HqHhlM Mop¢o�orHqecKHM CTpoeHHeM. Ha nepeceqeHHH MX. 
B peay�hTaTe o6pyrneHHfl KPOB�H ¢opMHPYIDTCE rpOThl. CaMhlH KpynHhlH rpoT, 
pacno�o�eHHhlH B 'Aa�bHeM qaCTH nemephl, 'AOCTHraeT 80 M 'A�HHhl i 25 M lliH
pHHhl. 06maH 'A�HHa nemephl 92000 M. Cpe'AHflfl TeMnepaTypa B03'AYXa 8�6-
BcTpeqaIDTCfl IlOCTOflHHhle oaepa. 

. 

B npe'Ae�ax Ypa�hCKOH cne�eo�orHqecKoH cTpaH@ Bhl'Ae�flIDTCfl Cesepo-
ypa�bCKaH, Cpe'AHeypa�bCKaH, ID�Roypa�bcKaH cne�eo�orHqecKHe o6�acTH, a 
TaK�e 3ana'AHO-Cesepoypa�bCKaH, BocToqHo-Cesepoypa�bcKaE, 3ana'AHO-
Cpe'AHeypa�bCKaH, Cpe'AHeaaypa�bCKaH, 3ana'AHO-I{))KHoypa�bCKdfl M �eHTpa�b
HO-ID�Hoypa�bCKafl cne�eo�OrHqecKHe npOBMH�HH. 3'AeCb OilHCaHO M aaKapT¾
poB�HO 6o�ee 420 KapCTOBhlX ne�ep, npHypoqeHHhlX K na�eoaOHCKHM H3BeCT
HflKaM H rMnCaM. HaH6o�ee KpynHhle HS HHX CyMraHCKaR ('A�HHa 8000 M), 
�HBbH (3240 M), x�e60'AapoBCKafl (2854 M), Kanoa� (1900 M) H illeMdXHH
CKafl (1620 M). 

KpynHeMrnaE Ha Ypa�e CyMraHcKafl nemepa pacno�o�eHa s 6acceMHe p • 
. 

Be�oi. 0Ha HaQHHaeTCfl rnaxTOH r�y6MHOA 70 M H npe�cTaB�HeT co6oM C�OE-
Hhl� �a6HpMHT ropH80HTa�bHclX H HaK�OHHhlX ra�epeM M rpoToa, npHypoqeH-
HhlX K 'ABYM ypoBHHM. Tio �eHTpa�bHOH ra�epee HH�Hero aTa�a TeqeT IlO'A

aeMHaS peKa WHPHHOi 5 M H r�y6HHOi 2 �. Ilemepa OT�wqaeTCH KPYTIHhlMH 
rpoTaMH.� 06H�HeM HaTeqHhlX o6pd30BaHHM. CyMMclpHan 'A�HHa ee 8000 M, 
r�y6HHa 135 M, o6�eM 200000 M8 • 

. 

KapnaTcKaH cne�eo�orHqecKaH cTpaaa. BocToqa@e KapnaThl Bhl'Ae�HIDTCH
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• 

B KaQeCTBe CaMOCTOHTeJibHOH cneJI_eo_Jior11qecKO'� o6JiacTu,JI' J/1. K oTopasi no,n;pa-a-
,n;eJIH eT Cfl Ha Tp.11 npos11H�1111. Haa6o�ee w11p0Ko KapcTOBhle nemephl p�6npo
cTpaHeHhl B UeHTpaJibHO-KaprraTCKOi crreJI�OJIOr11qec1<0A npOBMH�.1111 6JIH8 rophl 

�paroBCKHH MeHqyJI, r,n;e B BhlCOKl1X CKaJiax, CJI0�8HHhlX MpaMop11aoBaHHhlMl1

l18B8CTHHK8Ml1 BepxHeA rophl, HCCJie,noBaHO 23 nemephl. Bhl,ZJ;eJISieTCSI rremepa 
�py�6a, ,ZJ;OCT11raromaH ,ZJ;Jil1Hhl 220 M. 

KphlMCKO-KaBKa3CKaH crreJieOJIOr11qecKaSI CTpaHa OXBaThlBaeT o6JiaCTH 
ropHoro KphlMa 11 BOJiblliOI'O KaBKaaa. B ropHOM KphlMY HCCJie,noBaHO 6oJiee 
700 ne�ep, np11ypoqeHHhlX K Kap6oHaTHhlM nopo,n;aM BepxHeA IDphl. B TOM q11c
JI8 KpacHaSI (,ZJ;JIHHa 13100 M), CoJI,naTCKa� '(,n;JIHHa 1700 M, rJiy611Ha 410 M), 
YayH,ZJ;El1HCKaH (,n;JI�Ha 1500 M), 8M11He-Ba11p (,n;JIHHa ·115s M), MoJio,n;e�HaH 
(rJiy611Ha 261 M) H KacKa,n;HaH (rJiy611Ha· 246 M). 

Ha.t160JibilleA l18BeCTHOCTbID IlOJibayeTCSI nemepa KpacHaSI, pacnoJio�eHHaH 
Ha aana,n;HOM CKJIOHe �OJiropyKOBCKOro MaCCHBa a 23 KM OT r. C11M¢eponOJIH. 
0Ha o6paaosaJiaCb B sepxHeIDpCKHX H8B8CTHHKax. B nemepe Bhl,neJISieTCSI meCTb 
paaHOBoapacTHhlX 3Ta�ei. �JISI Hee xapaKTepH� KpynHhle rpOThl 11 ,ZJ;JIHHHhle llil1-

poK11e raJiepe.11, 11Merom11e s11,n; no,n;aeMaoro KaHbOHa. Ilo ,n;Hy nemephl noqT.11 Ha 
. 

' 

sceM ee npoTSI-�eH1111 TeqeT rro,n;aeMHaH peKa, cpe,n;Hero,n;osoii pacxo,n; KOTopoi1 
. ' 

cocTaBJIHeT 0,1 M8 /ceK. TeMnepaTypa aoa,n;yxa 9,8-11�6. raJiepe11 sepxH11x 
0Ta�eA 6oraTo yKpaweHhl np11qy,n;JI11BhlM11 HaTeqHhlMH 06paaosaH.t1SIM.t1. 06masi 
,ZJ;Jil1Ha nemephl 13100 M, o6�eM IlOJIOCTeA 19�400 M8 • 

B cneJieoJior11qec1<0A 06JiacT11 BoJibruoro KaBKaaa Bhl,n;eJiseTcH Tp11 npo� 
B11H�1111 Cesepo-KaaKaacKaa, BocToqHo-KasKaacKaH 11 ropHo-KoJix11,n;cKas, 
B npe,n;eJiaX KOTciphlX HCCJie,n;oBaHO 620 nemep. Ha1160Jiee KpynHhle 118 H11x'B07 
pOH�OBCKdH (,n;JI.t1Ha 8000 M), ByTKOBa 1 (7000 M), AHaKOill1HCKaH (3285 M), 
A6pCKl1Jid (2500 M}, CHeEHaH (,ZJ;Jil1Ha 2509 M, rJiy611Ha 770 M) 11 reorpa¢11-
qecKaH (,n;JI.t1Ha 2500 M, rJiy611Ha 510 M). 

' 

3HaMeH11TaSI AHaKOill1�CKafl nemepa HaXO,ZJ;MTCSI 6JIM8 Hoaoro A¢oHa. 0Ha 
o6pa30BaJiaCb B M3BeCTHHKaX HM�Hero MeJla. nemepa COCTOl1T M3 ,n;syx MOp¢o-

' . 

JIOrwqeCK.11 pe3KO pasJI11qHhlX qacTeiii: - sepTMK8JlbHOH (rJiy611HOH �o 139 M) 
11 ropJ..13 OHTaJibHOM. ropl-i30HTaJlbHaE qaCTb nemephl npe,n;cTaB_JieHa orpoMHhlM.11 

rpoTaM.11, coe,n;mHeHHHM.11 M8E,ZJ;Y co6oi w11pOKHMl1.l1 BHCOK�MM npoxo�aM11. Ca
MhlM KpynHhl¾ 113 HMX rpoT rpy8MHCKl1X cneJieOJIOr�B AOCTMraeT 260 M ,ZJ;JIHHhl, 
75 M lliMPMHH w 50 M BhlCOTH. B nemepe HM8IOTC� IlOCTOEHHhle oaepa c IlJIO
ma,n;bID aepKaJia ,n;o 1000 M2 

M rJiy611HOM �o 8 M. B HeKOTOphlX rpoTax WMpOKO 
' 

pacnpocTpaHeHhl HaTe'l!Hhle o6paaosaHwH. TeMnepaTypa sosAyxa B rop11aoH-

r-

TaJibHOiii: qaCTl1 l13M8HE8TC� OT 11,8 �o 12�8. CyMMapHaR npoTH�eHHOCTb AHa� 
KOTIMHCKO¾ CMCTeMhl 3285 M, a o6�eM 1006600 M3 • 

Oco6oe TIOJIOEeH11e 3dHHMaeT caMaH rJ1y60Kdfl B CoseTCKOM Coroae Kapc� 
TOBaH nponaCTb CHe�Ha�, pacrroJio�e!1HaE Ha IOEHOM CKJIOHe BOJiblliOf'O RaBKa3a 

73 

◄



• 

s BahlOCKOM xpe6Te. BepxHHH qacTh ee ,n;o rJiy6.v1Hhl 230 M noqTH cnJIOillb rro-

orlperreJI••Jio Ha
g

B�HH8 rrerrrephl.KphlTa MHoroJieTHHM Jib,D;OM 111 cHerou, qTo w � �L v - � 

CHeEHaH npe,n;cTaBJIHe�· co6oA CHCTeMy sepTL1KBJibHhlX, ropW30HT8JlbHhlX L1 Ha

KJIOHH�� KOJIO,D;�eB Ill XO,D;OB. B Hefil Bhl,D;8JIHeTCH IlilTb rpoTOB. CaMhli KPYITHhli 

L13 HMX BOJibWOi ,D;OCTMraeT 120 M 'AJIHHhl llI 70 M WHpMHhl. B BepTWK8JlbHOM Jia-
u 

6MpHH�e IlOHBJIB8TCH pyqei. HM�e OH npespamaeTCH B 3HaQMTeJibHhlM _IlOTOK 

C ,n;e6.v1TOM 20-30 JI/CeK, KOTOphli M8CTaMM o6paayeT 11pwqy�JIMBhle BO,D;Olla,D;hl 

�o 8 M BhlCOThl. Ha rJiy6wHe 700 M npM BhlXOAe H8 Bo,n;ona�Hoi r•aJiepeM pyqei 

ana,n;aeT a KpyrrHyro no,n;aeMHyro peKy c pacxo,n;oM ,n;o 500 JI/ceK. 3Ta peKa no 

CTyneH'tiaTOtvlY IlpOXO,n;.),' W.v!p.v:II:-IOM 2-6 M CTp8MMTeJibHO Hecer11 Ci-I BHIII8 1'l Il1Cl!8-

389T B K8M9HHOM aasaJie, KOTOphlM rroKa 8SK8H4MB�eTCH 11emepa. 06mas rJiy-

6111Ha nemephl 770 M, ,D;JIHHa 2500 M, o6�eM 150000 M
8

•

Tiepe,n;Heaa.v1aTcKaH cneJieoJiorwqecKaH cTpaea oxsaThlBaeT ApMHHCKoe Ha

ropbe, TypKMeeo-XopacaHcKme rophl H ITaponaM.v1a. Ha TeppwTopmw CoaeTCKoro 

Coroaa oHa npe,n;cTaBJieHa qacTnMill �syx crreJieoJiorHqecKwx o6JiacTeA HaropHo

ApMHHCKO� H TypKMeHo-XopacaHCKOM, KOT�phle no,n;paa,n;eJIHlOTCH Ha Haxv1qesaH

CKy10, 3tlHreaypcKyro w BaJixaHo-KoneT,n;arcKyID nposwHq.v1w. KapCTOBhle ne�epH 

wayqeHH CJia6o. Ham6oJiee KPYDHhle .v18 HHX-�dillKSJIIllHCKaH ('AJIHHa 2000 M), 

KHJIIllTCKaH (1000 M) M Baxap�eHCKa� (250 M). 

TypaHCKaH·cneJieOJIOrwqecKaB CTpaHa Tepp.v1Top.v1aJihHO COBna,n;aeT C paB

HMHBMill .v1 IlJIOCKMMM rrJiaTO Cpe,n;Hei A3H½. Ilemepu Haw6oJiee lliillpOKO paaBHThl 

B npe,n;eJiax YCTfilpTCKo-MaHrhlw�aKCKOi KapCTOBOi 06JiaCT�, KOTOpaH IlO'Apaa

�eJIHeTCSi Ha ,D;Be cneJieOJIOI'Itiqec.KMe r1pOBl1Hl.l,ItlI1 11aHrhlll.iJiaKCKyIO :III YcTropTCKy10. 

3,n;ecb HCC�e,n;osaHO 70 KapCTOBhlX ne�ep. Ham6oJiee KpynHaH OMapaTHHCKaH 

(.IT,JIIllHa 342 M) •

IlaMillpO-THHblliaHCKaH crreJieOJIOrHqecKaB CTpaHa BKJIIDqaeT ropHhle CillCTe

Mhl roro-BOCTOKa .v1 BOCTOKa Cpe,n;HeM A8Hil1. 0Ha no,n;paa,n;eJineTCH Ha Tpill cne

JieOJIOrI11qecK.v1e 06JiaCTI11: THHblliaHcKyro, r.v1ccapo-AJiaMcKy10, IlaMI11po-Ta��HK

CKyro 11 40Tbipe rrpOBI,1HI..ri;111I: TypK e CTSHO-AJiafii CKyro' 3epaBIIIaH o-rwcc apcKyIO > 

3ana,D;Ho-Ta,n;EillKCKyro H ITaMHpCKyro. B npe,D;eJiaX CTpaH:bI ODHCaHO 236 KapcTo-

BhlX nemep. HaI116o�ee KpynHHe H3 HHX KanKOTaH (,D;JIHHa 6000 M), KaHHryT 

(3000 M), KapJiroKCKaE (1050 M) H HKKa6arcKaH (600 M). 

Ile�epH TypraAcKo-KaaaxcTaHcKoA cneJieo�orwqecKoM cTpaHhl, oxsaTN

saromeM Typrai H UeeTpaJibHhlA KaaaxcTaH, HCcJie�oBaHH KpaiHe cna6o. Cpe

'AH HillX HaI1160Jiblliei .v13B8CTHOCTbro IlOJibayeTCS nemepa Ko11ypaynHe, �OCTHra

romaH �JI.v:IHhl 120 M. 

AJIT�e-CaHHCKaH cne�eoJior.v1qecKaH cTpaHa no,D;paa�eJIEeTcH Ha qeThlpe 

o6JiaCTH: A�TaHCKyro, CaJia.v1po-KyaHe�Kyro, CaHHCKyro, TyBHHCKyro· Ill C8Mb npo

BMH�Hi: 3ana,n;Ho-AJITaAcKyro, UeHTpaJibHO-AJITdHCKyro, BocTo4HO-A�TaicKyro, 

RysHe�Ko-AJiaTaycKyro, 3ana,D;Ho-CaHHCKyro, MHeyc.v1HcKyro, BocToqHo-CaEHCKyro. 
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B flfJ8)],8Jl8.X J\JITae �C_aSIHCK oti CTpaHhl WC CJ!e,ri;oBaHO '±oO KdpCTOBhlX 1161.Q(�p.
Haw60J1ee KpynHhle H3 HMX BOJlbWaH OpewHaH ()],Jll1Ha 11000 M, rAy6HHa 160
M), Ba,D,�eicKaH (,IJ;JIMHa 5500 M, r�y6HHa 170 M), Ky6MHCKaR (,IJ;JI½Ha 2500 M.,
rJiybttHa 274 M), TopraWWHCKaH (�JI�Ha 1500 Mf rJ1y6wHa 174 M), Bopo,D,MH

CKa.H (,nJIL'lHa 1020 11)' BeJii=i,i (,D,Jll!IHa 900 r-.1, rJ1y6.11Ha 100 11) l/1 r�yse.itiHaH 

( ,Il;.i'l¾H a r? 00 l.J.I) • 

Tiemepa BoJibman OpemHaSI pacnoJio�eua Ha JieBoM 6epery p. Tae�HhlM 

Ba,IJ;�e� GJI.11a. noc. Opewttoe. OHa pasBMTa B Kap6oHaTHhlx KOHrAOMepctTax 

op,n.OBl:IKa • B ne�epe Bhlr48J1.He 1rCSI 1'p.lil G111 aEa. rpo'l'.bl B CCHOBHOlvi H800J1b!Jl!tl8,
. ,-� 

TIJioma,D,b Haw6o�ee Kpyneoro H3 HMX COCTaBJIHeT 2400 MG . B rpoTe KaMeHHOM

WMGeTCh py4ei C )],66.11TOM 2,5 JI/CeK. B caMhlX HH8KHX qacT�X newephl BCTpe

qa�TCH H960JlblliH8 oaepa. HaTe4Hhle o6pa30B�HMH npe�cTaBA8HbI KpaCHBhlMM 

CTaAaKTMTaMH, CTaJiarMMTaM� M IIO�ynpoapaqHhlMH 

Ha r1emephl 11000 M, rAy6w:Ha 160, o6�eM 120000 

).J.p a 11.I,1 p O BK aMvl. 

3 
M •

�1,Jl11-

Cpe.IJ;He-C�6�pcKaH cneAeoAorMqecKaH cTpa11a EK�ID4aeT Cpe�He-CM6Mp

cKoe nAocKoropbe, Ceaepo-C116wpcKy ro HMBMGHHOCTb M rophl BhlpaHra. KapcTo

Bble nem.epbI Halt16 0J1� e llll1.P OK O pas B11
r
rhl B JOji(HQM llaC'I'vl ·1'epp½TOpt1�, I< OTO pan: 

BhlAeAiieTCR B Ka4eCTBe Attrapo-ReHCKOI cne�eOJIOrM li6CKOi npoBWliUWM. BXO

AH�eM B AeiiO-EHMCeicKy� o6AaCTb. 3AeCb BNHBJleHO 6oJiee 80 nemep. HaH60-

J1ee I<PYIIlil,!e cpe,IJ.!'l H.vlX Xy,IJ;yr·yHCl{c3.}1 (,Il,JI}lHa 3000 1',i)' BaJ1ar"aJ1Ci(i=.Si ( 12()0 :t,1)' 

Htt�Hey,IJ;MHCKaH (550 M). 

BaiKaAO-CTaHOBaH cneAeOAOrHqecKaH CTpaHa OXBaT�BaeT IlpM6a�KaAb8J 
3a6atiKaJlb9, CTaHOBOM xpe6eT 11 xpe6eT )l)Kyr,Il.JK.j,'1)· KapcTOBbie neLuephl Hllr.16()-

Jiee m11p6Ko pacnpoc•rpaHeHhl B BaMKaJihCKoti, 3a6ai1Kc1hbCI(oi1 111 ,il.r.�yr.n,JKypc;{c>ii 
.

o6JiaCTHX. 3.n.ecb MCCJie)J,oBaHO 85 KapCTOBhlX 11emep, B TOM qHC�e MHCT:t1TyTa 

reorpa<p1111 C11611pv1 (.JJ,JI1111a 8'70 !IA), JI�tprw1caHCI<a51 ( 200 t,1) .v1 Co1rKytic1cas1 

( 130 M). 

,naJibHe soc ·roq1-ias1 cne;reoJiorwqecKaH CTPdll� oacnoJioraeTCH 
- .. 

J-I a K pav1H e iv1

�rO-BOCTOKe CoseTCKoro Co�aa. B ee npe)],eJiaX Bhl.JJ,eJIHBTCH ABe o6AaCTl1 

ilpJ.1aMypcKaJi 11 IlpHMOP CKaH. KapCTOBbie neu�epbl Ha.11160.11e e illl,1p OK O pacnpoC'l'pa

H 9Hbl a XI4HraHo-Bype11HcKoii, Ceaepo-C.11xo'l1eaAifIHbCKot1 IfI }J.,"'K1io-Ci-ixoTeaJI:t11{b

cKoi npoBifIH�11sx. 3.n.ecb IfICCJie)J.oBaHo 116 nemep. K Ha�6o;ree KpynHhlM ne�e

paM OTHOCSITCH IlpwMopCKd3 (,IJ,Jll'1Ha 800 M), CnaccKaB (760 M) H MoKpyw11H

CKa.H ( 150 11). :VlH·repec1-1a maxTa BeJiaE rAy6:wHoi1 100 r-.1, pacnoJio)KeH11a.H He-

)J.aJieKo OT 6yxTbl OJibra. 
Ilpe.n.AaraeMy10 cxeMy paliioH.1,1poBc1H11-t1 nemep CoseTcKoro Cot03a, npe,D,-

CTaBJISiIOlll.YlO co6oi1 11epnhlii onLI'l' Tc11<oro po,ua .v1ccJ1e)J.0BaH1-1ilJ, 11eo6xo.n,11rv10 pac

CMaTpHBaTb KaK npe�BapHTeJlbHYID, IlOCKOJibKY OHcl He MC11epn�BaeT B03MOE

HOCTei 6oJiee AP00Horo pacqJieHeHHH TeppWTOpMH l'1 HYE'Aci8TCff B yT04H8HH¾ 

rpaHJ.1� Bhl�eJieHH�X cneAeOJIOrH4eCK.11X per�OHOB pa3HOrO TUKCOHOMifl4eCKOro 

paHra. 
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.SPELEOLOGICAL REGIONALIZATION OF THE USSR 

A. G. Chikishev 

SUMMARY 

Speleological regionalization of the USSR is a difficult and considerably new task. The 

wide speleological research particularly intensive.lately has made it possible to ac

cumulate many facts on the specific distribution of karst caves, their morphological 

structure and evolution phases. Meanwhile, up to now no scheme of cave regionization in 

_the Soviet Union has been elaborated yet. 

· A complex speleological regionization should reveal objectively existing speleo

logical regions of different size and complexity and also fix their natural borders • 

12 speleological countries, 27 areas and 38 provinces have been distinguished by the 
• 

author in the territory of the Soviet Union on the account of geographical and geo

logical conditions of karst caves, intensity and direc·tion of karst processes. 

-·

,,. 
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CnE11EOnOrH4ECKHEHCCnE.QOBAHHA 
CBHPnMWCK OH KOTnOBHHbl 

M. JlMHMLi 
6eorpa,QCHMH YHHBepcMTeT 

6eorpaA. tOyrocnaeMR 

Csp�HlliCKaE KOT�OBHHa HB�EeTCE O�HOM H3 nonepeqHhlX KOT�OBHH B KapnaTo-

6aAKaHCKOW ropHo� �yre BocToqHoM Cep6HM. 0Ha TeKTOHMqeCKM cnymeHa 

cpe'AH CBp�HlliCKHX rop Ha rore H �eBH�hl H TpecH6a6hl Ha cesepe. 06o� 3TOH 

KOT�OBHHhl r�aBHhlM o6pa30M H8 HMEHeMe�OBhlX, oTpHBCKMX M 6aMeMCKMX 

M8BeCTHHKOB a 'AHO KOTAOBMH� IlOKphlTO TO�CThlMM C�OHMM oaepHhlX MMO�eHO

BhlX OT�oEeHMM. B rH'Aporpa¢HqeCKOM OTHOWeHHM, CBpAHlliCKaH KOT�OBMHa 

npHHa'AAeEHT 6acce1Hy CBp�MlliCKoro THMOKa. 

AKTHBHOCTb KapCTOBoro npo�ecca B H3BeCTKOBOH M8CTHOCTM KpaeB 

CBpAHlliCKOM KOTAOBHHhl cnoco6CTBOB8AO, KpoMe B03HHKHOBeHHH noaepXHOCT

HhlX KapCTOBhlX ¢opM, eme H coa�aHHID MHOroqHC�eHHhlX nemepH�X KaHaAOB. 

Cne�eo�orHqecKHMH o6CA8'AOB8HHEMH 6hl�O oxaaqeHO BOC8Mb HUHOO�ee HHe

peCHhlX nemep 0�·0H o6�acTH, KBK To: IlpeKoHolllKa IleqHHa, Be�HKa Ileq, 

PaBHa Ileq, Ky�cKa IleqHHa, IlelliTepHHa, Ba�HBO�a, IloHop y IlaH�Mpa�a H 

�pHo�eBHqKa ITeqHHa. B 0TOM pa6oTe Mhl �a'AHM OCHOBH�e peay�TaThl 0TMX 

wcc�e�oaaHH� (pwc. 1). 

IlpeKOHOil!Ka IleqwHa HaXO'AHTCH Ha AeBOH CTOpoHe 'AO�HHhl IlpeKOHOlliKe 

PeKH a 2 KHAOMeTpOB ��Hee ce�a IlpeKOHore. OTaepCTHe nemephl HaXO'AMTCH 

Ha 130 MeTpe Ha'A yposHeM peqHoro pycAa, a ��HHa nemepHoro KaHaAa paa-

HneTcE 370 MeTpaM. HaTeqHhle MMHepaAbHhle o6pa80BUHHE B nemepe BeCbMa 

6oraThl H pasHoo6paaHhl, TaK qTo IlpeKOHOIIIKd IleqxHa gaAHeTCH O�HOH 118 

caMhlX xpacHBhlX nell.\ep Cep6ww. B cpe�He:ti. qacTH nemepbl, OKOAO ",nJ1Cep,nana" 

coxpaHHAHCb CAOH r�HHhl - oca,noK 6hlBmero xor,na-TO a,necb Il8IJ..\8PHOro 

pycAa. 3Ty ne�epy Il0'AP06HO 11CC�€'AO.Ba� YI. I..i.BHHHtl, a B Harne apeMH IlAaH 

nemephl c�eAa�a rpynna HHCTHTyTa HCC�e'AOBdHHg xapcTa H8 IloCTO»Hhl 
' 

(UBHHwq �- B 1891 ro,ny, IlpeTHep E. B 1959). B HeH Hai'AeHbl ocTaTKH ne-

mepHoro Me'ABe�g H KaMeHHbl€ opy�HH naAeOAMTCKOH 0IlOXM (Bpo�ap c. 1954). 

BeAHKa Ileq. OTaepcTHe GTOH ne�ep� ·Haxo,nwTcs=I AHllib B io MeTpax oT 

ilell.\8Pbl IlpeKOHOIUKa. 061I.\aH ,Il;AHHa Il8IJ..\€pHoro KaHaAa paBHH8TCfl 76 Me·r-paM. 

IlpHHHM8H BO BHHM8HH8 Henocpe,nCTBeHHYID 6AHBOCTb KaHaAa 0TOH nemephl MOJIC-

HO npe,nnOAOJICMTb HX reHeT11qecKyro csgab • 
. 

PasHa Ileq. l�H6AH81'1T8AbHO Ha TIOA-KHAOMBTpa K ceaepo-aana,ny OT 
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P11c. 1. IloJio�eHHe ne�ep B CapJ111mcKoH 
2. PaBHa ileq, 3. IlpeKOHOllIKa Ileq11Ha,
6. BaJI11so,na, 7. IloHop y IlaH.n;vipaJia 11

KOT.710Bl-1He. JI. 

4. BeJI:viKa Ileq,
8. UpHoJ1eBv1qKa

KyJicKa IIeq11Ha, 
5. IIemTep11Ha,

IleqMHa,

Bxo,na B ne�epy 
B ne�epy PasHa 

... IIpeK OHOlliKa, Ha ,nHe ac IllMeTp11qHO¾ sop OHK :t1 Haxo.n;1-1TCst Bxo,n 
Ueq. �A¼Ha ne�epHoro KaHaJia - 110 MeTpoB, a B aa,nHei 

ee qacT11, no 06e11M CTOpOHaM, Bhl.n;eJI.HIDTC.H Y3Kl1e 0p03110HHhle Teppachl Ha 

ABYX ypoBHHX, HeCOMHeHHO ap03:t10HHOro npo11cxoE.n;eH11H. 3To, KaK 11 HaJ111q11e 
rJ1v1H11CTO-v1JI11c�·hlx oca.n;KOB ea .n;He nemepHoro KaHaJia yKaahlsaeT Ha yqacT11e 

. 

peqHoro Teqee11.H np:vi �opMwpoBaH:t111 GTOH ne�ephl • 
. 

KyJicKa Ileq11Ha. Ilo.n; paaBaJ111HaM11 cpe.n;HeBeKOBHoro_ropo.n;a CBpJ111ra, no 
Jiesyro cTopoey yll.(eJib.H CBpJ111lliCKoro '1111r-.10Ka H.axo.n;11Tc.H nemepa RyJICKa Ileq11-
ea, ).l;Jll1HOIO a 75 Me•rpoa. Ee BXO).l; np.HMoyrOJibHOA ¢opMhl 11 HSXO).l;MTCH B 180 
MeTpax Ha.n; ypoBHeM CBp.7111lliCKOro Tl1MOKa. CJie).l;hl 0p03110HHOM pa60Thl coxpa-

.... 
. 

.... Hl1Blli:t1eC.H B nepB011 BXO).l;HOl1 qacT11 KaHaJia rremephl IlOTBepE.n;aroT qTo 11 GTa 

nell.(epa peqHoro npOMCXOE.n;eH11.H. Ee pa3B11Tl1e 6m.710 B Henocp�.n;CTBeHHOM sa-
... 

B11Cl1MOCT11 OT 0BOJIIOQH11 npo.n;OAbHOro 11po¢11.71s CBp.71vIWCKoro TMMOKa, T.e. 
CKOPOCT11 ,ero pa3MhlBa. 

UpHoJies11qKa Ileq11Ha. Ilo.n; 11sBeCTKOBhlM paspeaoM c Jiesow cTopOHhl .n;o-
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�MHhl BpeMeHHoro BO,Il;OTOKa, 6�H3 ce�a UpHOJI8BH�e HaXO�MTCH OTBepCTMe

nemephl, M3 KOToporo BO�OTOK BhITeKaeT. OHO pacnoJIO)K8HO Ha 360 M8TDOB 
.. 

arrCOJI.iOTHO:ti BhlCOThl. qepea KaHaA nemepbI qacTHqHo npoxo�MT BO�OTOK, M TO 
... .. B ero nepeAH9M 11 sa�HeM qacT11, KOTOpas aaKaHQMBaeTCH CM<POHHO:ti �opMoi. 

B eaqsJie KOPM�op ne�epu paa,n;sa11aaeTCH Ha aepxe11A H HMEHHI yposettb, 

KOTOp�e aaTeM CHOBa C08AMHHIDTCH. 8 MHOrHX M8CTaX Ha ,Il;He BepxHero Ka

HaJia Haxo�.>1 '11C.H �eJI:v1 CBH uusa.10m1,1e aepxe11i1 11 HL-I)KiiMi.1 Ka11aJl1::I. Hp ot..ie .rr.sy x 

ynoMHHYThlX KaHaJioB, qbH 'A�MHa PclBHH8TCH 81 MeTpy, cy�eCTByeT 11 Tpe-
-� •.• '-' 

TMH, CaMhlH HM8Kl111 KaHaJI, no KOTopoMy B HaCTOH�ee BpeMS BOAa npoTeKaeT 

OT IlOHOpa AO MCTOICa (�HHHq 0. 1965).

IloHop CBpJlHlliCKoro THMOKd y TiaH�HpaJia. KaHaJl 8TO:ti rre�epbI OTAHQaeT

CH npocTo:ti ·MOPQOJIOrHe:ti, xapaKTepHOM ,Il;JIH IlOHOpHhIX nemep. Ero CT8HKH OT

lllJIH(l)OBdH.ol C He 6 OJihlll11!v1 3p 03 MBHblM!1 Te ppaCdA{M H ;y rJiy6JieHHS!Ml1. Ilp¼ BXO�e 

B KaHaJI' ,Il;HO ero IlOKphlTO l{PYilH!.l1J.-i11 6yJihII'aM:t1. Ilp11 ,Il;8JibHe:tirneM npOHt1ICHOBe

HM.111 B IlOHOp' Ha Ka�.18f-l.v1CTOM. ,n;He 06HapyJK.v1BaeM HaHOChl necKa !1 11Jia. llpo

HMKHOBeH11e B IlOHOp B08M0)KH0 JIHWb B nep.v10.n_ aaTHJKHhIX sacyx, KOr,n;a 

CBpA11WCKHi THMOK TepHeT BO'AY CICB03b meAM, Ha ,IJ;He pyc�a, BBepx no Teqe

HMID OT IlOHopa. 06maH A�MHa o6cJie,IJ;OB8HHOM qacT11 KaHa�a paBHH8TCH 165

MeTpaM. 

Ilemephl y HCTOKa CBpA�illCKOro THMOKU. B 500 MeTpax BHH8 no TeqeH11IO 

OT IlOHOpa CBpA11lliCKOrO THMOKa, ero IlOTOM BhlpNBaeTCH MS OTBepcTHH nemephl 

BB11,Il;8 CW�hHOro KapcTOBOPO HCTOQHHKB, Ha BhICOTe B 520 MeTpOB. OH Haxo

,Il;HTCH np:vi ,IJ;He KaMeH.vICTOI'O aM¢HTHaTpaJihHOI'O CKJIOHa, KOTOphlM KQHqaeTCH 

cyxaE BHcsqaSI ,n_OJIHHa MeJK�Y IlOHOPOM 11 11CTOKOM. �aKTHQ8CKH, 3TO - �aCTb 

�OAHHhl Csp�11lliCKoro THMOKa, KOTOpaE paaJIOJKeHa H npeBpameHa B pa,n; Bopb-

HOK •

Co C'l.10pOHhl GTOI'O CKJIOHB' npOTlllB cy�eCTBYIO�ero .HCTOKa' HaXO,Il;HTCH 

BXO,Il;hl ,n;s;yx nemep rrewTep.vIHhl H Ba�MBO,Il;hI. 

Bxo,n_ B nemepy BaJIHBO'AY HaXO,Il;HTCH a 25 MeTpax Ha.n_ cymec�By��.vlM 

HCTOKOM. TiemepHNM KaHaJI HM88T ��11HY B 82 M8Tpa, cnycKaeTCH K BHyTpeH

He:ti qaCTH H aaKaHq.v1saeTCH npocTpaHHhlM aaJioM, B KO'rOpOM HaXO'AHTCH osep-
., .. 

KO C BO,Il;O.vl 11 .vlJI11CThlH HaHOC. 

HeCKOJihK O MeTpOB H.I,IJKe, B Henocpe,n_C'l1B8HHOM 6JI:Jtl811, HBXO,Il;HTCSI ,n;Ba 

BXO�a B nemepy IlernTep:viHa. OT HHX se,zcyT KaliaJibl' KOTOpble B 15 M8Tpax OT 

BXO'Atl coe,n;11H�IDTCE, a o6mas ,IJ;JIHHHa HX paBHH8TCH 48 MeTpaM. 

MOPcl:>OnorH4ECKAA seontOUHA M B03PACT nELUEP 
• 

Bee ynoM"HYThl� nemephl B CBpJI.vllllCKOH KOTJIOBHHe H8COMH8HHO peQHOro -npo:vic

XOJKAeHHH. ½x KaHaJihl o6pa80BtlJI�Ch no,n; Mexae.v1qeCKHMH H XHMHQ8CKHMH B03-
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heicTBHHMH nOA3eMHhlX BOAOToKoa, KOTOphle coaAaBaJI11Cb 11a nepsoHaqaJibHhlX 

meJie�hlX CHCTeM B H3BeCTHHKe. BBH)zy Toro, qTo pa8BHTHe npOAOJibHhlX npo

¢11JieH aTHX BOAOTOKOB HenocpeACTBeHHO 11JI11 C ero np11TOKaM11 CBH3aHo 

C npOAOJibHhlM npo¢11JieM CspJIHIDCKOro THMOKa, ycTo�qHBhle ¢JIIDB11aJibHhle ypoa-

peqHbIM TeppacaM) HBJIHJI11Cb H11.liCH11M 6a811COM 3p031111 
u 

nemepHhlX BOAOTOKOB. Ha OCHOBd.HH11 reHeT11qeCKOM 
u 

KoppeJIH�11H ypoBHeH OT-

�epCTHH nemep < OTHOCHTeJibHOM B:&ICOThl) I4 peqHhlX Teppac- B AOJIHHe Csp;r11m-

�Koro T11Moxa, onpeAeJieH soapacT acex cyx11x ne�ep. Ileruephl c speMeHHhlM 

'11JI11 IlOCTOHHHWM BOAOTOKOM ace eme HaXOAHTCH B 8aB11CHMOCT11 OT 3BOJID�HH 

11X IlPOAOJibHhlX npo�HJieii, TaK qTo no aoapacTy 8Haq11TeJibHO MJiaAme npexHMX. 

CaMOH cTapoi nemepoM a Csp;r11mcxoH KOTJIOBMHe HBJIHeTcH nemepa -

KyJICKa Ileq11Ha. OTHOC11TeJibHaH BhlCOTa ee BXOAa (180 MeTpoa) yxaahlsaeT Ha 

To, qTo oHa c�opMHpoaa;racb npexAe caMOH BhlCOKOH peqHoi Te�pachl a 130 -
+50 MeTpos, T.e. a TeqeHne sepxHero nJI11o�eHa (�11H11q w. 1973 r.).

C yposHeM peqaoi Teppachl a 130 - 150 MeTpos, KoTopaH c¢opM11posa;rac1:, 

B nepHOA BepxHero nJIMO�eHa, CB�BaHHO B03HHKHOB8HMe nemep IlpeKOHOll.IKa Ile

qMHd. 11 BeJI11Ka Ileq. Ilp116;r11s11TeJibHO TaKoro .lKe soapacTa 11 Pasaa Ileq, TaK 
., " 

KaK ee BXOA HaXOAMTCH Ha AHe BOpOHK11, Ha AH8 BI1CHqe11 OKapCTOBaHHOM AO-

JI11Hhl. BBH,n.y Toro qTo ee BHCHqee yCTbe HaXOAHTCH B 140 MeTpax HaA Tene-
v 

pemHHM BOAOTOKOM, oxapCTOBaa11e 3T011 AOJI11Hhl npOH30lllJIO KOH84HO Ha peqHQM. 

sTane a 130 AO 150 MeTpoa. 

0 8HaqHTe�bHOM B03pacTe np11B9A9HHOA rpynnhl nemep, CBHA9T8�bCTBYIDT 

M KpynHhle OCaAK11 TpaaepT11Ha 11 paaHoo6pa3Hhle nemtpHhle HdT8KH, KOTOphlM11 

IlOKphlTli noJI, IlOTO�OK M CT6Hhl HX nemepHhlX KaHaJIOB. 

IlOHOp CspJIHillCKoro THMOKa y IlaHAHPd�a 11 rpynrra nemep y HCTOKa 

Cap�HlliCKOro T11MOKa - anaqHTe�bHO MOJIO.liCe. Wx BoapacT onpeAeJiaeTCH no 

ypoBH� AHa ¢oc11�HOH OKapcTOBdHHOH AOJI11Hhl M8.liC)zy IlOHOpoM H HCTOKOM 

CBpJI11mcKoro THMOKa, KOTOpaR ceAqac npeapameHa B PHA BOpOHOK. Y IlOHOpa 

AHO �OCH�HOH �0�11Hhl HMee� OTHOCHT8�bHYID BhlCOTy B 20 MeTpos, a HaA HCTO

KOM - 30 MeTpos, QTO COOTBeTCTByeT peqHOH Teppace a 25 - 35 MeTpoa� 

HMeH B811,Jzy TOT �aKT, qTo GTa Teppaca - �OB�pMCKoro BoapacTa (IleTpoa11q 

�- 1970?, MO�HO c�eJiaTb BhlBO� qTo pa3JI0*8HHe GTOH cyxoM AO�HHhl npoH30-

W�O AO BropMa. Ilemephl TieruTep11Ha 11 BaJIHBO'Aa, np11 11cT0Ke Csp;r11rncKoro T11Mo

Ka npeACTaB�HIDT Bh1Cm11e YPOBHH ero 11CTOKO�, KOTOphle CeMqac BHe rMAPOJIO

rHqecKOM ¢YHK�MH. 0Ha 8AMHCTB8HHO coxpaHHJI8Cb B BepxHeM sa;re BBHAe Ma

�eHbKOro oaepa. Ha OCHOBdHHM 3TOI'O M 11JI�, KOTOphli ilOKphlEaeT AHO 8Toro 

. .aaJia, l.J,B11HM4 C 11paBOM cq11Td8T: 11 l.iTO BOAcl. ¼8 new.ephl IIO KOTOpoi,1 npoTe-

KaeT CBpJI11WCKHM THMOK npo6MBd8TCH B aaJib�e ne�ephl Ba�HBO�d HO BO�a 

TYT HHKOrAa He IlOAHHMaeTca HaCTOJibKO, 4T06 MOr�a 6h!Tb Hapy�y qepea 

0TaepcT11e" (U.a11ti11q fl. 1891 r.). 
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Bee Bhlcwe waJio= .. eHoe y�a·a·hlBaeT T ., 
u = n . Ha wrrwqHhlM rrpwMep rro�aeMHOM 6w-

¢ypKa�ww rremepHoro KdHaJia IlOHOpa CBpJIWillCKOro TwMOKa, KOTOpafl orrpe�e

JIHeTCH ilO orrymeHMID CBpJIMlliCKOro TMMOKa. 

no BpeMeHM CBoero B08HMKHOB8HMfl, rremepa 4PHOJieBwqKa ITeqwHa -

caMaH MOAO�aH. qepea Hee M ceiqac eme �aCTWQHO rrpoTeKaeT BO�OTOK, KO

T "Ophl.W rrp:w MaKCMiv1aJ1bHOM BO�HOCTM, aan'oJI.HfleT see ypoBHM KaHaJIOB • !IOGTO

MY ee BO�OTOK Bee eme aKTMBHhl� areHc, orrpe�eJIHromww �aJibH8MlliMM XO'A ee 

pa8BMTMH. Ilpw GTOM xapaKTepHO TO, qTo H8CMOTpfl Ha cpopMwpoBaHwe rremep

HOro KaHaJia Ha Tpex ypoBHflX, M 6w�ypKa�ww Il0�38MHOro TOKa, Bee )!(8 He 

6hl.JIO eepTMKaJibHOrO onymeHMH nemepHoro OTBepCTWH� 3TO-TO M IlOTB8P)K'A88T 

88.BMCWMOCTb npo�OJibHOI10 npo¢MJifl nemepHoro TOKa OT pa8BMTMfl rrpo�OJlbHO

ro 11µocp1i1.JIH speMeHHOro rrpoToKa, C KOTOpblM OH CB.H3dH. TaK )K8 HY)KHO

MM8Tb BBW'AY M np.wcyTCTBMe HeoreHOBhlX MMO�eHCKWX oca�KOB, MCilOJIHHIDmwx

pOJib OTHOCMT8JibHblX aarrpy'AOB, KdK GTO onpe'A8JIWJI �- IleTposwq (IleTpOBMQ

�- 1970 r.).

CBH3hlBa.H B03HMKH0B8H.We W cpopMMpOBdHW8 nemep C pa3B.WTW8M KapcTa 

B CBpJillllliCKO:v.I. KOTJIOB11H8 Bo.o6me, H8Jlb3H Tep.HTb M3 BW'Aa QTO caM JIMTOJIO-
... 

rM�8CKWM COCTaB M3B8CTH.HKa, rrpMHMMaH BO BHMMaH.we era O'AHOPO'AHOCTb, He 

BJIMHJI cymecTB8HHO Ha pa3JIMQM8 MHT8HCMBHOCTM M xapaKTepa KapCTOBoro 

npo�ecca. 3HaQMTeJibHO 60Jibllie BAMHHM8 MMSJIM MMOLl,8HCKM8 OCa'AKH, KOTO

phle, IlOCfl.8 MCQ88HOB8HMn CBpJIMlliCKOro HeoreHoro oaepa 'AOCTwraJIM HeMaJIOM 

BhlCOThl, CBhllli8 650 M8Tpos, a M 60Jibllie. 0HW MCilOJIHHJIM pOJib aanpy'AOB, 
- u 

saMe�JIHBlliMX pasBM'rwe KapcTosoro rrpo�ecca, ocooeHHO B'AOJib cesepHow, 

6oJiee HM3KOi qacTM W8B8CTHHKOBOI'O o6oJia CBpJIMWCKOM KOTJIOBMHhl. no Me

pe nocTeneHHOro CHM�8HMfl ypoBHH aanpy'AOB, B saBMCMMOCTW OT MHT8HCMB

HOCTW ¢JIYBMO-'A8HY'Ad�WOHHhlX npo�eccos, cyK�eCMBHO sospacTaeT KapCTOBhlM 

rrµo�ecc M IlOA3eMHa� KapcToBaH QMpKyJIHQMrl, a TeM caMMM M COB'AaHme ne-

mepHblX I{aHaJIOB. 

BTOphlM B8)KHhlM ¢aKTOpOM, orrpe'AeJIHID�MM MHT8HCMBHOCTb M xapaKTep 

KapcToBoro rrpo�ecca, 6hlJIM KJIMMaTMQ8CKM8 ycJIOBHfl. TiocJie npp'AOJI)KMT8Jlb
\ 

Haro rrep11o�a yMepeHHO-TOilJIOro M yMepeHHO-BJia)KHOro KJIMMaTa, KOTOphlM 

5-iBJI5-iJICB. rrepexo�Hbllvl TM llOM M8)K'A;:{ M8'AMTepaHCKMM M caBaHCKMM KJIMMaTaMM 

( l1aH1rwq H. 19 56 r. ) , (MMJIWQ lI. 1962 r. ) , s K OH�e IlJIMOLl,eHa rrpoms OWJIO 

IlOXOJIO'AaHwe. B T8Q8HM8 AWJIIDBMfl, OT rmH�a 'AO pmca, qepe'AOBaJIMCb Me'AM

TepaHCKMM w cpeAHe eBporreMCKMM KJIMMaThl, a B sropMe - cpeAHe-esponeMCKMM 

M CT8IlHO½ (MMJIMq l!. 1962 r.). B T8Q8HM8 Jl6'AHMKOBhlX rJIH'AMaJIOB,• TeMnepa-
0 Typhl B03'AYXa npm6JIM3MT8JlbHO Ha 6 HM)K8 TenepelliHMX (BOJih'AillTeT n. 1954

r.). TorAa C03AaJIMCb Ham6oJiee 6JiaronpMflTEN6 ycJIOBMfl 'AJlfl pa3BMTMH 

KapCTOBOro rrpo1.1,ecca. 0IlO'A30JIMB�HM8M KpaCHhlX rroqs M 'Apyrmx TMilOB rroqs, 

• 
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OHM CTdHOBHTCH 6oAee BO�onpOHMKaeMhlMM, a arpeCMBHOCTb BO� BCAe�CTBMe 

XOAO�OB 3Haq�T9AbHO yaeAwqeHa (MMAM4 �- 1965 r.). 

IlocTeneHHhlM CHME9HM9M ypoBHH sanpy�oB M npwBe�eHHhlM KAMMdT¾48C

KMMM nepeMeHaMM nporpeCCMBHO yAyqrnaIDTCH ycAOBMH AAH pa8BMTMH KapcTo

Boro npoQecca. TaKMM o6pa80M Ha M3B9CTHHKOBOi M9CTHOCTM CBpAMlliCKOii 

KOTAOBMHhl, 8TOT npoQeCC ace 60Ablli€ BhlT8CHHeT ¢AIDBW8AbHhl� rrpo�ecc, 
-

. . 
paaAoraH peqHyro ceTb. no Mepe ee onycKaHWH B rAyOb M3B8CTHfiKOBOM Mac-

Chl M aK�MBHOi MexaHwqecKoi M XMMM48CKOi pa60Thl cos�aroTCH ynoMHHYThle 

nemephl. CpeAM ¢aKTOpOB, Bhl8hlBaromwx MX Mop¢oAorwqeCKMe pa8AM4M� M pas

AMQHhlii BoapacT. KpoMe yEe yrroMHHYThlx,·Heo6xo�MMO ITOA49pKHYTb M paa

�M4HYID CT9Il9Hb ¢wcypaQMM MSBeCTHHKa M pa3BMTMe rrepBOHa4aAbHhlX CMCTeM 

·rpemwH, cl TaK Ee M npOAOAEMTe�bHOCTb KapcTOBOrO npoQecca. 
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0 cnEJ1EOnorH4ECKHX OC05EHHOCTAX 
H3BECTHAKOBOro MACCl1BA ACXH 

(3anaAH8R rpy3HR) 

B. Ma /l>HHWK8PM8HH
HHCTHTYT reorpacl)HM HM. BaxywTH AH rccp

T6MnHCH, CCCP

MaBeCTHHKOBhlii Macc11B Acx11, pacnoJioxeHHhIM B MeE,n;ypeqbe Texyp11-UxeH11CQKa

J111, aaH11MaeT nep11¢epMqecKyIO qaCTb IOXHOro CKJIOHa BOJiblliOro KaBKaaa M HB-

JIHeTC.H 0,ll;H.MM 113 

11JI 01.U,a,D; b rv1a CC MB a 

2519 Ivi.

Ha1160J1ee BhICOKMX 11 06m11pHhlX KapCTOBhIX MBCCMBOB rpya1111. 
2 - 450 KM ' a ero BhIClliaH TQqKa ro,n;11paKMJIM MMeeT BhICOTy 

MaCCMB npe,n;cTaBJIHeT co6oM TIJiaToo6pasHOe Haropbe c TeKToreHHhIM11 

¢opMaMM peJibe¢a. CeaepHaH cTyneHb npe,n;cTaBJI.HeT co6o.i,i CMHKJIMHBJlbHYID sna

,TI;Itl!IY Ks1t161t1a (·,n;JIMHOM 12 KM) 11 TIJiaTo Mai1,n;aH11, a IO)KHaH cTyneHb ocJioEeHa 

C!tlHKJlvlH8JlbHhIMM IIOJlb.HMM •rypqy-)].11,rr,raJilil 11 0p03vlOHHhIMM K8HbOH8Mlil pop. IJ.aq

xypM, A6arua, 0Ka�e 11 ,n;p. CesepHaH 11 BOCTQqHaH rpaHM�hI MaCCMBa o6oaHa

tJeHhl BbICOKMM (6oJiee 300 M) o6pbIBOM. 

B CTpoeHM11 reoJior11qeCKOro KOMTIJI8KCa MaCCWBa 60JiblliYIO pOJib wrparoT 

MeJIOBhle Kap60HaTHLle OTJ10)K8HMH. 3,rr,ecb rrpe,n;cTaBJieH IlOJIHbIM paapes MeJia, 

OT BaJiaH)KMH& ,n;o ,D;8TCKoro Hpyca BKJIIOqMT8JlbHO, MOI.U,HOCTb KOTOporo 6oJiee-

1500 M (�EaHeJ111,n;ae, 1941). 

Macc�B HBJIHeTCH CJIOXHOi TeKTOHMqecKOi 8,D;MHM�eM. reoJior11qecKMM 

K 01'1IIJI eK C IviaC CM Ba pac TIOJiar-aeTC.H B CyxyM11-)].yrneTCK OM 3 OHe ID)KHOro CKJIOHa 

BOJiblliOro KaBKaaa. MaCCHB o6HapyEMBaeT see np»aHaKM rJihI60BOM TeKTOHMKM 

11 cocTOMT 1113 �ayx rJihl6: Ha cesepe - rJihI6d Ks111611a-Mai1,n;aH11, a Ha rore -

I'JlhlOhl Typqy-K11Hqxa, aaHlilMaIDI.U,aH 6oJiee HM3KOe r11rrcoMeTp11qe�Koe ITOJIO)Ke

H.We. Ben CTpyKTypa B �eJIOM MMeeT ropcT-aHTMKJ111H�JlbHhIM xapaKTep (raMK

p e JI 11,n; a e , 19 5 7 ) •

CrreJieoJior11qecKyro oco6eHHOCTh Macc11aa o6ycJIOBJIMBaroT: reoJioro-reo-

Mop¢0Jior11qecKoe c 1rpoeH11e paMOHa, pa3BlilTMe CKJia�qaThIX 11 ,Il,M3�IDHKTMBHhIX 

CTpyKTYP, pacnoJ10JKeH11e ero 

aTMoc¢epHhlX oca�KOB (6oJiee 

Ha pa3HhlX 

2000 IviM) > x11M11qeCKBH q11cT0Ta KapcTyromwxcH 

nopo,z::i; M Il0Bbllli8HH8H Tpe�MHOBaTOCTb. Ha1160J1ee pa8BMThl CMCTeMhI Tpel.U,11H 

C aa11MyTaM.W r1pocT111paHMH CCB-10108 11 .1:3-3' pa.CIIOJIOJKeHHhle 11eE,n;y co6o.i1 rroqT11 

no,n; npHMhlM yrJI9M. Ha np11Mepe Maccwaa Acx11 no,n;TBepJK�aeTcH 061.U,ee Teope

TM4ecKoe DOJIOEeH111e O TOM, qTQ B paMoHax, CJIOJK8HHhlX Kap6oHaTHhIM11 rropo-
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,n;aMM, KapcTorrpOHBJieHMe CBH3aHO TOJibKO C TpemMHHOM B0,D;OilpOHM�aeMOCTbID. 

MHTeHCMBHOCTb aaKapCTOBdHHOCTM Ha MaCCMBe aeCbMa BhlCOKa. Harrp. 

rrJiaTo MaM,n;aHM, KOTJIOBMHa KaM6Ma, nJiaTo Ta6aKeJia, Ypot.rMme �M,n;KapaBM, 

CaqJi1KBaH� Ii1 ,n;p. xapaKTepMsyroTCH o6MJIJi1eM KaK noaepXHOCTHhlX (Kapphl, BO

pOHKH), TaK M rJiy6MHHhlX ¢opM (KOJIO,D;�hl, ruaXThl, nemephl) T.K. Ha sarra,n;

HOM OKpaMHe MaCCMBa, no Mepe yseJIMqeHHH yKJIOHOB rrosepXHOCTM, MHTeHCMB

HOCTb eaKap��OBhlBaHHH YM8HbmaeTC9 (Ore,n;Ee, p-H lliaKEM M ,n;p.). TaKMM 

o6pasoM, IlO,D;TBepE,n;aeTcH, qTQ Torrorpa¢Mt.reCKMW ¢aKTOp MrpaeT rrepBOCTe

rreHHYIO poJib s rromepoo6paaosaHMM a ropHhlX paAoHax (rsoa,n;e�KMw, 1972 );

TMHTMJI030B, 1969).

Ha 1.1�1973 r. Ha MaCCJi1B8 o6HapyEeHO M MCCJIB,D;OBaHo 79 IlOJIOCTew 

(38 KOJIO,D;�8B M maXT Ji1 41 w6ropM30HTaJibHaH rremepa). CyMMapHaH ,D;JIMHa

Bcex IlOJIOCTew MaCCMBa COCTaBJIHBT 3409 M rrpw cyMMapHOH rJiy6MHe 1383 M. 
2 3 

IlJioma,n;b ,n;Ha rremep paBHHeTcg 16.300 M ,  a o6�eM rrycToThl 192 .500 M .  

rycTOTa .rr emep Ha MaCCJi1B8 1064 Ha 100 KM2
, a IlJIOTHOCTb - 17,5 Ha 

100 KM2
.

BhlHBJI8Hhl HBKOTOphle aaKOHOMepHOCTM B rrpocTpaHCTBBHHOM pacrrpe,n;eJie-

HJi1Ji1 KapCTOBhlX ¢opM. �a6opaTOpHhlMJi1 Ji1CCJIB,D;OBdHJi1HMJi1 IlO,D;TBepE,D;BHO, qTQ 

XJi1MJi1qeCKOM qJi1CTOTOM 3,D;8Cb OTJiwqaroTCH Ji18BeCTHHKJi1 6appeMa M TypoH-CBHO-

Ha. BepTMKaJibHhle IlOJIOCTM B OCHOBHOM npwypot.reHhl K MaCCMBHhlM M3B8CTHH

KaM 6appeMa, a cy6ropwaoHTaJibHhle nemephl K ropwaoHTaJibHO aaJieraromwM 

M3BeCTHEKaM TypoH-CBHOHa. 

KaK B ropM30HTaJibHhlX, TaK Ji1 B BepTMKaJibHhlX IlOJIOCTEX MaCCMEa IlJIO

xo BhlpdEeHa spyCHOCTb. 8TO o6�HCHH8TCE IlOJIOE8HJi18M MaCCMBa B 30He aK

TMBHhlX HBOT8KTOHJi1qecKMX no,n;HETMM. 

BcJie,D;CTBMe ,D;BMEBHMM, KapcTOBhle 

BaTbCH (TMHTMJI080B, 1968).

TIOJIOCTM He ycrreBaJIM rrpo:fraoaThl-
.. • 

B nemepax MaCCMBa MOEHO Bhl,D;BJIMTb pa3H006pa3Hhle reHeTwqecKwe TMilhl 

OTJIOEBHMM: 1. T Ji1 Il X e M O r e H H hl X u 

0 T JI O E  e H Ji1 M, 
u C JI a r a IO m Ji1 M C H M 8 ,II; B y X 

o 6 p a a o B a H M w 

n o  ,n; T M  n o s: 
..,

0 T JI O E e H M M

H a -

Ji1 8

B O  ,n; H hl x p a  c T B  o p  O B  (rremepu To6a 1, MM. A. OKpo,n;Ea-

HalliBMJIM, To6a IV, MoTeHa, �Eop�KY, MHqxypwc Kaa6w w ,n;p.). 2 . a K -

B a JI h H bl e M e X a H Ji1 q e C K Ji1 e 0 C a  ,II; K w, 

CH Ji18 aJIJIIOBMH nemepHb!X peK, OTJIOE8HMM nemepHhlX osep Ji1 KOJibMaTa�HOHHhlX 

oca,n;KOB (To6a 1, MoTeHa, �Eop�KY �se,n;asM, PrseyJiw, UKapo w ,n;p.). B ne

mepe MM. OKpo,n;EaHams:viJiw, a KOH�e aaJia "YHMBepcwTeT - 50", BCTpet.raIOTCH 

KpBTIKO c�eMeHTii1pOBaHHble raJieqHMKM ( 8-14 CM [,MaMeTpa), MOmHOCTbIO 3 M. 

CTeneHb o6pa60TKM ra�et.IHHKOB yKa3hlBaeT Ha TO, t.ITO OHM TpaHCTIOpT¾pOBa

Hhl MOmHhlMJi1 no,n;aeMHb!MM IlOTOKaMM co 8HaqwTeJibHOro paCCTOEHMH; 3. 0 6 -
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s a JI � H hl e H a  K o n  JI e H 11 g (Pexv1, MoTeHa, To6a 1, v1M. 

OKpo.n;J1CaHalllBv1Jiv1, •ro6a IV, P at1xa, ,IJ.v1.n;v1 rapaMv1, ,IJ.v1.n;raJiv1 v1 .n;p. ) • 4. Op

raH or eHHhle OTJIOlKeHv1g B BH)];e ryaHo, CKOilJieHv1g KOCTeH )KltlBOTHhlX (�ae.n;aBv1, 

BereJia, CaIJ,epeKo, IlaTapa rapaMv1 v1 .n;p.); 5. A H  T p o  n o r  e H -

H hl e O T  JI O JIC e H v1 g, co.n;ep�amv1e MHOrOtlvlCJieHHhle OCTaTKvl CTog-

HOK nepso6hlTHhlX Jiro,rr;e� (�lKopIJ,Ky, Uat1xypv1, To6a ill, BereJia, RecxyJiyxe, 

MoTeHa H .n;p.), 6. K p v1 o r e  H H hl e o T JI O lK e H v1 H B B�.n;e 

CHera, ¢v1pHa, MeTaMop¢v130BdHHhlX M cy6JIMMaIJ,vIOHHhlX HaTetIHhlX Jlb)];OB (Ko

TaHIJ,KaJivI, �vl)];vlKBa, )J.aKvI)];yJI�, nponaCTb MaM.n;aHH, CaIJ,vIBvl v1 .n;p.; .n.�v11II.Ka

pv1aHv1, 1971) • 

Mv1KpOKJiv1MaTv1t1ecKv1e oco6eHHOCTH nemep Maccv1sa onpe.n;eJigroTcg rv1nco

MeTpv1qecKHM ¢aY.TOpoM, a oqeHb qaCTO ¢opMOH IlOJIOCTei. B nemepax, pacno

JIO)KeHHhlX Ha HH3Kv1X yposHgx, Ha6Jiro.n;aeTcg cpaBHvITeJibHO B.blCOKag TeMnepa

Typa (14,5-12,5°
), a s  IlOJIOCTgx, pacnoJiolKeHHhlX Bhlille 1600�2000 M, TeM

nepaTypa .n;ocTv1raeT 6-5,0°. B HeKOTOp.blX H3 HvlX OHa .n;aJKe OTpvIIJ,aTeJibHan,
I 

tlTO cnoco6cTByeT coxpaHeHvIID KpHoreHHhlX OTJIOJICeHHH s HHX s TeqeHv1e sce-

ro ro.n;a (Kv1nv1aHv1 v1 ,rr;p., 1966). 

CpaBHHTeJibHO B.blCOKag TeMnepaTypa B03.n;yxa (12,0-5,0
°

) v1 .n;pyrv1e 

6Jiaronpv1gTH.ble 0KoJiorv1qecKv1e ycJiosv1g cnoco6cTsosaJiv1 aaceJieHHIO 0Tv1x no-

JIOCTeH nemepHOH ¢ayHo�. HeKOTOphle v13 HHX gsJigroTcg 0H.n;eMltltlH.blMvl .D;Jifl

KasKaaa. 

IloqTv1 so scex nemepax, aa vICKJiroqeHHeM maxT MaH.n;aHv1, 06v1TaeT Doli-

chopoda euxina Sem. B no.n;aeMH.blX noToKax H so.n;oeMax 06v1Ta.IOT 60KOilJiaB.bl 

(lfiphargus sp.). Bo MHorv1x nemepax Maccv1sa Acxv1 B.blgsJieHhl cJie,rr;yromv1e 

npe.n;cTaBv1TeJI11 no,rr;a eMHOH cpayH.bl: B nemepe RecxyJiyxe - Oligochaeta; Isopoda; 

Aranei; Acarina-Ixodes vespentilionis; Eulaelaps stabulatoris; Collembola-Onychiurus, 

Plutomurus. B nemepe )].lKOpIJ,Ky- Oligochaeta-Lumbricidae; Aranei; Diplopoda; Collem

bola-Willowsia buski;B nell.\epe MoTeHa - Amphipoda-Zenkevitchia revasi; Aranei; Dip

lopoda; Diptera; B nemepe J1Hqxyp11- Copepoda-Moraria vatica; Isopoda; Aranei; Collem

bola-Onychiurus ()}.lKaHaIIIBvIJivI, 1971). 

Maccv1s Acxv1 npe,rr;cTaB�HeT co6oM o6oco6JieHHhlH KapcTOBhlM Maccv1s 

c npOHB�eHv1eM IJ,eHTpo6eliCHOrO CTOKa. J1CT0t{Hv1Kvl npv1ypoqeH.bl K pa3HhlM r¾'A-
... 

PO'AvIHaMH�eCKvlM 30HaM H r1,1ncoMeTpv1qeCKHM ypo�HHM, nopov1 BhlTeKaIDT v13 

ropH30HTaJibH.blX nemepHhlX raJiepew v1 o6pdayroT ae�lllKOJieilHhle BO'AOila'Ahl B.blCO

TOM s 40 (To6a 1) - 105 (HM. OKpO'AlKaHaIIIBM�M). 

B Maccv1se xopowo B.blpalKeH.bl cJie.n;yromv1e rv1.n;po,rr;MHaMMqecK¾e aoHu: aapa-

�Mi, ceaoHHOrO KOJie6aHvlg ypOBHH, IlO�Horo HacwneHvIE v1 r�y6lllHHOM 4vlpKy

JIB�iM. BcoTH.bli ti;ManaaoH MeE'AY o6�dCTHMvl ·nv1TaHvIS M paarpy3KM KapCTOBhlX 

BO)]; Bapbv1pyeT s npe'AeJiaX 1200-1800 M. � 
3 0 

0CHOBHbl8 vICTQqHvIKvl M6l.CCl/lBa - .IJ,aqxypM ( 0-2, 53 M /ceK, T - 8 ; y c.
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CaJIXl1HO - 9,04 M8/ceK); Paqxa (0-1,18 M3/ceK; T - 7,6 °); To6a (Q-1,43

M8/ceK, T - 10,2° ); .n�oHoyJia (Q-0,88 M
8/ceK, T - 5,8

°
); qep11 (0,125 

M 3/ceK, T - 10,9) 11 AP• 3Tl1 BO'Ahl B OCHOBHOM, KaJib�l1eBO-rl1'APOKap6oHaT

Hhle. CO'Aep�aHHe OT'AeJibHhlX l10HOB l13MeHHeTCH B CJie'AyID�l1X rrpe'AeJiaX (Mr -

0KB): rl1'APOKap6oHaT - 81-95; Ca - 81-91,5; Mg - 5-15; Na - 4-9; o6mas 

Ml1HepaJIJ18a�:t1E 257-334 Mr/JI (.n�:t1lllKap11aHJ1, 1971). 

,ne611T KapCTOBHX l1CToqHl1KO� Ha MSCCHBe B cpe'AH8M 6oJiee 11 M8
/ceK, 

a cyMMapHhlH CTOK peK, 'AP8Hl1pyro�l1M MaCCHB, 6oJiee 33 M8 /ceK (BJia'Al1Ml1pOB, 

1963, r11r11HeMWBl1JIH, 1965). 
u 

Ha COBpeMeHHOM 0Tarre r:t1'AporeoJior11qecKoro pa8Bl1THH M8CCl1Ba 8'Al1HOH 

ypoBeHHOM noaepXHOCTl1 IlOA38MHhlX BO'A He Ha6JIIDAaeTCH. OHM �l1pKyJI11pyroT 

o6oco6JieHHhlMl1 IlOTOKaMl1. 

SPELEOLOGICAL PROPERTIES OF LIMESTONE 
MASSIF ASKHI 

V. M. Jishkariany

SUMMARY 

The article deals with basic speleological properties of Askhi massif, its' genetic 

types of cave deposits and hydrodinamic peculiarities of underground waters. 
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International Speleology 1973, II, sub-section· Ba: 

Geomorphology of the karst surface 

NUEVO METODO EN LA INVESTIGACION 
DEL KARST, LOS MODELS NATURALES 

Y LA CONVERGENCIA DE FORMAS 

A. E. Romero 

Comite Nacional Espeleologia, 
Madrid, Espana 

1. EL PROBLEMA�. ACTUAL EN EL KARST -
DESENFOQUE DIALECTICO 

La Karstologia como cualquiera otra de las ciencias de la naturaleza 

se fundamenta en una filosofia particular, definible como logica re

ductiva que lleva impli�ito el fen6meno aleatorio. 

Se basa pues en la observation y experimentacion, de la que la 
I 

adq"Liisicion d.e informacibn e ini;erpretacion subsiguiente se acercara 

• 

. � 

tanto mas a la realidad cuanto mayor sea la populacion de datos sobre 

los que dicha interpretacion se apoya la cual, como ya hemos dicho, 

esta sujeta a las leyes de la probabilidad. 

Si la bases cientificas en las ·que se apoya nuestra joven 

Karstologia fuesen solidas y ftJnda.mentadas cabria esper·arse, a tenor 

de la logica reductiva en que se fundamenta, que al estudiarse ima 

region determinada por divorsos especialistas, estos pudiesen dis

crepar _entre si al principio, cuando la respectiva informacion adqui
rida tuviera un bajo peso estadistico, pero a ruedida que este aumen

tase al crecer la cantidad de inf'ormacion, los resultados comenzaran 
a parecerse para llegar a ser muy semejantes al finalizarse sus res-

pecti·vos estudios. Como por desgracia esto casi nunca. ocm·re, sospe-

chamos que la deficiencia esta en la base. 
' . 

Ademas la Karstologia tiene una particularmente delicada impo-

stacion entre otras disciplinas, que afecta a su desarrollo, al estar 
situada a caballo entre varias fronteras dentro de ese artificial en

casillamiento que el hombre ha sometido a la naturaleza para enmarcar 

el campo de desarrollo de cada ciencia. 

En primer lugar quienes estan en condicion mas favorable para 

adquirir la necesaria informacion son los espeleologos, sin embargo en 
ciertos paises su actividad esta cuajada de m6viles deportivos por lo 

que no debe exigirseles demasiado a pesar de su buena disposicion, ya 
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que muchas veces su condicion de tales no implica la necesaria forma

cion cientifica que el caso requiere. 

Dentro del mundo cientifico, se ocupan del Karst dos 

pos de investigadores, los hidroge6logos de un lado y los 

grandes gru-
,, 

geomorfolo.T 

gos de otro. Como los objectives que se plantean no son comunes, ya 

que los prim.eros son de indole pragmatica, casi tecnica, al par que 

mas pura y mediata los segundos, resulta que existe frecuentemente Uil 

olvido mutuo bastante notable entre ambas especialidades del que sale 

perjudicado el estudio del Karst, como consecuencia de un planteamien

to incompleto. Aunque en algunos paises se aprecian esfuerzos de coor

dinacion entre organismos ingenieriles_y universitarios, que en cierto 

modo representan ambas tendencias, queda toda-via llll largo caraino por 

recorrer. 

For otro lado existe intrinseca.mente en el Karst ur1 obstaculo g_ue 

dificulta extraordinariamente su estudio. Efectivamente, influyen en 

el proceso de la karstificacion numerosos factores de diversa indole, 

entre los- que merecen destacarse los fisico-quimicos, geologicos, cli

maticos, bioquimicos, hidraulicos, geotecnicos, etc. por solo citar 

unos cuantos; este variopinto panorama,precisa de especialistas que lo 

sean en todas y cada una de las materias, para abordar adecuadamento 

los problemas. 

Como esto es muy dificil de reunir er1 una sola persona, resulta 

evidenta que el Karst debe ser estudiado en equipo para que realmente 

se obtengan fructos. 

Otra cuestion que tampoco favorece el panorama que estamos pin-

·tando, es la propia cinetica de la disolution de las rocas calizas en

la agua, la cual es tan sumamente lenta que dificilmente pueden apre

ciarse cambiC? notables en el corto· espacio que en comparacion supone

la vida humana. Esto dificulta enormemente la experimentacion directa

al tener que usar tiempos de observacion ta.n largos.

Pero todavia la dificultad no termina a.qui, puesto que lo mas 

notable en el Karst es que de la actuacion de los diferentes factores 

del pro�eso de la karstificacion, resultan forruas especificas que a 

su vez afectan al proceso, modificando las condiciones anteriores, es 

decir, que estos factores no son independientes sino que actuan in-

terrelacionados durante todo el proceso, y que a su vez el resultado 

de este proceso influye estos factores. 

En otras palabras, que en el proceso de la karstificacion existe 

implicito un f a c t o r  d e  i n t e r  r e  1 a c i o n  como 

consecuencia del cual la acci6n de los difercntes factores citados no 
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debe estudiarse nunca aisladamente, sino simultaneamente para poder 

avanzar en su conocimiento, cosa que hasta ahora creemos no se ha 

hecho. 

A esta falta de vision nos referimos cuando calificamos la si

tuaci6n actual de d e s e n f o q u e d i a l e  c t  i c o, que 
podria subsanarse 

ejemplo: 

siquiendo esquemas conceptuales adecuados, como por 
--· 

:-�· •" 

factores�que intervienen proceso resultado toma de informacion 

geologicos observacion directa - espeleologia 

II 
climaticos 

// 
• .. ka:r•stificacion .... karst hidrogeologia 

fisico-quimicos metodos cientificos 
• 

• 

• 

• 
• 

• 

Etc. geomorfologia 

en el que las flechas en doble sentido representan la interrelaci6n 

citada. 

2. UN NUEVO ENFOQUE EN SU INVESTIGACl6N.

La naturaleza, a la que nunca observamos lo suf'iciente, en perfecta 

concordancia con las leyes que la gobiernan, nos envia numArosos 

mensajes, alguno de los cuales adecuada;mente captados nos muestran 

caminos que reducen en alto grado. muches de los problemas que el 

estudio de sus mecanismos nos plantea. 
' 

A - LA CONVERGENCIA DE FORMAS 
COMO MODELO NATURAL 

Ocurre en la naturaleza de manera evidente y·reiterada que determina

da forma de resultados de una acci6n geodin�mica cualquiera se pre

sente en materiales de los mas diversos tipos. 

Asi por ejemplo, pueden observarse secciones identicas de con

ductos y galerias en cavernas excavadas en materiales como caliza, 

yeso, sal, basalto, hielo, etc. cuyas litologias son basicamente di

ferentes. 
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I'ambien se encuentran facilmente en di v·ersas li tologias, formas 
especificas, algunas muy estud.iadas como h u e 1 1 a s, d e 
c o r r i e r1 t e, ''p e n d e n t s'' f r e a t i c o s, c a -
n a 1 e s  d e d i s  o 1 u c i 6 n, c o r r  o s i 6 n p o  r 
m e  z c 1 a d e aqu a s, algunas formas de lapiaz, etc. 

Peor no solamente la semejanza de formas existe cuando se trata 
,_ 

de form.as de excaft.ci6n como las descritas, sino que tambien las e�-
contrarnos en formas de relleno, especialmente estalactitas, estala-
gmitas y coladas, en las que el tipo de material puede ser ademas de 
calci ta, sal, yeso, hielo, carbona tos com_pleyos, basal·t;o, etc. 

Bien,,pues a esta semejanza de morfologia tanto de excavaci6n 
como de relleno u otro tipo que se dan diferentes litologias, es a lo 
que denominamos c o n v e r g e n c i a d e  f o r m  a s, 
independienteruente de si las caucas que las moti vaI·on son identicas 
en todos los aspectos, comparables bajo algunos de ellos, o conrple·ta-

. 

mente diferentes e11 apariencia. 
Adjuntamos un conjunto de fotografias como ejemplos demostrati

vos de la referida convergencia de fornias en litologias tan diversa 
como caliza, yeso, sal, arcilla, h.ielo, pizarra y carbor1a tes comple
jos de cine; y en morfologias como lapiaz, secciones de conductos, 
estalacti tas y estalagmi tas, corrosi6r1 por mezcla de aquas, ''pen-
dents'' freaticos, huellas de corriente y canales de disoluci6n; cuya 
clave de identificaci6n queda reflejada en el siguiente cuadro: 

Cll 
(I) � ro 

i:-i :::l 
s:t Cl) Cll Cl) 0 bO 

ro (I) 0 ro ro A ro . 

-� bO .p .p .p .. 
Q) (1) A 

� N Cll (.) •ri •ri s:1 Q) Cll Cl) rrj (]) 'O 0 
0 a> ro (]) :::s .p 

� 

0 rrj .p 0 .p •ri

E 
Cf.I ·ri s:t rrj (.) ·ri s:t (.) Cll A Cll 

� 

·O A ro ro Cll ro (I) •ri co (I) (1) � 
0 r-i •ri 0 r-i r-1 0 r-i rrj .p r-1 •ri r-i 
0 ro r-1 0 0 ro ro � 0 A ro r-1 � ro 0 

i A. 0 .p ..µ � N (I) (]) (]) � A Cl) 

litolog�a co . Q) Q) (I) Cll Cll 0 (I) A i:-i 
.a 

0 ro •ri
rrj Cf.I rrj Q) (1) 0 s 

.. 
4-i 0 0 rrj -

. 

caliza (6 calcita 1 A 2A 3B 4 B 5A 
6 A 7 A 20 3D 50 

yeso . - 2 B - - 5 D - 7 C
. 

sal - 2 D - 6 B 7B -

/'ID 
arcilla 1 B - - - - - 7 E 

hielo 3A 4 A 6 C - -
30 

- -. 

pizarra - - - - 5 B - -

carbonates complejos .. ue cine - - 3 E - - - -
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El feJ16meno de la convergencia de formas es tan abundante en la 

ria'l;uraleza, que no puede ser considerado como algo meramente casual. 

A nuestro juicio obedece a Ulla significaci6n profunda sumamente im

portante, que nos hace pe11sar ant;e la semejanza de efectos, en una 

semejanza de caucas en vi:r:·t·ud de ur1a cierta dependencia funcional, es 

decir \en un m o d e 1 o 11 a t u r a 1 del que solo vemos los 

resultados. 

1\�uchos do 

formas de 

lubilidad 

B - LA SEMEJANZA DINAMICA EN LOS MODELOS 

los ejen1plos presentados, especialr11ente los relativos a 

excavaci6n, se -dan en rocas con mayor o menor grado de so-

frente al aqua, vgr: sal, yeso y caliza, es decir, que fa-

cilmente podria pensarse en la existencia de una cierta relaci6n 

e11"l;1:e las caucas, como par ejemplo, de un lado las car·acteristicas 

hidraulicas del aqua y de otro, su grado de satiraci6n en dicho com

ponente (sal, yeso o caliza), siendonos licito buscar relaciones 

cuantitatives identificando vgr: el tipo de flujo o el numero de 

Reynolds, y el referido gradiente de concer1traciones. 

Esto que parece tan intuitivo para dichos materiales solubles, 

no lo es tanto con materiales insolubles como la pizarra o la arcil

la, de las que pre sent an1os algunos e j emplos. .Aqui para encont:r:ar la 

semejanza, tendriamos que ampliar nuestro concepto de disoluti6ri por 

otro mas amplio que englobase el paso de det;erminada cantidad de ma

terial del estado solido al seno de un liquido que lo transporte. Los 

para.metros Qifinitorios de las caracteristicas de flujo se conserva-

rian aqui, variando unicamente el concepto de disoluci6n que habremos 

de reemplazarlo para estos materiales por.el de suspension coloidal� 

El asunto, ·que todavia es menos intui ti vo para el caso del hie lo, 

del que tambien mostramos ejemplos, es tambien swnamente sencillo. Las 

morfologias descritas como buellas de corriente, o corrosion por 
.

mezcla de aquas, no tienen ningun significaco semantico en este caso, 

pues nunca han sido las aquas sino las corrientes de aire las respon

sables. AhoI·a bien, si reemplazamos aquellas por el aire, las caracte

risticas de flujo podemos conservarlas cuantitativamente con los mis

mos para.metros, y los gradientes de solubilid.ad vendrian reemplazados 

aqui por contenidos de vapor de aqua en su seno, directaroente ligado 

a su ternperatu.ra. En definitiva, bastarian aqui para encontrar la 

semejanza de caucas, un gradiente de temperaturas entre hielo y aire, 
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u.r1a 6 t.stribucion de humedades en este ultimo, y ur1 nuraero de I�eynolcls

para el fluj6 del aire.

Siguiendo analogicamente derroteros pareci�os, se encontraria 

tambie11 semejanza de caucas er1 la genesis de los cor1dl1ctos o tubos la-

vicos en basalto, 

y caracteristicas 

sin mas que considerar las variaciones de viscosidad 
,, 

mecanicas a que esta suj eto el ma.gi1.a en funcio11 de 

su temperatura .. 

En las morfologias de relleno el planteamiento es identico-;--la 

forma de las estalacti tas y estalagiiii tas, parece relacionada por l)l1.

lado con una cie:r.·ta cantidad de material deposi table ) que hac;e su. er1-

trada disuel to y por otro, por la. velocidad con que dicho r!laterial 

puede ser depositado. Lo primero podemos expresarlo cuantitativamente 

con el caudal y concentraci6n a.el apor·te, y lo segur1do con cualquier 

circunstancia condicione su sobresaturaci6na (grade de humedad am

biental, presi6n parcial del co
2 

en al aire, etc.) y por consiguiente 

su deposici6n. 

Para el hielo, como siempre, los gradientes de concentraci6n 

habremos de reemplazarlos por gradientes de tempex•atur·a, a la hora de 

explicar los cambios de estado. 

En defini-t;iva, todos estos fen6menos de convergencia. de i�orrr1as, 

aunque las apariencias lo enrnascaren, estan relacionadas por un grupo 

especial de circunstancias que los hace dinamicamente semejantes. 

- Esta s e m  e j a n  z a d i n  a m  i c a  se da entre varios 

procesos cualesquiera, cuando las dj.versas cantidades en el eq_u.ilibrio 

de fuerzas o gradientes, medid.as para las particulas consideradas e11

ubicaciones semejantes, guardan razones iguales, independientemente de 

que sus magnitudes absolutas no sean respectivamente iguales. Esto 

quiere decir que, en lo que respecta a la dinamica nevJton.iana, los 

procesos en cuesti6n son en realidad identicos. 

Traslad.ando estas cuestior1es al campo expei·in1ental, la co11cl usi6n 

es importantisima, pues podemos experimentar un proceso cualquiera 

( v ·gr: dificil de medir por ser muy· lento) mediante la adopcior1 de un 

modelo dinamicamente semejamte ( vgi"' : el mas comoclo segfu1 las dispo:r1i

bilidades) en la sequieridad de quo las conclusiones a que lleguemos 

seran validas si en el transcurso del experin1ento nos he1nos man·tenido 

en todo momento dentro de las condiciones requeridas de conserv·aci6n 

de semejanza dinamica. 

La implicaci6n practica de la 

de una importancia extraordinaria, 

y por consiquiente a c t  u a r, 
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semejanza dir1amica en ri1odelos, 

pues nos permite p r e  d e  c 

es 

l r, 

mientras que de otra manera sola-



mente nos era licito o b s e r· v a r·, pudiendo llegar todo lo m�s 

a int e rp r e t  a r. 

Si la r1aturaleza nos 'b,·ir1da tc1.l suerte de modelos, :porque no los 

utilizamos? 
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NEW METHOD IN KARST INVESTIGATION -
NATURAL MODELS AND FORM CONVERGENCE 

1. THE ACTUAL KARST PROBLEM
W-RONG- DIALECTIC ATTITUDE

Karstology as any other natural science is based on a particular 

philosophy which can be defined as reductive logic, including neces

sarily the aleatorious phenomena. 

The basis is observation and experimentation, the following 

acquisition of information, whose subsequent interpretation is more 

and more getting nearer to reality when the number of data increases 

· on which the mentioned interpretation is based and which is amenable

to laws of probability.

If the scientific basi� of our young Karstology would be solid 

and firm we could expect, according to the reductive logic on which 
she is based, that if various specialists would study a determjned 

region they could have different opinions at the begjnning, when the 

respective information has still a low statistical value. However, 
in the same measure as the number of information increases, the : 
results would start to resemble and finally, at the end of their 

respective studies, would be very similar. 

Since, unfortunately it hardly ever happens, we suppose that the 

deficiency is in the basis. 
Karstology is situated further in a specially delicate way 

between other disciplines, what affects to her development, being 

situated between v·arious limits of this artific.ial classification in 
which men have dividea�nature in order to mark the evolution sphere 

of every sciences. 
Speleologists are, above all, in the most favourable conditions 

t6 obtain the necessary info·rmation. How�ver, in some countries their 
activity is guided more by sporting motives and we therefore cannot 

ask too much in spite of their excellent disposition, since it happens 

often, that they do not have the necessary scientific formation. 
Two bis g�oups of investigators of the scientific world are en

gaged in Karst, on the one hand hydrogeologists and on the other geo-
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morphologists. Since their aims are not common, being the first group 

pragmatic quite technical, and the second more mediate and purer, 

often exists a quite considerable mutual neglect between both-special

ities, which as a consequence of an uncomplete investigation prejudices 

the Karst study. Although in some countries exist efforts to coordinate 

engineer and universitarian organisms, representjng in a certain extent 

both tendencies, there is stiil a large way to be gone. 

On the other han.d exists intrinsically in Karst an obstacle which 

complicates its study extraordinarily. In fact, numeI·ous different 

factors influence the karstification process, among which we like to 

mention only the most importar1t as·physical-chemical, geological, 

climatic, biochemical, hydraulic, geotecbnical, etc. This plentiful 

panorama needs,experts who are specialists jn every and all 

order to resolve the problems in an appropriate way. 

Since it is very difficult to find all these qualities 

matters, il:1 

in one 

person, it is evident that Karst should be studied by a team in order 

to be really successful. 

Another fact,or which does not either favour this panorama is the 

own kinetics of limestone dissolution in water, which is as slow that 

considerable changes hardly can be observe4 in the short time re

presenting in comparison h1.1mR.n life. The direct experimentation there

fore is very complicated, since we are obliged to use very long ob

servation peI·iods. 

However, difficulties still continue, being the most considerable 

fact of Karst that the ·action of different karstification process 

factors produces specific forms which at their turn also affect the 

process, modifying former conditions; this means that these factors 

are not independant but ''interrelated'' during the whole process and 

that the result of this process influences these factors too. 

This means in otner words, that the karstification process con-

tains implicitely a f a c t o r  o f  i n t e r  r e  1 a t  i o n. 

As its consequence the action of the different mentioned factors 

never should be studied isolatedly but simultaneously in order to 

progx·ess in Karst lmowledge, which up to now we think has nor been 

done. 

To this lack of view we refer if we qualify the actual situation 

as a w r o n g d i a l e c t i c a t_ t i t u d e, w11ich 

could be corrected following appropriate conceptual schedules, as for 

example: 
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actuating factors process result receipt of information 

geological 

\\ 
direct observation-speleolo� 

tl 
climatic 4 karstification�;; karst 

II 
b:ydrogeology 

physical-che�ical 
• 
• 
• 
• 
• 

scientific methods 

etc. geomorphology 

jn which the signs in both directions represent the cited jnter

relation. 
• 

/ 

2. A NEW ASPECT OF INVES FIGATION

Nature, which we never observe enough, in per:fect agreement with its 

laws, sends us a great number of messages and some of them understood 

in all appropriate way show us how jn a large extend can be reduced-.

a lot of the problems which we find studying its mechanisms. 

• 

A· FORM CONY AS NATURAL MODEL. 

In natura it happens evidently and repeatedly that deterrojned, forms 
resulting from any geodynamic-action are found in the most various 

materials. 

We find for exaocple identical gallery sections in caverns in 
material as limestone, gyps1lm, salt,· basalt, ice, etc. whose litho
logies are basically different. 

It i•S easy to find specific forms in different lithologies, some 
of them already studied as s c a  1 1 o p s, f r  e a t  i c 
''p e n d e n t s'', d i s s o 1 u t i o n c h a n n e 1 .s, 

c o r r  o s'i o n  b y  w a t e r m i x t u r e, some forms 

of karren, etc. 
But form similarity does not exist only in hollow forms, we also 

can fjnd it in filled forms in particular speleothems (stalactites 

and stalagmites) in which the material can be limestone, salt, gypsum, 

ice, complex carbonates, basalt, etc. 

This similarity of morphologies, as well in hollow as in filled 
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forms -0r other t:ypes which we find in different lithologies, is what' 
we call f o r m  c o n v e r g e n c e, independently if the 
reasons for its origin are identical in all aspects, comparable in 
some of them or completely different in their appearance. 

We enclose some. photographs as exa.u1ples, demonstrating the 
mentioned form convergence in so different lithologies as limestone,. 
gypsliro, salt, clay, ice, schist, complex zinc carbonates and. in 
morphologies as karren, gallery sections, drip stones, cor:r:·osion by 
water mixture, freatic ''pendents'', scallops and dissolution channels. 
Their identification is found in the following table. 

' 

lithology 

J.imestone 

g:ypsum 

salt· 

clay 
• ice 

'

schist 
. 

compex zinc 
carbonates 

. 
. 
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. 

- - - -

The phenomena of form convergence is so abundant in r1atw:.·e that 
it cann0t be considered as merely casual. According .to our opinion, 
it follows a very important.profound signification, which induces to 
thjnk jn the presence of the similarity of effects in a similarity 
of causes, because of a certain functional dependance; that means in 

' 

a µa t u r a l  m o del of which we only can see the result. 
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B - DYNAMIC SIMILARITY IN MODELS 

Most of the presented examples, specially those of hollow forms, can 
be found in rocks with more or less degree of solubility in water, 
e.g. salt, gypsum and limestone, that means we could easily think
that there is_ a certain relation between the causes, as for example
on the one hand the hydraulic water characteristics and on the other 
its saturation degree in this component (salt, gypsum or limestone). 
We only should find the quanti ti ve rela•tions, identifying, e.g. the 
flow type, or R e y n o  1 d s number and the mentioned con
centration gradient. 

This sear.as so cleaI· for the mentioned soluble materials, but is 
not so for insoluble material as achist or clay, of which we give 
some examples. In order to find in these cases the similarity we must 
amplifJ our concept of dissolution by a larger one, including the 
passage of a determined quantity of material in solid state in a 
liquid transporting it. The defining parameters of flow character
istics can be conserved, modifying only the dissolution concept which 
for this ·material 

This case is 
examples, however 
lops or corrosion 

is replaced by colloidal suspension. 
still less obvious for ice, of which we also 
very easy too. The morphologies described as 

• 

by water mixtures do not have any semantic 

show 
seal-

significance in some languages, since never water but air curr.ents · 
have been responsible for their formation. If we replace them by ·air, 
we can conserve quantitatively the flow characteristics with the same 
parameters and the solubility gradients are replaced by content of 
water. vapour in air, directly connected to its temperature. Finally,' 
in order to find the similarity if causes it would be su:f'ficient to 
have a tempe:r·ature gradient between ice an,d air, a distribution of. 
humidity in the last one and a R e y n o  1 d s number for the air 
flow. 

Following analogically similar practics we also can find a si
milarity of causes in the genesis of lava tubes in basalt, · without 
taking into consideration the variations of .. •_viscosi ty and mecban ical 
characteristics of the magma in function of its temperature. 

In morphologies of speleothems the proceedings is identical. The 
dripstone forms seem to be related on the one.hand to a certain quan
tity of material which is deposited and enters dissolved and on the 
other to the velocity in which the mentioned material can be deposited. 
The first can be expressed quantitatively by_the rate a_�d concentration 
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and the second by any circumstance conditioning its oversaturation 

(rate of surrounding humidity, partial pressure of CO2 in the air,

etc.) and consequently its deposition. 

For ice we must replace, as usual, the concentration gradients 

by temperature gradients in order to explicate the change of state. 

Fjnally all these phenomens of form convergence, although they 

are covered by appearence, are related to a special gI·oup of c irc11n1-

d y n a m  i c stances, which make them dynamically similar. This 
. . 

s i mi 1 a r i t  y is found in various processes, when different 

quantities in the equilibrium of forces or gradients, measured for 

particles in 

penoa.ntly of 

similar locations, conserve the same relation, inde-
. .

the fact, that their absolute magnitudes are not 

respectively the same. Ref erri.ng to the dynamics of Newton this means, 

that the processes in question are in reality identical. 

Transfe_rring_ these questions to experimentatior1 field, the con

clusion is very important, since we can experiment any process (e.g. 

difficult to measure for·being very sl0w) by adopting a dynamically 

similar model (e.g. the most convenient according to disponibilities), 

anrl. we can. be sure that the obtained. conclusions are valid, if during 

the whole experiment we have respected at every moment the required 

conditions for conservation of dynamic similarity. 

The practical implication of dynamic similarity of models is 

extraordinarily important, since it allows us to p r e d i c t  
• 

and consequently to a· c t, roeanwl1ile in the other way we 011ly 

could o b s e r v e and as a maximum i r1 t e l"' p r e t. 

Since nature offers such a quantity and diversity of models, why 

we do not use them? 

Madrid, January 1973 

• 
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International Speleology 1973, II, sub-section Ba: 

Geomorphology of the karst surface 

Ba 011 

EINIGE BEMERKUNGEN ZUR BESTANDSKARTE
DER KARSTERSCHEINUNGEN IM GEBIET

ZWISCHEN LEINE - UNO THYRATAL
IM ZECHSTEING0RTEL DES HARZS0DRANDES MIT

BESONDERER BEROCKSICHTIGUNG DER HOHLFORMEN 

· D. Fantasny
Kulturbund der DDR Gruppe Hohlen - und Karstforschung 

Halle - DDR 

·-

A b s t r a c t. 
•• 

Verfasser fuhrte in den Jahren 1972/73 im Gebiet zwischen Leine-

und Thyratal im Sudharzer Gipskarst eine Bestandsaufnahme der oberflachigen Karster

scheinungen durch. Diese Kartierung ist Bestandteil der kunftigen Gesamtkarstkarte 

Sudharz (DDR - Anteil). 

Ausgehend von dem Erscheinungsbild alter und rezenter Erdfalle deutet sich hinsichtlich 

der Subrosion eine 3-Zonen-Gliederung an. Die 907 dokumentierten Erdfalle und Gelande

depressionen von kreisformigem bis ovalem Umriss haufen sich scheinbar, 

- an der Buntsandstein-Anhydrit-Steilkante

- im Einflussbereich von Wasserschwinden

- an der Verbreitungsgrenze des Unteren Buntsandsteins

- entlang von Hauptkluftsystemen bzw. Storungen
•• 

Die statistische Auswer·tung ergab, dass zwischen Tiefe und Durchmesser der Erdfalle 

deutliche Wechselbeziehungen bestehen. Es wurde ein Korrelationskoeffizient von r = 
•• 

0,932 errechnet. Die Zuordnung der Erdfalldurchmesser zu bestimmten Haufigkeitsklassen 

zeigt eine relativ gleichmassige Belegung der Klassen. Anders verhalt es sich bei den 
•• 

Tiefen der Hohlformen. Hier ist der Teufenbereich 0-2 eindeutig am starksten besetzt. 

Bis zur Tiefe uber 10 m nimmt die Klassenbelegung standig ab. 

An der Erfassung und Dokumentation der Karsterscheinungen im Siidharz wird auch 
.. 

kunftig waiter gearbeitet. 

• 

1.VORBEMERKUNGEN

In den Jahren 1972/73 fiihrte Verfasser im Gebiet zwischen Leine- und 

Thyratal jm Zechsteingurtel des Harzsiidrandes eine Kartierung der 

oberflachigen Karsterscheinungen durch. Diese. Kartierung ist Bestand-
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teil der kunftigen Gesamtka:r:·stkarte Sudl1arz ( DDR - Anteil). An den
I 

Ergebnissen sind in zunelunendem Masse der vorbeugende Ka.tastI·ophen-

schutz, Bergbau und Wasserwirtschaft, die sozialistische Lar1deskul.tur 

sowie die Planungsorgane der ortlichen Rate im Rahmen der Standort

planw1g vo11 J3auvor11aber1 interessiert. 

2. ARBEITSMETHODIK

Als · Grundl.age der Bestand.saui'r1alillle dj_ente die topcJgrapI-1iscl1e I{arte int 

Mass tab 1 : 10 000, A·usgabe Voll<:s\�1irt scl1aft. I11. der Bestan.dskarte wu.r

den u.a. folgende Karstobjekte dargestellt: 

Al terdfalle bzw. :r·ezente Erdfalle, GeJ.ar1dedepressio11en, Erd

f'a.11 taler, aktive Senkungskessel, Ponore, QueJ.le11, Kluft

bzvv. Kluft-Laugb.ohler1., P ... brissk:l ufte, nacl{ter I-CaI•st, Gj_ps

kuppc:'!n, geologische 01�geli1 u_sv1. 

l)ie J.a.gemassi.ge Be st: irri..rn1)11§; l) zv.1. s1)e z, i<:-)1. :1 e 1! e�r·111e s sl111g ·v·<J11 Karst

o 1J j elc·t er1 \'lt1rd_e 1nit fij_lf'e von Tele·l:;oJ), Jiej_g1J11gsn1csser.·, · Korrrpass, V✓in-
� , C'

T

TI" k l e .pl. l .;;.i.1.,:i. , Ge Ome '['-e1·s �. � b Fl ·u cr11.L. 
c.� t � .,, (. '.:,r· u n ;.1 Bf-)Yl(l ff'c'=l ,C' :::::. Q

:1

1 ·1 rc-.1·.., ')'C.-,f:-; ;-..,...I·t· , . v o. , . . · t, ._;, 1.A.L_.!.;:; e l .. c-u . ,:.u. _ .... ,_....., ..., l,. _ .Lf::.
) 

,., \,U..� • 

3 AR. ·B a:: � ,-· -c� r.: I= B . E 1
"' 

" • 
f 

l ... i � ��.,. .. �- I . 

3.1. BEGRENZUNG 

Das Kartierur1gsgebiet erstrecl{t sicb. ubei .. J_5 km z�rischen clen Ort

scr1.ttf···ten Uftrungen im VJeste11 ( Tl1yratal) und G:r•osslej_nur1gen i111 Osten 

(I,eir1etialJ. Die gesamte kartierte E'lache betragt 25 kn12 • Dj_e Nordbe

gr·e11.z,u..Y1g der lcar·tieru.ng bildet das Ausgehend,.e des ·Ku1>f'e1."'schieferflo

zes ( Zecl1stein 1), die Su.dbegI·enzu.ng f'allt, . vo11 vver1iger1 Ausnahmen 

abgeseh�r1, rnit der VerbreitU12.gsgrenze des u·nte1.·er1 :B1..1ntsan(1stei11s 
( Unt·ere 'I'rias) zusarnmen. 

3.2.MORPHOLOGIE UND HVDROGRAPHIE 

Das Arbei tsgebiet lie gt zvviscl1en + 240 - 3L�O rn N-11. IViaI•ka11tes r1�orpholo-

gisches Element ist das ha1. ... zrar1dparallele Auslaugungstal 1rLit einem 
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sanften, allmahlich zum Palaozoikum uberleitenden Nordhang und einem 
relati v steilen mid plotZilicl1.en Ar1stieg zu den BU11tsandstein- bzw. 
H t h d . t l ) H.. . S. 0

d ,. . . . aup an y ri - angen 1m u en. ,Zahlreiche Bache, die at1s dem Pa-
laozoikl.illl des I-Iarzes kommen, uberqueren den Zecl1steinausstricl1 mi t 

mehr oder weniger grosser1 Versickerur1gsverl·u!3ten. Ein Teil der Bache 

erreicht den Bur1tisandsteinausstricl1 am Siidrand des Harzes nich, son

deri1 verscl1J,vindet iiber· Ponore an der Hauptanhydri t-Steilkante (Hain

roder- und Dinsterbacl1, Hassel born, Glasebac11_). Nur der Leine, Nasse 

u.nd 1l1hyra gelingt es, deil Brn1tsands"t;eir1-Anb.ydri t Hoheni .. ucke,n arn Siid.

ra11cle o. g. harzrar1d��)araller 1\usl.au.gm1.gsdepression zu durchbreche:r1 lli1.d

nach Si.ide11 abzllfliessen. Ihre Dur0h·br·ucl1st;aler sind sel1enswert. 

·\ron1 t3:lase1achpo111)l' (Perit)d .i.scheI· See) ur1d ·\;-o:r1 der Dinsterbach

sch1Ninde lieg;er1 Far.·b·versu_che -vor. Viet;e ( 1951+) er·111i ttelte zwisclie11 

Sch11vincle u.nd 1I1ot ens1.u11p:f ( 1 krn) r7, 80 m/n1in unc1 zv1j_schen Sch\�inde und

Ecl�teich ( :1 ,3 lrrn) 2 ,40 m/min Fliessgesci1windigkeit; ( s. Enclosure 1).

Diese hohen Fliessgescl1v1ir1digkei ten durften au:f die rela·ti v kur.·zen. 

E11t;fe:r·nlrr1ger1 u.ncl a·u±· das grosse G�falle ( 30 bzv1. 50 m Hohenunter-
scl'1ied) zur·uckzufuhr·en sein. Der Dinsterbach weist Zuflussmengen 

zwiscr1en 0,2 lmd 6,0 m5 /min auf, obne dass Schwierigkeiten bez·uglich
dei .. Auf'i1ahrnef'ahigkeit des Ponors festgest;ellt wurden (Spilker 1971).

I1n Tiefenkarst der Ma.11.sf'elder Mulde wurden iiber eine Entfernung von
ca. 20 km Fliessgescl1-..vindigkeiten vor1 1 m/min (Jung & Spilker 1969) 

ermi tt;e 1 t. 

3.3. GEOLOGISCHE VERHAL TNISSE 

Aus dem gultigen Normalprofil ·fur den Harzsiidrand (Blei & Jung 1962) 

werden die Gesteinskomplexe aufgefiihrt, die .. im Karti·erungsgebiet von 

Interesse sind (vom Liegenden zum Hangenden): 

Zechsteinkonglomerat (Z 1 C): 2,00 - 3,50 m 

�Veissliegendes (Z 1 S): o,oo - 12,00 m 

Kupferschiefer (T 1): 0,30 - 0,40 m

Zechsteinkalk (Ca 1): L� ,50 - 6,00 m

l
) Unter der Bezeichnung Hauptanhydrit soll im Folgenden der Schichte�omplex �aupt

anhydri t, Sangerhauser Anhydri t und Basalanh;r.dri t verstanden werden, eine s.tra ti
graphische Trennung im einzelnen ist nicht moglich.
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Unterer Werraanhyirit (A 1 u): 30,00 - 35,00 m 

Salzaquivalent des 
(Na 1/A): 0,30 - 1,20 m Werrasteinsalzes 

Oberer Werraanhydrit (A 10): 20,00 - 30,00 m 

Stinkschiefer (Ca 2. st): 6 00 -
' 

7,50 m

Basalanhydrit (A 2): 2 00 -
, 

2,50 m

Sangerhauser Anhydrit (K 2/A): o,oo - 100,00 rn

Deckanhydrit (A 2 r): 2,00 - 5,00 m 

Grauer Salzton (T 3): 3�00 - 6,00 m 

Hauptanhydrit (A 3): 40,00 - 50,00 m 

• 

Das Fehlen von Steinsalz-Serien am Siidrand des Harzes deuten v. Buelow 

& W. Scl1riel ( 1926), E. Fulda ( 1935) und E. v. Hoyningen - Huene ( 1963) 

als Folge postsaxonischen Auslaugung. Jung (1958a) kam bei der fein

stratigraphischen Bearbeitung der Werraanhydrite zu der Erkenntnis, 

dass es zu einer faziellen_Vertretung von Halit durch Anhydrit komrn.en 

kann und im Gebiet von Auslaugungshohlraumen (Hohlen) primar kein Stein

salz z·ur Ausscheidung gekommer1 wai·. Fur die vorliegende Betrachtung 

spielt nur das Vorhandensein und der Verkarstungsgrad von Anhydri·I; 

Rolle. 
eine 

• • • • • • 

In Folge mangelnder Aufschlussverhaltnisse waren Ruckschlusse auf 
• • • • 

die Verkarstung nur mit Hilfe der Verbreitung von Erdfallen moglich. 

Wie Brendel (1973) fur den Oberen Buntsandstein (Untere Trias) nachge

wiesen hat, kann generell eine �-Zonengliederung festgestellt werden: 

Zone 1: gipsfreie Zone (keine rezenten Erdralle) 
Zone 2: Subrosionszone (fossile und rezente Erdfalle) 
Zone 3: noch nicht subrodi·erte Zone (nur irregulare Erdfalle) 

Diese Gli�derung kann man natiirlich unter Beachtung regionaler Differen

zierungen auch fur den Sudharzrand ubertragen. Die·regulare Auslaugung 
( im Sinne Weber's 1930) ist vom Ausgehenden der loslichen Schichter1fol
gen bereits in Richtung Suden fortgesch1·itten. Daraufhin weisen die

. 
. 

Bezeichnungen dolomitischer·Kalk, Rauchwacke und Asche (Auslaugungsre-
siduen) der geologischen Landesaufnahme. Diese Gesteine (Zone 1) sind
meist j_n einem schmalen Streifen sudlich des Ausgeher1den des Kupfer
schieferflozes vorhanden. Daran schliessen sich in Auslaugung begriffe
ne vergipste .Anlzydrite der Werra-, Stassfurt- und I,eine-Serie an ( Zech
stein 1-3). Die harzrandparallele Ausl?ugungssenke durfte in ihrem
Nordteil auf die Auslaug1mg der Werraa.nhydrite und im Sudteil auf die
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Enclosure 1. Ausschnitt aus der Gesamtkarst-. 
karte Sudharz (DDR - Anteil}: 1 - Alterdfall .. ' 

unter bzw. uber 5 m Durchmesser, 2 -·Rezente� 
Erdfall unter bzw. uber 5 m Durchmesser, 3 -
Gelandedepression, oval bis kreisfonnig, 4 -
Erdfalltal, 5 - Aktiver Senkungskessel, 6 -
Bachlauf bzw. Gerrinne, standige Wasserfiihrung, 
7 - Bachlauf bzw. Gerinne, episodische Wasser
fuhrung, 8 - Ponor, standiger Zufluss, 9 - ,. 
Ponor, ·episodischer Zufluss, 10 - Inaktiver 
Ponor, 11 - Quella, standige Schuttung bzw. 
zei tweilige S�hiitun�, �2 7 Bachversinkung, ..
13 - Wasserflache, � standig, 14 - Wasserfla
che, zei tweilig, 15 - IQ.ufthohle, 16 - IQ.uft
Laughohle, 17 � Stollenmundloch, 18 - Schacht, 
19 - Abrisspalten mit Angabe der Bewegungsrich-· 
tung, 20 - Nackter Karst, 21 - Gipskuppen 
(vereinzelt Dolanitkuppen}, 22 - Geologische 
Orgeln, 23 - Fossile und rezente Rutschungen, 
24 - Geologische Storung (Verwerfung), 25 -
Ausgehendes des Kupferschieferflozer, 26 -
Grenze Zechstein/Unterer· Buntsandatein. 
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des Sangerhauser- bzw. Hauptanhydrits·zuruckzufiihren sein. Die Zone 2 

leitet zur Zone 3 uber, in der gegenwartig keine Auslaugung statt

findet. 

Das betrifft das Gebiet wenige 100 m sudlich der Verbreitungs

grenze des Unteren Buntsandsteins. Die Erdfalle uberschreiten diese 

Schichtgrenze generell nu.r 200-300 m nach Suden, mit Ausnah.me des Ge

bietes westlich und ostlich Grossleinungen (Ankenberg, Mooskamrner), 

wo Erdfalle und Depressionen noch bis 500, selten 600 m sudlich der 

Buntsandsteinverbreitungsgrenze auftreten. Ab einer bestjmmten Mach

tigkeit der Buntsandstein-Uberdeckung lasst offenbar die Vergipsung 

nach und erl�hmt die Auslaugungsintensitat. 

4. ANORDNUNGSPRINCIP VON ERDFALLEN UND DEPRESSIONEN

. 

Fur die inzwischen kartierten 907 Hohlformen bietet sich als ein Er-

fahrungswert folgende Klassifizierung an, wobei sich Verfasser 

daruber im Klaren ist, dass diese natu.rgemass relativ subjektiv ist: 

- Erdfalle, typisch (�: Tiefe < 5 : 1)

- Erdfalle, geal tert ( �: Tiefe � 5 : 1 und < 10 ·: 1)

- Gelandedepressionen ( �: Tief e � 10 : 1)

In vielen Fallen ist man geneigt, dieser relativ willkurlichen Ein

stufung zu widerhandeln. 

Nicht ohne weiteres zu entscheiden ist die Frage, ob die als 

Depressionen bezeichneten flachen geschlossenen Hohlformen von ellip

tischem bzw. kreisformigem Grundriss eine 2. Generation gealterter 

Erdfalle darstellen oder ob es sich schlechthin um Ablaugungsformen 

von der Oberflache her handelt. Beides scheint moglich zu sein. In-

teressant ist dabei, dass auch die Depressionen von meist 0,5-1,0 m 

Tiefe dem gleichen Anordnungsprinzip wie die Erdfalle (s. Enclosure 

1) unterliegen. Die Erdfalle und Depressionen haufen sich scheinbar

a) an der Buntsandstein-Anhydrit-Steilkante1)

b) im Einflussbereich von Wasserschwinden

c) an der Verbreitungsgrenze des Unteren Buntsandsteins

d) entlang von Hauptkluftsystemen bzw. Storungen.

Zur Erlauterung hierzu dient Enclosure 1. 

l) oft nicht als Steilkante sondern Steilhang ausgebildet.
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Auf die Dynamik in solclien akuten Ver·karstungsbereichen wie unter 

b) angedeutet weisen

hin. 

- fossile Hangrutschungen
•• •• •• - ausgepragte Gelandeabbruche von 2-3 m Sprunghohe in weiterer

Umgebung von Schwinden (s • .Ankenberg-Schwinde) 

- Schwindenverlagerungen (s. Glasebach-, Dinsterbach- Ankenberg-
Ponor)

Die Haufung von Erdfallen und Depressionen entlang tektonischer 

Elemente ist in der unmittelbaren Umgebung von Questenberg (Nassetal) 

besonders gut zu verfolgen. Von 69 mehr oder weniger deutlich erkenn

baren Erdfallreihen bzw. Linien, die bestimmte fur die Verkarstung 

bedeutsame Kluftrichtungen reprasentieren, dominiert die NW-SE und 

NE-SW Richtung vor der E-W Richtung: In der Rangfolge an 4. Stelle ist 

die rheinische Richtung vertreten. Das trifft auch fur die .Anlage von 
•• 

Talern zu, die bestimmten tektonischen Richtt1ngen folgen. Of'tmals sind 

Erdfallreihen und Taler identisch. Der herzynischen, varistischen und 

rheinischen Streichrichtung folgen auch die Hohlen am Harzsudrand 

(Ilausky 1953). Viete (1954) sieht in der seiner Meinung nach vorhan

denen Bevorzugung von herzynischer·und rheinischer Richtung das Ergeb

nis. alter tektonischer Beanspruchungen zwischen Jura und Tertiar und 

bringt die jungere E-W-Richtung mit der Hebung des Harzes oder mit der 

Einsenkung des harzrar1dparallelen Auslaugungstales in Verbindung. 
I 

In Talern liegen die Langsachsen von Erdfallen und Depressionen 
•• 

meist in Talrichtung. In dieser Richtung wurden die ·Rander der Hohl-

formen stark erodiert. Die Langsachsen einiger Erdfalle in Talern lie

gen um 90° bzw. 45 ° gedreht zum Streichen der Talachse und zeige.1 die 

Beeinflussung durch andere Kluftsysteme. Das kann westlich des Nasse-
\ 

tales zwischen Rotem Kopf und Talberg beobachtet werden. Im Kreuzungs-

punkt zweier Kluft- bzw. Storungssysteme (E-W und NE-SW Richtung) 

1.ieg·t; hier ein Grosserdfall. Kreuzungs- 1.md Schnittpunkte von tekto

nischen Ele1aenter1 stellen Zentren der KaI·stwasserbewegung llD.d somi t

Auslaug1mg dar. Das E-W Kluftsystem fuhrt nacl1v1eisl)ar im Ostponor des

Periodischen Sees versinkendes Wasser zu den Haupt-Quellaustritten im
. 

Nassetal (Viete 1954). Eine Haufung der Grosserdfalle mit Tiefe11 

zwischen 5-10 m und uber 10 min der wei�eren westlichen Umgebung der 

Quellaustritte weist ebenfalls in diesem Bereich auf Karstwasserab

fluss bevorzugt auf E-W und NW-SE Kluftsystemen in Richtung auf die 

Haupt-Quelle (Wickeroder Quelle) im Nassetal hin. Diese Quelle schut-
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tet ziemlich gleichmassig 4-7 m3/min �d ist damit eine der am stark
sten schuttenden Karst-Quellen im Sudharzgebiet. Dass sie auch aus 
anderen Einzugsgebieten als dem Periodischen See gespeist wird beweist 
die Tatsache, dass sie auch trotz nurunehr 2-jahriger Leerzeit des Pe
riodischen Sees bei Rossla unvermindert fliesst. 

5. STATISTISCHE AUSWERTUNG DER ERDFALLE
.. U.ND DEPRESSIONEN I. o·. G. GELANDEABSCHNITT 

Im Gelande wurden Durchmesser, Tiefe und Boschungsneigung der Hohlfor
men gemessen bzw. geschatzt. Die Hau.figkeit der Erdfalle, ihrer Durch
messer und Tiefen wurde in 3 Gelandeabscbnitten ermittelt: 

Gebiet zwischen Lejne- 1.1nd N·assetal (11, 34 1an2 ) 

1. Hau.figkeit der Du.rchmesser der Hohlformen

0- 5 m 5-10 m 10-20 m 20-50 m 
. • 

Messwert: 54 4-1 48 .

37 
•• 

Schatzwert: 7 17 16 14 

. 2. Haufigkeit der Tiefen der Hohlformen 

0- 2 m 2- 5 m 5-10 m

Mess- und 
•• 

Schatzwerte: 161 48 19 

3 . Erdfalldichte pro 1an2: 21,0 

50 m Gesamt-
zahl 

1 181 
. 

4 58 

1o·m Gesamt- . .  
. zahl 

7 235 

Gebiet zwischen Nassetal und der. Strasse Agnesdorf - Rossla (3,71 1un2 ) 

1. Haufigkeit der Durcbmesser der Hohlformen

0- 5 m 5-10 m 10-20 m 20-50 m 50 lD. Gesamt-
zahl 

Messwert: 36 32 53 4-1 7 169 
Scha_tzwert: 6 16 18 1 4-1 
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2. Haufigkeit der Tiefen der Hohlformen

0- 2 m 2- 5 m 5-10 m 10 Ill Gesamt-
zahl 

Mess- UlJd 
Schatzwerte: 162 54 16 3 235 

Scha·tzwerte liegen in einigen unscharfen Erdfallra·n<lern begriindet. 

Eine Festlegung der Erdfallgrenzen ist hier subjektiv. Eine genaue 
Messw1g mi t dem Tele top w·urde ej ne Ge11auigkei t vortauschen, die in 

der Natur nicht vorhanden ist. 

3. Erdfalldichte pro km2 : 63,3

Gebiet zwischen der Strasse Ag11esdorf - Rossla und dem Thyratal 
( 10, .32 km.2 ) 

1. Haufigkeit der Durchmesser der Hohlformen

0- 5 m 5-10 ill 10-20 m 20-50 m 50 m Gesamt-
zahl 

Messwert: 74 65 94 . 63 16 312

•• 

Schat;zwert: 2 5 23 28 6 64 

2 . Hau±·igkeit der Tiefen der Hohlformen 

0- 2 m 2- 5 m 5-10 m 10 m Gesamt-
zahl 

• 

Mess- und 
•• 

Schaztwerte: 287 104 38 8 437 

3. E1·df alldicl1te pro km.2: 42, 3

Bei der· im Zentralen Geologiscl1en Insti tut in Berlin erfolgten rech
nerischen Auswertung wurden folgende statistischen Mas�zahlen ermit
telt: 

Durchmesser Tief'e 
•• 

Boschungs-
[ID.] [m] winkel [g]

n 130 130 94 
- 12,3 3,6 45,2 
X 

s 9,9 3,0 11,8 

V 80,3 81,5 26,1 

l-lo 
14,0 4,1 47,6 

l-'u 
10,6 .3' 1 42,9 
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Es bedeuten: n - Anzahl
i - aritb.metischer Mittelwert
S - Standardabweichung

v - Variabilitatskoe:ffizient
µ

0 
- obere Vertrauensgrenze des Mittelwertes

Pu - untere Vertrauensgrenze des Mittelwertes
•• 

Zwischen. der Tie:fe und dem Durchmesser der Erdfalle bestehen deutli-
che Wechselbeziehungen (s. Abb. 1). Es wurde ein Korrelationskoeffi-
zient von r = 0,932 errechnet. 

Zwischen dem Bo·schungswinkel und der Tiefe sowie dem Durchmesser 
wurde eine signi:fican.te · Korrelatiori 11ich·t; :festgestellt • 

. Der soweit moglich bei der Aufnahme der Hohl:formen ermittelte 
Boschungswinkel soll ein Hilfsmittel der relativen Altersdatierung

sein, da auf' geeignete Sedimente fur Altersuntersuchux1gen meist nich.t 
zuruckgegrif:fen werden kann und 4iese Untersuchungen soweit sie die 
c

14-Analysen betre:f:fen sehr kostenaufwendig sind. Ver:fasser ging da
vo� aus, dass Erd:falle mit z.B. Boschungswinkeln uber 59g naturgemass 
junger sein mussen als bereits gealterte Erd:falle mit 20g oder 30g. 
Ejner freundlichen Mitteilung von Herrn Dr. Wadewitz, Arbeitsgruppe 
Geologie des DWBO Leipzig zufolge gibt es in der Moos�arnmer zahlrei
che Erd:falle, die o:ffenbar alt sind aber durch standig aktives Nach
rutschen Bosch1l·agswinkel entstehen, die o. g. Darlegun.g einschranken • 

• 

6. AUSBLICK

. 

Die Er:fassung und Dokumentation der Karstobjekte im Zechsteingurtel 
des Harzsudrandes wird. unter Mitarbeit weiterer Fachgruppen fur 

• 
•• Hohlen- und Karstforschung des Kulturbundes der PDR zielstrebig fort-

gesetzt 1.1nd o. g . geschlossenen Hohlformen weiterhin besonderes Augen
merk geschenkt. c

14-Untersuchungen sollen exakte Altersdatierungen 
ermoglichen. In der Quer:furter Mulde konnte mittels dieser Methode 
fur einige Erdfalle im Totausstrich (Untere Trias) eine Alter von 
uoer 6 000- Jahren errechnet werden (Brendel 1972). Mit dem Auf'mass 
von domartigen Hohlraumen in Hohlen des Gipskarates - gewissermassen 
Erdfalls·in statu naszendi - wurde begonnen, um Vergleichswerte zu 
den Dimensionen der Hohlformen an der Erdober:flache zu erhalten. Alle 
Fachkollegen, welche die Moglichkeit haben, Messdaten beizusteuern, 
werden um diese gebeten. 
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Abb. 1. Beziehungen zwischen Durch-nesserri und Tiefen bei Erdfallen (Untersuchungsge
biet: Gipskarst Harzst.idrand, Gebiet zwischen Leine- und liassental): l ·- Streuung um 

die Regressionsgerade, 2 - Regressionsgera�e, 3 - Erdf�lle. 
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Ba 012 

NIVEAUX DE BASE GEOGRAPHIQUES ET NIVEAUX 
DE BASE KARSTIQUES 

P. Fenelon

Comite National de Geographie, 
Commtesion dea Phenomenes Karstiquee 

Bourge-La-Retne, France 

I. LE NIVEAU DE BASE GEOGRAPHKlUE

Si 1 'on· admet qu' un ni vea·u de base determine la zone a partir de 

laquelle s'etablit l'equilibre entre les forces de destruction du 

relief et la resistru:1ce des roch.es a leui� attaque, les niveaux de base 

karstiques, envisages par les speleologues, sont differents des. 

niveaux de base geomorphologiques definis par les geographes. Les 

niveaux de base des geographes coincident d'ordinaire avec la surface 

des mers ou des lacs; c'est en principe le niveau au-dessous duquel un 
, 

cours d eau ne peut plus creuser, ou modeler s� vallee car il se 

heurte a la nappe oceanique ou lacustre qui annule sa vitesse et par 

consequent sa competence; c�est egalement le niveau au-dessus duquel 
il ne peut remblayer sinon il retrouverait vers son embouchure une 

pente qui lui redonnerait la puissance d' eroder ses propres all·µ.vions. 
A cette no•tion de ni ·veau de base s 'ajoute normalement celle de 

pro±'il d 'equilibre; _ presse11tie des le XVII0 siecle par les ingenieurs 

italiens amenageant le cours du Po, precisee plus tard par Surell 
( 1872) a partir du lit des torr.•ents alpestres, reprise par Dausse en 

1872 et Powel en 1875. De la Noe et de Margerie la vulgariserent 

parmi les geographes a partir de 1888. En 1939 P.S. Iovanovici avait 

essaye d'en fixer les lois. Mais celles-ci ont ete vive�ent discutees 

par H. Baulig (1925), P. Birot (1949) et M. Derrua� (1965), car elles 
sont loin de correspondre a une realite c�ncrete. 

Cex·tes, pour les f'leuves, le niveau de base c" est, au dela de 
l 'estuaire ou du delta, le niveau des mers et--d�s ocea.ns, ou bien

celui des lacs; pour les cours d'eau secondaires c"est la confluence
avec 1"artere principale. A partir de ce point capital, par erosion

regressive, ou par remblaiement, s'etablissent �es profils d"equilibre
' 

, 

longitudinaux et transversaux des vallees tels que, par 1 usure des
seuils et le comblement des depressions, se produise a la longue un
equilibre entre l'attaque du fluide qu'est l"eau et la resistance du 

materiel rocheux qui canstitue le lit et versants de la vallee. Ainsi 
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reculent et disparaitnont, si rien n'en trouble le rythme actuel, les 
chutes du Niagara et du Zambeze, ajnsi se remblaieront de dep�ts les 

. .

profondeurs inferieures au niveau marj_n, du Dan11be aux Portes de Fer, 
de l'Amazone a Obidos, etc. 

Un tel modele des vallees est fonction de la_ pente et du debit 
des cours d'eau, de sorte que le profil d'equilibre tend vers l'hori
zontale a proximite du niveau de base et vers la verticale dans la 
region des sources; ainsi il devrait decrite 11ne courbe concave vers 
le ciel. Mais cette courb·e est purement theorique; c 'est une vue 
idealisee de la realite, car il n'y a rien d'aussi instable qu'un. 
niveau de base, fut-ce celui de l'Ocean, ni d'aussi sinueux qu'un 
profil d'equilibre qui, en fait, n'est jamais atteint. Le niveau de 

. 

base se modifie contin11ellement aux con:fluences des tributaires et de 
l'artere mattresse par suite de l'evolution du profil longitudinal du 
cours d'eau prjncipal; i'apport des affluents contribue m@me a faire 
evoluer la courbe du lit fluvial soit selon une brism.�e · negative· s' il 
est faible, soit selon une brisure positive s'il est abondant. Les 
niveaux de base lacustres sont eux-aussi soumis a des variations 
saisonnieres qui obligent les affluents des lacs soit a creuser en 
periode de basses eaux, soit a remblayer en periode de hautes eaux. 
d'Ailleurs, a la longue, les lacs sont destines a dispara1tre par 
comblement et vidagne s'il ne se produit pas de modifications clima
tiques ou tectoniques; c'est dans tm bassin continental que s'etablit 
alors le talweg d'un.cours d'eau desormais prive de niveau de base 
local. 

Le riiveau mgme de la mer varie sans cesse avec la maree, de 
telle sorte que tant8t le fleuve creuse des chenaux et transporte des 
vases,vers la mer, tant8t refoule, il depose sur ses berges et dans 

. . \ 

son lit une partie de ce que H.· Enjalbert a appele le ''bouchon vaseu.x:''. 
\ 

Mais si l'on neglig� cette variation quotidienne, on doit• reconna1tre 
que l�s phases eustatiques, dues aux glaciations,. jouent toujours un 
_grand r8le oans la section in�erieure de la plupart des fleuves du 
monde. �ls sont en effet inadaptes au niveau actuel des mers par 
suite de la transgression post-glaciaire; les estuaires se comblent, 
car leur profil inferieur est au-dessous du niveau moyen des eaux 
marines. Rares sont les orga11ismes- f1.u,r:Lall.:'C qui accentuent leur pente, 
coin.me le =fait J._e Vai· a1..1. rnonten.t de Se perclr·e clans J .es J�].ot�s. 

J.;e prof'il longitudi11al est; air1si se ... ns cesse re1nis er1 question; 
il l 'est egalement tout· au long de son parcours. Saisormiereme11t le.. ' 

col¼rs d' eau c1.·euse qu.a11d il est e11 crue, il depose quand il est .er1 
decrue. Au cours des temps geologiques les variations de clima·t o:r1t 
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eu le nteme 1.'esul tat sel·on leur degre d 'humidi te et de temperature. 
Les gains ou les pertes par capture ont influe eux-aussi sur la courbe
du profil, qui a pu @tre modifiee egalement par des mouvements tecto
niques. 

' · . 

Tout au long du lit d'un fleuve, erosion transport et alluvion-
nement alte.rnent; les seuils rocheux sont erodes, les biefs retiennent 
les alluvions. De sorte que m@me lorsque le profil est proche de 
l'equilibre, il est loin d'�tre une courbe concave reguliere; il se 
compose plut3t de courbes locales plus ou moins bien raccor'dees les 
unes aux autres, modifiees par l'inegale resistance des couches geolo
giques traversees, par les apports inegaux des affluents, en matiere 
liquide aussi bien que solide. Le profil longitudinal p·eut m�me devenir 
convexe sur des banes rocheux tres durs, ou vers l'aval 
l'influe11ce d'un climat plus chaud et plus sec que vers 
debit diminue en s'ecoulant vers l'embo·uchure. 

SJ., .sous 
, 1 amont, le 

Il en est de m�me des profils transversaux en voie d'evolution 
vers l'equilibre entre les forces d'erosion et de transport d'une part 
et les forces d'inertie et de resistance des strates sedimentaires et 
des repla·Gs s Gructuraux d' autre part; ainsi le relief parvient au poj,nt 
ou les apports des versants vers le talweg sont tres faibles. Mais ce 
stade n'est jamais atteint; l'equilibre le long des pentes, quoique 
tout proche, est sans cesse plus ou moins detruit par les m�mes causes 
que celles qui separent le profil longitudinal de sa perfection� De 
sorte que les niveaux de b�se des geographes, aussi bien que les pro
fils d'equilibre, qui en decoulent, sont des vues de l'esprit et non 
des realites exactes. 11 n'en demeure pas moins que ces �otions 
abstraites restent utiles pour comprendre l'evolut�on d'un relief 
tou.rmente vers un aplanissement presque parfait. Si la sequence clima-
tique et tectonique, qu cours de laquelle il a debute, est d'assez 
longue duree, elle devrait determiner a la longue une peneplaine 
faiblement ondulee. 

Toute:f ois, il convier1t de remarquer que dan s ce cas d' e9.uilibre 
morphologique, le s forces d' agression et de resistance mise.s en jeu 
sont turtout d'ordre physique. Il n'en est pas de mame en ce qui con
cerne le niveau de base karstique. Des elements nouveaux interviennent. 
dont il convient de tenir le plus grand compte, si l'on veut· parvenir 

. 

a une definition aussi satis:faisante et aussi oomplete que possible du
pheno:mene. 
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11. LE NIVEAU DE BASE KARSTIQUE

C 'est sans doute pour les avoir, en paI·tie passees oous silen.ce que les 

conceptions sur ce niveau de base particulier divergent d'un auteur 

a l'autre. Ainsi, pour M. Margat (1971), c'est la surface de la nappe 

d'eau libre, souterraine ou subaerienne, servant de lieu de confluence 

a1rx: nappes subordonnees et aux filets d'eau des galeries plus elevees, 

qui regle le jeu de l'erosion et de la corrosion dans les strates 

calcaires. Ce niveau est ainsi determine d 'une part; par la couche im

permeable sous-jacente a la nappe principale, et d'autre part par 

l'alimentation exterieure, ce qui permet de rapprocher ce niveau de 

base karstique de celui des geographes, la nappe prir1cipale equivalar1t 

pour les r1appes secondai1. .. es a l 'Ocean pour les fleuves. Mais une def·i

nition de ce genre neglige les sources sous-marines, sous-lacustres et 

sous-fJ.uviales, sources dor1t les eaux, en depit des niveaux de base 

oceaniques, lacustres ou fluviaux, attaquenG le materiel rocheux qu' 

elles ·traversent a des profondeurs parf"ois tres grandes, a des J.en

·taines de metres et meme . a des 1nilliers de metres au-dessous de la

surface des mers et des oceans. 

·Par ailleurs, les auteurs d'un lexique fran�ais de Speleologie

( 9) ont accepte com.tue definition du niveau de base karstique le r1iveau

le plus bas permettant la circula•tion de 1 'eau dans un resea·u de ga

leries; ils le fixent done a 1 'exu·toire, a la resurgence la plus basse

de · ce reseau, a 1 'exception cepe11dant des sources sous-marines, so·u.s

lacustres et sous-fluviales; dans ce cas, le niveau de base redevient

cel·ui des geomorphologues, c' est-a-dire une mer, un lac, ou un fleuve.

Cette concept:i.-0n, souleve de nombreuses objections. 'I1out d' abord 

l'altitude de la resurgence est variable; selon l'alimentation, elle 

peut s 'eleve;t' ou s 'abaisser de plusieurs ·· dizaines de metres; en outre, 

sous l 'influer1ce de 1 'erosion, elle a tendance a se deplacer vers 

1 aval. On neglige egalement les variations souterraines de la nappe, 

dues soit au debit des galeries, soit aux differences de permeabilite 

des roches, soit aux f'ormes exterieures du I·elief. Il faut tenir 

compte. aussi des nappes captives entre deux zones impermeables.

Certains speleologues, comme Martel, ont m�me nie l'existence des 
nappes souterraines; dans ces conditions on ne voit pas ce que devient 

leur niveau de base. 

Au contraire, Pierre Rat, de la Faaulte des Sciences de Dijon, 

propose, comine ni veau de base, la limi te extreme er1 prof ondeur d 'un

reseau karstique, c'est-a-dire la zone impermeable creatrice d'aquife-
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re. Et nous sommes a peu pres d'accord avec lui. E:ffectivement si 1'on
definit les divers niv�au.x de base dans les memes termes comme etant
les ni·veau.x au-dessous .desquels les phenomenes d' erosion ou d' accumu
lation par l'eau ne peuvent plus se produire par siute d'un equilibre
approximatif entre les forces d'agressivite et les forces de resistan-• 

ce, on parvient a une conception plus precise du niveau de base kars

tique. 

En effet, dans rm massif calcaire impregne d'eaux plus ou moins 

libres ou captives, douces ou dures, il faut envisager non,seulement 

leur pouvoir d'erosion et d'accumulation, mais egalement la pression 

hydrostatique et les phenomenes de dissolution et de.precipitation du 

Caco
3

• 

La pression hydrostatique, dite aussi pression artesienne ou 

charge ascentionnelle, existe toujours au sein d'unP. nappe souterraine, 

et peut se mesm·er en gradients piezometriques. Au cours de forages 

sur les hauts plateaux algeriens, a l'Ain Skrouna, on l'a trouvee egale 

a plusieurs atmospheres vers 300 m de profondeur; le bouillonnement de 
l 'eau au fond des bassins de resurgence et; le jaillissement des puits

artesiens .en sont des preuves indiscutables. Un effet de presse bydrau

lique joue necessairement a l'interieur des puits et des couloirs

pleins d'eau, sinon comment expliquer les sources sous-marines dont la

pression de ·leurs eaux douces d'origine continentale contrebalance

celle de l 'eau salee? Ainsi done, sous 1 'j_nfluence de cette poussee

souterraine, l'eau des nappes circule, non seulement en surface, mais
egalement en profondeur, jusqu'a la couche impermeable qui limite vers

le bas la nappe phreatique. En Australie n'a-t-on pas fait jaillir de
pres de 4000 m au dessous du niveau de 1 '0cean, des eaux-· chargees de

•

calcaire?
Car, outre la pression hydrostatique, il faut encore tenir compte 

•• 

dans un karst d'un phenomene qui ne joue qu'un role reduit dans un 

reseau fluvial, c'est le phenomene chimique de la corrosion. Dans une 

masse calcaire, perforee de diaclases et de galeries, baigna.nt dans 
une eau sons pression et chargee de gaz carbonique, ou d'acides divers, 
le carbcnate de calcium es·t_ attaque, transforme en bicarbonate de cal

cium tres soluble dans les eaux en cours de migration. S'il y a  une 

erosion de caractere physique dans les conduits a circulation libre, 

il se produit une erosion de caractere chimique dans les conduits 

entierement gorges d'eaux captives; c'est le phenomene de corrosion, 

agent specifique de !'evolution des karsts. 
, 

Jusqu'ou peut s'exercer cette action corrosive? en d autres 

termes ou se situe la. limite inferieure de la �issolution karstique? 
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ou se produit l'equilibre entre la co�rosion et la resistance du 
ma�eriel rochaux? ou se trouve le niveau de base karstique? Ainsi 

pose le probleme de ce niveau ne pax·ait plus poser d'ambiguite. Certes, 

la corrosion s'etend a ·toute la nappe et s'exerce sur les multiples 

interfaces liquide-solide, d'autant plus efficacement qu'ils sont tres 

nombreux dans un calcaire fracture et poreux. Mais cette activite 

destructrice des eaux souterraines trouve sa limite lorsqu'elle se 

heurte a un mate;iel insoluble, ou difficilement soluble, c'est-a-dire 

a des couches d'argile ou a des roches cristallines. Ainsi le niveau 

de base karstique s'etablit au niveau de la zone qui arrete la progres

sion vers le bas de la nappe souterraine, c'est-a-dire a la couche 

geologique impermeable, generatrice d'un aquifere. 

Toutefois, la realite est plus compliquee que ne le laisserait 

croire definition aussi schematique. La continuite, l'epaisseur et 

l'altitude des roches impermeables sont loin d'etre regulieres. 

Parfois les horizons argileux comportent des interruptions, des lacu

nes, des reductions de puissance qui favorisent les captures entre 

reseaux superposes et font descendre d'autant les niveaux de base. 

Parfois des masses calcaires compactes, mans diaclase ni porosite, 

n'etant pas impregnees d'eau, provoquene des lacunes dans les nappes 

et, en consequence, des ruptures, dans les niveaux de base. Ceux-ci 

ne sont pas necessairement horizontaux, ni regulierement inclines, ni 

concaves ou convexes; ils epousent les denivellations, parfois consi

derables, de la base des aquiferes; ils peuvent etre isoles en bassins 

. sans cororo1.1nication les uns avec les autres. Enfin, frequemnient, 

a travers un massif calcaire s'intercalent des strates ruarneuses ou 

argileuses, chacun� d'elles creant des nappes superposees, de sorte 

que l'on peut observer ainsi, sur les parois des grands escarpements 
• 

calcaires, des suintements, des lignes de source qui correspondent, 

chacune d'entre elles, a un niveau de base particulier. Dans ce cas 

plusieurs zones se superposent ou l'erosion chimique est arretee, 

equilibree par la resistance a la dissolution d'une couche geologique 

insoluble, depourvue de carbonate de calcium, mais composee de sili

cates d'alumine ou d'oxydes de siliciwu, avec des elements d'une 

morphometrie d'argile. 

Certe.s on peut ob jecter que la dissolu·cion en profondeur est 

rapidement stoppee, notaroroent dans un calcaire finement poreux; les 

eaux seraient saturees de C03Ca en quelques metres et cesseraient 

d'�tre agressives. Sans doute; mais divers elements entrent en jeu 

pour maintenir ou renouveler la corrosion, soit par elargissement des 

126 



• 

fissures ou des diaclases, soit par n1elange des eaux inegalement 

agressives (la Mischungskorrosion d'A. Bogli), soit par variations 
laterales ':)U verticales de la na·ture q.es roches, de sorte que des 
exutoires f'avorisent la circulation des nappes souterraines a des 

vitesses infiniment variables et que mettent en evidence resurgences 
• 

et exsurgences, puits et cours d'eau par leurs depots de tufr, de 
travertins ou de calcite pure. Le raisonnement exigerait une rapide 

saturation; l'observation montre le contraire et nous devons bien lui 

rendre des points. 
Enfin peut-on envisager l'evolution complete d'un karst sous la 

se·ule influence de la corrosion jusqu' a la disparition totale de la 
masse calqaire au-dessus de son niveau de base? en d'autres termes 

est-il possible de concevoir un equilibre par�ait entre les processus 
de dissolution et la resistance des couches insolubles? c'est encore, 

pour le niveau de base karstique, comme pour le niveau de base geo
graphique, une limite qui n'est jamais atteinte. En effet, au fur et 

a mesure de la disparition du carbonate de calcium le 
que evolue de la doline et de la caverne aux tours et 

sorte que·la pression hydrostatique s'attenue de plus 
• 

relief karsti-

aux chicots, de 
en plus ta.ndis 

que l'erosion par les eaux libres s'acrroit; c'est le niveau de base 
geographique, c'est-a-dire le niveau des ·mers OU des lacs qui regit 

alo1."\s 1 'evolution du rel·ief aux lieux et places du niveau de base 

karstique, avec t;out ce qu' il comporte d' imperfection et d' inacheve, 
.

ainsi que nous l'avons deja souligne. 
En conclusion, il existe une difference tres sensible entre les 

deux conceptions des niveaux de base speleologiques et des niveaux de 
base geographiques. Ceux-ci restent subaeriens et soumis• a des pheno
menes mecaniques, dete1.�minantt si la sequence geol'ogique est assez 
longue, un equilibre entre l'usure et l'accumulation par les eaux 

fluviales d'une part, et la resistance du materiel rocheux d'autre 
part. Au contraire, les niveaux de base des karstologues sont souter

rains et il s'y ajoute, aux actions mecanj_ques, sous l'influence de 
la pression hydrostatique et des acides carboniques et organi.ques, 
une dissolution lente, partiellement creatri_ce en profondeur de grot
tes et de cavernes, et en surface de dolines, de poljes et de hums. 

De tels phenomenes se produisent dans l'epaisseur des masses calcaire,s 
permeables jusqu'a la limite ou il y a  equilibre entre la corrosion 

et la resistance des roches a la dissolution. 
Mais etant donnee la complexite des facteurs mis en cause, ni-

veaux de base karstiques et niveaux de base geographiques, profils 

127 

•



d'equilibre subaeriens des cours d'eau et profils d'equilibre souter

rains des karsts sont finalement plutot des hypotheses ideales que 

des possibilites realisables. Elles n'en sont pas moins utiles a la 

recherche geomorphologique et a la comprehension des modeles karsti

ques et non karstiques, puisqu'elles representent des cas limites qui 

devraient etre.atteints si n'intervenait aucun element susceptible de 

modifier l'evolution actuelle de l'ecorce terrestre, de sorte que, 

selon la Parole, ''les montagnes seraient abaissees et les vallees 

seraient comblees''. 

S.UMMARY

For geographers the ideal basis level is sea level, having as a corollary the lime of 

ideal equilibrium of subaerial water coo.rses which flow into the oceans. This line may 

be defined as being the result of. an equilibrium between the force of erosion or of 

accumulation in a water course and the resistance of the material over which it flows; 

in other words above or below which it can neither dig nor accumulate any further. It 

goes without saying in the case both of the basic level and in the case of the line 

of equilibrium we are dealing with a theoretical possibility; it is never perfectly 

attained, but they are both useful in explaining evolution in relief. Be as that may, 

whether the line of a water coo.rse is due to erosion or to deposite, it comes above 

all from mechanical phenanena. 

Like geographers, karstologists have also created the basic karstic level. But 

opinions differ fran one specialist to another. For sane it is, it would seem, the 

surface of phreatic water existing in a karst. For others it is the level of the 

lowest outlet pennitting of free circulation of water in a karstic network. 

Now the levei of an underground bed, like that of an outlet, is too variable to 

be considered stable. What is more, two important phenomena have been neglected, hydro

static pressure and chemical erosion or corrosion. The first comes through submarine 

sources, and by siphonic channels; the second, linked to the first, sanetimes occurs 

at great depths if the underground bed crops up again either as a result of gravity, 

, or above all of' pressure • 

. So that if, following the geographers, the basic karstic level is defined as 

being that below which karstification cannot occur, that level can only consist of the 

imperm·eable layer on which the limestone mass lies and which blocks the underground 

bed. Thus conceived, basic karstic levels can be canplete or incomplete according to 

the degree of impermeability of the elastic rock, unique or multiple according to the 
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number of impermeable zones situated either at the ua.se or at different levels of the 

limestone rock. 

But is a line of equilibrium linked to this basic level? Undoubtedly it is the 

surface of the insoluble and impermeable stratum where corrosion ceases to act. 

Nevertheless, before that the corrosion ceases the mechanical erosion relaies it above 

the basic geographic level. Finally erosion and corrosion interfere to make away all 

relief if continents and oceans remain stable under a same climate. 
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Geomorphology of the karst surface 

KARST DEVELOPMENT IN BARBADOS 

J. H. Fermor 

Department of Humanities, Glasgow College of Technology 
Glasgow, Great Britain 

The island of Barbados is principally constructed of a series of 
. 

raised reefs which t·orro. a limestone cap generally over 70 met�es in 

thickness. Mean ann1:tal rain·fall over this cap ranges from 1000-1800 

m.m. and the water-table is everywl1ere well below the surface. Tricart

(·1968) has observed that the lithological and hydrological environment

leads one to e}q)ect extreme Karstification, but that this expectation 

is not realized. Instead we find a low density network. of valleys that 

are either dry or only ephemerally active, and on the wide jnterfluves 

a scatter of small shallow depressions. 

Thorium-Uranium dates are available for reefs up to 250,000 years 

of age, and both younger and older reefs can be fitted to jnsolation 

maxima predicted in terms of absolute age from astronomical data 

(Mesolella et al. (�968)). Hence Barbados provides an ideal setting 
. . 

for the study of Karstification through time. The valley network is 

ill suited to such a study however, as it is widely suspected of being 

a fossil feature, and may even consist of ljnked sections of differing 

ages of inception or dessication, but similar durations of incision 

(Harrison & Jukes-Browne (1890)). Therefore attention is first concen

trated on the sinkhole plajns, seeking to trace their development and 

to account for tl1e general attenuation of Karstification. 

The basis data for the study is obtained from the 1:10,000 map 

series. This has a 6 metre contour interval, and depression counts are 
( 

made by reference to closed contours with the addition of those sink-

holes marked conventionally but without contour indication. Depression 

areas quoted refer to areas within the highest closed contour, and 

elongation ratios are similarly derived. As the vast majority of the 

depressions are shown only by a single contour no attempt is made to 

trace changes of depth with time. 

Depressions jn the raised reefs may be Karst solution features,. 

Karst collapse features, or pseudokarsy features inherited from the 

submarine envi�onrnent, as previousJ.y reported by Venstappen (1960). 

In the subsequent analysis the major·ity of the depressions are as-
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s1,1med to be solutional features. From this working hypothesis, three 
factors are deduced as favouring high depression frequencies. These 
are rainfall, which should have a direct relationship with the rate 
of solution, the slope of the ground, whic:t1 should determine the 

balro,.ce of run-off and percolation, a.nd the duration of exposure of 
the :r.•eef·s to sub-aerial conditions. 

To gauge, the influence of these factors, 82 Kilometr·e squares 
were selected on the coral limestone and for each a colmt of depres
sions was made. The selection of squares was based on the availability 

of comparable rainfall data, in this case th� ennual mean for the 

period 1890-1.929, for one or more stations within each square. To 
assess the period of exposure, use was made of the assertion by 

Mescllella et al. (1968) that the tectonic uplift of Barbados has 
proceeded at a uniform rate of 0.3 metres per 1000 years. The height 

at the centre of each Kilometre square was converted using the formula 

and taken as the exposure time of the square as a whole. The selection 

· of a slope jndex needs more circ,_unspection. Lasserr·e (1961) has stated

that the existence of very low slopes is of especial importance to 

doline development in the tropics. Wnat is needed is a measure of the 

frequency of low slopes large enough to support such development, 

rather than the average slope. Accordingly each of the selected kilo-
"' 

metre squares was overlaid with a grid of 256 squares, and the number 

of these grid squares uncrossed by a contour gave a flatness index. 

In its compilation the enclosed contours of the depressions themselves 

were ignored on the assumption that they represented subsequent 

development on a flatter initial surface. 

An attempt was made to account for the variation jn depression 

frequency for the 82 squares in terms of variations jn rainfall, slope 

and age. Tab. 1 shows this to be a complete failure, as neither singly 

nor together do these-factors produce a correlation of any magnitude 

or significance. A possible jnterpretation is that the influence of 

age, together with rainfall as a pace setter, on the creation of de

pressions, holds only for an jultial period, other influences becoming 

dominant thereafter. An effec�ive analysis requires a division of the 

data to coincide with the cessation of the stage of growth. 

Matthews (i968) provides support f·or this interpretation and a 

rational choice for the division, through his mineralogical studies of 

the reef limestones. These show a gradual conversion from aragonite, 

the stable form rmder submarine conditions, to calcite, which runs to 

completion in 200, ooo·-500, 000 :>rears, being swifter in wetter areas. 

The conversion involves solution and reprecipitation, and an 8% in-
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TAB. 1. Relationships be�ween variables on the coral cap. 

Flatness 

Frequency .192 

Flatness 

Rainfall 

Rainfall Age 

.001 .062 

-.704 -.635 

.834 

creas in the volume of the.limestone, so that suppression of primary 

porosity seems probable, and a selective increase in secondary 

permeability at least a possj_bility. Matthews has -mapped the bo11ndary 

between the zone where aragonite is still present to some degree, and 

tr1e zone of total conversion to calcite. The boundary was used to 

di v·ide the fore going sample of Kilometre squares into two groups, for 

each of which a further multiple correlation analysis was performed. 

THE ZONE OF EQUILIBRIUM 

Tab. 2 details the result for the calcite zone. The three variables. 

of slope, age and rainfall explain 73.6% of the variation in depres

sion frequency. However slope alone explains 71.1%, a.nd a cornparison 

r>f the restricted and f11ll models using the F ,test, shows that the 

small additional explanation provided by the two growth inducing 

variables is not significant. The negative correlation between rain-

T A B. 2 . Relationships betweer1 variables in the calcite zone. 

o. Frequency

1. Flatness

2. Rainfall

R2 0.123 = • "136

R2 0.1 = .711

• 

1 • Flatness 2. 

• 843

.

0 .904 (1) 

S.E. = 2.15 

Rain$11 3. Age

-.586 -.272 

-.540 -.245 

.662 

= 1.86 • 

fall and depression frequency may indicate that increasing rainfall 

favours tl1e development of valleys rather than depressions. 
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Tl1e para:!"nou..""lt importru1ce of low slopes ir1 the prediction of de

pressio11 frequency is a con·£'irmation o:f the view that; these depres

sions are solutional ratheI· tho.n collapse features, sir1ce siting o:t"'

tl1e latter s}1ould be independent of surface forn1. There remair1s the 

possibility ·that ·primary depressior1s survi·ve in this zone. The 

calculation of the flatness index ignored closed contours, so a:ny 

such pri.mary ·depressions would raise tl1e index ar.1.d so help ·to bri1·1g
. 

about the correlation betwaei1 depression frequency and f'latness. How-

ever the regression equation p:r:·edicts a depression -frequency roughly 

a tenth of the nUJnber of contour free squares, each square of 0.39 

hectares being more than double ·the size ot' tl1e majority o:f depres

sions. This suggests relati·vely extensive areas of low sl.ope on \Vilich 

scattered depressions develop rather than small areas counted as flat 

F:jrnply ·because a depression exists. 

THE ZONE OF GROWTH 

Tab. 3 s11ows that wi thil1 tl1e ara.goni tic zone trJ.e rr1os t succe ss± .. ·ul 

single predictor of depression frequency is the age of the surface. 

The growth inducing variables of age and rainfall explain 28.4% of 

the ·v-ariatior1 in frequency when added to the expla11ation aci1ieved by 

. slope. Despite its 11egligible sirrrple correla·tior1, slope adds 8.5% to 

the explanation acl1ieved by age a..""ld rain alone. 

T A B. J. Relationships between variables in the aragoni tic zo11e.

1. Flatneso 2. Rainfall

o. Frequency .017 .293 
1. Flatness

- • 39'1 

2. Rainfall . 

' 

R
2 

0.123 = .287 

3. Age

.415 

-.436 

.302 

Though this ev·idence suppo1.·ts the view that depression freque11cy 

is partl:;,· time dependent, and shows ttiat slope also r.i.as some ir1-

±'lue11ce, the low level of exp"' ana · · d .1 "t;J.Oli eseI-ves co�11]1er1t. It 111ay be that 
depressioiis on tl1ese lower ree1·s are a mixt·Llre of solut.Lorial and
priuiary f·or!T.s, with the latter in suff"icie11t propoi"'tion t,o confuse tl1e
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D_ ictim•e. While no cer+-ai·n typi·ng· of · · d" · · 1 d v eacn in iviaua epression is pos-
si.ble, ger1eral criteria can be used to tes_·i; the credibility of this 

hypothesi.o. 

The bes·t guide to a p�cimary depression appears to be its 

e:rientatio11. Fri11ging reef·s con1In.011ly snow lagoonal deepe11ir1g behind 

I·eef crests, producing a te11der1cy af·ter ert1ergence for linear depres

sior1s par'allel to the :::;.t1ore. 1'!1e orientatio11 o:t· all depression wi ·ch 

elong&t:Lor1 rations ·Jf 2 or n1ore wer.a compar.·ed with the aligiunent of 

raised reefs in their vicinity for two areas. The first area included . . 

all land below 100 metres on sheets 15-18 of the 1:10,000 series. This 

is entirely vvitl1in iVIattl1ev✓' s aragonitic zo110, with lilean rainfall ·t;elow 

1,250 m.i11. The f.!econd area is all tJ:1e lar1ct a·bove 166 me-cres on sheets 

7, 8, 11 ru1d 12. It haiJ a rair1f all exceedir1g 1,500 m. m. and is wi tl1ir1 

the calcite zon0. 

TAB. 4. The orientation of elongated depressions. 

Lower reef's Higher reefs 

Depressions in sa1nplecl area 270 248 

Elongated depressior1s 40 48 

Long axis oriented < 30° 
to

gen8ralized contours 32 17 

Tab. 4 show� the pro:portion o·f elongate 6.epressions with long 

axes wi thi11 31_)
0 of r·aised reef dir·ections. On ·the younger reefs this

proport.i.or1 is signi:ficantly above char1ce le-veJ.s. 'I1his is !1a1:d to

explain if' these depi·essions are solutional. or collapse features. It'"

depressions become elongate througJ1 gullying or tl1rough cave collapse 

i1igr1 angles with raised reef edges ai·e t,o be expected in qor1cordance 

V✓ith tl1e ger1eral trer.i.d of overla!1d and groundwater flowli11es. It is 

true that the lagoor1al 1·acies might present a mere favourable er1-

viror1Ir1ent for solutlor1, or that hoi�1.ti11g migl1t be more developed 

parallel to reef' t
'"
.ronts, ·but if' so th� proportion of e lor1gate depres

sions oriented along the reefs should grow as time passes. Yet on the 

oldeI· i·eefs the pref'erence r·or suc:r1 orientations has all but Q.is&p

peared. wr1ic.1. Sl1ggests t.t1at it is cl1araclieristic or· 1.·elic reatures 

whic1:'.:. ai .. e p:.::·0gressi·vely eliminated b:y- Karstification. 
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THE CESSATION OF GROWTH 

Two distinct hypotheses can ·oe advanced to explain ·the stabiliza·Gion 

of doline densities for constant slopes. This may follow from the 

completion of the a:c•agonite - calcite conversion, or it may maI·k the 
• 

onset of competition between dolines. 

The calcite zone has proved to be an area where depression fre-

quency is independent of the age of the surface, 'but this does not 

prove the coincidence of the two distributions. As a furt;her test 

predictio1·1s from the regression equation derived in tl1e calcite zor1e 

ca11 be applied to the sa.mple squa:c·es ir1 the aragonite zone. Fig. 1 

suggests that the zone of time independent karstification is wider 

than the calcite zone. The additional squares added to the time in

dependent zone fall wi tl1ir1 01-ie standar·d error of the prediction, as 

many being under as overpredicted, and the group having a spatial 

unity which argues for the legitimat� extension of the zone. 

It is reasonable to look ±'or a check o:r1 the colonization of' a 

surface by additional depressions when all parts of that surface have 

come within the sphere of influence of existing depressions. The dif

ficulty in the Barbadian setting is to decide wl1en such a complete 
. . 

partition has been realized. Cellular depression fields are found 

only exceptionally, but it is possible tha·t after storms sheet ±"low 

and throughflow may enter depressions from peripheral flatter sur

faces. Whether such depression catchments, as distinct from the de

pressions themselves,�become contiguous, and whether the onset· of 

this contigu.i.ty coincides with the cessation of" the growt:t1 i11 n'lJmbers, 

remain matters of conjecture. 

Before leaving this question we may r.·elate frequency to depres

sion size, sin�e the second of the foregoing hypotheses in its· 
• 

simpler form would require the two to_ stabilize together. Ta·b. 5 gives 

some evidence for a stabilization of size after an initial period or 

growth. The different means used to demonstrate this does not allow us 

TAB. 5. The size of depressions in relation to the age of the surface. 

Age (00,000 yrs.) 0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8

I • 
.

Percentage of 

depressions > 0.18. ha 18 22 29 36 40 42 39 42 
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to say if this stabilization coincides with ·the stabilization of fre

quency, but the timing of stabilization is of the same order. 

LOW KARST RELIEF 

Tricart has drawn attention to the Sl1rprising attenuation of Karstifica

tion on Barbados. His explanation is that a high general porosity in

t1ibi·ts the localization of solutional activity so necessary f'or a Karst 

relief to develop. In the light of the foregojng discussion the explana

tion is s�pported when applied to the aragonitic zone, particularly for 

the your,ger reefs in that zone, but it loses force as time passes and 

as the aragonite-calcite conversion runs to completion. An explanation 

i11 terrus of· the youthf'ulness of the landscape loses force in like 

manner; for about half of the coral cap has a degree of doline develop

ment tl1at is independ.G11t of age. In this zone on flatter surfaces 

dolines reach a density of up to 20 Km.-2• It is not a lack of foci of

solution that constitutes the problem, but the small relief of these 

dolines in comparison with other tropical karsts. A comparison will 

drive this home. The area of Barbados which now concerns us has a rain-

fall of' 1500·-1800 m.m. The medjan depth of the do] ines in this area is 
about 6 metres, and only 6% of the dolines exceed 12.2 metres ip depth. 
In Jamaica, by contrast, on the Troy-Claremont limestones of the parish 

of 01.Jm-See, the I·ainfall is 1700 m.m. and by reference to the 1:12,500 

map series, 100 depressions (cockpits) gave a median relief range of 

76 metres, with the top 5% exceeding 137 metres. 
Two further hypotheses are considered i_n the 'light of local in-

formation. The first of these is that local conditions favour soil ac-
.., 

cumulation on the older reefs sufficient to clog and hence stultify 
incipient karst development. Harrison and Jukes-Browne (1890) note that 
the choking of si.nks with rain:washed soil is common on the higher reefs, 
and that the puddling of this soil holds up sinkhole ponds in some in-

stances, so increasing evaporation at the expense of percolation. These 

authors give ·a purity of 96-98% for the reef limestones, which compares 
with values quoted by Hill (1955), for Cum-See, and Sinclair (1966), 

for the white limestone of J�maica in general, of 99.9%. A further 
• 

source of impurities is volcanic dust from St Vincent (Vernon and 
Carroll, 1965). However the near complete change, produced and main

tained since around 1650, from tropical seasonal forest to sugar 0ane 
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cult·L;�tion with its periodic clean �illage (Watts 19?0) will have 

�;reatly ir1creased soil wasl1. Ther·e is :Li·ttl-� to sugge8t t.l1a t, u�.der 

f b·1 . 
1 , l � . 1 will differn::.1. t L11---al con.di ti ans, amounts o · .n10 i .. 8 J.rlS<) u:J e rr1�1 ·l, e i·ia . 

radically �rom highly karstified regions elsew�ere. 

A r11ore radica.1. explanation f'or tl1e l:1.cl( cJf coclcpit :1:<arst in Bar

ba•los can be reac.L1.ed by consid�ri1i.g the views 01·· :Gehrnan'I1 ( 1936) ar111 

Lc:1.sseri'e ( :L96i) worki11g iii Ja\ra ar1:�l Gu.adelou.pe respec..:t1-.1·ely. Ti1ey see 

Ka.rsts of hig.t1 :celief· result;ir1g :fr·oia thC:.� (lismerr1bering ci· deeply in

cised ·valleys when the long l)roi'ile gra.dients of tl1ese ·vaJ.leys ha-ve 

·been st1fI ... icientl.;y red11ced. Lasser·:r•e clai1r1s ti1at ·the si.!1J<:.l1ole plains

:Ln GL1adelou.1)e r8p:vese11t; ,3. dead end ir1 t-c.::..t"'s·t; cle·velopn1en·t, whict1 

co11ti11u.es 11y tl1e�L:r:· rep].aceiner1·�i wi tl1 deep ,r,.:tlleys. Oi1 ·tJ:-i.is vievJ Bar•

baclos si1ovJs atten1.,1.ated I(arst de--:Jelo1?tU(;IlG becaus8 even t:tie older reefs 

aI•e i11 a yo11th·fu:L stage, t;al(.Lng �valleys c1.r1<1. s.i.nld:1ole plains toget.her·.

Tl1ere is 1.1iucl1 �o be s0.icl "i:'o.t· tl1is l1�yr)otl1esis in Bar·oadrJs. Valley 

i11cisio.c1 is everJ'il·1here 1111.1ch cieeper than tht; ±'looi,s ,:>f :iepr,�ssior1s 

nearby. As tl1e r.·eefs ag;& clraj.n;1.p;e d.en.s�i ti.es in<.�r·ease, proclu.cing l1i�h 

si(le slopes t11at favour rur.1.of'f rather tJ:1:.1n percolatior1. Tl1e s:Lnld1ole 

. plair1s .nave dwind.led. in exter:.t; :/Jitl1 tirru3 and. tJ:1e val1.eys ti1a·c r0-

placed then1 are now only epheme�ally active at best, and in so1ne 

areas show the first £aint sigr1s of Karstification of thei� floors. 

However the negative partial correlatiol1 of valley density witi1 age 

• ,._ 11 • t • t • i 

1 I t ( t . - ) vvi1e11 rainI a in · er1.s i ;;r J.s .�1e. Ct c 011s tan , ab. b , Stte';ge st s t t'l,i t it 

is .riot age p e r s e lJut cont·ir1uir1.g u·plif't; tl1.at bi .. iness about 

tl1e p;-1r·tic1tlar oequer1ce o:t· eve11t;;s in BaI·bac.1ia11 Kars·t de·velopment . 

Moreover the latter day dessication of some valleys l1as bean ascribed 

to a reduc�ion in the freque�cy of intense stor�8 ra.thor t�an, or in 

addition to, lowered gradients of the valley floors (Tricart 1968, 

.B'erraor 1972). l'-Ieither objection is funciamE:ntal. Ti1ey indicate that 

a i·ather cl))eciI"ic tecl;o.nl0-0limcttic t:.is·to:ry 111cty be necessar;)' �"o:r .· 

Karst evolution to progress as sugges·ted. Nevertheless t.t1e rnodel can 

serve as an explar.i.:=l.tj_oi1 o:t' low kaL·s't; relief in BariJ�<los, and n1ay be 

applicable wl1erever Pleistoce:c1t� upli:t·t .has occurred unci.ei� .:noderat;ely 

hwri.id ti'opicA.l condj. tion� . 

• 
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·r A B. 6. Valley derJsi ty, age, a11d raini'all intensity.

( 1) (2) 
Station 20 yr, 1 day· rai11 * Valley density Age ( 000 years) 

( 1/2 K111. {n1.m.) 

Castle Gra11t 346 

Cla.vbury 334 

Lion Castle 312 

Warleigh 297 

Lancaster 2'70 

Hol etov,n 7-
250 

Alleyr1dale 237 

Etlgecurnbe 202 

Seawell 
• 

201 

7- Valley density anci age fo1· ci1·cle cer1tre<l on Lase ell cs

* It'ron1 daily extreme r'ai11 1953-70

r 
· 

r 

23 ;;, .54 2J.l = -.6l 
r

l2 = .8'7 
r

l3 = .82 
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POL YGENETISCHE FORMEN IM KARST 
DER OSTALPEN 

M. H. Fink
Klostemeuburg, Osterreich 

Zahlreiche Karstformen in den Ostalpen sind nicht allein a� korrosive
I 

Proz�sse zuruckzuf'i.i:bren, sondern verdanken ihre Genese einem unter-
schiedlichen geomorphologischen Kraftespiel. ·yor allem im Hochgebirge 
ist der Ari.teil von Erosion 11nd Akki;;nulation an der I,andformting und so-

• 

mit auch am Zustandekommen von polygenetischen Karstformen bedeutend. 
In erster Linie waren es die pleistozanen Vergletscherungen, die den 
Alpen die typischen Hochgebirgsmerk:male au.fgepragt und die durch Gla
zialerosion unn -akkumulation auch die Morphogenese der Karstland
schaft mitbestjmmt haben. Die Vergletscherung folgte bevor zugt den 

•• 

praexiste�ten Talungen fluviatiler Genese, die bereits du.rch Verkars-. 
tung inaktiv waren und die das Auftreten grosser Karstmulden und 
Karstwanuen begiinstigten. In den Kalk:voralpen knupfen sich die Poljen 
und anderen Grossformen fast durchwegs an solche inaktive Talungen. 
Daruber hinaus haben fur die Entstebung po+ygenetischer Form.en die

•• 

Massenbewegungen aller Art, vornebmlich Bergsturze, Schutthaldeh up.d

Rutschungen eine grosse Bedeutung. 

1. POL YGENETISCHE FORMEN DURCH EROSIV-KORROSIVES
KRAFTESPIEL 

Die Grossformen des Karstreliefs zeigen vielfach eine Bindung an alte 
Talungen, die durch die Verkarstlmg schon seit langem jnaktiv gewor
den sind. Beispiele dafiir bieten praktisch alle Karstplateaus, sowohl 
im Hochgebirge als auch im Mittelgebirge. Sie lassen eine mehrphasig 
entstandene Flurentreppe erkennen, deren Ein.zelelemente als bevor
zugte Ausgangsflachen fur das Karstphanomen jn Erscheinung treten, 

die durch die Verkarstung zwar wesentlich lunge st al tet, gerade dadurc.h
j edoch weitflachig erhalten geblieben sind. Teils verlau.fen die Ta
l11ngen au:f den flachwelligen Plateaus selbst und ende11 abrupt am 
Steilabfall zl1m jungeren Ausra1.1ro, teils fuhren sie von der Al t] _and-
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scha:rt in d.en Bereich der akti ven Taler l1inab. Im alpinen Hocl1ge
birgskarst sind die inaktiven Talungen zusaztlich vom Eis iiberarbei
tet worden. 

Als Beispiel fur eine rein fluviat:ile Vorform fur die Entwick
l1.1ng von Karstformen moge das Polje ''Auf den Boden'' bei Puchenstuben 
in den niederosterreichischen Kalkvoralpen vorgestellt werden: 

Die derzeit inaktive Hohlforro. ist in die kuppige Altlandschaft 
zwischen Hermesteck (1334 m) im Osten und Brandmauer (1276 m) im 
Westen eingesenkt. Der ebene, sanft gegen W geneigte Poljeboden liegt 
in einer mittleren Hol1e von 1075 m. Das Polje ist 1,25 km lang und 
bis zu 500 m breit, die La.ngsachse verlau:ft Ost-West. An der tiefsten 
Stelle im W befinden sich die als episodische Ponore fungierenden 
Trichterdolinen. Die Eintiefung des Poljebodens ·bezuglich der tief'sten 
Stelle der Umrandung betragt 25 m. Diese begrenzende Schwelle im W 
wird vom Hauptdolomit (Nor) gebildet, der ausserdem auch die tieferen 
Teile der nordlichen Umrandung aufbaut. Der Untergi�d des Poljes be
steht im W aus Hauptdolo!IJi t, im Mittelabschnitt aus L1.1nzer Sar1dstein 
(Karn) und im E aus Gutensteiner Kalk (Anis). An den Bandzonen sind 
Do]inen ejngetieft, die z.T. als episodische Po11ore in Ftm.ktion sind. 
Das Polje wird rezent von keinem Gerjnne durchstromt; die heftige 
Schneeschmelze kann jedoch ei·nen Wasserstau verursachen. Das Polje 
hat sich aus einer Talung entwickelt, die jn das anders orientierte 
Entwasserungssystem der tertiaren Altlandschaft einbezogen war. Der 
scbmale Ostteil des Poljebodens geht in ein sanft ansteigendes Mulden
tal uber, das abrupt am Steilabfall gegen das machtige Karstsacktal 
des Pielach-Ursprunges in die Luft ausstreicht. Das Ejnzugsgebiet 
dieses Talstrunkes ist der ruckschreitenden Erosion und Korrosion des 
Pielach-Karstsacktales z1;rn Opfer gef'allen. Vom Hennesteck im Osten 
zieht ausserdem eine muldenf'ormige, durch Verkarstung inaktiv geworde-
ne Tal11ng westwarts \111d miindet au£ eine Ebenheit am Fuss (ies Hochsta
delberges. Terrassenrest;e an den Randzonen dieser Ebenheit deuten 
darau:f hin, dass ursprunglich die Entwasserur1g des Hochtales gegen 

•• 

die ''Boden'' hin erfolgt ist. Durch die Verkarst11ng wurden sruntliche 
hochgelegenen Talrmgen dieses Raumes f11nktionslos. Die Brei te des 
Poljebodens ist siche:r·lich auch auf die verstarkte Lateralerosion im 

• 

Bereich der weniger widersta.nclsfahigen Llmzer Schichten zuruckzufiihren. 
Nicht nur die meisten alpinen Poljen, wie z.B. die Bodenwiese am 

Schn�eberg, das Nasskohr auf der Scbneealpe oder der Molterboden auf
der Gemeindealpe bei Mariazell, sondern auch die meisten Karstmulden 
1.1ud Karstwannen (Uvalas) sind an fiuviatile Vor± .. ormen gebunden, was 
vielfach j n der reihenformigen Anordntlng dieser Hohlformen z1.1rn A·us-
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druck kommt. Ebenso sind viele Dolinenreihe:n an die Tiefenlinie flu
-viatil entstannener Talungen gebunden. 

Zwischen den Formen der Glazialerosion und dem Karstphanomen gibt 

es naturgemass sehr hau.fig Wechselbeziehingen. Die Alpen verdanken 
ihren Charakter als Hochgebirge in hohem Masse der pleisto?.anen und 

rezenten Vergletscherung. 
In den Kalkalpen �jnd zahlreiche Kare in Karstmu.lden umgewaldelt 

worden, wobei es schwierig ist, festzu.stellen, ob etwa bereits pragla
ziale Karstformen Ansatzstellen fur eine nachfolgende Karen'bwicklung 
darstellten. Beispiele fur solche polygenetische Karstmu.lden bieten 
alle ehemals vergletscherten Kalkalpen. Aus dem Diirrensteingebiet jn 
Niederosterreich sjnd mehrere solche Formen bekannt. Hier sind es vor 
allem die an der Sudostflanke befindlichen Kare, die zur Ganze zu 
oberirdisch abflusslosen Karstmulden umgestaltet wurden. 

DarutJer bjnaus sind es die glazial geformten Trogtaler, die der 
Verkarstung anheimgefallen sind und jn ihrer Gesamtheit als polygene
tische Forffien anzusprechen sind. Urspriinglich rein fluviatil-denudativ 
unter anderen kllrnatischen Verhaltnissen als Bestandteile einer Alt
landschaft angelegt, sind sie in den pleistozanen Kaltzeiten vom 
Gletschereis zu Trogtalern und Eisgassen umgestaltet worden. Durch 
die Verkarstung erfuhren sie eine entscheidende Veranderung in ihrem 

morphologischen Erscheini1ngsbild, vor allem jedoch jn ihren Abfluss-

verhaltnissen. Es ist nicht irnmer �jnfach, ejne zeitliche Differ�n-
zierung der verschiedenen Formungsprozesse durchzufubren, da sich die 

morphogenetisch wirksamen Prozesse teils nachejnander, teils synchron 
• 

•• 

abg�spielt haben, so dass die Mehrzahl der alpjnen Karsttaler nic�t. 
nur polygenetische, sondern auch Mehrzeitformen Rind. Im Diirrenstejn-
gebiet stellt das Lueg ein typisches polygenetisches Karsttal dar: 

Es beginnt als Karstsacktal, zu dem der.. Trogschluss umgestaltet 
wurde, und zieht vorerst als Trockental abwarts, bis nach eiuer Talstu
fe ein perennierendes Gerinne auf"tritt, das nach kurzem Lau:f jn einem 
Ponor versinkt. Nach einem episodisch aktiven Trockenbett erscheint 
abermals ein Gerinne, das eine Versjnk:ung im Bachbett aufweist. Ejne 
anschliessende, nm.' bei Hochwasser jn Funktion befiudliche Klammstrecke 
mundet jn eine grosse Karstwanne, die jn den Trogboden eingetieft ist. 

Eine Reihe von Trogtalern, die vom Plateaurand mit sehr betracht� 
licher Eintiefung in den umgebenden Talraum fiibren, sind auch als 
Karstsacktaler jn den polygeneyischen Formenk:reis e?nbezogen. Das 

Grosse Hollental der Raxalpe, das Brunntal des Hochschwabs und die 
Dietlholle des Toten Gebirges seien als Beispiele· genannt. 

143 



. .. 

Die Mesoformen des glazialen Erosionsreliefs, Rundhockerfluren 
und zwischengeschaltete glazigene Wannen und Rinnen sind in den Kalk
alpen hau:fig zu Karstformen umgestaltet warden. Der Durrenstein bietet 
auch fur diese Art von Polygenese ein Musterbeispiel. Das Gebiet Rot

moos-Obersee (1113 m) ist von der pleistozanen Vergletscherung zu lang

gestreckten Wann,en und Rundhockern wngeformt worden. Diese glazigenen 
Wannen werden zur Ganze 1mterirdisch entwassert. Die Entwassernng er

folgt in Form von Hohlengerinnen quer durch die begrenzenden Rund.hocker 

von einer Hohlform in die benachbarte, bis schliesslich das Gerinne in 

den Obersee einmundet. Der Obersee selbst njmmt den Boden eines Durc�

gangskares ejn. und wird ebenfalls durch periphere Ponore unterirdisch 
entwassert, wonach das Seebecken als polygenetische Karstwanne ange
sprochen werden kann. 

2. POLYGENETISCHE FORMEN DURCH AKKUMULATIV
KORROSIVES KRAFTESPIEL 

Die vielfaltigen und oftmals sehr differenzierten Akkumulationsformen 

haben auch fur die Genese von Karsthohlforroen grosse Bedeutur1g. In Fra

ge kommen in erster Linie Formen der Massenabwanderungen, wie Bergstiir
ze, Schutthalden 1md Rutscbungen, daneben glaziale Akkumul.ationen, 

hauptsachlich Moran.en, weiters auch fluviatile Akkumulationsformen, 

z.B. Schwenunkegel. E:inige der polygenetischen Karstformen sind durch

das Zusamrnenwirken verschiedener Akkumulationsprozesse mitbestinunt

worden.

Eine Karsthohlform, die unter Beteiligung von Bergsturzmaterial 

entstanden ist, befindet sich an der Siidseite des Hochschwabs bei Tra-

goss-Oberort ''In der Klausen'' ( 914 m). Das glazial uberformte Tal wird 

zwischen Pribitz und Messnerin von machtigen Bergsturzmassen erfullt, 

die_zur Abdammung und somit zur Entstehung einer oberirdisch abfluss

losen Wamie gefuhrt haben. Der Bach aus dem Bereich der Klamm Alm 

bricht durch eine Klammstrecke und hat in die 500 m lange und rund 

300 m breite Wanne einen Schwem;nfacher eingeschiittet. Am scharfen Knick 
des Wa11uenbodens gegen die 60 m u:nd hoher aufgeturmter1 Bergsturzmassen 

bildet sich ein grosserer Wasserstau, der durch randliche Ponore ent-
•• 

wassert wird. Da die Tomalandschaft einem Riegel aus anstehendem Wet-
tersteinkalk (Ladin) auflagert, f'indet, nachdem der Abfl uss des Klauim
baches ·.las lockere Bergsturzmaterial durcllf'lossen hat, anscl1liessenJ. 

eiue echte karsthydrographiscr1e Entwasserung statt. Es kaur1 angenornn1en 
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werden, dass vor d.em Niederbruch des Bergsturzes bereits eine Kars·t

hohlform bestanden hat, die betrachtlich grossere Dimensionen als die 

derzeitige aufgewiesen hat. 

Die. Tomalannschaft grosser Bergsturze im Karstgebiet weist durch 

die wirre, unregelmassige Anhaui'ung des Sturzmaterials dolinenartige 

Hol1l:formen au:f, die unterirdisch entwassert werden, da es sich 1.1m ver

karstungsfahiges Gestein handelt. Eindrucksvolle Formen dieser Art 

sind im Bereich der gewaltigen Akkumulation des Dobratsch-Bergsturzes 
•• 

in Karnten zu :finden. 

Hau:fig ist die Abdammung von Tal1Jngen durch Schutthalden tmd 
' 

Schuttkegel, wodurch oberirdisch ab:flusslose Hohlformen entstehen. 

Im Diirntal der Reisalpe (1399 m) in den niederosterreichischen 

Voralpen hat eine gewaltige Rutschung zur Abdammung des Tales gefiihrt, 

wodurch an der Einmundung eines Seitengrabens ejne grosse Hohlform zur 

Ausbildung gelangte, die zur Ganze unterirdisch entwassert wird. Das 

Gebiet der Reisalpe wird grosstenteils aus dunnplattigem Gutensteiner 

Kalk (Anis) aufgebaut, der flach gegen Suden einfallt. Er lagert au:f 

den nichtverkarstungsfahigen Wer:fener Schichten (Skyth) au:f, die 

westlicb. des Reisalpengipfels zwiscl1en ''Habnfeichten'' und dem Sattel 
. 

''Gscheidbode11'' zu Tage treten und an der rechten Flanke des oberen 

Du.rntales ebenfalls nach Buden herab streichen. Diese Schichten sind 

wasserstauend und weisen einzelne Gipsvorkommen au:f. Dariiber hinaus 

sind zwei Vorkommen von Lias-Fleckenmergel in diesem Bereich von Be

deutung. 

In den pleistozanen Kaltzei�en mit verstarkter mechanischer Ver

witterung kam es zur Entstehung ei.ner machtigen Schuttdecke, an der 

hier vor allem die wenig widerstandsfahigen Sandsteine 1.1nd Mergel der 

Nichtkarstgesteine beteiligt waren. Daneben spielte die Verwitterung 

der harten Kalke an den Westwanden der Reisalpe 1md deren Akkumulation 

in Form von Sqhu·tthalden· eine gewisse Rolle. In den Auftahperioden wa

ren diese Schuttdecken sehr mobil und bildeten-das fur die Hang:formung 
. 

des periglazialen Bereiches sehr wesentliche Gekriech. Bei langa.n-

dauernder Durchfeuchtung des aufgetauten Schuttmantels unn bei Vor-
•• 

handensein eines glei tfahigen Untergrundes konn·t-e bei steiler Gelande-

neigung das Solifluktionsmaterial in Form einer Rutschung plotzlich 
\ . 

abgehen. Dies war im Diirntal der Fall, wo aus der grossen GeJandenische 

der Hahnfeichten unterhalb der Felswande das Schuttmaterial mehr als 

2,5 Kilometer,weit talauswarts abgerutscht ist. Der Hohenunterschied 
• • • • 

zwischen Abr·issgebiet und dem Ende der Akkumulation betragt uber 500 

Meter. Dabei wurde das gesamte obere Diirntal von der Massenbewegung be-
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Abb. 1. · Polygenetische Karstwanne im Durntal; Situation im Sommer 1972. Im Hintergrund 
die sperrende Rutschung. 

troff en 1md vom abgerutschten Solifluktionsschutt a·usgefullt, der heute 
als konvexer Schuttstr6m deutlich zu erkennen ist. Im Zuge der Massen
bewegung kam es zur Abdaroioung eines Seitengrabens, der von Osten her 
vo11 der ''Almerin'' in das Di.irntal ej nrnundet. Dieser Graben, der nur 
episodisch von einem Gerjnne du.rchstromt.wird, hat infolge der sperren-

' 

den Rutschung 3.ll seiner Ausmundm1g keinen oberirdischen Abfluss mehr. 
Das abgerutschte Material brandete an ·den Felswanden der linken Diirn
talflanke und verschliesst somit den Seitengr�ben derart, dass eine 
weite, wannenartige Hohlform entstehen konnte. Die 150 m lange und bis 

' 

zu 100 m breite Wanne weist einen annahernd ebenen Boden auf imd be
sitzt eine rd. 8 m hohe Gegenbosch11ng, die von der Rutschz11nge gebildet 
wird. Die meiste Zeit des Jahres liegt die Hohlform trocken. Nach Jang 
andauernden Starkregen und besonders zu.r Schneeschmelze fubren die 
Wassermassen zweier episodischer Gerinne zu einem Aufstau in Form 
eines Sees (vgl. Abb. 1 und 2). Der Abfluss des Sees erfolgt im Nor
mal�all durch wasserw_egs�me Fugen im Kalk der sudlichen U·o1rahm11ng. Bei 
extremer Hochwassersituation konnen die verhullten Ponore den gesa�ten 
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Abb. 2. Karstwanne im Durntal; Situation im  Fruhjahr 1973. Der Abfluss der zu einem 
See aufgestauten Schmelzwasser erfolgt unterirdisch. 

Zuf'luss nicht au:fnehmen und es kon,rot zu einem "Ctberlauf' uber die. sper-
. 

. 

rende Schwelle. Der -Uberlauf hat · zur Bildung eines Abfl.usstobels ge-

fi.ib.rt, der das AUischuttungsgelande quert und in das Hauptgerinne des 

Durntales einmundet. Die polygenetische Karstwa.nne wird jedoch zurneist 

karsthydrographisch entwassert; die Wiederaustrittsstelle ist derzeit 

noch unbekannt. 

An der Genese der flachen Hohlform am Seekopfsattel �m Diirren-

steingebiet bei Lunz sind glaziale, karstmo_rphologische u'nd hangdenu

dati ve Prozesse beteiligt gewesen. Die poljenabnliche Wann.e ist au.f 

den undurcl1lassigen Ll1nzer Schichten ru1gelegt, die beidersei ts von 

Karstgesteinen begrenzt werden. Gegen Nordosten, nahe dem Steilabfall 
•• 

zum Lunzer See, wird die Wanne von einer risszeitlichen Morane des 

Seetalgletschers begrenzt; im Sudwesten hingegen von Solifluk.tions

schutt und Blockwerk des Kl. Hetzkogels abgedarnmt. Uber den wasser

stauenden Lunzer Schichten hat sj_ch ein Moo.r entwickel t, das durch 

ein Geri1me gegen NE er1twassert wird. Der Bachlauf versj_nkt an der 

Gesteir1sgrer1ze · zwiscl1en Lunzer Schichten und Gutensteiner Kalk in 

einer .trj_chterf'o.rmigen PonoI'doline. 
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Abb. 3. Der Grune See im Tragosstal (Hochschwab). Bergsturzmassen und Morane (rechts) 
sind an der Genese der Hohlform mitbeteiligt. 

Der Grune See ( 770 m) an der Sud:flanke des Hochschwabes wi·rd 

talein.warts von machti-gen Bergstu.rzmassen, talauswarts hingegen von 

einer wiirmzei tliche:o. Mo1.·ane, z. T. aber aucl1 von Bergsturzmater-ial 

begrenzt und abgedammt. Vom Trenchtling im Suden bauen sich ausser-
•• 

dem Schutthalden gegen das Seebecken vor. Der Grune See besteht aus 

zwei uugleich grossen Becken, von denen das sudliche das grossere 

ist. Beide Teilbecken werden von einer naturlichen Schwelle getrennt, 

die aber so niedrig ist, dass bei hohem Wasserstand eine zusammenb.an

gende See:flache v·orhanden ist. ,Sowohl der Zuf'luss als auch der Abfluss 

erfolgt unterirdisch, so dass der See zu den Karstseen gezahlt werden 

kann, da die begrenzenden Bergsturz- und Moranenroassen aus monomik

tischem kalkalpinen Material bestehen. Der See weist einen sehr wech-
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selnder1 Wa.sserstand auf. Da die basal en Werfe11er Schichten unwei t da� 
·von im gleicb.en Niveau a·usstreichen, wird das Auf'quellen der Wasser
massen im Seebecken verstandlich.

Fluviatile Akkumulation in Form eines Schwe.mmkegels einerseits 
ein Moranenwall andererseits ist am Zustandekon1men der weiten, ober� 
irdisch abflusslosen Wanne des Krastales in den Afritzer Bergen in 

••

Karnten beteiligt gewesen. Von der Amberger Alpe hat ein Bachlauf
eir1en Schwemmkegel in das Krastal eingescl1iitt;et, der die Talung etwa 
in ihrer ·Mitte sperrt. Zwischen diesem Schwemrnkegel und einem Moranen
wall, der einer Oszillation des D1·augletschers im Wurm-Riickzug ent
stammt und der das Tal gegen NE sperrt, ist der flache Talboden zu 
einer Wanne eingeengt, die eine Langserstreckung von �00 m lmd eine 
Breite von 350 m au± .. weist. 

Weitere polygenetische E1ormen sind an das Au.ftreten von Grundmo-
• • 

ranen mit monomiktischer kalkalpiner Zusamrnensetzung gebunden. Im 
Erlaf'tal in Niederosterreicl1 zeigt die risszeitliche Grundmorar1e des 
Otschergletschers Hohlf'ormen betrachtlicher Gross'e, die pri.mar als 
SoJ.le ( ToteislocheI') anzusprecl1en sind. Die grosste dieser Formen, die 
''Seebachlacke'', wird vo11 (Karst-)Grundwasser gespeist, das mit wech-
selndem Wasserstand die mehr als 100 m Durchmesse1.• aufweise11de Hol1l-

•• 

form erfullt. 
In den polygenetischen·Formenkreis gehoren auch die Dolinen des 

vor1 kI·istalliner Grundmorane bedeckten Karstes im Bereich des Rud
stad ter Tauernpasses. Die regelmassige Trichterform dieser Dolinen ist 

•• •• ••

au±· Nacl1sackungserscheinungen der Morane zu1.--uckzu.ftih1.--en. 
Im Hochgebirge spielt der periglaziale Formenschatz, vor allem 

die Vorgange der Solifluktion und die der Nivation eine bedeutende 
Rolle bei der ttberpragung der Karsthohlformen. Dabei ist die Exposi
tion der Formen in Bezug auf Sonn- oder Schattseite, oder aber auf 
Luv- und Leeseite von Wichtigkeit. Viele Dolinen des rez$).ten pergla
ziale11 Bereiches er:fal1ren durch die Wirkung der Sclmeeakkumulation 
eine weitgehende Umgesbaltung. Die Querschnittsasymmetrie zahlreicher 
Doli11en lasst sich auf den verstarkten Einf·l\lss der Nivation an der 

• • • •• 

Leeseite zuruckzu:fuhren. 
Die freiliegenden, aus·Frostschutt bestehenden Flanken der Doli

nen und Karstmulden werden von den Forroen der Makrosoliflu.kt1on mit
besti1umt. Steile Flanken weisen Steinstreifen, flachere Boschungen 
Girlandenboden und die Dolinenbasen Pflaster·boden auf. 

Diese ausgewahlten Beispiele sollen veranschaulichen, dass poly
genetische For�ien in der alpinen Karstlandschaft relativ hau:fig sind 
und eine grossere Beachtung verdienen. 
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Abb. 4. Karstwanne urn der Klausen" (Hochschwab). 
sturzmaterial und Schutthalden. Auf\tau des Baches 

te rechts). 
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A b s t r a c t. The Sierra de El Abra is a north-south range of Cretaceous reef and 

•ack reef limestone, 130 kLlometers long and 6 kilaneters wide. On the eastern side a

fa.ult scarp rie-es sharply from a coastal plain of shale, elevation 50 meters, to a karst

plateau, elevation 450 meters. A broad synclinal valley of shale bounds the .western 

margin. Annual rainfall is 1,200 millimeters. 

There are three dis tinc t groups of caves: 1) floodwater systems fonned by caputre 

of ephemeral s treams on the western margin, 2) lapics wells and fossil phreatic caves on 

the platea1.i., arid 3) active and fossil resurgence caves in the eastern scarp. 

Two large and many small springs along the scarp average an aggregate discharge of 

about 17 cumecs. The small springs are .nonnal limestone springs with total hardness 

about 225 ppm as CaCo
3
• The large springs at base flow have total hardnesses up to 800

ppm derived mainly from dolomite and sulfates. Wet season hardness decreases to 215 ppm, 

almost entirely Caco
3
, with flood pulses up to 150 cumecs. The regional geology, water· 

ch8mistry, cave morphology, and hydrographic data indicate an extensive phreatic

aquifer, with sorne of the deeply circulating water caning fran mountain ranges further 

to the west. 

This paper is a bI•ief i·epor·t on a disser·tation to describe and 

relate aspects of the surface and subsurface hydrology and geomorphology 

of· a high relief tropical karst. Most previous ·wo1. .. ks have dealt with 

surface forms. Few detailed cave descriptions and relationships can be 

found ir1 the lite1.·abure. 0-L;her papers following this one will amplif'y 

in more detail the subject .matter of this suTruoary. 

Tl1e Sierra de El Abra is located abput 120 kilometers west of'
. 

Tampico ir1 northeaster·n Mexico. I·!-; is an elongate high relief cuesta -

like range abo·ut 120 kilometers lor1g and 6 kilometei--s wide. The range

itself is covered by a dense forest of scrub trees, cactus and vines
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and is esse:o.tially unirlhabited. The ourrour1ding 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 of 

June through September, often coming in ·the form of intense tropical 

storms from the Gulf of Mexico. The rernaining ::nor1ths range frorn warm 

to hot and are normally dry. 

REGIONAL GEOLOGY AND GEOMORPHOLOGY 

The Sierra de El Abra forms part of the eastern.boundary of a Creta

ceous paleo-carbonate province, the Valleys - San·Luis Potosi plat-

. form, about 175 kilometers east-west by 250 kilomete�s north-south. 

A fringe reef - back reef sequence of. limesto11e with basal dolomit;e 

accumulated to about 2000 meters thiclmess .. ·withir1 the interior of

the lagoon a thick section of gypsum (perhaps 1000 meters) was de-

posited followed by over 1000 meters of the thick bedded back reef 

facies of' tt1e 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 whi.ch is now found principally in 

the synclinal valleys .. At the close of· the CI·etaceous 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. Specta0ular water and wind gaps attest to the long 

erosional his·t;ory 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 

maI•gir1, a plateau surface of· gently dipping thick bedded limestone 

and a western margin with 10°-20° dips. A prominent erosional scarp 

of as much as 450 meters sharply separates the range from the 

coastal plain of shale at less than 100 meters elevation on the 
. 

east. Intensive fracturing of immense vertical extent during the 

folding has been especially impor't;ant for cave development. 
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SURFACE FEATURES 

The surface of the El Abra is nearly structural with some fluvial 

dissection of the western margir1. None of the ''typical'' t1.·opical 

forms such as cones and cockpits are present. Pavements are pre

dominant. The thin, often spotty soil cover has a large component of 

decaying vegetation. Nllioerous collapse depressions up to one-half 

kilometer across and 100 meters deep with walls grading from gentle 

slopes to vert-ical 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 easter11 escarpment. Tl1.e southern spring, 

El Choy, rises from a 26 meter deep lake in a cave and has an average 

discharge of 4.9 cumecs (cubic meters per second). The northern 

spring, El Mante, resurges from an oval conduit 10 meters�in diameter 

and averages ·11.4 cumecs (discharge data obtained from Secretaria 

Recurses Hidra.ulicos, Mexico, D.F.). N1Jm�rous small springs,· some 

seasonal, do exist but they are not quantitatively important in the· 

wa·ter budget. 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 concentrations. Swallet streams 

and cave drips have not been adequately sampled to classify them but 

they 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 locally from the 

Sierra de El Abra, whereas the big springs obt;ain a significant 

portio11 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 lowest recorded flow of 13 curoecs, originates 

from a small dome of a few square kilometers. Thus some water in

filtrates ranges far to tl1e west, circulates deeply, picking up its 

calcium sulfate and dolomite solute load, and passes through the 
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tectonic structures to the easter11 spri11gs •. Several other large 

springs in the region outside the El Abra range have similar chemical 

characteristics. 

During the dry season the large springs maintain a large nearly 

constant base :flow of clear water. Wet seaso11 :flood pulses of·ten rise 

well o·ver 100 ct1mec s. In one pit, a deep water table lake has a dry 

season gradient o:f 1.0 meter per kilometer to the Choy sprjng. In

:fil tration water on the El AbI·a and· swallet strean1s along the west;ern 

margin pro�uce a rapid response at the springs. The data indicate an 

extensive, welldeveloped phreas, with a low piezometric gI•adient, 

which has large open conduits and is rapidly drained a:fter rains • 

. 

CAVES 

Cav·es in the area are best sumn1arized by the cross section model 

shown in the figure. The relationship o:f lithology, structure, type 

o:f input, topography, and location in the hydrologic s:ystem becon1es 

apparent. Tl1e eastern f'ace caves are active or _paleo-phreatic re

surgences, some o:f which are locat�d ov·er 300 meters above the present 

base level. These caves are either sl1ort phreatic :fissures of ililillE)nse 

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 skyligh·ts, ·bat guano and phosphates .. 

Cav·es of· the karst plateau are principally 01· two types: 1) di:f-

:fuse vadose shaft inpu·ts or 1 a p i e s wells, and 2) old slow-

:flow phreatic rooms, :fissures and passage segments, extensively 

altered by breakdown, colluvium, guano and flowstone deposits. The 

phreatic caves are found up to the highest elevations o:f Ghe El Abra, 

about 450 mete1's above sea level and are r1ormally · e11teI•ed througl1 a 

collapse opehi11g. As indicated. ·by the complex stalagmite growth and 

resolution phases, passage characteristics anJ geomorphic setting, 

a ve�y long history is recorded here. Segments o:f phreatic flow loops 

300 meters in vertical extent have been four1d. These were surely 

formed when ·l;he coastal plain (i.e. , base level) stood at mucb. higl1.e1' 

levels than at present. \ 

Along the western margin several ephemeral streams perched on im

permeable rocks have been captured to form extensive complex flood

'fiater caves. 1l'here was some phreatic priming but neaI;ly all the en-

' 
: . ,, �
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largemer1 t has 1J een ·by the floodwaters. The caves are rel a ti ve.1y 

horizo:r1tal, flowing along Btrike or against low dips to reach the 

spring. The accessible portions of the caves show a strong structural 

and stra·tigra.phic cor1trol, arid terminate in perched siphons. These 

caves have many features similar to slow-flow phreatic caves due to 

the ii:· floodwater ( eiphr�a•t;ic) cha.racter . 

• 

CONCLUSIONS 

lri the Sierr.·a de El. A"bra it appears that a large percentage of the 

solution occurs i11 the subs11r·face. Large joi11ts permit deep cir

culation of water in a well developed phreas. Stratigraphic and facies 

control of groundwater movement is apparent particularly in the swal

let caves. Intense tropical storms. cause large vertical fluctuations 

of the water table and flush the aquifer. 

The caves in the El Abra recoru the erosion of 400 meters of the 
• 

coas·tal plain. They may be placed ir1 a hydrological model which 

depicts present and pas-ti conditions. 

The big springs of the El Abra are part of a regional groundwater 

systt:1n e11co1npasBing a large portion of' the Valles - San. Luis Potosi 

platform. 
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Geomorphology of the karst surface 
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Karst landforms created by the solution of limestones and other 

soluble rocks �re amongst the most complex and interesting landforms 

studied by geomorphologists. Karst areas are well lmown in Czecho-

slovakia and throughout the temperate climate regions of Eu.rope. They 

are, ho·never, more extensive a."11.d contain landf o:r·ms of greater relief, 

density and steepness in the humid tropical and sub-tropical areas of 

the world, and also in a few warm temperate regions such as the clas-

sical Dinaric karst of Yugoslavia. The tower karst landscapes of 

southern China and North Vietnam, the mogote areas of Cuba an� 

Indonesia,. the cockpit count:r.·y of' Jamaica and the poljes of Yugo

slavia are considered to be the world's foremost karst area. Geo

graphers have studied the regional distribution of karst landforms 

and have proposed that the development of karst· is more rapid in 

regions of hot, wet climate and diminshes in intensity towards regions 

of polar cJ.imata. Ir1 add;i.tion it is believed that certain karst land

forms such as towers, mogotes and cockpits form only under hot, wet 

climatic conditions. This is the morphoclimatic theory of karst 

development. Tr1u.s, w:t1en a small number of karst towers are folmd as 
.

• 

far north as Poland the:y· a:r•e interpreted as :r.lelict. ·features of a 

Tertiary subtropical climate. Similarly, supposed cone karst in a 

warm temperate area of South Africa has been interpreted as having 

formed under warmer and wetter conditions in the past. Although the 

morphoclimatic concept has been questioned by a number of workers, no 

positive proof has been presen·ted to disprove it while it appears to 

apply to large areas of the world. 

The Nal1anni Karst of northerr1 interior Canada c ontair1s many 

landforms of tl1e ''tropical t:y-pe'' as well as others that are 1.mique to 

the area. These landforms appear to have developed during the · 

Quaterna.ry Period ( the time of the Ice Ages), and it is evident that 

they are actively developing today. Karst reatures identified during 

our first season of exoloration in J·uly and August 1972 include many 

types of· karren, extensive tracts of limestone pavement v1ith kluft-
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· karre.Q._, giant grikes, giant bogaz or corridors, labyrinth �anyon

karst, solution dolines, collapse and subsidence dolines, cenotes,

uvalas, poljes, karst towers, natural bridges, caves and dry river

valley systems. These forms occur both in ma.ntled karst ( limestone

covered by soil) and naked karst (bare limestone) areas.

The Nabanni Karst is located in the southeastern Mackenzie 

Mo1.1ntains, N. W. T. , at la tj_tude 61 ° N (fig. 1) . Intense karst de

v.el-0pmeat· -o·ccurs in a belt of cotintry 6-12 Kms. wide extending for 

50 Kms. north of First Canyon, South Nahanni River. The region is very 

remote and has been little explored. It lies outside the traditional 

hunting grounds of the Slave Indians living in t11e Mackenzie River 

Valley to the east, and was originally inhabited by a few Nahanni 
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The First Fig. 2. 

is of the 
behind 

Canyon, South Nahanni River, viewed from 
1000 metres 

the �orth 

deep. The 
200 

side. 
vertical cliffs 

The canyon 
antecedent, meandering type and is 

the model are f onned ir1 the Nahanni Limestone 
be seen at A cut-off meander may 

metres and are 
right centre. 

• 

in height. 

Indians - a mountain tribe. It was early visited by gold prospectors

and 
• 

in recent years by geological 

The southern Mackenzie 

mappjng parties. 
• 

rise to an altitude o:f 1,000-

1,500 meters above sea level. The mo1.1ntain ranges were :formed by 

folding and thrust :faultjng 
• 

JD thick sequences o:f Palaeozoic sedi-· 

mentary rocks. The karst belt 
• 

J.S located on the east side of a major 

dome and 
• 

,n an adjacent synclinal trough. Solutional landforms occur 

principally 1.D the Nahanni Limestone, a medi1.rrr1 to massively bedded, 

fine-grajned limestone of Devonian age, 150--250 meters thick. Above

the limestone J.S a thick shale deposit which
"\ 

• 

J.S an iatportant source o:f 

acid wateI· :for the limestone area. 

The karst belt has a cold continental interior climate, at lower 

altitudes, becoming Polar above 

Dfc-E) • The annual temperature 

1,000 meters, 

is -6° C with a

(Siberian-type; Koppen 

mean ann1ia.l precipita-

tion o:f 520 nun. Precipitation :falls main]y as rain during the brie:f 

s1.1roroer period. The rugged terrain 
• 

J.S covered by dense coni:fero11s 

forest up to an altitude o:f 
• 

1,100-1,200 metres. Above this altitude, 

bare t11ncira vegetation is characteristic. 

Two important 

development o:f the 

the Quaternary 

facts should be 

Nahanni area 
• 

J.S 

mentioned before the karst 

most o:f Canada was 

discussed. 

buried 

F
• 

r s 

repeatedly by 

t - during

continental ice 
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sheets, the most recent of which (of Weichsel age) receded only.6,000-

8,000·years ago in northern areas. As a result much of Can�da, 

especially arctic and subarctic areas, is domin.ated by glacial 

erosional ana. depositional landforms.· But the Naha.nni region escaped 

burial by the Weichsel ice sheet. Only a few very small glaciers 

formed jn favourable localities. The stratigraphy of caves of the 

karst suggests that the region may not l1ave been buried by ice during 

the past 300,000 years though it was certaj nJ.y covered by an ice 

sheet from the east before that period. 

One consequence of this is that there has been a long period of 

solutional development of the landscape without serious interruption 

by glacial erosion. Indeed, periglacial and competing solutional 

processes may have dominated landform development during the last few 

hundred thousand years. 

S e c o n d  - our radiometric dating of the Nahanni caves has 

indicated that the Mackenzie Mountains are ·evolving very rapidly. The 

dome to the west of the Nahanni belt has arched upwards approximately 

550 metres during the last 400,000 years. The sedimentary rock strata 

were powerfully flexed, with the formation of exceptionally dense 

joint a.nd fault systems. These f'ractures locate the karst development 

and partly explain it • 

Labyrinth karst, consisting of interconnected, linear solution 

corridors following joints, is t;he most extensive karst landform. 

Corridor dimensions range from kluftkarren a few metres deep and a 

few tens of metres long, via giant bogaz 20-50 metres deep and. 400-

600 metres long, to karst canyons 200 metres deep and several kilo

metres in length. Walls are vertical and display fragments of phreatic 

caves, suggesting that corridors were created by solution acting both 

vertically and laterally. Corridor floor profiles are irregular 

because of uneven collapse of corridor walls aided by frost action. 

Solution dolines and karst ponds developed in this.breakdown material 

are characteristic along corridor floors. 

Dimensions of i11di vidual corridors are determined by the exte11t 

and depth of host joints and the duration of their development. The 

largest r·eatures, ''box canyons'', develop where solution processes have 

enlarged fractures, pro·ba.bly faults, which are exter1sive in both a 

horizontal and vertical direction. Ohce the bottom of the fracture has 

been reacl1.ed, furtl1er solutio11 acts laterally along bedding planes to 

undermine the walls and widen the canyons. Bedrock b_etween adjacen"'c 

corridors may be entirely consumed in this manner le�ving wide, ir-



regularly-shaped box canyons. At an earlier sta&e in the dev·elopment . 

of· these canyons, residual karst towers wit;h vertical sides ancl up to 

a·oo·u.t 100 metres in height are characteristic. 

Labyrinth karst is not ur1ique to the Nahanni, having been 

reported fi�om AustI·ia, Brazil, West Irian and Australia. However in 

none of these countries do forms exceed 50 metres in depth. The Nahan

ni labyrinths appear to be the largest features of this kind known. 

Tl1e total le11gth of· karst corridors in the Nahanni is pI·obably 

several hundred kilometres. 

The 1nost characteristic lru1df orm or all karst areas is the 

d1)line. Solution do lines a:r.•e scattered throughout the Naham1i karst 

aI·ea wl1ile collapse - and subsidence - dolines are common where there 

is a thin cover of shale above the limestone. Ponors have developed 

where perennial streams 1·1ow t·rom shale areas and sink undergrormd 
..

upo11 I·eachi11g limestone. Also present and remarkable for sucl1 an area 

are the cenotes. These features are vertical-walled solution cylinders 

with permanent; ponds at their' bases. The most famous and classical 

cenotes are foTu.�d in the Yucatan Peninsula of Mexico, where some 

served. as sacr-ificial wells. Cenotes are uncommon in other tropical 

karsts and are rare in temperate regions. In the Nahanni numerous 

examples are to be found, some being 20 metres in diameter and ex

ter1dir1g down 30 meters to tl1e surface of the pond. In tl1e Yucatan, 

cenote pond levels correspond with the level of the regional water

table. In the Nahanni, pond levels may differ by as much as 20 metr�s 

between cenotes spaced only 60 metres apart. It is apparent that pond 

water is reta�ned by permanent subsurface ice. This is not surprising 

in ar1 area of sporadic permafrost, ( tjaele). In fact the surfaces of 

sorae cenote ponds were still covered by ice du.ring August 19?2. Fig. 3 

shows a group of 18 solut;ion dolines, por1ors and cenotes occupying a 

narrow residual rock platform between two deep box canyons in the 

North Karst. 

A karst landform. ·that has attracted a considerable amount 01· at

tentior1 f'rora. geom.<)rphologists is the polje. Tl1e polje is a large 

closed depression wj_th <?- flat alluviated floor which may contain a 

perm.9.nent; lake or be periodically flood�d. At least four poljes have 

been identif'ied in tb.e North Karst and we suspect that more �xist to 

the soutl1. 

Nahanni Polje is located in a tectonic depression. The west 

wall of the polje represents an eroded fault plane. A small hum or 

residµal limestone nill protrudes through the alluviated floor at 
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A cluster of 16 large solution dolines, ponors and cenotes Fig. 3. 
limestone 

upon a narrow 

platfonn between two huge box canyons in the North Karst. Such dense con

centration of dolines, etc. would be exeptional in an intensely karsted tropical

and has never before been reported from an arctic region. The photograph clearly
• 

ar·ea 
il
the lustrates the effects of jointing upon the karst development. The steep slope in 

background is of shale, which overlies the limestone. 

its northern end. Bim'ilar tectonic poljes are common in Yugoslavia. 

Lafferty Polje 

deformatio.a of 

and Barens Polje are true solution poljes. No tectonic 

the rock lS apparent. 

vertical limestone walls 10-50 metres 

corrosion notches resulting from 

Tl1ese poljes are surrounded by 
• 

ln The walls display height. 

flooding (fig. 4). Ponors 

are common ln the alluviated 

periodic 

floors of all tl1ree poljes and a nu..mber 

of small, youthful 

high flood waters. 

Ten kilometres 

caves penetrate the 

southwest of these 

v·ertical 

poljes 
• 

1.S 

walls at the level of 

another of definite 
glacio-karstic origin. Following the for1nation of an ice-scoured
closed depressior1, solutional and periglacial processes have operated
to widen the depression and steepen its walls. A residual karst tower
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alluviated floor o f  Barens Polje. The Fig. 4. Part of the 
the polje is clearly seen. 

after 203 mm of rain fell in 
periodic floodwater which fills 
fill to the top of the notch 

c orrosion 
The polje 

eight days 

notch ca.used by 
was observed· to 
during July 1972. 

• 
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and smaller ''pitons'' may be seen in this polje floor, wl1ich is 
alluviated and contains dolines, possible springs and a seasonal river 
channel. Also visible is one of the longest canyons of the labyrinth 
karst, extending North of the polje. 

Du.ring a.n eight day period in July 1972, 203 10.lil of rain fell in 
the North Karst. Following t�is the poljes flooded producing lakes 

I 

5-40 met.res in deptl1. Dolines in the floors of many box canyons 
flooded, while a sizeable permanent lake (Raven Lake) rose 40 metres. 
Surprisingly, levels in cenotes r1earby did not change. The cenotes 
may derive their water f'rom the melting of ar•ifted snow. 

In t:t1e kars·ts of temperate countries and in highland tropi_cal 
areas such as central Mexico, it is common to find river valley 
systems that do not now contain sur:face streams. The water passes 
underground into caves in the limestone. Seven closed river canyon 
r1etworks l1ave been identified in the North Karst area, their surf'ace 

_waters passing underground to flow to unknown springs. The largest of 
these networks, Canal Canyon, is more than 10 Kms long and 1,000 m 
deep. One of the smaller canyons, Ra·m Canyon, has an alluviated floor 
and contains a number of shallow lakes (fig. 5). Streams meander 
across its floor, eventually encountering lakes where waters sink 
into the alluvium or tiny ponors in the canyon walls. The exits of 
several canyons, including Ram and Canal Canyons, are blocked by 
glacial moraine ridges built by valley glaciers. These obstructions 
may first l1ave caused the rivers to seek t1nderground channels the 
canyons becoming true karst features as their floors were deepened by 
solutior1al processes. 

The density of surf'ace solutional landf'orms in tl1e Nahanni North 
Karst suggests the presence of cave systems througl1 which· the sinking 
waters flow. Active caves ar·e x·are but more than 100 fossil caves not 
now occupied by streams have been examined (f"ig. 6). Tl1e great 
majority of these ca.ves can be explored for no more than a few " 

' 

metres. They are obstructed by frost-shattered rock, silt infilling 
and permanent ice, due to sub surface peI·.mafrost conditions. However 
in the north wall of Firs·t; Canyon, South N ahanni River, and in an 

.... ._ -

adjacent canyon, Lafferty Creek, three caves have been discovered 
that extend for 1,500-2,000 metres. These caves are all of the shal
low phreatic type and developea when the present, rive.r was at or 
a little above their level. 'l'he river has now entren.ched 300-550 
metres below them, le.aving them drained and fossil, high in the 
vertical limes·tone walls. 
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Fig. 5. 
luviated 

ancient river Ram Canyon, 
floor contain s 

canyon which 1.s now drained underground. The al-

local lakes and small str�ams which sink into the limestone. 

These fossil caves contain three distinct climatic zones. The 

first is a zone close to the cliff face entrance which is.warmed by

the inflow of 

temperatures 

air 

of -+l 

during 

+O +2 ° 

overhead is able to seep 

the s1.1m1ner. It 
• 

J.S characterized 
_(
by

C • Water from the forest and tundra soils

through the comparatively warm rock and 

deposit travertine. Modern stalactites have simple straight f.orms

such as are found in cold climate caves elsewhere. Also preserved

are large stalactites and col 11mns elaborately ornamented like those

of' many 

features 

200,000 

existing 

temperate caves. Ui--aniUlll/thorium radiometric dates for these

indicate that 

yea1.·s ago when 

at present. 

they were deposited between 300,000

the 
. 

1 regionA.�- clim?te was warmer than 

-

and 

that 

, 

Further from the ent:r·ance 
• 

J.S a 
, 

secona zone where rock temperature 

• 

J.S close to 00 
C • A sn1all amount of seepage water penetrates tr1e rock
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Fig. 6. The entrance to a fossil phreatic cave 
J{arst. 

in a karst corridor wall in the North 

and more trickles ,n from the entrance zone • Water vapour is also 
carried ,n by the·flow of cave air. Liquid water freezes forndng ice
sheets and 

• 

ice stalagmites upon the floor. Water vapour is pre-
cipitated as plate crys�als of hexagonal form upon all parts of the
cave wa;Lls and roofs. In exceptional cases, ice crystals may grow to
diameters of 50 ems. Fig. 7 shows an ice crystal gallery 300 metres
in �ength. Hexagonal _crystals here have a dj.ameter of 1-3 ems.

The third climatic zone J.S found 
• 

in interior parts of the caves 
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Fig. 7. 
gallery 

The Ice 
maintains 

Gallery 
this 

First Canyon, 
form and dimensions for 300'metres 

of Grotte Valerie, 

hexagonal crystals of precipitated 

South Nahanni

and is coated 
1.ce. 

River. The 
throughout by 
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where galleries descend below the level of the cave entrance. Such 

galleries act as great siphons. Throughout the summer months they 

trap and retain the very cold, dense and inert air of the winter 

season. Air temperatures are -3° C. Water jn these parts of the caves 
is permanently frozen. The fact that the galleries are dry and dusty 
and •display no calcite or ice deposits suggests that little liquid 

water or water vapour has entered them for perhaps the last 8,000 
' 

years. Phese galleri�s are however decorated in another way for they 

contain delicate precipitates of gypsum and hydromagn.esiye and, 

remarkably, the preserved skeletons o� 87 modern mountain sheep. Why 

the ·animals, ,male, female, old and young, died there will probably 

never be known. 

The Nahannj_ 

great variety of 

hitherto thought 

•

Kars� is a most exciting discovery. It contains a 

karst landforms, some unique to the area and others 

to develop only under tropical or warm temperate 
. 

climates. "The existence of the Nabanni North Karst suggests revision 
• 

of the morphoclimatic theory of karst landform development, with 

greater concentration upon lithologic and structural factors as had 

already been emphasised by V. Panos and O. Stelcl of Czechoslovakia 

from their distinguished research upon the karst landscapes of Cuba • 

• 

I 

• 

• 

• 

, 
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. FORMS OF SUBSOIL KARS I 

I. Gams
Dep. of Geog�, Univenuty of Ljubljana 

LjublJ&na, Yugoelavia 

Subsoil or subcutaneous karst which is directly under the �oil cover 
·in the subjacent karst rock Jinks the surface and undergro11nd karst
zones of action. In science it links in the same manner surface mor-
phology and speleology, and research into it yields evidence of the
genesis of some surface and underground karst forms. It is not aim of
this article to give a review of the literature on· this topic whic�
is still scarce (Haefke, 1924, Penck, 1924, Causin, 1957, Williams,
1966, Harasimiuk, 1969, Pluhar - Ford, 1970, Garns, 1971, Jennings�
19?1). The main aim is to describe subsoil features as the jnitial
forms for.the development of some surface and 11ndergro1md karst

. phenomena as research of the Slovene pax·t of the Dj naric Karst has 
demonstrated. 

The literature describes subsoil forrns ma;inly as they occure in 
two dimensions in road cuts or quarry walls. The occurence of deep 
pockets filled with loam is common there. Tms was the basis of' t�e 
. .

old term ''geologic organs" (Gerroan: Geologiscbe Orgeln). Better the 
subsoil forius can be studied in three dimensions where s<;>il is strip
ped off as is usual in quarries. There the _whole variety. of the dis
sected· subsoil karst is expos�d. The German term ','Karren" or the 
French term ''lapies'' can be applied for this variety with the. 
qualification ''subsoil'' - Subsoil karren ( dr subsoil lapies). These 
forms can be classified jnto the following types: 
l. Where the beddjng of the limestone is running parallel to the sur
face s ub s  o i 1 Ru n d  k a r r  e n  (solution runnels, acc.

to Jennjngs, 1971) are often found under the humus. The literature
·" 

contajns controversial opjnions as to whether the Rlmdkarren
originated on the open air or primary as the subsoil form (s. Bauer,
1958, u.s.o.). At Precna reber at Postojna and near ·the village Gozd
(Hrusica) on the roadside Rundkarren constitu!ng a Karrenfeld 
continue in the saro� form under the humus cover across its margins. 
Stripping off this cover reveals empty grikes as deep as 1 m. In 
contrast with the smooth surface of the subsoil Rundkarren, the walls 
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of tne grikes are etched by solution, as the surfaces of stones 
.. 

perched jn the open·air usually are. On one spot in the quarry of 
Verd a meanderj ng Rinnenkarren was foun.d below the thin brown earth.· 
2. A subsoil niche is a typicai recess in unbeded or thick bedded

.
. 

lirnP.stone. If the rock wall is vertical, the subsoil niche is more
open and semicylindrical. On an inclined wall, the niche is more like
a f:urrow. Subsoil niches are usually·many times wider then deep. Only
jn some cases their depth is more then one dm. Niches are not regular
in cross-section with the situation of the deepest point, varying in
contrast with the case of riple marks. Similar forms are found in
caves filled with loam or in caves wl1ere ther·e is evidence of former
loa.m (or clay) fillings (Gams, 1971).
3. A c o v e r e d b o g a z (subsoil bogaz) is a com·mon subsoil
form. It is more :frequent in thick bedded or massive limestone. Di
mensions of the bogaz found where the soil is stripped off are usually
smaller then at the surface bogaz. It is mostly less then 3 m deep and
less then 2 m wide. Genesis by widening of joints, fissures, faults
zones and zones of fractured limestone is more evident in new enclosed
bogaz than on the surface. After soil erosion, covered bogaz can be
trau.sformed ju m,jnor surface bogaz. Due to faster soil erosion there
most surface bogazes occure on the inclined slopes.
4. Subsoil c a v e r n o s e K a r r e n or subsoil ·1;u·bes (rock 
holes) are frequent subsoil forms in some kinds of limestone. In 
others they are absent. The, run in all directions. With junger form, 
the origin in a joint or fissure is usually evident. Their round 
crosssection is an evident di:ff'erence between the wide :fissures 011

the open air and the subsoil rock holes. Tubes jn rock fragments 
making up walls or heaps of accumulated stones at the edges of :fields 
and meadows 0a:n be considered as a proof that the stones were cut 
below the soil cover (_fig. 1) • 
5. A c o v e r e d  s o  1 u t i  o n  pa n (Subsoil kamenitza,
covered karoAnitza) · holds stagnant water after the soil 11as been st,rip
ped off�. In comparison with surface kamenitzas some -subsoil pans have
more oval and elongated :fo:cm and lack :flat hottom.

In bare Ka::i?st near the entrance to the Grotta Gigante (Karst of 
Triest), transition forms between surface kamenitza with vertical 

walls and flat bottom and subsoil kamenitza are very evident. This 
t�ansf?rmation form �nly occurs in case that after soil erosion there 
:r'emains �ome soil or ht1mus in. the solution pan or later on stagnant 
water. The higher lying kamenitzas ar� in many places more trans-
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Fig. 1. Rock holes (stone tubes) or cavernose Karr.en in the left centre of the 
picture taken downward in the quarry of Verd (Dinaric Karst, Slovenia), where the 
soil was stripped off. The diametre of the holes is mostly- less than 20 cm ( compaire 
the folded mater-tape long 20 cm). In the block in the right upper corner an embryo-

nic subsoil nish is to be seen. 

formed than nea�by kamenitzas in lower positions. The origin of some�-

kamenitzas in a bare karst actuation, of course, cannot be denied. 
6. A s u b s  o i 1 (covered) w e.l 1 is a funnel shape some 

metres deep and so wide -form (fig. 5). When developed in fissure, it 

is more irregular. The subsoil well is rar�r then other subsoil forms 

described here. They are r�latively dense in g3ps1.1m karst observed in 

the quarry near Niixei on the southern border of Mt Harz·.• 

7. As with other subsoil forms described here also c o  

d o 1 i n e s are not descern.ible on the karst surface 

soil is stripped off. In contrast with the s�bsoil wells, 

v e r e  d 

before the 

they are 

wider then deeper, reachjng in depth more then 1 m. Their form is ir

doline. 

ledges 

' 

regular, slopes being much l�ss graded tban in the surface 
' 

P..rojecting out of soil fill on slopes, there are many rock 
- --·· '

with loam pochets·withjn them. After soil subsidence, surface doJjne 

can appear (fig. 2). 

8. Retreating walls of quarries often reveal f i 1 1 e d p i t s  
' . 

(fig. 3). In some quarries they occure more often than the empty 
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Fig. 2. A covered doline 
• 

in 

as 

They are as much 

the quarry at Podutik 
deep as the height of 

near Ljubljana, 
a person. 

as 20 m deep ( 
• 

1.n the quarry at 

, 

now free of soil l.S

Verd, 1972) •pits. 

Their walls are less graded then in more accessible pits but empty 
• 

l.ll 

the karst undergro1.1nd. 
• 

Inclined :fissures often end in the walls. The 

fill of the p�ts is soil, loam, sand, gravel, rubble, etc. This :fill 

can be autochtoneous or allochtoneous. 

The genesis of the :filled pits remains an open question • If the 

:fill is allochtoneous, the pit as e .. rocky :form seems to be :fossil. On 

the bottom and walls of' pits filled with autochtoneous material, 

proof's o:f recent corrosion can be o:ften found 1.n the areas where the 

yearly precipitation exceeds 1600 m. Precipitated water corroding 

rock reaches pit walls at depths of many metres through side fis-

sures. Some filled pits do not have parallel layers of the filling 

material, 

deepening 

and so they prove the subsidence of the soil and both 

and wideni11g of the walls. 

the 

In many places walls cut for nevv roads 
• 

in vertical trencl:1es 
• 

in the depth of many metI·es loam 
• 

lS mixed with limestone rubble 
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Fig. 3. Fo1ineriy filled pits now disclosed in the quarry in the Carboniferous Lime
stone near of Bedford, Indiana, U.S.A. Also here the pits are running rectangular to 

strata. Photo Arthur N. Palmer. · · 

as well as with rest of the corroded rock. ·Such an occu.rence must be 
regarded as a primary stage j n the development of such a _.form. In the 

. 
. 

better developed filled pits r.emmants of dissagregated rock are some-
times to be found. The coalescence of fissures in a fault zone or 
zone of more fractured rock is also a cause for ·the development of 
the filled pits (fig. 4). 

Here some common features of subsoil karst are following. The 
steeper the slope, the less developed are the subsoil karst .forms. 
The more massive and thickly bedded and homogeneous the rock, the 
more the limestone surface is sculptured. In lower karst areas sub
soil l{arst is better developed tha.n in high alpine region, j n 
Southern Europe better than in Northern Europe. The deeper the soil 

the deeper th� depression in rock surface� Near to the soil surface 
the stone surface is usually much more fractured than at deeper 
levels ( f·ig. 5) • Surface exposed to soil is smoother then. surface ex
posed to air, e .. 1en i:f t;he stone fragments have quite pronounced 
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Fig. 4. 4 m deep 
1973. Terra rossa 
geological future 

pit disclosed in quarry near of Marusici, Istria, 
filled the pits represents now a fan at the 

the 
which has 
the rock holes and 

in a 

fissures on the left of the 
secondary pit • new 

person 

·corners. Smoothness is also better developed 
• 

in the 

in september 
footslope. In 
will coalesce 

homoge11eous

rock. In thiny fractured rock and in sandy dolomite no smooth sur-

face occur. Stone surface exposed to the atmosphere are riddled with

closeset patterns of tiny depressions. They are less than 1 milli-
meter deep and wide varying with lighological structure.

The change from the sculptured surface above to the smooth one 
below occurs in the soil A-horizont. Along planes of· ,.11eakness in the 
rock, fissures develop deeper and deeper upwards and the surface is 
more and more etched. 

Also colour changes at this level of change • 

in tl1e A-horizont. 
Exposed stones have usually whiter surface than below but in some 
cases the exposed surfaces are darker - grey (fig. 6) • The differences
between the smooth surface of the subsoil rock and the fiss·ured one,
exposed on the open persist a long ti.me after the soil cover 
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Fig. 5. 
in the 
fonner 

' 

In the covered well disclosed in tli.e quarry of Verd, Slovenian Dinaric karat, 
stone below and the fractured rock above the srnooth difference between the 

soil level is still 
niches. The well 

clear evident. The 
disclosed recently 

numbers 1, 2 and 3 mark furrow shaped 
under soil cover is 4 m deep. 

been remowed by meno or soil erosion. This 
the 

line 

soil 

of change can 
be used 
duced in

as a criterion to 

ways (Gams, these 

determine 

1972). 

how much level was re- \ 

Knowledge of such diff'erences between surface and subsoil 

can logy 
Haru1over 

be generally applied. Near the of town 
Deis·ter 

Springen south 
morpho
of 

on the limestone plateau of Mt many stone blocks of 

several tons weight are scattered. Solution pans 
the side 

are absen·b 
wall (fig. 

f'or 90° . The 

from the 
This side of the blocks but do occur on 7). upper 

provides evidence for overturning 

movement is problematic. Were 

of the bloc�s cause of 
in the the blocks 

t;he last glaciation or was subsidence of the 

responsible? The knowledge 
full in the archeology also 

-

of the 
(to 

difference 

discerne the 

turned once by glacier 

material 11nderlying 
mentioned above is use-
carbonatic rock fragments 
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Fig. 6. The difference between the smooth whittish stone surface below and darker and 
more dissected stone surface above is still evident and indicates the former soil level 

(Island Cres, Quarner). 

developed jn the soil in situ or brought by men from the open air, 

etc.). 

The smoot.h surfaces of subsoil karst m·ust not be corlf'used with 

the forms of fossil karst. Subs.oil forms give I·ise to the qu.estior1 to 

what recent subsoil processes cause them, especially the nature of the 

locally accelerated corrosion which generated the_depressions. This 

question was examined more closely in a quarry near Verd in the Slo

venian Dinaric Karst. There are Jurassic oomicritic limestone with 

less than 10 % of microcrystaline calcite cement. Five thin sections 

showed no basic differences which could be the cause of the sculpture 

found there. 

The percentage of insoluble material in the limestone of this 

quarry varies between 0,1 to 3,7 %. In the quarry two types of complex 

subsoil karst occur. First, karst with close but minor grikes of V-

shape in cross-section. The forms are mostly holes, bogaz, covered but 

elongated and irregular dolines. The second type is karst with wider 
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·Fig. 7. One on of the blocks 
subsoils pans 

of Mt. 
(subsoil kamenitzas) on the 
the karstic plateau Deister near of Springen (W • 

-Germany) 
a 

shows 
proof of the overturning of 

0 
the block for 90 . 

almost 
(Photo 

vertical side wall 
dr. F.D. Miotke.) 

fissures which are U-shaped. The most t;ypical i"orms .here are subsoil 
niches, solutior1 par1s, covered pits and bogaz. In the first karst type 
the insoluble material .

. 

J.n the limestone 
• 
J.S more abtlnd.ant (one 

analysis: 3,7 %) then the second type of karst (4 0,1 -

'1 II 
.L '

"T % of unsoluble material) •

No clear relation has been found between .subsoil karst forms a.nd

soil colour. The Monsen colours vary between 2,5 Yr 4/6 to 5 Yr 5/6, 
from grey to reddish brovm. Deeper 

lower probably as a consequence of 

the Dinaric karst (Gams, 1972) •

There are great differences 
• 
J.n 

sand vary from 6 to 39,5 %, of silt 

in the fissures the soil is redder, 

soil moisture, which J.S common JD

soil texture. The percentage of 

from 14,6 to 38,4 %, and of clay 

from 34,8 to 83,9 % (5 analyses with a ''Kalzimeter''). The causes of 

these differen.ces are not yet fully understood. The depth is the 

dominant factor. Ir1 terra rossa, l.S the clay percentage l.ll the hori-

zont B 2-3 times higher then 
• 
J.n the A-horizont ( Susin, 1968). 
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Special attention was given to the weathering crus·b. In the le·vel 

of the soil A-horizont there is no clear weathered crust on the stones 

but then the crust thickens downward. At the depth of 1 m it is 1 mm 

thick, at the depth of 2-3 mm 1-2 mm thick. Oolithic limestones have 

thicker crust then otl1er. The weathering crust has t;he same percentage 
of insolubles as the parent rock but reaction with sulphuric acid is 

more vigorous'. The crust ma te1.•ial shows the same f'igure on Rontgen as 
• 

• 

the parent rock (personal comm1mication, Dr. V. Gregorio, Ljubljana). 
The parent rock in this quarry is grey but the crust at depth is 
usually whiter. If there are red calcite veins or red cracks in the 
rock the crus·t above them is also red. Transformation of ferrous oxide 
into ferrie oxide. is playing a p�rt j_n the crust formation. After the 
limestone rubble is fully dissolved in its place whittish dust remains 
in the reddish soil. 

It is evident that corrosion under the soil is essentially dif-
ferent from that attacking the rock exposed to the air. In the B-hori
zont the calcite veins in the rock project as tiny ridges 1-2 mro high 
from the weatherjng crust. In the A-horizont this aspect disappears 
and higher up on ·exposed rock fissures develop on the surface along 
the calcite veins and the planes of stone weakness. Proba.bly tl1e 
mechanical weathering is the main cause of these differences. In any 
case the forma·l;ion of the crust is connected with the development of 
the subsoil depression forms and is a proof that the penetrati.ng 
gravitational soil water is only the means of transportation of dis-
aggregated carbonate rock. A proof of corrosion by means of soil 
moisture and not of gravitational water are fissures which run not 
only vertically but also horizontally and under impermeable, solid 
·overlying parts of stone. In.the light of this specific surface (mass
to surface area) is the most important factor in corrosion intensity.
More fractured, more por�us and thiny grained limestone are in this
sence more liable for development of depressions in .the subsoil karst.
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KAPCT "1 nELUEPbl AJlTAR 
'i 

H. A. reo3,Qel-'HHH, A. M. MapHHHHH 
MocHOBCKHH YHMBepCMTeT, reorpa4>M ... eCHMM 4)aHynbT8T 

MOCHB8, CCCP 

Ha AJITc::1.e KapcTyIOTCH I"'JiaBHhlM o6pa80M CMHv1MCK1'1e l'1 KeM6pit1.HCKHe MpaMOpM-

30BaHHhle M8BeCTHHKM M 'AOJIOMMThl, CMJIYPMHCKMe 1'1 B MeHbllieM CTeneHM 'Ae

BOHCKMe M KaMeHHOYI"'OJibHhle (B Py'AHOM AJITae) H8BeCTHHKH. KapcTyromHeCE 

IlOPO'Ahl He OTJIMqaroTCH KaK rrpaBMJIO 60JiblliOM MOmHOCTbJO, qepe�IDTCH co 

CJiaH�aMM, 0¢¢Y8MBdMM, CJIOM MX CMJibHO 'AHCJIO�MpOBaHhl, qacTO HaKJIOHeHhl 

IlO'A 60JiblliHM yrJIOM. IT00TOMY KapcT pacrrpocTpaHeH paao6meHHhlMH paMOHaMH 

1'1 yqaCTKaMH, nemephl He OTJIHqaIOTCH 60JiblliHM1'1 paaMepaMH, a ecTeCTBeHHhle 

rnaxThl M KapCTOBhle KOJIO'A�hl cpaBHMTeJibHO HerJiy6oKH. 

Pa3BMT1'1IO KapcTa cnoco6CTByeT MHTeHCHBHaH TeKTOHHqecKaH TpemHHO

BaTOC�'b Kap6oHaTHhlX TOJim. PacnpocTpaHeHHe IlJIOCKHX BeplliHHHhlX noBepx

HOCTew, paCITOJIO�eHHhlX B HeGKOJibKO HpycoB (KapCTOBaHHe H'AeT npeHMy

meCTBeHHO g 'AMarrasoHe a6c. BhlCOT 300-2500 M), TaK�e CO'AeMCTByeT paa-
.

BMTHIO KapcTa. BJiarorrpMHTHhl B qeJIOM KJIMMaTMqeCKHe H JiaH'Allia¢THhle ycJIO-

BHH. RapcTyrom11ecE Kap6oHaTHhle nopo�hl pacnpocTpaHeHhl rJiaBHhlM o6paaoM 

B 6oJiee BJia�HhlX pawoHaX cesepHOM IlOJIOBHHhl ropHoro AJITaH, noJiyqaIO�JtlX 

'AO 800 MM ro�OBhlX OCa'AKOB M MeCTaMM 6oJiee. MHTeHCHBHee scero KapcT 

pa3BHBaeTCH JieTOM npM MaKCHMyMe oca�KOB (c HIOJIH no ceHTH6pb OKOJIO 

45% rO'AOBOM cyMMhl) M B  nepHO'A seceHHero TaHHMH CHe�Horo noxpoBa. 3M

MOM �e npO'AOJI�aeTCH pa3BMTMe J!Mllib IlO'A3eMHhlX ¢opM. OKOJIO 70% Tepp¥.TO

pM¾ 38HHTO ropHo-JieCHhlMH JI8H'Allia¢TaMM, noqBhl M paCTHTeJibHOCTb KO�OphlX 

06orama10T Bhlrr a,n;arom11e M ¢MJibTpy10m11ecH CKB03'b noqBhl 'AOJK,rr,eBhle oca,n;x.1,� M

TaJihle CHerOBhle BO,Il;hl arpeCCHBHhlMM KOMilOHeHTaM.11. 

Cp e'AM 11c cJie,n;oBaTeJieiii Kap cTa M rre mep AJITa.H. ec'l1 h BH,IJ;Hhle nyTemecT

BeHHMK M. B MX qwcJie rr.c. IlaJIJiac, ,Il,OKTOP re6Jiep, reJibMBpCeH, �-M

H'APMH�eB, B.B. CarroJKHMKOB. B coseTcKoe speM.H
'

nemephl AJITaH np11BJie1<a10T 

BH11MaHMe apxeoJioros (IT.IT. Xoporn11x), B HHX 06HapyJK11BaIOTCH naJieOJIMTH-
• 

I 

qecKMe cTo.HHKM (M.B. PoseH, M.M. roxMaH, C.M. Py,n;eHKo). IlpeM�ymecT-

seHHO B IlOCJI8�Hee ,n;ecHTHJIBTHe HaqMHaIOT BhlilO�HHTbC.H 6oJiee KOMilJI0KCHhle 
. 

11CCJI9,Il;OBdH11H KapcTa AJITaH, C BH11MaH118M He TOJibKO K IlO'A3eMHHM, HO M 

K nosepXHOCTHhlM �opMaM, a TaKJKe K r11'Aporpa¢Hq8CKMM oco6eHHOCTHM. Ilo

HBJI.HIOTCE 0606ma10m11e pa6oThl o 1<apcTe Cesepo-3ana,n;Horo AJITaE (�epHHesa, 

1967) 11 scero ropHoro AJITaH, 'Aa10m1,1e o6mee rrpe'ACTaBJieHHe o ·  pacnpocTpa-
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HeH1111 KapcTa l1 ero paMOH11poBaH11e (RpIDKOB, 1963; TynOTl1.JIOBa, 1965, 

1968; MaKCl1MOB11q 11 RocTapes, 1971). 
l ,  . 

Ha nosepXHOCTHhlX KapCTOBhlX ¢opM Ha A.JITae AOBO.JlbHO illl1POKO pac-

npoCTpaHeHhl Kapphl: xe.JI06KOBhle 11 .JIYHKOBhle (rsosAe�Kl1M, 1972a, 6), 60-
V 

p08AqaThle, Tpe�11HHhle. qacTo Kapphl o6paayIDTCSI aa cqeT 'Ael1CTB11H peqHNX

BOA B np11pyc.JI0B0M no.Jioce 11 Ha ocTpoaax (no pp. RaTyHh, qapNm, qepra). 
I 

CaMNMl1 pacnpocTpaHeHHhlMl1 noaepXHOCTHhlMl1 KapCTOBhlMM ¢�pMaMl1 SIB.JISIIDTCSI 

BOpOHKl1. PaaMephl l1X paa.JI11qHhl. IlonepeqH11K l1HOrAa 'AOCTMraeT 80 M, a 

r.Jiy611Ha - 20 M. no reHeT11qecKoM K.Jiacc11¢11KaQ1111 H.A. rsoaAeQKoro 

(19726), BCTpeqaIDTCSI BOpOHKl1 scex Tl1Il0B. Hal160.Jiee o6NqHfil BOpOHKl1 no-
' 

sepxHoCTHOro B�e.Jiaq1,1aaH1,1si, l1.JI11 KoppoaMoHHhle. MaKc11Ma.JibHa.H n.JIOTHOCTb 

BOpOHOK - 16 lliTYK Ha 0,01 KB. KM - OTMeqeHa Ha BOAOpaaAe.JibHOM yqacTKe 

TepeKTl1HCKOro xpe6Ta y l1CTOKa p. B. H.JIOMaH. MeX'AY pacno.JIOXeHHhlMl1 p.a-

. 'AOM BOpOHKaM11 8AeCb C08AaIDTC.H nepeMhlqK11 B BMAe ecTeCTBeHHhlX MOCTOB. 

B Apyr11x MeCTaX KapCTOBhle MOCThl l1 apK11 o6paayroTCSI aa cqeT pocTa 

KapCTOBhlX Hl1lli B Y8Kl1X l18BeCTHSIKOBhlX r·psiAaX l1 B peay.JihTaTe 06pymeHI1.H 

CBOAOB nemep (Map11H11H, 1969a). B 6acceiHe AHy.H eCTb o6paaoBaBmaSICSI 

nyTeM 06pymeH11.H CBOAa nemephl KOT.JIOBMHa. Boo6me xe KapCTOBhle KOT�0B11Hhl 
. 

BCTpeqaroTC.H Ha A.JITae cpaBHl1Te.JibHO peAKO. 3aTo 06hlqHhl KapCTOBhle ospa-

r11, cyxoAO.Jihl 11 .Jiora. 

B CeaepHoM, 3ana'AHOM 11 UeHTpa.JibHOM A.JITae 11asecTHhl KapcTOBhle 

OCTaHQhl. OHM paa6pocaHhl B BM�e OTAe.JibHhlX l180.7Il1pOBaHHhlX �aCCMBOB, rp.H'A 
\ 

11 CTO.JI60B C OTHOCl1Te.JibHhlMl1 BhlCOTaM11 OT 1,5-2 'AO 30-60 M. MomHoe 
�-, 

OCTaH�OBOe IlO'AH.HTMe npe'ACTaB.JI.HeT co6oi ropa A.JIThlH-Ty ( II 30.JIOT-a.H ropa II)'

B08Bhllliaromasicsi Ha 60 M Ha'A RaHCKOM CTeilbID. IlO'A06HNe KapCTOBhle OCTaH�hl 

SIB.JI.HIDTCH CBl1'AeTe.JI.HMl1 APeBHMX aTarroB paapa60TK11 pe.Jibe¢a A.JITaSI. 

B KapCTOBhlX paMOHax ropHoro A.JITaSI MHoro MomHNX l1CToqHl1KOB B 118-

BeCTH.HKax, Harrp11Mep, Ap�aH B TepeKTl1HCKOM xpe6Te, 'Aarom11i Haqa.Jio.p. 

B. H.JioMaH. HeKOTOphle l1CToqHl1Kl1 npe'ACTaB.JI.HIDT co6oM T11n11qHhle BOK.JIID8hl 

(B aepxHeM TeqeHl1l1 p. Ty.JiaThl, 6acc. qaphlma), eCTb BOCXOAHmMe l1CToqH1,1-

Kl1 T11na Quelltopf, KaK-To 11c_ToqH11K a 'AO.Jil1He p. IIIeneTu (6acc. AHysi), BN-

611aarom1,1M 11a KOHycoo6paaHoM aopoHKM. B 6acceMHax RaMeHK11, qaphlma 11 'AP• 

OTMeqeHN 11cqeaarom11e IlO'A aeM.JIID pyqhl1 l1 peK11. neahlM IlPl1TOK qaphlllia p. 

Ty.JiaTa B aepxHeM TeqeH1111 ABa�'Ahl yxo�11T no'A aeM.JIID 11 npoTeKaeT no� 

aeM.JieM B o6meM C.JlOXHOCTl1 OKO.JIO 3 KM. IlO.JIHOCTbID nor.JiomaeTC.H noHopaMl1 

B TOM xe paMoHe p�qKa Cyxasi RaMeHyIIIKa. McqeaaeT IlO'A aeM.JIID K.JIIDq rophl 

He6o (q�pHHeaa, 1961). HeCKO.JlbKO paa 11cqeadeT no'A aeM.JIID K.JIIDq MasecT

HOM C o6mei 'A.Jll1HOM nOA8eMHoro pyc.Jia OKO.JIO 2 KM. Ilpl1TOK TiecqaHOM p. 

Ryaam TeqeT no'A aeM.JieM n_p116.JI11a11TeJILHo 700 M � 11 IlOSIB.JIHeTCH Ha noaepx-
HOCTb BHOBb y�e y caMoro YC�bH (TynOTl1.JIOBa, 1968).
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C MCilOJih80BaHl/ieM H.A. raoa,D;eIJ,Koro 

(19726) 
) Ha AJITae 9 TMilOB n:apcTa: 6poH.v1poBaHHhll1 .v18BeCTH.HKO-

BbIM (nemepa B JIMHae .v13BeCTH.HKa fl 0,11; IlOKpOBOM nopo,D;bl 

P.v1c. 1.
Jiypa) Ha 

YcTb-Ka.HcKa.H 
npaBOM 6opTy 

nemepa 
)];0Jll1Hhl 

, 

rope 
sepxHero 
B BeJihlM KaMeHh (wa 1i1asecT�hlKOB 

qaphlma. �OTO H.A. raos,D;eIJ,Koro. 
CM -

\ 
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I 

-

B 6acceiiiHe p. TiecqaHoiii), IlOKphlThlM M3BeCTHHKOBhlM (118BecTeH BO MHOrll!X 
paiiioHax), aa,n;epHOBaHHhlM 113BeCTHHKOBhlM (HaH6o�ee pacnpocTpaHeHHhliii TMTI), 

aa,n;epHOBaHHhl¾ ,n;o�OMHTOBhliii (B 6acc. p. TiecqaHOM), sa,n;epHOBaHHhliii KapcT 

s MpaMopax (no 6eperaM KaTyHM y c. YcTb-MyHhl), ro�hlw HaBeCTHHKOBhlM 

(pacnpocTpaHeH rnipoKo, qame Ha �oHe aa,n;epHoBaHHoro KapcTa), ro�hliii 1'13-

eecTKOBMCTO-CJiaH�eBhl:ti (Ha 6epery TeJTe�Koro oaepa), ocTaH�OBhliii waBecT
HHKOBhlM (pacnpocTpaHeH B BH,n;e OT,ll;8JTbHhlX peJTMKTOBhlX ¢opM), KapcT, co-

, qeTaIDm11:ticH C aeqHo:ti Mep3JTOTO¾ (BCTpeqeH B BhlCOKOrOpbe AJITaH B KeM-

6pH¾CK:t1X 113B8CTHHKaX AKTalliCKOro PTYTHOro M8CTOpo�,n;eHMH). ·Bhl,n;eJTeHo 

TaK�e 10 KapCTOBhlX paiiiOHOB (KaTyHCKHiii, Ka,n;p11HCKo-BapaTaJTbCKHM, qy:tic
KHM, TepeKTMH�K11:ti, eepxHero w cpe,n;Hero TeqeHMH p. ITecqaHoi, AHy:ticK11i, 
KaHCK o-qapb1111cKM:ti, Cpe,n;Heqap1iu1rcK11i1, Tip11MpThllliCKM:ti, BocToqHo-AJITaiiicK11:ti), 

OTJI11qarom11xcH CBOHMH Il!H,ll;HBH,n;yaJTbHhlMM oco6eHHOCTHMI'1. 

Hal'160Jiee rJTy6oKo:ti KapCTOBO¾ TIOJIOCTbID AJTTaH HBJTHeTCH nemepa AJI

raiiiCKHX reo¢1181'1KOB, KOTOpaH yxo,n;HT Ha rJTy6wHy 120-140 M. Til!rrwqHhle 

ecTeCTBeHHhle WaXThl 11 KapCTOBhle KOJTO,ll;�hl HerJTy6oKH - ,n;o 63 M (rnaxTa HH

rypeKCKaH B cesepHOM qaCTH AJTTaH). Bcero I'13B8CTHO 6oJTee 20 KapCTOBhlX 

rnaxT H KOJTO,n;�eB (Map11H11H, 19696 H ,n;p.). 

Tiemep1i1 Ha AJiTae np.v1ypoqeHhl K CKJTOHBM KapcTyIOmMXCH MaCC11B0B TIO 

peqHhlM ,n;oJTHHaM KaTyHM, B1111, qy11, IlecqaHoiii, AHya, qaphlrna, YJTb6hl, 

ByxTapMhl, qyJThlllIMaHa II! rro6epe�bID TeJTe�Koro oaepa. 3aKapTHpoBaHo 203 
nemephl, yqTeHo 6oJTee 300. Ha1160Jiee KpynHhle 11a nemep AJITaa: MyaeiiiHaH 

(B AHyiiiCKOM pa:tioHe) - ,ll;JTHHO¾ OKOJIO 700 M, BOJTblliaH qyiiicKaH (B qyMCKOM 
paiiioHe) - 547 M, AJITaiiiCKHX reo¢118HKOB (B KaTyHCKOM paiiioHe) - OKOJTO 

. . 

400 M, CTapa� KapaKOJTbCKaH (B AHyiiiCKOM paiiioHe) - 306 M. B KpynHhlX ne-
mepax 11MeIDTCH pasHoo6paaHhle HaTeqHo-KaneJTbHhle 06pasoaaH11H. 

KaneJTbHHKH npe,n;cTaBJieHhl cocyJTbKOBil!,ll;HhlMH, Tpy6qaTHhlMI'1 11 penoBil!,ll;

HhlMII! CTaJiaKTHT8MH. AJIHHa CTaJiaKTHTOB ,n;OCTHraeT 40-50 CM. Op11rll!HaJibHhl 

HaTeqHo-KaneJibHhle 06paaoBaH11H B MyaeiiiHoiii H CTapoA KapaKO�bCKoiii neme-� 
• 

I 

pax, OHM HM8IOT Bil!,ll; MOpCKHX KOpaJIJTOB, CBOeo6pa3HhlX KaMeHHhlX �BeTOB II!

rpoa,n;rui BHHOrpa,n;a. CTa�arMHThl no,n;HHMaIOTCH e BH�e ceeqew, KOHycoB, 6y-
u ThlJTell!, Iil3P8'AKa - CJIO�HhlX BeTBHCThlX o6paaoBaHil!M. BhlCOTa HX 06hlqHo 'AO

40 CM, pe'AKO 6oJiee, Il!HOr'Aa ,n;o 3 M  (B nemepe AJITaMCK.vlX reo�H8HKOB). 

Bo BXO'AHOM rpoTe AraipHHCKOM nemephl eCTb CTa�arMil!T MeTpOBOM BhlCOThl 

c 'AHaMeTpoM ,n;o 42· CM. A�s nemep xapaKTepHhl TaKxe 'Apan11poBK11, aaHaae

chl, HaTeK11 Ha CTeHax 11 KOJTOHHhl (cTaJTarHaThl). B MaJThlX nemepax HaTeqHo

KaneJTbH�e 06paaosaH11s paaBMThl cJTa6o, qame oTcyTcTeyroT. 

Mop¢oJIOI'HH rremep qacTo onpe,n;eJTHeTCH Tpem11HOBaTOCTbID. Pa8Bil!Til!e 

nemepHhlX XO,ll;OB CBHaaao npemMymecTBeHHO C T8KTOHil!qecKHM11 Tpem11HaM11 ce-

3epo-BOCTQqHoro m ceBepo-aana,n;Horo HanpaBJieH11M. CBH3b nJiaHosoro mao6-
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Pil1C • 2. 

p aiK e H I11.fl 

BoJibIII0:£1 

C HHII18M111 CKaJI:v-i:CThle 
llII11BepTa 

BhlXO.D;hl Cil1JiypMHCKil.lX Il13BeCTH.flKOB 
(KaHCKO-qapWIICKHA paioH). �OTO H.A.

H rpoTaM111 
rsoa,n;e�Koro • 

C Cil.lCTeMaMH TpeII{ttJ:HOBa TO CT.vl Ha nJiaHe 

BeJI060MCK0:£1 ne�ephl ' 
1972a, 6) • Cpe,n;11 ne�ep 

pacnpocTpaHeHhl npe.v1MymecTBeHHO O,D;H00T8)KHble IIOJIOCTH, HO eCTb ,IJ;Byx= 111 

PacnoJio)KeHHe nemep B Ka C T,By .IOll.\HXC .fl MaCCMBax IIO.· pp. KaTyHH, 

AHy.IO, COOTBeTCTByeT ypOBH.flM Teppac. 

llo yCJIOBJ1.flM nemephl 
)

AJITa.fl ,IJ;6JI.flTC.fl Ha TenJilile 
'

XOJIO,Il.Hble M BeTpOB:ble (CKB08Hbie) • B XOJIO,D;HbIX Il1 OTt.ISCTllI BeTpOBlilX nemepax 

npo.v1cxo.n;MT o6paaosaHHe HaKOIIJleH11e Jlb,D;a. YlaBeCTHO 11 nemep-Jie,n;Hlf.lKOB 

C IIOCTO.flHHbIM Jlb,Il;OM. B nell\epax-Jie,n;HHKax BCTpeqaIOTCSl paaHlile <pOpMhl Jib,D;a 

IlOKpOBHbIJ/I Jie.n; (HaH6oJiee pacnpocTpaHeHhl CTaJiaKTJ1Thl, CTaJiarMHT:bl' KOpa 

06Jie,n;eHeH11H, Jie,D;.flH:ble Kp11cTaJIJIH. 

B nell\epax AJITa.fl 
u 

Ha11,n;eHhl Oillf.lC8H:bl KOCTH nemepHo:£1 rHeH:bl, xopi,Ka, 

6aA6aKc1 
' 

IIIIl.lpOKOJI06oro OJieH.rI 
' 

nepB06bITHOrO 6:blKa, JI orua,n;111 , Hocopora, 

T Mrpa, 6apca, KopcaKa ,n;pyr11x )Kl1B OTHbIX. 

B 
... 

aJITaJ/ICKHX nell\epax OCT8TK1i1 KYJibTYPhl anox 

naJie oJiv.1Ta, 6pOH3hl, JKeJieaa. Ilell\epbl YcT1,-RaHcKaH (B

• 

• 
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paioBe, pmc. 1) w ByxTapMMHCKaH (IlpHHpThllliCKMM pawoH) M8BeCTHhl na�eo

�HTMqeCKMMH CTOHHKaMH (Py'AeHKO, 1960; roxMaH, 1957). 

B 6opTax yme�HM M B  o6pNBax OT'Ae�bHhlX M3BeCTHHKOBhlX MaCCMBOB 

BCTpeqaeTCR MHO�eCTBO HMlli w HaBeCOB (pwc. 2). 06hlqHQ OHM cyxwe, Ha

TeqHo-Kane�bHhle o6pa30BaHMR B HMX OTCyTCTByIDT. 

THE ALTAI KARST AND CAVES 

N. A. Gvozdietsky, A. M. Marinnin 

SUMMARY 

Mainly Sinian and Cambrian marbleized limest ones and dolorr.i tes, Si_lurian, carbonoferous 

( in the Ore Altai) arid in smaller degree Devonian limestones are karsted in the Altai. 

Karsting rocks are as a rule of great thicimess alternating with shales and diff�sions, 

their layers are great ly dislocated and very often ir1clined at a big angle. So that 

karst is distributed by disconnected regi?ns arid areas, caves are not large and pot

holes and pi ts are comparatively shallow ( from 63 m). Climatic and landscape condi tio11s 

are rather favourable in the whole for the karst development. 

Rillenkarren, Halbkugelformighohlenkarren, Rinnenkarren, Kluftkarren, sinks of 

various ganetic types, caves, karst gullies and blind creeks, karst outliers, natural 

bridges and arks are distributed there besides caves, pote holes and pits. WtB.I1y karst 

resources are rivers and streams disappearing from the earth. The reporters have 

pointed out 9 types and 10 karst regions which differ by their individual features • 
.

203 caves are mapped in the Altai and 300 caves are taken into account. The 

largest Altai caves are: the Museum cave (in the Anui region) is of 700 m in lenght, the 

Big Chuya cave ( in the Chuya region) is of 547 m, the Old Karc1.kol (in the Anui region) -

3C6 m. There are various sinter-drop forrnations in large caves. There are caves-glaciers 

(II with pennanent ice) there. The Ust-Kan cave ( ir1 the Charysh region) and the 

Bukhtanna cave (in the Irtysh region) are known by the Paleolithic encampments. 
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International Speleology 1973, II, sub-section Ba: 

Geomorphology or the karst surface

KARST FEATURES. IN EAST POLAND 

M. Harasimiuk, A. Henkiel
The Institute of Earth Sciences, The Univesaity 

of Maria Curie-$Wodowaka, 
Lublin, Poland 

Carbonate rocks which condition the development of karst features jn 
East Poland only occur on a section of the meta - Carpathian ridge, 
which enters into the composition of this region. From the south.it 

• 

has a distinct geological as well as a mo:rj?hological boundary. This 
is determined by a narrow area of tectonical divisions from which to
the south, regions connected with Alpjne folds occur (Ca:rj?athian� 
with a tectonic fore land depression) • · Morp_hologically it is a ridge 
of a relative height usually exceeding 50 m. The northern boundary is 
not so distinct, but it also has a structural foundation. This is de
terndned by a rather wide area, in which Mesozoic carbonate rocks 
penetrate to the north under a thick cover of Quaternary formations. 
The eastern boundary of the region was conventionaly drawn along the 

' 

Bug river valley and the western - Vistula river valley. In such 
marked boundaries the whole Lublin Upland together with t�e Roztocze 
and the southern regions of Mate·Mazowsze and Polesie are cont�ined • 

. THE GEOLOGICAL STRUCTURE 

The main element of the geological structure of this region are the 
rather differentiated carbonate deposits of the Upper Cretaceous (W • 
Po�aryski 1956). Here opokas, gaize, marls, rnarly limestones and 
chalk occur; they differ from each other in respect of the chemical 
composition as well as from their lithological properties. Among the 
mentioned types of rocks, opokas ana. gaize because of their siliceous 
framework do not submit to karst processes. The majn element of the• 
remaining types of rocks is Cac�3 

(usually above 75% and in the case
of chalk above 90%) and the amo1.1nt of silica varies between about 5%

• 
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to 20%. Marls, marly limestones as well as chalk are porous elements 
(to 40%) and are characterised by a small resistance to mechanical 
weathering. 

In the south west part of the region older deposits - the Lower 
Cretaceous and Jura limestones (W. Po�aryski 1956) are exposed in a 
few points; they do not have a greater significance in the development 
of .karst features because of their small expanse. 

In the rather narrow area of the so�hern ridge of the Lublin 
Upland and the Roztocze, carbonate deposits of the Upper Miocene occur 
on Cretaceous rocks (B. Aren 1962, M. Bielecka 1967). This series is 
composed of detrital and lithotam limestone and of various types of 
r.eefy limestones. They are characterised by a Caco3 content of above
90%, a small porosity (to 10%) and a distinctly 'larger resistance than 
Cretaceous rocks. 

On the carbonate rocks there lie isolated sandy and loamy layers 
of the Oligocene and Miocene deposits. In the Quaternary period the 
whole region found it's.self in the reach of the Mindel glaciation, 
after which layers of glacial and fluvioglacial accumulation 
formations are preserved. On the other hand, the Riss glaciation only 
reached the southern part of the region, leaving behind formations, 
the thickness of which grows in the northern direction. Connected with 
the Wurm glaciation period, which did not reach the mentioned region, 
are thick covers of loess, dusty and sandy, eluvium and diluviuro 
covers (A. Jahn 1956) which occur in layers and are widespread on the 
whole region. 

. 

KARST FEATURES 

The subaerial development of the region's sculpture was beg·un in the 
Palaeog�ne. The main elements of the Lublin Upland formation origin
ated in this period (A. Jahn 1956). Also the oldest traces of karst
processes and the oldest karst fossil forms originated in this phase.
On �he Lub]in Upland and Roztocze in a dozen or so points the occur
rence of opokas and decalcificated gaize the thickness of which ex
ceeds ·10 m, was ascertained. They are the proff of intensive chemical
weathering of limy-siliceous rocks. Taking into consideration that

' , 

they are covered with Upper Eocene and Oligocene deposits, their de-
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calcification process should be dated on the Lower Eocene and Palaeo� 
cene (W. Po�aryski 1956, M. Harasimiuk 1965). The occurrence of 
typical karst forms connected with this period is ascertained to date 
only in the Chelm district. These are karst funnels and small karst 
valleys filled with Oligocene sea deposits(�. G6recka 1958, M. Hara
simiu.k 1965). �he following phase of the development of karst torms 
took place before the transgression of the Upper Miocene sea. From 
this period, in the Chelm district, a few karst funnels of a depth to 
30 m, filled with Upper Miocene sea deposits, are also pre�erved. 
A few karst funnels which can be .dated on the Middle Pliocene have 
similar dimensions. They are filled with sandy and muady deposits of 
the Upper·Pliocene (M. Harasimiuk 1970). 

On the Tertiary limestones of the Roztocze and the southern part 
of the LubJjn Upland, traces of Pliocene and Lower Quaternary karst 
are met with quite often. On well preserved fragments of the Lower 
an.d Middle Pliocene planation surface·, lapies fossils together with 
developed fossil soil of the terra calcis type occur (Nakonieczny, 
Pomjan, Turski 1968). The character of the karstic surface and the 

. 

chemism of the weathered covers indicate the warm and darup clj m�tic 
conditions typical for the Middle Pliocene •. The following karst 
generations are connected with the Uppe·r Plioc�ne and Lower Quaternary 
phases of the raising and dissecting of the region. These are mainly 
sink-holes and karst funnel fossils connected with the lowering·of 
the underground water-level and the animation of their circulation 

(M. Harasimiuk, A. Henkiel, K. P�kala 1969). 

In the Quaternary period, in the areas of the occw;rence of 
. 

.

karstic rocks of the Cretaceous age, a·series of d�velopment phases 
of karst forms of a reccuring typology took place. The most.character-
istic for karst on Cretaceous rock are meso�orms (H. Maruszczak 1966). 

' .

These are first of all karst funnels of a diameter of several score 
meters and a depth of up tp about 10 m. Morphometrically they are 
differentiated between a flat-bottom and a cup-shaped. The �ariability 
of the shape results from the process and tempo of their filljng up 
with mineral and mineral-organical deposits. ·It is also dependent on 
the character of processes which transform forms not directly con
nected with karst processes. In result of karst funnels joining, forms 
composed like ridges and karst valleys are created. Apar� from surface 
forms the occurrence'of karst funnel fossils connP-cted with different 
Pleistocene phases is quite common (J. Rzechowski 1962). The develop
ment of surface forms is limited to the aeration area, and by that it 
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is cohditioned on a large scale by the fluctuations of the underground

water-level. Karst funnels developed in various phases of the Pleisto

cene and Holocene. The Allerod and the subatlan.tic period, because of

the low position of the underground water-level in these periods, are

considered as the main periods during which most of the surface forms

were created. Fossil forms are also conn.ected with the erosion phases

in ·the river valleys. On the basis of the character of deposits which

fill fossil forms the existence of not less than three generations of
. ' 

karst funnels from the Pleistocene period (the decline of the 
Gunz-Mindel interglacial, Mindel-Riss interglacial and Riss-Wurm in
terglacial periods) were ascertained. Widely occuring under slope 
planations and lakes of the Lublin Polesie also belong to forms con
nected with the karst processes in the mentioned region (H. Maruszczak 
1966). 

On Tertiary limestones of the Roztocze and the southern part of 
the Lublin Upland, Quaternary karst is first of all represented by 
a rich group of fossil forms. These are 8ink-holes, karst f1Jnnels an.d 
microforms filled with residual loam or elastic deposits connected 
with the periglacial surrounding. Connected with these forms are fos
sil soild of the boggy and redzina type, which indicate alternatively, 
moderate and cold climatic conditions (M. Harasimiuk, A. Henkiel, K.

P�kala 1969). Nowdays in tl1is area forms of karst funnel types are 
. being created, reproduced in elastic Quaternary covers. 

In the whole group of East Poland karst forms, in the region were 
Upper Cretaceous rock occur, underground karat forms do not occur. 
This results from the lithological properties of these rocks (H. Ma
ruszczak 1966). Whereas in Tertiary limes·tones small and relatively 
few forms of this type were observed. There meagreness is connected 
with strongly creviced rocks and their small thiclmess. 

The morphological role of the East Poland karst should be con
sidered separately for Cretaceous and T·ertiary rocks. Karst forms de
veloping on Cretaceous rocks play an important role in the landscape 
of many_· Lublin Upland ( the districts of CheXm, Rejowiece, Opole, 
t�czna south of Hrubieszow) and also the Lublin Polesie regions (H. 
Maruszczak 1966). The number of karst funnels on a surface of 1 1an2

reaches 40-60 and in some places may even exceed 100 (J. Rzechowski 
l964). The group of karat forms developed on Upper Cretaceous rocks, 
differs in a distinct mAnner from typical karst forms, that is why 
one can ·also speak of ''the chalk karst type'' (H. Maruszczak 1966). 

Forms developed on Tertiary limestones are more similar to 
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typical ka.rst. But these rocks, in the mentioned region, are of a small 

expansion and with their specific lithological properties the impo

verishment of the karst form gI·oups. is connected here. First of all 

fossil forms occur and the few surfqce forms do not play a significant 

role in the landscape. 
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Geomorphology of the karst

Ba 020 

sub-section Ba: 

surface 

nPH HUHnbl KAPCTOnorH4ECKOrOPAHOHHPOBA HHA 

6. H. MaaHoa
CM11.eponon, CCCP

AHa�H8 'AdHHhlX P.H'Aa onyo�ItIKOBaHHhlX B CCCP pa6oT, TpaKTymmHx BOnpochl 
• 

u

paMOHHpOBdHitI.H KapcTa, IlOKa3hlBaeT HaJIJtiqJtie qeTKitIX ItICXO'AHhlX no�oEeHHH, 

npitIHitIMaeMhlX ItICCJie'AOBaTeJI.HMitI B KaqeCTBe OCHOBhl 0TOro paiOHHPOBaHitI.H. 

TaK, H.A. rsoa.n;eJJ,KHH (1952, 1956, 1962, 1966) cqJtITaeT era JIHTOJioro

-TeKTOHJtiqecKitIH (reOJIOrJtiqeCKHH) ¢oH, onpe.n;e�.HID�HH Ha�HqHe paCTBOpHMhlX 

KapcTyro�HXC.H IlOPO'A. �ItI8HKO-reorpa¢11qecK11e ycJIOBitI.H 80HaJibHOro HJIH 

npOBHHJJ,ItiaJibHOro IlOP.H'AKOB, HaK�8'AhlBa.HCb Ha 0TOT ¢oa, ¢opMHpyroT npo.HB

JieHitI.H KapcTa, ero xapaKTep ItI TitIIl (1966). D.A. ,MaKCHMOBHq (1956, 1958, 

1962) npHHitIMaeT a 

KYID ItI CTpyKTypHyID 

u 

KaqecTBe OCHOBhl paitIOHitlpOB8HitI.H KapcTa reoTeKTOHHqec-

80HaJibHOCTb, onpe'AeJI.Hronzyro pacnpocTpaHeHHe H aaJiera-

Hitie KapcTyro�ItIXC.H nopO'A B COCTaBe pa3HOB08pacTHhlX H pa8HOTitIIlHHX CTpyK

Typ. ITpitI 0TOM 'AOJI�Hhl yqJtIThlBaTbC.H TaK�e KOJIHqeCTBa ItI 'AJIItITeJibHOCTb KOH

TitIHeHT8JibHhlX nepephlBOB, JIItITOJIOrM.H IlOPO'A, BJIHHHH.H HeOTeKTOHHqecKHX 

�BitI�eHHll.L ItI KJIHMaTJtiqeCKHX ¢aKTOpOB (1958). 

Bo MHOrHX CJiyqa.HX paHOHHpOBaHHH KapcTa 11, KaK ero paaHOBH'AHOCTb, 
I u 

cneJieOJIOr11qeCKOe paitIOHitlpOBaHitie OCHOBaHO Ha OKOHTypitIBaHitIItI BhlXO'AOB paa-
. 

HOB08paCTHhlX KapcTyro�ItIXCH OTJIO*eHHH (B.H. MaxaeB 'AJIH KphlMa, 1937; I. 

Kunsk.y 'AJI.H qexoCJIOBaKHH, 1950 ItI 'AP•)· lliHpOKO pacnpocTpaHeHO paHOHHpo

BaHitie aaKapCTOBaHHhlX TeppHTOpitIH no MOp¢oJiorJtiqecKHM paaHOBH'AHOCTHM 
I 

, I 

KapCTOBoro peJibe¢a, B08HHK1llitIM B paaHhlX KJIItIMaT11qeCKHX' o6cTaHOBKa,·. 

P. Birot, 1954; H. Lehmann, 1954, 1956; C. Rathj ens, 1954; A. Bogli, 1956; G. C:i. .abet,

1956, H. Louis, 1956, I. Roglic, 1956; H. \Vissmann, 1957 ItI 'AP• 
• 

ureoJioro-cTpyKTypHa.H OCHOBa paitIOHHpoBaHHH Il08BOJIHeT Bhl'A0JI.HTb Ta-
. 

KHe IlO'Ap88'AeJieHitI.H (TaKCOHOMJtiqeCKitie 0'AHHHJJ,hl) KapCTOJIOrJtiqeCKOH CitICTeMa-

THKH KaK "KapCTOBa.H CTpaHa-06JiaCTb-IlPOBitIHU.ItI.H-OKpyr-paHOH 11 (H.A. raoa-
' 

.n;eJJ,Kl1ll.L, A. r. qHKitillleB, · 1966) ItIJIH "Kap CTOBa.fl CTpaHa-npOBitIHJJ,ItIH-06JiacTb-

-pawoH" (r.A •.. MaKCHMOB11q, 1958). B noc�e'AHeM cJiyqae_ OHH pacnpocTpa

H�IDTC.fl B npe'AeJiax OT OCHOBHhlX reocTpyKTypHhlX e,n;HHitIJJ, 'AO Teppm1op�i,.

OTJI11qaro�ItIXCE 'AeTaJIHMitI reoJioritiqecKoro CTpoeHitIH, JIItITOJIOr�ItI IlOPO'A, HaJIH-

qJtieM ItIJIM OTCyTCTBHeM IlOKpOBHhlX OTJIO*eHM�, oco6eHHOCT.HMitI MOp¢oJIOritIItI 

KapcTa. 

KaK npaBitIJIO, B KapCTO�OritiqecKOH JIHTepaType ItI Ha KapTocxeMax, Tep-
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... 

pMTOPMM KapCTOBhlX paMOHOB M, oco6eHHO, MX OT'AeJibHhlX qacTeM OTIMChlBafilTCE 

rJiaBHhlM o6paaoM B acneKTe noBepXHOCTHoro KapcTa. B TO Ee BpCME He60Jib

lliMe yqaCTKH JIH60 X03£MCTBeHHO OCBaMBaeMhle,i JIH60 OTJIHqaromHeCE aKTMBH3a

�MeM ecTeCTBeHHO-HCTOpMqecKoro KapcTa TeXHOreHHhlM KapCTOM, Bhl3BaHHhlM 
u 

'A6ET6JibHOCTbID qeJIOBeKa, IlOABepraroTCfl KOMIIJieKCHhlM HCCJI6'AOBaHMHM BhlCOKOM 

'AeTa�bHOCTM. MHoroqMCJieHHhle npwMephl 3Toro npMBO'AETCfl B Pfl'Ae pa6oT npe-

HMymecTBeHHO no HHEeHepHOM reOJIOrHM H rM'AporeoJIOrMH, rrpMKJia'AHOM reo¢H-

8MKe, r�'APOTeXHMqeCKOMY CTpOMTeJibCTBY, ropHOMY 'A6JIY TaKMX aBTOpOB KaK 

M.C. raaMaos, r.B. KopoTKeBMq, A.r. �hl�oruMH, A.A. OrMJibBM, M.B. IlonoB,

H.B. PO'AKOHOB, M.A. CasapeHCKMi, l.C. CoKoJios,• A.E. XO'AbKOB M 'AP· 

a CCCP, �- HpaHos, B. KaMeHoB, TI. �MHeB, M. rp�Hqapos M 'AP· B BoJirapMM 
. 

M. Matula M 'AP. B 
l
ICCP, Z. Wojcik, I. Glazek, I. Bazynski, I. Krason, S. Knothe 

M 'AP• B TIOJibrue: M. Lukovic, F. Jenko, I. Gams, S. Mikulec, Z. Krulc l1 'AP• 

B IDrocJiaBMH M 'AP• 

HeTPY'AHO BM'AeTb, qTQ rrpM OTCyTCTBHM paapa6.0TOK no YHM¢MKa�MM Tpe-

60BdHMM K COCTaBJieHMID KOMTIJieKCHhlX xapaKTepMCTMK KapcTa 'AJIH TeppHTOpMM 
. ... '-,, 

M reoJIOrMqecKoro paspeaa paaJIMqHhlX TIO'Apaa'AeJieHMM KapCTOJIOrMqecKOM CMC-

TeMaTHKH, KaqeCTBO TaKMX xapaKTepMCTMK 6y'AeT OCTaBaTbCH KpaMHe paaHO

PO'AH�M, a rrporH03hl BJIMHHHM KapcTa Ha cpe'AY - MaJio o6ocHoBaHHhlMM. 

OnhlT yrroM�HYThlX KOMTIJieKCHhlX HCCJie'AOBaHMH B paBHOM Mepe KaK H pa-

60Thl MHCTMTyTa MMHepaJibHhlX pecypcos MHHHCTepcTsa reoJIOrHH YCCP y6ex

'ABIDT s TOM, qTQ orpaHMqeHHe JIID6hlX BJIMHHHi KapcTa Tpe6yeT HHEeHepHhlX 

pemeHHM. OTCID'Aa CJie'AyeT Heo6XO'AHMOCTb cymecTBeHHOro yJiyqmeHHE KapCTO

JiorwqeCKMX xapaKTepMCTHK, MX BCeCTOpOHHOCTH H cpaBHHMOCTH CJIH TeppMTO-
... 

pHM M reoJiorHqecKoro paapeaa JIID6hlx TIO'Apaa'AeJieHHW KapcToJiorMqecKOH CMC-
, 

TeMaTHKM OT KapCTOBhlX 6JIOKOB ... 

'AO KdpCTOBhlX npOBHH�KM. 

OcymecTBJieHHe H3JIOE8HH�X Tpe6oBaHHM no HameMy MH9HHID B03MOEHO rrpH 

YHH¢MKa�MM KapCTOJiorwqecKMX MCCJI9'AOBaHMM M KapTorpa¢MpoBaHHH KapcTa. 

Ee �eJiecoo6pa8HO HaqMHaTb C IlOCJI6'AOBaTeJibHOro MC110Jib80BdHMH npw noJie

BhlX H aHaJI�TMqeCKHX pa6oTaX rrpMH�HilOB KapCTO�OrMqecKoro pa¼OHHpOBaHHE 

B �e�HX CMCTeMaTH3a�HH KapcTOJIOrHqecKHX ,ri;aHHhlX O B8a�MOCBH3ax o6�MX M

MeCTHhlX ycJIOBHi H ¢dKTOpOB pa8BHTHH KapcTa, OT06pa3aeMhlX B coqeTaHHHX 

IlOBepxHOCTHhlX H I'JIY6HHHhiX Ka pCTOB1IX HBJieHHH. 0,D;HOBpeMelIHO B03pacTe'r 

s¢¢eKT 'AeTa�H3tl�HH" paMOHHpOBaHHE rrpM e'AHHOM nocTpoeHHH KapCTOJIOrHqec

KMX xapaKTepHCTHK M o�eHOK ,D;JIH 0JieMeHTapHhlX KapCTOBhlX CHCTeM B reoJio

rHqecKOM paapeae 6JIOKOB H MX coqeTaHH¾ B noAp83'AeJieHHHX 6oJiee BhlCOKMX 

nopSl,D;KOB. 

OnhlT pa3pa60TKM rrpMH�HilOB KapCTOJIOrHqecKoro paMOHHposaHHH fl rrpM

MeHeHHeM MX K TeppMTOpMHM YKpaHHbI H MOJI'AaBMH (11BaHOB, 1957, 1965, 19'?2) 

,ri;aeT B03MO�HOCTb M8JIOEMTb HX cy�HOCTb. 
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1. 06meKapcToJiorHqecKHH np1r1H4Hn paHoH1r1poaaHJ.'1H �pe,n;noJiaraeT o6aaa

TeJibHOCTb BCeCTOPOHHeH OIJ,eHKM yCJIOBHH Heo6xo.n;MMhlX .D;JISI pa8BMTHH KapcTa 

Ha :i.1oaepxHoc·rH 1r1 a rJiy6HHe o6'beMa ropHHX nopo,n; JII06or·o no.n;paa,n;eJieHHH 

KapCTOJior�qeCKOM CHCTeMaTHKH. Cpe,n;1,1 HHX Haxo,n;HTC�: 1. KapcTyIOmHeCH no

po,n;hl, 2. paBHOTHilHaH HX BO,n;onpOHHIJ,aeMOCTb, 3. IJ,HPKYJIHIJ,HSI ao,n;, 4. HX 

arpeCCMBHOCTb no OTHOllieHHIO K pacTBOpHMhlM nopo,n;aM, 5. oco6eHHOCTH TeK-

TOH1r1qecKoro pe�HMa CTpyKTYPhl, 6. oco6eHHOCTH TeXHoreHHOH ,n;eHTeJibHOCTM 

qeJioBeKa a npe,n;eJiax HayqaeMoro no,n;paa,n;eJiea�sr H ero nepH¢epKH. 

2. PerH0HaJibHO-KapcTo�or1,1qecK1r1i npHHIJ,Hn ooycJiaBJIHaaeT npoHaao,n;-

CTBO KOMnJieKCHoro HayqeHMH MeCTHhlX oco6eHHOCTei 

BMT.ltlH KapCTa H q>aK'ropoB' np1r1,n;aiO�HX reHeT1r1qecKyIO 

Horo KOHKpeTHoro no,n;paa,n;eJieHHSI. 

yKaSaHHbIX 

cneIJ,v1¢111Ky 

u yCJIOBHH paa-

KapcTy ,n;aH-

3. TeppHTOpMaJibHhlH npHHIJ,Mil npe,n;ycMaTpHsaeT Heo6xo,n;HMOCTb paIJ,HO

HaJibHOro 11p oae,n;eHMSI rpaHHIJ, Me){c,n;y no,n;paa,n;eJ1eHJ1IHM111 npe,n;JiaraeMoi1: HaMH 

KapCTOJIOI'MtieCKO� CHCTeMaTMKH B npe,n;eJiaX CJIO�HhlX Mop¢ocTpyKTyp nepaoro 

nopH,n;Ka (,n;JIH reoCHHKJIHHaJibHhlX M IlJiaT�OpMeHHhlX KapcTOBhlX npOBHHIJ,HH), 

CTpyKTYP MJio,D;lliHX nopH,n;KOB (,n;JIH KapCTOBhlX 06JiaCTei 1,1 paHOHOB) H MX 3Jie

MeHTOB (,n;JIH KapCTOBhlX paHOHOB, no,n;paMOHOB, yqaCTKOB, 6AOKOB) c yqeTOM 

reoMop¢0Jior-rH,n; poJior1,1qecK1r1�, r1r1,n;poMeTeopoJior111qecK1r1x 1,1 TexHoreHHhlX 06-

cTaHOBOK B HX ,D;MHaMHKe. 

• 

PRINCIPLES OF KARST REGIONALIZATION 

B. N. Ivanov 

SUMMARY 

1. The absence of elaboratj_ons of the \lnification of requirements for composition

of karstic char·acteristics and maps of· dii'ferent scales lowers the quality of prognoses 

of the influence of karst on the nature surrounding and'its industrial exploitation. 

However, there is an extensive experience of detailed study of the conditions and 

factors of karst development for small lots under various building construc�ions. 

·� 2. 'rhe comprehension and con1parison of karstic characteristics and unity of their

construction must be consistent in district for the whale of subdivision of karstic sys

tematization from karstic blocks, plots, subregions, regions to the karstic provinces.

3. }"'or this 1t is necessary to use the consistent pri11ciples of ka.rstic division

into districts: a) gtlneral l;:arstic p14inciple ( study of dissoluble and perviousness of 

the rvcks; circulation and aggressivness of water, tectonic relationship and economic 
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development of lands); b) regional karstic pri.nciple (calculation the local conditions 

and factors of development of karst); c) terri.torial principle (app ortionment of the 

subdivisions with typological varieties of surface and subsurface karst). 
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surface 

HISTORY OF A DRY VALLEY ON COOLEMAN PLAIN, 
N. S. W., AUSTRALIA. 

J. N. Jennings 

The Research School of Pacific Studies, The Australian National University 
Canberra, Australia 

Ab s t r a c t. On Cooleman Plain, a small impounded karst with a Koppen Cfb 

climate today, mudflow and fluvial fill blocked a karst blind valley and restored 

surface flow temporarily down a dry valley, most probably during a periglacial period 
' 

about 30-15,000 B.P., which favoured increased slope instability and surface runoff. 

The origins of karst dry valleys have been studied more than 

their later histories, though in certain cases these have proved of 
much interest (e.g. Sparks & Lewis 1957; Kerney and others 1964).

1 

Here attention is drawn to the evolution of a dry valley which is 
taken to be representative ·of those characterising the middle sections 

of the centripetal drainage--of Cooleman Plain in the Southern Table-
-. 

' 

lands of New South Wales (Jen_nings 1967).

At 1250 m with a Koppen Cfb climate, this upland plain karst in 
subalpine grassland is s�rrounded by forested igneous ranges rising 
to 1650 m, except where Cave Creek escapes in a gorge through this 
rim. Small perennial streams flow down these igneous slopes of 5 °-30°

ru1d a 11umber of· them si1lk into Silurian limestone at· tb.e margin of 
the plain, either directly or though inactive fans of surficial de
posits. They are continued in dry valleys of gentle gradient inf.et up 
to 20 m below the ·v·ery flat interfluves of the karst plaj_n. Thest� 
vaJ leys generally have thin soil covers ru1d f'requent rock outcrops 
but for varying distances from the plain margin their floors are well 

buried by s·urficial deposits. 
The dry va.lley investigat0d ru.."'1.s 1.5 km from the western margin 

. 

of �he plain NE by E to the South Branch valley a little below that

stream's noI·n1al point of· sinking but iIDinediat;ely above its flood

overflow into Evs Cave (fig. lA). Below this, South Branch does not

flow at tl1e sur:t·ace though former channels are preserved on the valley

fill. 
Ilor two-thirds of' j �-.: le11.gth, the dry valley has a gradient of 

less than 1° with a continuous valley fill. The remaining part to the 
• 
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corrfluence is narrower, deeper and virtually entirely in bedrock with 

only scattered thi11 patches o:f surficial deposits. Here it has a 

steepening profile and it finally bangs about 5 m above the flood 

overflow channel of South Branch. 

In the downvalley part of the contin1lous fill, three pits were

dug to bedrock and seismic refraction dete:rnduations of its depth 

were made between them with a H11ntec FS-3 Seismograph (fig. lB). This 

demonstrated a buried threshold of 4.5 m at the constriction beginni�g 

the bedrock floored part of the valley. There was thus a kArst bJjnd 

valley he1.•e prior to the aggradation. 
The next dry valley to ·the north has an exposed ·threshold. of the 

same size·(fig. lA). Fill ends some way above this threshold where 
• 

the entrance ·to River Cave leads down to the 11ndergrot1nd course of 

South Branch through an inactive passage cut by a former stream along 
the valley. 

The buried blind ·valley is to be related to the buried bedrock 
floor of South Branch, which t·eeds in·to the valley side bedrock at 

4.3 m below the fill surface at its normal streamsink (fig. lB). The 

aggI·adation of the dry v·alley restored to it a continuously falling 

profile to the S. Branch valley. At this.time, the two valleys were 
nearly accordant since the main valley fill rlses 3 m above the flood 
overflow channel which has been re-excavated in it. 

All three pits exposed an irregular bedrock surface, with pjn
nacles up to 1.5 m high (fig. lC). Draped rot1nd parts of these buried 

features and especially beneath overha11gs, there are distinctive 
layers, 5-20 cm thick, of two materials grading into one another. One 
is a dark-brown porous, pedal silty clay, which is thixotropic. The 
dark hue is not due to organic carbon (0.02%) but to iro� (Fe2o3
5.66%). The other is greenish-grey and less pedal but otherwise 
similar. Both are regarded as remnants from the original soil cover, 
though 1-ike. all the fill they are weakly acid (pH. 6. 0-6. 5).. The cley 
minerals are illi te an.d kaolinite. Montmorilloni te is absent; but this 
does not preclude residual origin :from the limestone. 

ivlost of the fill i11 all pits belongs to a common sedimentary 
body marked by very poor sorting and lack of bedding, though there 
are down valley changes. In pit B it is prevailingly stony (from fine 
gravel to boulders), with a matrix of silty loam and silty clay loam, 
·\larying from yellowist1-red to strong "brown in colour and_ often
mottled. The large cJ.asts are mainly igneous I·ocks, 1t1i th much less

frequent ironstone, occasional vein quartz and rare limestone, the
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latter most frequent close to bedrock. Some of the igneous clasts are 
highlW weathered. As a whole the sediment is muddy gravel or gravelly 
mud (Folk 1964) with tendencies to two modes in the gravel and very 
fine silt-clay extremes. The proportions of stone and matrix vary so 
that the central tendency as measured by Folk's Graphic Meai� 
( �84+�§0+�l6) ranges from 0.15 � to 5.44 �. The sorting varies from
vecy poor to extremely poor (Folk's Inclusive Graphic Sta.ndard Devia
tion ( �84

4
�16)

+
( �9g��5) ranged from 3.42 to 5.48). Included were

irregular bodies of stone-free silty clay, varying from white ·l;o 
yellowish red. Some of this clay v,as blocky with sJ.ickensided faces. 
The clay minerals present are illite p.ncl kaolinite; montmorillonite 
is absent so swelling properties are not involved. 'l'he structur·es are 
probably due to loading by the sediment above. 

In pit C, 300 m up the valley, the sediment is very similar but 
it is marked by larger and more weathered boulder•s up to 1 m long • 
But pit A, only 25 m from both pit B and the bedrock still closing 
the buried blind valley, includes in the equivalent horizons much 
more stonefree material, though this remains closely similar to the 
matrix in pit B. One sample has a �I of 1.89, i.e. poorly sorted but
within the range of fluvial sediments. Other parts r·e.a1ai11 identical 
with the pit B sediment. Possibly �here was a doline pond intermit
tently here as the valley filled up rapidly. 

This body of sediment as a whole, up to 4 m thick, is clearJ.y a 
diamicton laid down by mass-movement, though the stone-free parts 
probably represent thin slur1. ... y deposit. Lack of preferred orientatior1 
in the large clasts indicates a rapid mudflow rather than slow soli
fluction as the mode of movement. The larges·t; boulders in pit C in 
relation to the thickness seem t-o require that the wi1ole mass moved 
together and a single event is indicated. The overall fining down 
valley registers the farther travel of the better lubricated and more 
mobile parts of the flow. 

Overlying the diamicton is a loose, bedded gravel, still with 
some sil·ty clay matrix, but wi tl1 coarser g1:aphic rr1eans than the dia
micton. It is generally onl·y about 20-50 cm ·chick but ir1 pit C it 
thickens to 1 m in a chaimel in whicr1 severa}. beds varied in mode 
from coarse to firJ.e gravel, the last being better sorted. Tl1e clasts 
have.the same composition as in the diamicton ·but highly weathered 
rock is rare. This is a waterlaid deposit indicating a time of suilface 
stream flow. 

On top of this gravel :i.J.1 tl1e down valley pits A and B thei·e is 
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only a thin (20-35 cm), dark brown loam, which is porous, friable and 

highly pedal but in pit C this modern soil grades downwards into 

another 50.cm of practically stone-free raddish-brown clay loam, less 

well structured and iess porous. It is however penetrated throughout 

by channels of the darker surface soil. In size analysis all these 

materials capping the gravel correspond with the matrix of the dia

rnicton. Surface wasl1 incapa.ble o.f moving its coarser fraction probably 

emplaced i·t though any bedding has been destroyed by pedogenesis. 

The history of the dry valley may now be reconstructe� in the 

context of Cooleman Plain's geomorphic history as a whole. The inter

fluves belong to a Tertiary karst corrosional plain developed closer 

to sea leyel prior to uplift of the Eastern Highlands (fig. 2A). Fer-

1yUg1nous sandstuue covered the limestone surface, either by residual 

accumulation of bedrock insolubles or by through flow .from a deep 

regolith developed on the overlooki11g igneous slopes. Apart from two 

small caves possibly indicative of t�e phreatic solution below the 

plain, there is little indication of karst development at this stage. 

Uplift, probably all within the Tertiary, caused dissection by 

surface streams (fig. 2B). At this stage the now dry valley probably 

l1ad an accordant j11n.ction with tl1e South Branch valley. However ex

posure of limestone, initially along the · valley sides, led to the de-
. 

. 

·velopment of' undergrour1d cj.rculation and the tributary continued to

lower its valley abnve its sinking point to develop a threshold and a

blind valley. The lower dry valley part came to hang a few metre�

above South Branch. From other evidence, South Branch then. went under

ground itself near the junction. Thin soils formed on the limestone

in the. blind valley.

Then followed a period of aggradation (i'ig. 2D). Since there is 

no eviden.ce for more than one such phase i:q. the CoolAroan valleys, it 

is asswn.ed that tl1e apparently fluvial fill in the South Branch and 

the �ajnly mudflow fill of the dry valley were laid down ·at the same 

time. Also there a:r·e on steepe·r sJ.opes on Cooleman Plain gelifluction 

earths and small blockst1. .. ea1as formed from the earths by washing out 

of fines. These slope deposits have been correlated with blockstreams 

and gelifl·uction slope deposits in the Snowy Mts to the south ( Caine 

& Jennings 1968), which belong to a major cold period dated about 

30,000 to 15,000 B.P. (Costin and Polach 1971). It is therefore in-

ferred that the d1.7 -valley fill also ·belongs to this phase with 

seasonci.ll·y frozen grom1d 'and reduced vegetative cover, and so of re

duced slope stability. The weathering mantles on the igneous rim be-
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came active and the mudflow of the dry valley constitutes a re

presentative of the most rnobile and far travelled of' tl1e consequent 

mass movements. This blocked the strearnsink and restored a continuous 

downward gradient to the valley. 

There succeeded a period of stream flow in the valley, which 
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probably also belongs to the cold period with its reduced evapo
transpiration, more effective precipitation and increased runoff. 
Frozen ground would also �romote surface flow at certain times. By 
this time mass movements had stripped the slopes above of much of 
their regolith diminishing this kind of process. The runoff winnowed 
the mudflow deposi t,s and redeposited the coarser fraction to form the 
overlying fluvial gravels. 

With climatic amelioration after 15,000 B.P., rur1off declined as 
precipitation becaroA less effectj.ve; the valley fill would also become 
more pervious as the ground was subject to less freezing i� winter. 
The clay and J.oan:1s or1 top of the g�avels were laid down in this time 
of declining surface flow. 

The :f•inal change whereby the stream sank in the fan at the valley 
head, rendering all of it channel-free, is also attributed to the 
Holocene (fig. 2E). In the lower part of the aggraded section, the 
surface of the fill is slightly convex in cross-section. Two 
mechanisms could be responsible. During the reworking of the dia
n1ic-con, if tr.Le ] imestone along the valley sides was able to receive 
water, some of the stream flow would be directed laterally into it and 
so give lateral slopes as well as a downvalley gradient (of Jennings 
and Sweeting 1959). Alterr1ati·vely the form may be due to a secondary 
washi.ng of� ro.aterial into the bedrock along the sides of the :fill. The 
presence of small dolines in the fill, especially close to the valley 
sides, demonstrates that abstraction of material into the limeston� is 
taking-place tuday. However the convex form is rather too regular to 
attribute dominantly to such eluviation and subsidence processes; it 
may th�refore be mainly inherited relief. 

( 

The role of cold climate.in karst development, is complex and 
paradoxical. Abundant supplies of snow a.nd ice meltwater can promote 
�ave development provided frozen ground and cave ice do not stup up 
al]. voids near the su.T.'face. Thaw-freeze action destroys much surface 
kai·st sculpture and cryoclastic waste may block caves and potholes. 
In the case of impounded karst, there is also the possibility that 
mass moveme11ts and streams may feed into it increased supplies of 

. 

waste from surrounding impervious rocks suffering periglacial con-
ditions to block streamsinks. Surface flow may be restored and karst 
morphogenesis interrupted as has been illustrated in this dry valley 
study. 
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Ba 022 

KAPCTOBblE Cl>EHOMEHbl MFJl(rOPHOM 03EPH0A 
KOTnOBMHbl PHUbl 
(6on1awoit KaaHas) 

K. B. l:{aapMWBMnM 
MHCTMTYT reorpact,MM MIi. BaxywTM, AH rpyaMHCHOA CCP, 

. T6MIIMCM, CCCP 
I 

ropHoe oaepo PHu;a OTHOClilTCSI K qlilCJIY rJiy60KHX (101 M) oaep rpy8HH. 
I 

Oaepo paCIIOJIOJICeHO Ha IOJKHOM CKJIOHe KaBKaCHOHH (BOJibIDOM KaBKaa), Ha BbI-

coTe 884 M Ha,n; yp. MOpSI. 

Ha.n; Plilu;ei co Bcex CTOpOH BbICSITCSI BbICOKOI'OpHbie xp·e6TbI :t-1 IlJiaTo, 

KOJibu;OM OilOSICbIBaIOmHe oaepo. C cesepa Ha.n; Plil�eM IIO.D;HHMaeTCSI BbICOHa.fl 

CTeHa KaBKaClilOHlil, HOCS1maS1 Ha 0TOM yqaCTKe HaaBaHHe Au;eTyKa. Ha aana.n;

HOM li1 roro-aarra.n;HoM 6eperax oaepa B8.D;bIMaIDTCSI BbICOKlile li1 oroJieHHbie ec

KapnbI li13BeCTHSIKOBOro nJiaTO IImerlillliXa. C BOCTOKa K oaepHOH KOTJIOBlilHe 

BIIJIOTHY� IlO�XO.D;SIT JieClilCTbie CKJIOHbI xpe6Ta AHqxo, a c roro-BOCTOKa, 

B HeKOTOpOM OT.D;aJieHHlil, B08BbilliaeTCSI H8BeCTHSIKOBOe IlJiaTO PbIXBa, nosepx

HOCTb KOToporo li18�e,n;eHa KappaMlil li1 H8pbITa KapCTOBbIMlil MHOroqncJieHHbIMH 

BOpOHKaMlil. 

KapcT aaHHMaeT Beeb IDJKHbIM 6opT rJiy6oKoBo,n;HoM oaepHoii KOTJIOBHHbI 
, .

Plilu;bI, r.n;e MM oxBaqeHbl MOHOKJIMHaJibHOe IIJI8TO IImerMmxa, KaHbOH.IDnmapbI.lil 

BbICOKOropHoe ClilHKJIHHaJibHOe nJiaTO PbIXBa. rocno,n;CTByeT a.n;ecb JiaH'Alli8�T 

BJiailCHbIX ropHbIX IllilXTOBO.-eJieBo-6yKOBbIX JieCOB, c BeqHoaeJieHbIM KOJIXJ'1.D;C

KHM no,n;JieCKOM li1 JIHaHaMM. 

IlwerHIIIXa npe'ACTaBJISleT co60M CTpyKTypHoe li18BeCTHSIKOBOe IlJiaTo. 

BBH.D;Y 8HaqHTeJibHOrO HaKJIOHa noBepxHOCTlil 8TO li18BeCTHSIKOBOe, He60JibillOe 

no IlJioma.n;H, IIJiaTO He li1806lilJiyeT KapCTOBbIMlil cpopMaMl'1 li1 CJia6o pa8BJ'1Tbie 

KapCTOBbie BOpOHKlil HaXO.D;SITCSI B 3M6pHOJIOI'HqecKOM CT8.D;li1H CBoero pa8BH-

TH.fl. C 'APYI'OM CTOpOHbI, 6JiaronplilSITHbie CTPYKTYPHble ycJIOBHSI TeKTOHHKH 

li1 MOmHOCTb 6appeMCKlilX li18BeCTHSIKOB CJiararomHX CHHKJIHHaJibHble MYJib'AbI Ha 

IIJiaTO PbIXBa o6ycJIOBlilJIH li1806HJIHe KapCTOBbIX BOp�HOK. 

BbICOKOI'OpHOe ClilHKJIHHaJibHOe IIJiaTO PbIXBa �e.n;cTaBJISleT MOmJ{bIM oqar 

so.n;orrorJiameHHSI, a Bbicoqai1maS1 BepnrnHa ero AqH6ax (2378 M) Hao611JiyeT 

3H.D;eMlilqHOV! li18BeCTHSIKOBOi cy6aJibillilHCKOM paCTHTeJibHOCTb.IO' C ,;;Woronowia 

speciosa Al bow, Ha cpoHe KappOBbIX IIOJiei. Bee IIJiaTO l18pbITO KapCTOBbIMH BO

pOHKaMH li1 IIOJibHMH, TeM He MeHee a.n;ecb HeJib8SI OilCH.D;aTb 60JiblliHX OTKpbITHM 

rJiy6HHHOTO KapcTa (TeM 6oJiee ropH80HTaJibHbIX_IIe mep), TaK KaK IlJiaTO 

B TeqeHHe IlJllilO�eHa-nocTilJIHOu;eHa, K8K 3TO yTBepE,n;aeT m.a. KMnHaHH, HH-
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TeHCMSHO 11 HeyKJIOHHO B08,Il;blMaJIOCb. C ,IJ;pyroM CTOpOHhl, 0TH MOmHhle no

,Il;BM)KKM cymM o6yCJIOBMJIM MCKJIIDq11TeJibHYID KOHTpacTHOCTb peJibe¢a - nepe

yrJiy6JieHHOCTb ,Il;OJIMHbl IDnmapbI, C rero", 11 OCHOBHOM apTepMM Ba116M, npo

Texaroll\eH TaKJKe B CBOeM m11poTHOM yqaCTKe no ,lJ,HY KaH·bOHa • 

no KOHTpaCTHOCTI1 xapcTOBoro peJibe¢a OKpeCTHOCTI1 oaepa PM�b! MoryT 

conepHMqaTb He TOJibKO co CJioBa�KMM, BoJirapcKMM, KpbIMCKMM, IlpoBaHCCKMM, 

HO TaKEe M C  �MHapCKMM KapCTOM. O'AHaKO xapCTOBble IlOJib.H Ha BOJibillOM KaB-

Kase He ,Il;OCTMraroT 

KapcT Bb!aBaJI 

aTMoc¢epHbIX oca,IJ;KOB. 

CTOKa, OH )Ke o6yCJIOBMJI 6e8B0,Il;HOCTb 

H0CMOTp.H Ha 60JibillOe KOJIMqeCTBO 

Oaepo OKpy)KeHO JiaH,IJ;ma¢ToM BblCOKOCTBOJibHhlX IlMXTOBO-eJieBo-6yxoBblX 

JieCOB. 0,IJ;HaKO 0TOT TMil JiaH,D;illa¢Ta npe,IJ;CTaBJieH ,IJ;aJieKO H00,Il;MHaKOBO B ce

Be�HOM'M ID)KHOM IlO,D;paioHaX. B ID)KHOM IlO,IJ;paioHe rocrro,IJ;CTBYIDT xapCTOBhle 

¢e�oMeHN, MMM no,IJ;q11HeHbI aaKOHOMepHOCTM CTOKa, MMM o6ycJIOBJieH xapCTOBbIM 

pe�be¢ - ace �opMbI 6ea MCKJIIDqeHMR, a TaK)Ke xapaxTep paCTHTeJibHOCTM. 

B ,ceaepHOM no,IJ;paMoHe xapcTa HeT. 

BappeMCKMe MOll\Hhle M8BeCTH.HKM, CJiararo�Me CMHKJIMHaJibHbie MYJib,Il;bl m11-

pQTHoro npoCTMpaHM.H norpy)KaIDTC.H y TaJibBera peKM IDnmapbI 11 T�M caMbIM 

'AtIDT BbIXO,Il; BbICOKO'Ae6MTHblM xapcTOBLIM MC'l1oqH11KaM' pacnOJIQ)KeHHbIM �POH-
i 

T�JlbHO B,Il;OJib ,IJ;Ha MepM,D;MaHaJibHOH ,Il;O�MHbl. CMHKJIMHaJibHble IlOJib.H no aaHM-

M.aeMOH IlJIOll\a,D;l1 npeBOCXO,IJ;.HT CaMy P11�y M HaXO,Il;.HTC.H Ha a6COJIIDTHOH BbICOTe 

1000 M, TOr,IJ;a KaK MX KPYTbie CKJIOHbI, BbICOTO� a 600 M, o6paayroT aaMKHy

Tb!e 6e8B0,Il;Hble KOTJIOBMHbl. 

liCKJiroq11TeJibHbIH MHTepec 

illMpBaH-.HlIITa (1. 27
2 

KM). �HO U U V 

0TOM 8aMKHYTOM xapcTOBOM KOTJIOBMHhl Haxo-

'AMTC.H Ha a6cOJIIDTHOH BhlCOTe 1720 M
0 

11 npe,D;CTaBJIHeT BTOpMqHbIM Jiyr (JieT-

Hee nacT611me), TOr'Aa KaK CKJIOHbl IlOJlb.H yxpameHhl IlMXTOBO-eJIOBblM JieCoM. 

Ha ,IJ;He IlOJibH npoTeKaeT pyqei (c ,IJ;e6MTOM a 50 JI/cex), KOTOpbIH BHesanHO 

norJiamaeTc.H a KapcToayro nemepy; axo,IJ; ne mepbl aaaaJieH cHe)KHMKOM ,IJ;a)Ke 

a paarape )Kapxoro JieTa. Beeb noaepxHOCTHbIH CTOK oxpecTHocTei norJia

maeTc.H nemepoM lli11paaH-HmTa. 

Eme 6oJiee BHYlliMT6JibH oti BblrJI.H,Il;MT 8 aMKHyTaH K O'rJIOBWHbl l{y)K6a-5!ruTa. 

r11raHTCKa.H 0T� BOpOHKa aaHMMaeT TIJioma,IJ;b 6. 2
2 

KM, a OTHOCMTeJibHaH Bhl

COTa CKJIOHOB ,Il;OCTHraeT 600 M. �HO BOpOHKH �e)KMT Ha BhlCOTe 1093 M Ha� 

yp. MOp.H. Bee pyqbJ,1 BOpOHKH Kyru6a-HlliTbl OTHOCHTCH x qHCJiy KapCTOBhlX. 

Ha BOCTOKe 3Ta rHraHTCKaH BOpOHKa C�MBaeTCH C lliHpOTHO-opweHTHpOBaHHbl

MM IlOJibHMH �)KHMaKy. 3¢¢eKTHOMy paBBHTMID KapCTOBblX ¢opM 6JiaronpHHT

CTByeT r.eoJiormqecKaH o6cTaHOBKa, a TaKxe 6o�bllIOe KOJIHqecTBO aTMOC¢ep-
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H.blX oca,n;KOB (1500 MM/ro,n;), IlOCTynaID�HX a MeJKropHyro pH�HHCKYIO 

HY J/13 qepHoro MOpH qepea Mepe,n;HaHa�bHYID 'AO�HHy-KaHbOH IOnmaphI. 

, 

KOT�OBJ/1-

Bee �eBo6epeJKHhle no,n;aeMHhle npHTOKH IOnmaphI paarpyJKaroTcH a BH,n;e 

KapCTOBhlX J/lCTOqHJ/lKOB Y CaMoro Ta�bBera GTOM peKH. 8TOMy cnoco6cTByeT 

TeK'I10HJ/lqec1�a:,1 CTpyKTypa �eao6epeJKbH IOnmaphI - illHpOTHO OpHeHTHpoBaHHhle 

CJ/lHK�HHa�bHhle MY�b.D;hl, IlOCTeneHHO norpyJKaIOmHeCH Ha aana,rr.e. TaK, B CHH-

K�HHa�bHOJ/1 MYJib,D;e CKy�b ilTHPOBaHHaH rHraHTCKaH BOpOHKa (RyJK6a-BmTa, a 

TaKJKe CJ/lHK�J/lHS�bHhle IlO�bH �JiCHMaKy, nor�amaroT noaepxHOCTHhle BO.D;hl, a HX 
... no,n;aeMHhIH CTOK K aana.n;y ocymecTB�HeTcH nocpe,n;cTsoM norpy�aromHxCH

B 0ToM JKe uarrpaa�eHHH oceM 

6appeMCKJ/1X H8BeCTHHKOB. 

eHHK�HHa�eM J/1 Il�OCKOCTHMJ/1 Harr�aCTOBaHJ/lH 

.. 

WTaK, KapcT Bh13Ba� rrepepacrrpe,n;eJieHHe cToKa, OH JKe o6yc�oBH� 6ea

ao,n;uocTb Bcero �ecuoro Jian,n;ma¢Ta Jieso6epeJKbH IOnmaphI, HeCMOTpH Ha 6oJib-
. 

moe KOJIJ/lqecTBO aTMoc¢epHhlX oca,D;KOB H nepeys�aJKHeHHhlM ropHhIM K�HMaT. 

06pamaeT BHHMaHJ/le. TOT �aKT; qTo c rora PHQa He HMeeT I lOCTOHHHoro 

noaepxHOCTHoro CTOKa. 8To peay�bTaT CMJibHOro pa8BHTJ/1H KapcTa. E,n;v1�

CTB8HHblt.Jt HCTOl!HHKOM oaepa c�yJKHT peKa IOnmapa, BhITeKaIO�aH J/18 IOJiCHOro 
\ 

KOH�a osepa, a aaTeM ycTpeMJIHro�aHcH Ha rJiy6HHY 250 M - rro,n; xaoc o6aa-

JIJ/1BillHXCH J/18BeCTHHKOBhIX rJihl6 IlJIBTO Ilrnerwmxa. B 1.5 KM K rory OT oaepa 

J/1Mee'l1CH BhlXO,D; pO,D;HHKOBhlX Bo,n;, o6paayro�J/1X IlOTOlvl !Onmaphl ,rr.JIHHOM 8 KM. 

IOnmapa ua rrpoTH•eHMJ/1 5 KM rrpoTeKaeT Ha ,rr.He rJiy6oKoro KaHbOHa, opv1eH-
. . 

THpOBaHHOro MepH,D;MOHaJibHO. WaseCTHHKOBhle CKJIOHhl BhICOKJ/lMJ/1 CTeHaMJ/1 

(500-550 M BhICOThl) o6phIBaroTCn y TaJibBera peKJ/1. 06pa�aeT BHHMaHHe He 

TOJibKO 0HeprHH peJibe¢a, HO H HaJIHl!He KapCTOBhlX �eHOM8HOB. 

ilp eJK,rr.e BC er o 11H'l1epecH1>I rro,ns e MH.ble "6JiyJK,n;aHHH" IOnwaphI. TaK Bhlpaaa-
V V lliHCb Ha KaHbOHa, IOnmapa BHeaarrHo yxo,n;�T ITOA aeM�eH, a aaTeM npow,rr.H 

OKO�O 500 M B  no,rr.aeMeJibe BHOBb ITOKa3hlBaeTCH Ha noBepxHOCTH B BH,rr.e 

MomHhlX KapCTOBhlX HCTOl!HHKOB, HMeID�HX ¢poHTa�bHOe pacnoJIOJKeHMe. �e6v1T 

0THX MC·rOl!HHKOB, no J/13MepeHMHM r.H. I'HrJ/1H6MillBMJIW, 6oJiee qeM B TPM pa

aa npeshlruaeT pacxo,n peKH .I011maphl y ee BhIXo,rr.a :..1:a oaepa Pv1qhl. Ilo0T0My 

Ha.no npe,rr.noJiaraTb, qTo ·HMeHHo a,n;ecb npoMcxo,nHT paarpyaKa scex npHTO

KOB .IOrrrnaphl, nor�a�eHHhIX B MHOrOl!J/lCJieHHhlX BOpOHKaX H B 06'beMJ/1CThIX 

KapcTOBhlX ITO�bHX. 

BJIM8 HCTOKOB peKJ/1 ronmaphl, Ha o6BaJibHOM yqacTKe, MO�HO 06HapyJKHTb 

eme HeMano J/lCTOl!HJ/lKOB. qaCTb BTHX HCTOl!HHKOB, pacnoJIOEeHH.blX y IlO,I(OillBhI 

C'11pyK.TypHoro H8B8CTHHKOBOro IlJiaTO fllllerwrnxa' npe,ncTaBJIHeT paarpya Ol!HYIO 

�p OHTaJlbHYlO IlOJIOCy ,rr.�H no,n;a eMHhIX peqeK npaao6 epe�b.s:I IOnmaphI. 

HTaK, IOnmapa BhlTeKaH J/13 oaepa PHQhI I lHTaeTCH IlOMMMO oaepHhIX BO,rr. 

TaKJKe H no,n;aeMHhlMJ/1 npHTOKaIA.H, a npoTJ/lBHOM c�yqae 6hIJIO 6hl TPY.D;HO OO'bHC

HJ/lTb CTOJib 8Hal!�TeJibHhl8 pa8JIHl!HC M8JiC'AY pacxo,rr.aMM BO,rr.hl B ee J/lCTOKe Ill

.. 

YCTbeBOH l!BCTJ/1. 
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Cor�aCHO �aHHhlM r.H. rMrMHeHillBH�H TeopeT�qeCKHM H ¢aKTMqeCKMH 

pacxo�hl IDnmaphl, Bhlille ycTbE eTOH peKH, cosna�aroT. 3To rosopMT B no�bay 

Toro, qTo secb cToK oacceHHa ronwaphl, BK�roqaE TaK*e 6acceHHhl peKH Ra

mHnQe (ceBepehli ¢H3MKo-reorpa¢HqecKHH no�paioH) H CTOK caMoro oaepa 

PH�hl, noc�e no�aeMHOro TeqeHHE no�HOCTbID BhlXO�HT Ha noaepxHOCTb. 

KARST PHENOMENA OF THE INTERMONTANE LAKE· BASIN. 
RITZA (THE GREATER CAUCASUS) 

K. V. Kavrishvili

SUMMARY 

Karst takes up the whole of southern flange of the deep lacustrine Ritza basin. It 

e�braces sculpture plateau of Pshegishkha, the Yupshara canyon and a high-mountain 

sync linal plateau Rykhva. He�e dominates the landscape of humid mountain fir-spruce-

beach forests with evergreen colchis undergrowth. 

Ba.rrem thick limestones composing synclinal throughs of lati tudj_nal trend 

plunge at the Yupshara thalweg and by that give way to high-flow karst springs 

located frontally. These synclinal polje surpass Ritza by the\area they occupy 

(about 7 square kilometres)·and are located at the height of 1000 metres whereas 

their slopes with the height of 600 metres form closed waterless basin. The high

-mountain plateau of !cykhva is a major center of water absorption while the highest 

peak Achibskh (2378) is covered by carries against which endemic subalpian lirr1estone 

vegetation consisting of Woronowia speciosa Albow is widely spread. The surface 

karst is well marked here, on other hand one cannot expect here major discoveries of 

deep karst or horizontal caves (as Sh.I •. Kipiani holds it) be.cause during the 

Pleistocene-Pliocene the plateau experienced an intense steady rise. 

A remarkable overdeepening of valleys (the Yupshara and Bzyb canyons) is caused 

by ascensive movements and by this feature of landscape Crimean, Bulgarian and 

Slovakian karst cannot compete 

yields to the Dinarides in the 

, 
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Geomorphology of the karst surface 

Ba 023 

JlPEBHHH KAPCTOBblH PEJlbECI> CHijHPH H KPYnHblE
UHKllbl Ero 06PA30BAHHR 

C. C. KopJHyea
reorpa♦M11ecHMM MHCTh,,, AH CCCP

MOCHB8, CCCP
• 

B HacToHmee speMH BO MHOrHX MeCTax KaK paBHHHHO-IlJiaT¢opMeHHhlX (CH-

611pcKatl IlJiaT¢opMa), TaK H ropHO-CKJia,n;qaThlX 06JiacTeH CH6.v1p.v1 (CaJia.v1p, 

A�Tai, ropHaH illopv1H, KyaHeUKHM AJiaTay, BocToqHMH .v1 3ana,n;HHH Ca.HR, Ty

sa, ITpv16aMKaJibe l1 .n;p.) HMeIDTC.H np.v13HaKH HHTeHCHBHOI'O npo.HBJI0Hl1.fi .n;pes-

Hero KapcTa. Bo�ee Toro, ecTb octtoaaHHH npe.n;no�araTb, qTo KapcT006pa-

aosaa.v1e Ha CH6HpCKOM n�aT¢opMe HMeJio MecTo noqTH Ha acex 0Tanax ee 

pa3B.v1TH.H, Haq.v1Ha.H C npoTepoao.H. �MeromHeC.H ¢aKThl CBH,IJ;eTeJibCTByroT TaK�e, 

qTo B oT,n;eJibHhle HaM6oJiee 6JiaronpHHTHhle naJieoreoMop¢0Jior.v1qecKHe nep.v10,n;H 

Ha Tepp.v!TOPIIIH C.v16HpCKOM nJiaT¢opMhl cy�eCTBOBaJI T.vlil.vlqHhlM CJiIJibHO pacqJie

HeHH�M KapCTOBhlH peJibe¢, KOTOphlH, aa HCKJIIDqeHJ/IeM OhlTb MO�eT HeKOTOphlX 

ID�HhlX ee paHOHOB, B HaCTo.Hmee Bpe�.H 3,IJ;0Cb OTCyTCTByeT. 

�JI.fl lli.vlpOKOrO pa8BHT.v1.fi KapcTa Ha TeppHTOPHH CH6HpH B rrpOlliJIOM HMe

JIHCb ace Heo6xo,z:r;HMhle reoJior.v1qecKHe, rH,z:r;poreoJior.v1qecK.v1e, reoMop¢0Jior.v1-
, 

V 

qecK.v1e, K�HMaT.v1qeCKHe .v1 TeKTOH.v1qecKv1e rrpe,z:r;IIOChlJIKH. Ba�He.vllliHM.vl 118 HHX 

.HBJI.HIDTCH: 1) illHpOKOe pacnpOCTpaHeHHe MOmHhlX TOJim Kap6oHaTHhlX, qacTO 

aacoJieHHhlX H aarHilCOBdHHclX nopo.n; (.v1aBeCTH.HKOB, ,n;pJIOMHTOB H .n;p.) pa8HO-
. 

ro aoapacTa., Haqv1aa.a c npoTepoaoH; 2) CHJibHaa Tpem.v1Ho·saTocTb aTHX rro-

po.n;, o6ecrreqHsaromaH cao6o,n;Hyro uv1pKyJIHUHID rro.n;aeMHhlX ao.n;; 3) cymecTaosa-
.. 

Hvie OOlliHpHhlX BhlCOKO IIO,Il;H.HThlX IIO,IJ;B.vl�HhlX IlJiaCTOBhlX IIJiaTO' C'JIO�eHHhlX Kap-

6oHaTHhlMJ/I rropo,n;aMH; 4) rrpeHMymecTBeHHO TeIIJihlH KJivIMaT c qepe,n;oBaHHeM 

BJia�HhlX 11 aacyillJI.vlBhlX nepHO,Il;OB H 5) BhlCOKa.fi o6maH TeKTOHHqecKa.H IlO,Il;BHE-

HOCTb TeppHTOpHIII. 

Bee 0TH ycJIOB.vl.fi 06ecrreq.v1BaJIH B npoWJIOM r�y6oK.vlH apoaHOHHhlH Bpea . 

.v1 pa3MhlB, qTo no.n;.n;ep�HBaJIO COOTBeTCTByromee KOJie6aHHe ypOBH.fi rpyHTOBhlX 

BO)]; 11 CBOOO,IJ;HhlH rJiy6 OKMH .n;p eHa�, a CJie,z:r;osaTeJibHO; �H-TeHCHBHOe B�eJia

q.v1BaH.v1e KapcTyromHxcH rropo.n; Ha aHaq.v1TeJibHyro rJiy6HHY 11 .v1x o6mee rJiy6oKoe 
-

XvIMHqecKoe BhlBeTpI1IBaH.v1e. 'Ilp1iI TaKIIIX ycJIOBJ/I.fiX ,IJ;OJI�Hhl OhlJIH HHTeHCJiIBHO 

rrpoTeKaTb npo�eCChl KaK rroaepXHOCTHOro, TaK l1 IlO'A3eMHOrO KapcTa, qTo 

B �eJIOM npHBO�¾JIO K ¢opM1iip0B8HJ/IID CH�bHO pacqJieHeHHOro KapCTOBoro 

pe�beqia. 

CJie,D;hl M npM3HaKL1 ,n;peBHero KapcTa lliHpOKO H3BeCTHhl ceiqac B paaHO-
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BoapacTHhlX KapcTyromHxcs nopo,n;ax MHOrMx paioHOB Cm6MpM. B 6o�brnoi 11�M 

MeHbWei CT�neHM OHM CBMAeTeJlbCTBYIDT 06 o6mei 8HaqmTe�bHOM nopa�eHHOC

TM KapcTOM ee Teppl1TOpMM. K npM8HaKaM ,n;peBHero KapcTa OTHOC�TCH: 1) 

KapcTOBhle OTJlO�eHMH MJlM MH¢J1IDBMM; 2) CJle,D;hl soa,n;eMCTBMH Ha nopo,n;hl 

xapCTOBhlX npo�eCCOB M 3) KOphl BhlBeTpMBaHMH.

HaM90J1�e IlOJlHO CJle,D;hl ,n;peBHero KapcTa npocJle�MBaIDTCH Ha TeppMT0-
1 

pHM CM6ijpCKOM nJ1aT¢opMhl, KOTOpaH B 0TOM OTHOlli0HMM HBJ1He•rcs e,n;Ba-JlM He

caMhlM HarJlH,Zl;HhlM H HpKMM npMMepoM cpe,n;H ,n;pyrMX TIJlaT¢opM aeMHOro mapa. 

B MCTOPMM ee paaBMTMH oTqeTJlHBO Bhl,D;eJlHIDTCH HeCKOJlbKO TaKMX' rJ1aBHhlX 

reoMop¢0J1orwqeCKHX �MKJlOB, Kor,n;a Ha ee TeppMTOpM11 ¢opMMpOBaJ1MCb BhlCO

KHe IlJlaTo, CBH8aHHhle C IlO,D;BM�KaMl1 OT,D;eJlbHhlX 6JlOKOB B03,D;hlMaromwxcH CBO

,D;OB. B,n;OJlb TaKMX npMnO,D;HHThlX IlJlaTO MHTeHCHBHO paaBMBaJlaCb rJ1y60KO 

BpeaaHHaH peqHaH ceTb, a Ha IlJlOCKMX neHenJ1eHM8MpoBaHHhlX BO,n;opaa,n;eJ1aX 
' 

pa8MhlB 6hlJ1 aeaHaqMT0JlbHMM, qTo 6J1aronpMHTCTBOBaJ10 06paaoBaH11ro M co

xpaHeHMID a,n;ecb MOmHhlX KOP BhlBeTpMBaHMH. Ha npOTH�eHMM 3TMX �MKJlOB 

npoMCXO,D;MJlM HaH60J1ee Ba�Hhle npe96puaoBaHMH pe�be¢a CM6MpCKOM TIJlaT¢op

Mhl. C HMMM, B qacTHOCTM, CBH8aHO ¢opMMpoBaHMe KpynHhlX perMOHaJlbHhlX 

neH0IlJ10HOB M HaM60J1ee MOmHhlX KOP BhlBeTpHBaHMH. MO�HO Il00TOMY ,n;ocTa

TQqHQ yaepeHHO cqmTaTb, qTQ B 0TO BpeMH B npe�eJlaX Cw6MpCKOM TIJ1aT¢op

Mhl O,Zl;HOBpeMeHHO 6hlJ1M w HaM60J1ee 6J1aronpMHTHhle ycJIOBMH ,D;JlH o6paaoaaHMH 

KapcTa, KpynHhle �MKJlhl pa3BMTMH KOToporo ,D;OJl�Hhl 6hlJ1M COOTBeTCTBOBaTb 

ee OCHOBHhlM reoMop¢0J1orwqecKHM �l1KJlaM. Ha 0TOM OCHOBaHMM aa�HO no,n;

qepKHYTb, qTQ npM npoqwx paBHhlX npe,n;nOChlJlKaX ,D;JlH paaBMTMH rJ1y60Koro 

KapcTa 11 MOmHhlX KOP BbI�eTp11BaHMH Heo6xo,n;HMhl O,D;HM M Te �e o6mme ycJ10-

BHH. B �eJlOM 0TO IlOJlO�eHme l1MeeT orpOMHOe 8HaqeH11e npw mayqeHMM l1CTO

PMH peJ1be¢a 11 y�e Tenepb IlOMOraeT HaMeTHTb KpyrrHhle pa8HOB08pacTHhle 
/ 

�MKJlhl ,n;peaHero KapcTa Cm6MpCKOM IlJlaT¢opMhl. 

PaCCMOTpl1M Tenepb KpaTKO Bonpoc 06 MH<I>J1IDB1111 11 CJle,n;ax B08,D;$MCTBMH 

KapcTa Ha ropHhle nopo�hl. BoJ1ee no,n;po6Ho OH aHaJ1ma11pyeTcs HaM11, TaK �e 

KaK 11 aonpoc o Kopax BhlBeTp11BaH11s, B ,n;pyr11x pa6oTax (Kop�yea). RoHeq

Ho, Bonpoc 06 l1H¢J1IDB1111, KOTOphlM OTJ111qaeTCH OOJlblliOM CJlO�HOCTbID CTpoe

Hl1H (JiyHrepcrayaeH), no cymecTsy eme coaceM ae paapa6oTaH. Oco6eHHo 

8Haq11TeJ1bHhle Tpy ,D;HOCT11 npe,n;cTOl1T r1peo,n;oJ1,eTb B HayqeHl1M ,n;peBHero l1CKO

naeMoro 11H¢J1IDBHH, npe�,n;e qeM 6y,n;yT Hai,n;eHhl npocThle m o6me,n;ocTynHhle 

,D;MarHOCT11qeCKMe KpHTep11M ,Zl;JlH ero pacrroaHaBaHMH M Bhl,D;eJleHMH. BMeCTe 

, .  

C TeM y�e ceiqac B pa,n;e CJ1yqaes ,n;peBHHW MH¢J1IDBMM y�aeTCH Bhl,D;e�HTb 

BTIO�He Ha,n;e*HO B paaHhlX µo BoapacTy OTJlO�eHMflX. MH¢J1IDB11� KaK npnMoe 

CBH,n;eTeJlbCTBO cy�eCTB_OBaHMH KapcTa MMeeT orpoMHOe 3HaqeHHe B MayqeHMH 
HCTOpMH KapCTOBoro pe�be¢a. 

B npe,n;eJlaX CM6Mpi 11, npe�Ae Bcero, Ha TeppHTOp1111 CH6HpCKO� IlJlaT-
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cpo·pMbI, np:viMepbl HH<pJIIOBHSI :via B9CTHbl B HaCTo.amee BpeMSI B pH,n;e pa'HOHOB. 

CaMblMJ,1 ,n;peBHMMH o6paaosaHH.HMM, KOTOphle MMeIDT, BepoHTHO, l1H<pJIIOBl1aJibHOe 

IlpOHCXO�,II;eH1,1e, HBJISIIOTCH KapCTOBhle 6peKq1,1J,1 l1 CBOeo6pa8Hble ny,II;,II;MHrH, 

CBSI8aHHble C Kap6oHaTHhlMH OTJIO�eHHHMH npoTepo�oH, p1,1cpe.a 1,1 Hl1�Hero na

Jieoao.a. 

Ha Tepp1,1Top:v,:1,1 Cl16Hpl1 W8B9CTHhl cpopMbl ,II;OKeM6p1,1:ft1cKoro, naJieoao:ftiCKO

ro, Meaoao:fticKoro 1,1 KafilHosoHcKoro KapcTa, KOTophle a npe.n;eJiax C1,161,1pcKoi. 

nJiaT<popMhl xopomo yBH8hlBaIDTC.H c KpynH�MH reoMopcpoJior1,1qecKHMM �HKJiaMM 

pa8Bl1Tl1Sl peJibecpa l1 perMOHa�bHbIMM KOpaMH BhlBeTpHBaHHH .n;op1,1cpeicKoro, 

,n;o,n;eBOHCKOro, ,n;onepMCKOro, ,II;OIOpCKoro, ,II;OMeJIOBoro 1,1 .n;onJIMO�eHOBoro Bpe-

KOpOThlM Bhl,II;6JISIIOTCSI 

�HKJia (Mera�HKJia). 

meCTb KpynHhlX O,II;HOHM6HHhlX pe-

•• 

MeHH, COOTB9TCTBeHHO 

rHOHaJibHhlX KapCTOBblX 

Jl O p l1 <p e H C K a p C T O B bl l1 

. 

eTC.H Ha 

I'JlaBHblM 

OCHOBaHHH pe.n;KHX 

o6paaoM m1,1p0Koro pa8Bl1THSI MOmHhlX KOP BhlBeTpMBaHME, cpopMHPOBa-

HHe KOTOphlX 6hlJIO CBEBaHO c KPYilHblM H eme noqTI,1 HeHayqeHHbIM CJIO�HhlM 

reoMop<poJIOrHqecKHM �HKJIOM BhlpaBHHBaHH.H peJibecpa l1 o6pa80B8Hl1Sl nepa1,1q

Horo v1cxo,n;Horo npoTepoao�cKoro neHenJieHa, HasBaHHoro HaMH npoToneHe

nJieHoM (Rop�yea). BoJiee. orrpe.n;eJieHHO, xoT.a 11 Heacer.n;a yaepeHHO, BhlEB-

JISIIOTCH npH8HaKl1 p1,1cpeicKoro 

(,II;OJIHHa AeHhl 1,1 ,n;p.) B BH,II;e 

peaax. 

Jl O ,II; e B O H C K 11 11 

�apcTa, KOTOpble MeCTaM11 y.n;aeTCSl Ha6JIIO,II;aTb 
. 

KapCTOBhlX 6peKqHi Henocpe.n;CTBeHHO s paa-

K_a p C T  
.
. 

0 B bl H 

11ayqeH KpaiHe CJia6o. OH COCTOHT 118 p.a.n;a OT,II;9JlbHblX KpyilHhlX �HKJIOB; KO-

TOphle J,18-8a OTCyTCTBHSi He06XO,II;l1MhlX MaTepMaJIOB IlOKa He MOryT 6b1Tb- Bhl

.n;eJieHhl. B Hl1�HeM naJieoaoe paas1,1T11e KapcTa rrpoTe�aJio B ycJIOBMEX roc

no,n;cTaa Hl13Kl1X MOpCKHX paBHMH. YpoBeHb rpyHTOBhlX BO,II; ,II;OJIEeH 6hlJI pac

IlOJiaraTbCH Tor.n;a BhlCOKO l1 KapcTOBblW peJibe<p sp.a.n; JIM ,II;OCTMraJI 8Haq1,1-

TeJibHOro pa8Bl1Tl1.H, TaK KaK rrpH TdKHX ycJIOBHHX MOrJIO npOMCXO,II;HTb Jll1llib 

rroaepxHOCTHOe KapcT0BaH1,1e. B IlOJIHOM corJiaCl1l1 C. 3THM HaXO,II;HTCH MaJiaH 
. 

MO�HOCTb l1 npewMymecTBeHHO JIOKaJibHOe pa8B11�He Hl1EHenaJie080HCKl1X KOP 

BhlB8TpHB8HH.H. Bee 3TO roaopwT O TOM, qTQ Ha ,n;aHHOM oTpeaKe HCTOPHH 

paaBHTH� peJibe<pa CH6HpCKOH rr�aT<pOpMhl B OCHOBHOM npoHCXO,II;HJlO M8CTHOe 

paaBHT�e KapcTa, npeHMy�ecTBeHHO rroaepxHOCTHoro THrra. Ha,n;o no�araTb, 
.

qTo �T� KapcTOBhle UMKJihl 6hlJIJ,1 CKopee scero npephlB11CThlMH 1,1 xapaxTepH-

aosaJIHCb HeaanepmeHHOCTbID paaBHTWSl. 

HcKJIIOqeHHeM, 6hlTb MOEeT, HBJIEeTCSl cpe,n;HHH KeM6pHH, B TeqeHHe KO

Toporo KapcT 1,1 KOPhl BhlBeTpHBaHHSl cpopMHpoBaJIHCb .n;ocTaToqHQ m1,1poxo H

HHTeHCHBHO (HpKyTCKHM aM<pHTeaTp, AHa6apCKHM MaCCHB 1,1 .n;p.). C p e � -

H e K e M 6 p 1,1 fil c K H H K a p C T O B hl M COOTBeT-
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V 

CTBOBaJI perHoHaJibHOMY nepepbl.BY B MOpCKOH ce�HM9HTa�HH, KOTOpblH npe,n;-

mecTBOBaJI HaKonJieHHID BepxoJieHCK9.H CBHTbl sepxHero KeM6pHH, aaJieraro�ei

HecorJiaCHO oq�,n;KaM pa8Hbl.X ropH80HTOB cpe,n;Hero H HHEHero KeM6p.v1H. KapcT
. 

B npe,n;BepXOJI9HCKQ9 BpeMH npomeJI nOJIHblH �HKJI GBOJIIDIJ;HH; OH 3aBeplliHJICH 

o6paaoBaHH6M MO�HOH GJIIOBMaJibHOM rJIMHHCTOH KOpbl BhlBeTpHBaHHE, KOTOpaH 

aaJieraeT IlOBCeMeCTHO B HHEH9H qaCTH OCHHCKOH naqKH BepxoJieHCKOH CBMTbl' 
no,n; BO,n;o·pocJieBblMH ,Il;OJlOMMTaMM. B npe,n;eJiaX VlpKyTCKOrO aMq>MTeaTpa nopO,Il;bl 

OCHHCKO� naqKH BhlilOJIHHIOT kapcTOBhle �opMbl, paaBHTble B OTJIOE9HHEX aH

rapCKOH CBHTbl HHEHero K9M6p.v1H (3aMapaes, KopzyeB). 

ECJIH HHEHHH· naJieoaoi 6bl.JI ,IJ;JIH CM6HpCKOH nJiaTq>OpMhl BpeMeHeM npeH-
• 

U 
V 

My�eCTBeHHoro pa8BHTHH MOpCKHX TpaHcrpecc.viM, TO B6Cb TIOCJie,n;yro�M.vl ne-

pMO,II; ee HCTOpMH npomeJI 60Jiblli8� qaCTbIO npH rocno,n;CTBe KOHTMHeHTaJibHOro 
• . 

peEHMa. B cpe,n;HeM H sepxHeM naJieoaoe H MeaoKaHHoaoe H� ee TeppHTopHH 

lliHpOKOe pa8BHT.vle noJiyqHJIH MO�Hble perHOHaJibHble KOphl BmBeTpHBaHHH H ne-

H9IlJI9Hbl. KapCTOBble npo�eCCbl ,Il;OCTHrdJIH CBOero MaKCHMaJibHOrO npOHBJieHHH, 
• 

orrpe,n;eJI�H m.vipoKoe paaBHTHe CHJibHO pacqJieHeHHoro Ka pcToaoro peJibeq>a. 

CaMhlMH noKaaaTeJibHblMH B GTOM OTHOlli9HHH HBJIHIDTCH 

C K H H ,n; o ro p c K .vi H K a p C T O B bl e 

,n; o n e p M -

lJ; H K JI bl •. 

C ,n;onepMCKHM IJ;HKJIOM CBH8aHu, B qaCTHOCTH, KapCTOBble o6paaoBaHHH Bepx

HenaJie080MCKOro HHq>JIIDBHH XapayJiaxcKHX rop, o6Hazaro�erocH B npaso6epez

HOM 6opTy B npHyCTb9BOH qaCTH ReHbl. �peBHHH KapcT BblpazeH a,n;ecb npH-

qy,n;JIHBblMH CJIOEHblMH q>opMaMH CMHTHH nepMCKHX OTJIOE6HHH H rJiy6oKoro BHe

,n;peHHH H npOHHKHOB6HHH HX B pe3KO pa8Mbl.TYID H HepOBHYID KpOBJIID KeM6pHM

CKHX H8B9CTHHKOB, CHJibHO H8�e,n;eHHyro KapCTOBblM.vl HHlliaMH, KOJIO,n;�aMH H ne

�epaMH, KOTOphle Bbl.IlOJIH9Hbl pa8H006pa8HhlMH ,n;onepMCKHMH o6JIOMQqHblM.vl o6pa-

80BaHHflMH HHq>JIIDBHaJibHOPO'KOMnJieKca. Ilo,n;aeMHhle K�pCTOBble IlOJIOCTH, pac-

_IlOJiaraID�HeCH Ha rJiy6HHe 5-20 M H.vIEe KPOBJIH KeM6pHMCKHX H8B8CTHHKOB, 

coe,n;HHflIOTCfl C noBepXHOCTbID ,n;onepMCKOH cymH paaBeTBJieHHhlMH xo,n;aMH H KO

JIO,IJ;I..J.aM.vi, KOTOpble aaBepmaIOTCfl IlOJIOr.vIMH BOpOHKaMH, BblilOJIHeHHblMH 6aaaJib

HblMH nop�HpOBblMH raJieqHHKaMH .v1 oaepH0-60JIOTHhlMH, yrJIHCTblMH CJiaH�aMH 

(KopzyeB, JiyHrepcrayaeH). 

� 0 IO p C K  H H K a p  C T  O B  hl H IJ; H K  JI HaH60Jiee oTqeT-

JIHBO npocJieEeH a ·HpKyTCKOM aM�HTeaTpe (BoJioro,n;CKHH, Kopzyea). �oropCKHH 
. 

r 

aTan xapaKTepH80BaJICH HCKJIIDqHT8JlbHO pacqJieHeHHblM peJibeq>oM, ryc�oi peq-

HOH CeTbJO H rJiy60KHMH (,n;o 200-250 M) npe.viMy�e-cTBeHHO KpyTOCKJIOHHblMH 

,Il;OJIHHaMM. lliHpOKO paaa.v1Ba�CH K�K IlOBepxHOCTHbl�, TaK .vi r�y6HHHblH xapcT, 
. .. . 

KOTOpblH no paaHoo6pa8MID M paaMepaM �OPM HBMHOro npeBOCXO�HJI coapeMeH-
1

HblH. Ero np.v18HaK.v1 npe,n;cTaB�9Hbl B TOJimax oca,n;KOB norpe6eHHblMH KapCTO-

Bbl.MM BOpOHKaMH H ropH80HTaMH 6peKq.v1eBM,Il;HblX ,D;OJIOMHTOB, KOTOpble COCTOHT 

H3 6ecnopH,n;OqHoro aarpOMOE,D;eHMfl KPYilHblX H Me�KMX HenpaBM�bHblX yrJIOBa-
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ThlX o6�0MKOB ,D;OJIOMHTOB, H8BeCTHHKOB, MecTaM� rJIHH, MepreJieH H ,D;OJIOMH-
v 

TOBOH MYKH, u;eMeHTHpyIOI.t(HX. Bee 0TH oca,n;KH B e,n;HHyIO Macey. MOI.t(HOCTb T�r-
KHX 6peKqH:fii B IOEHOM IlpHaHrapbe H8MeHSieTCSI OT 1-2 ,n;o 10-15 M. B ,n;pyrHX
paioHax C11611pCKOI1 ITJiaT¢opMhl (,D;OJIHHa JieHbl, o�eKMhl H ,n;p.) H8BeCTHbl
KapCTOBhle 6peKqHH MOI.t(HOCTbIO 6oJiee 30-50 M. 06paayIOTCH Kap6oHaTHhle
6peKqHH nyTeM B�e�atrHBaHHH H ITOCJie,n;yIOI.t(ero o6pyllil1BaHHH KPOBJIH ne�ep :t1
KapCTOBhlX IlOJIOCTeti. B HeKOTOpbIX MeCTax IlpHaHrapbH 06Hapy�eHbl COTHH
norpe6eHHblX BOpOHOK, aanoJIHeHHhlX KpeMHeBhlMH H ,D;OJIOMHTOBblMH 6peKtrHHMH

H KaOJIHHOM. BopOHKH nepeKpbIBaIOTCff IOpCKHMH necqaHHK8MH; rJiyOHHa HX H8-. 

MeHHeTCH OT 3-4· ,ZJ;O 24 M, a ,D;JIHHa OT 60 ,n;o 200,M. BOJibillaH rJiy6HHa pac

npocTpaHeHHH no,n;aeMHoro KapcTa ,n;oropcKoro speMeHH, B TOM qwcJie H ropH

a OHTOB 6pe.KtrHI1' CBH,D;eTeJibCTByeT' qTQ 6a8HC KapcToBaHHSI OhlJI Tor,n;a 8Ha-

C ,II; 0 M e JI O B bl M K a p C T O B hl M JJ; H K JI O M CBSI-

B aHO o6paaoBaHHe KapcTa a IOpCKOM peJibe¢e, npe,n;cTaBJieHHOro KapCTOBblMH 

B0p0HK8Ml1, KOTOphle HM.eIOT paaJIHqHble p&8Mepbl H IID1POKO pacnpocTpaHeHbl 

B EHHCetiCKOM KpHEe, r,n;e OHH BMilOJIHeHbl KaOJIHHOBOH KOpOH BblBeT�HBaHHSI, 

a TaKEe ycTaHOBJieHhl B nocJie,n;Hee speMSI B BHJIIOHCKOH CHHeKJIHae. �peBHHW 

KapcT 

JI a

JieHhl, 

see 11 

.n; o n JI H o � e H o B o r o K a p C T O B O r 0 JJ; H K -

paaBHT B Tex Ee paioHax, a TaKEe·a 6accetiHe sepxHeti H cpe,n;HeH 
. 

Ha AJI,n;aHCKOM 

IIpH6cJ.tiKaJibe. 

I.t(HTe, B 6acce1He AHraphl, AJITae-CaSIHCKOM ropHoM no-
. 

V OTJIOEeHHSI a�oro JJ;HKJia, npe,n;cTaBJieHHble KSOJIHHOBOH 

KOPOH BblBeTpHBaHHSI H KpaCHOJJ;BeTHblM HH¢JIIOBHeM, BhlilOJIHSIIOT KapcTOBhle BO

pOHKH H HMeIOT MeJIOBOH H naJieoreH-MHOJJ;eHOBblM B08pacT. B OT,D;eJibHblX pa

MOHax ( sepXHSISI JieHa H 'AP. ) ;HeKOTOpble KapCTOBhle IlOJIOCTH npoHHKaIOT H.a

rJiy6HHY .n;o 150-200 M OTHOCHTeJibHO noBepxHOCTH BepxHeHeoreHOBOro ITJiaTo. 

B aaKJiroqeHHe Heo6XO,D;HMO KOHCTaTHposaTh, trTO Ha TeppHTOpHH C:t16HpH 

11 oco6eHHO CH6HpCKO� nJiaT¢opMb1 ,n;peBHHH KapCT HMeJI illHpOKOe paaBHTHe H 

HapH,n;y C epoaHeH OblJI OCHOBHhlM areHTOM ,n;eHy,n;aJJ;HH. OH npomeJI C�OEHYIO 

8EOJIIO�HIO, KOTopaSI xapaKTepH80BaJiaCh KPY ilHhlMH H 60JibillHM KOJIHqecTBOM 

Ma�hlX JJ;HKJiaMH paaBHTHSI, a B HeKOTOphlX pa.i1.oHaX B CHJIY HaJIOEeHHSI MOJIO� 

,n;oro KapcTa Ha .n;peBHMH HMeeT noJI11reHHhlw XapaKTep. B paMKax KpynHhlx 
' ' 

JJ;HKJIOB (MeraJJ;HKJIOB) ApeBHMM KapcT pa8BHBaJICff B TeCHOM CBSI8H C OCHOB

HbIMH reoMop¢0Jior11qeCKHMH JJ;HKJISMH o6paaOBBHHff neHenJieHOB H perHOH�Jlh

HblX KOP BblBeTpHBaHHSI, KOTOpble, TaKEe KaK H rJiy60KHM KapcT, ¢opM:t1posa

JIHCb B cneu;H�MqeCK.HX yc�OBHffX BblCOKHX DJI8T006pa3HblX nosepXHOCTeM, 

B08HHKaIDI.t(HX B npo�ecce CBO,D;OBhlX DO,D;HHTHH H ,D;H¢¢epeH�HpOBaHHhlX 6�0KO

BblX IlO,D;BHEeK, qTO npH npoq.HX paBHblX yc�OBHHX o6ecneqHB8�0 CBOOO�Hbl� 

rJiy6oKHw ,n;peHaE 11 aHaqwTe�hHYID r�y6HHY aOHhl BblBeTpHBaHHSI H KapcTosa-

H.HSI. 
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ANCIENT KARST AND CYCLES OF KARST FORMATION 
IN THE SIBERIA 

S. S. Korzhuev 

f 

SUMMARY 

The conditions and prerequisites for development of karst on the Siberian·platform are 

discussed; a wide development of typical karat .relief during certain epochs is noted; 

major large megacycles of karat formation are recognised: pre-Riphean, pre-Permian, 

pre-Jurassic, pre-Cretaceous and pre-Pliocene. The conclusion is reached that cycles 

of karst formation coincide with �he major geanorphological cycles of development of

the platfonn relief, which was formed under conditions of arched uplifts and blocks 

shifts. 
/ 

' 

, 
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International Speleology 1973 II, , sub-section Ba: 
Geomorphol·ogy of the karst
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surface 

.

Ba 024 

KAPCT ·30Hbl MHoroneTHEH MEP3nOTbl H Ero THnbl

C. C. Kop)Kyea
reorpa♦M'4eCHHA MHCTMTy, AH CCCP

MOCHB8, CCCP 

Ilpo6neMa - MHoroneTHHa Mep.anoTa H paaBHTHe xapcTa - e�e HeAaBHO He 

Bh18h1Bana HHTepeca. MHorHM HCCneAOBaTenaM B006�e Kaaanocb, qTo TaKOH 

rrpo6neMH HeT H 6HTb He MOZeT, nocio�bKY MepanoTa CKOBHBaeT paaBHTHe 

KapcTa-. �aKThl ze npoa�neHHH KapCTOBhlX npoQeCCOB B aoHe MHOro�eTHe:ti 

MepanoTH, OTMeqeHHHe B paSH:ble rOAH MHOrHMH HCC�e'AOBaTe�HMH, npHypo

qHBan�Cb K yqaCTKaM, nHmeHHhlM MHOro�eTHeMepanHX nopO'A (TanHKH H 'AP•), 

T.e. He CTaBHnHCb B CBH8b C CaMHMH MepanHMH TO��aMH xapcTy�HXCH no

POA. EcTeCTBeHHO, qTo 0TH nepB�e CBeAeHHH 6H�H paspoaHeHHHMH H OTpli

BOt.lHliMH H:He AaBa�H CKOnbKO-HH6y'Ab no�Hoi xapTHHhl pa8BHTHH 8'AeCb 

KapcTa. CneQHanbHO ze aTa npooneMa 'AO cxx nop HHKeM He Hayqa�acb. 

0AH8KO reoM6p�o�orHt.1eCKHMH H reo�orHt.IeCKHMH HCC�e'AOBSHHHMH nocneAHHX 

neT, npoBeAeHHHMH B 80He MHoro�eTHei MepanoTH, HS�HqHe KapcTa 6Hno 

ycTaHOBneHO IlOBCeMeCTHO BO Bcex paioHax, rAe HMeIOTCH xapcTyIO�Heca 

IlOPO'A:@, XOTH pa8BHBae'l1CH OH B pa8HHX MeCTax no-paaHOMY H C paa�HqHo:ti 

HHTeHCHBHOCTb.IO. 

B HaCTO��ee BpeMH HaKon�eHO MHOro ¢aKTOB, CBH'AeTe�bCTBy.IO�HX 
' 

.. 

0 lliHPOKOM npoHB�eHHH KapCTOBHX npo�eCCOB HenocpeACTBeHHO BO BCeH 

Ton�e, CSMHX Mepa�HX KapcTy.IO�XCH nopO'A (RopJICyeB H HHKO�aeB, Bacxoa, 

KopHyTOBa, RopJICyeB, ,llo�rymHH, IIapMy8HH, COKOJIOB, MHpOilIHHKOB, .,ropoa�-

KHH, JJyroBOH) • 3TH ¢aKT:bI 'ASIOT OCHOBaHHe cqHTSTb, t.lTO B paC'I'BOpHMhlX 

xapcTyIO�HXCH IlOPO'ASX Mepa�oTa �Hllib aaMe'A�HeT�KapcToo6paaoBaHHe, a He 

HCKn.IOqaeT ero. Bee 0TO B xopHe MeHHeT Ha� npeEHHe npe'ACTaBneHHH 
... 

' 

0 CTene�H H xapaxTepe aaKapCTOBSHHOCTH TeppHTOpHM, CKOBaHHOM MHOro-
' 

' . 

�eTHei MepanoToi, H, c�e'AoBaTe�bHo, npooneMa - xapcT H MHoro�eTHaa.

Mepa�oTa - no�yqaeT HOBO€ aByt.IaHHe xax B Hayt.IHOM, TaK H npHK�S'AHOM 

OTHOllieHHH. 

Haxan�HBSIO�Hica MaTep�a� yJICe ceit.1ac noaaonaeT Ct.IHTaTb, t.1To. 

xapcT, npHypot.1eHHh1H K 80He pacnpOCTpaHeHHH MHOro�eTHeM�panHX nopo'A, 
' 

no xapaxTepy CBoero pa8BHTHH 8Hat.IHTenbHO OTAMt.IaeTCH OT KapcTa OCTanb

H�X oonacTei. qTOOH IlO'AqepKHYTb ero cne�H¢HKY, MH HaaBa�H ero Mepa�oT-

H�M KapCTOM (RopJICyeB H HHKOAaeB, Rop�yeB). B HSCTOH�ee BpeMH OH BH'Ae-

�HeTCH B caMOCTOgTenbHmH reorpa�HqeCKHi THil xapcTa B CCCP (rBoaAe�-
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KMH). CBoeo6paaMe MepaAoTHoro KapcTa, peaKo oTAMqaro�erocsr oT KapcTa 

�pyrMX aoa, aaKAIDqaeTCSI B TOM, qTO OH paaBHBaeTCSI B MHOroAeTHeMep8AhlX 

nopo'AaX npH OTPH�aTeAbHOM TeMnepaTypHOM pe�HMe. RAMMaT 80Hhl MHOro�eT-
u 

u u 

HeH Mep8AOThl pe8KO KOHTHHeHTaAbHhlM, C OTpH�aTeAbHOH rO'AOBOM TeMnepaTy-
' 

0 
poH, C HM8KMMM 8MMHMMH MHHMMyMaMM (-40-60 ), IlPO'AOA�MTeAbHhlM XOAO'AHmM 

M KOpOTKMM TenAhlM nepMO'AaMH. HeaaaqHT0AbHOe KO�HqecTBO 8MMHMX OCaAKOB 

npM npOAOA�HTe�bHhlX HH8KMX TeMnepaTypax CilOCQ6CTByeT r�y60KOMY CKOBhl

BaHMID noqBo-rpyHTOB H npoMepaaHMID 'AO 'AHa MHOrHX peK. 

MomHOCTb MHoro�eTHei MepaAOT� KOAe6AeTCSI OT 50-200 M B  ID�HhlX H 

roro-aana'AHhlX paioaax ,n;o 300-700 M - B cesepHhlX. B TeqeHHe KopoTKoro 

AeTaero nepHO'Aa MHoro�eTHSISI Mepa�oTa ycne�aeT OTTaSITb Her�y6oKo, 

B cpe,n;HeM AO 1-1,5 M. B pa8HhlX qacTHX 80Hhl MHOro�eTHeA Mepa�OThl r�y-

6HHa �eSITe�bHOrO C�OH BapbHpyeT OT 0,10-0,20 'AO 3-10 M. 

�aze 0TH Kpa��¼C CD�AeHHSI· IlOKa8hlBaroT, qTo K�HMaTHqeCKHe H Mepa

�OTHhle yc�OBHSI He 6�aronpHSITCTByIDT pa8BHTHID KapcTa Boo6me, H, B qacT

HOCTH, paaBHTHID COBpeMeHHOro noaepxH.OC THoro KapcTa, XOTSI C ,n;pyroA 

CTOpOHhl, Mepa�oTa KOH�8HTpHpyeT CTOK, a HH8KHe TeMnepaTyphl IlOB�illaIDT 

paCTBOpHMOCTb Kap6oHaTHhlX nopo�, T.e. cnoco6cTByIDT o6paaoBaHHID KapcTa. 

B'TO �e apeMSI reo�orHqeCKHe yc�OBHH 80Hhl MHOrOA8THefi Mepa�OThl, 

xapaKTep11ayromeficSI lliHpOKHM ·pa8BHTHeM CH�bHO TpemHHOBaThlX Kap6oHaTHhlX 

KapcTyromHXCSI nopo,n;' BeCbMa 6�aro11pHSITHbI 'A�SI B08HHKHOB8HHSI KapcTa •. Co

qeTaHHe KOMITAeKCa 0THX yc�OBHA H onpe�eASieT oco6eHHOCTH H cne�H�HKY 

paaBHTHSI KapcTa B 80He MHOro�eTHefi Mep8AOThl. Ha orpOMHOH ee TeppHTO

PHH BhlAe�sreTC� xapcT paBHHHHO-nAaT¢opMeHHhl� H ropHO-CK�aAqaThlX o6�ac

TeA, C npeo6�a,n;aH¼eM B nepBOM c�yqae IlO'A88MHhlX, a BO-BTOpOM - noaepx-, 

HOCTHhlX ero ¢opM. Cpe,n;H ropHO-CK�a'AqaTbIX o6�acTeA, oxaaqeHHhlX MHoro

�eTHeA Mepa�oToA, KapcT lliHpOKO paaBHT Ha AATae, ropHOM lliopHH, a 3a

Il8'AHOM H BocToqaoM CaHHe, Tyae, TipH6a�KaAbe, 3a6ai1Ka�be, ��yrA�ype H 

Ceaepo-BoCTOKe CCCP. OH pa8BHBaeTCSI,8A8Cb npeMMymecTBeHHO B H8B8CTHH

Kax, MpaMopax H 'AO�OMHTax, CAararom11x AP8BHHe CBHThl npoTepoaoSI H HH�

Hero naAeoaosr. 

0CHOBHyro qaCTb paBHHHHO-nAaT¢opMeHHhlX KapCTOBbIX o6AaCTeA aaHH

MaIDT·nAaCTOBhle n�aTO CpeAH8H C11611p11 H HKyTKH. c�ararom11e nAaTo npeH

MymecTBeHHO HH�HenaAe080HCKHe IlOPO'Ahl npeACTaB�eHhl' B OCHOBHOM H8BeCT

HSIKaMH, 'AOAOMHTaMH, MepreASIMH H HX pa8HOBH'AHOCTSIMH (H8BeCTKOBHCThle 

AOAOMHTbI, AOAOMMTH8Hp0B8HHhle H8BeCTHSIKH H 'Ap.) •. Bee 0TH IlOPO'AN qaCTO 

CM�bHO aacoAeHbI H aarMnCOBaHhl. HaH6o�ee pacnpocTpaHeH� M8BeCTHHKH, 'AO

AOMHTfil'M Mepre�H HH�Hero KeM6pHSI (a�'AaHCKHM H AeHCKHA Hpychl), a TaK�e 

cpe�Hero KeM6pHSI (MaHCKHi H aMrHHCKHH HpycN), 0PAOBHK� 11 CHAypa. Cpe

AH 0T MX nopop; HaHOOA.blllYID nAomaAb aaHMMaIOT H8B8CTHSIKH, HMeID�Me ·, KaK 
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I 

Thle pa8HOCTH H8BeCTHSiKOB BCTpeqaIOTCSi pe,l\KO. 06�a� MOmHOCTb xapc�yI0-
�HXCE nopo,l\ HHJKHenaJieoao:tiCKOM OCa,l\OqHo:ti TO�H. He npeBhllliaeT 1000-
2000 M. 

IlopO,l\bI 8TH xapaICTepHayIOTCH npeHM�eCTBeHHO noqTH ropH80HTaJibHhlM 

HJIH CJia60BOJIHHCTbIM aaJieraHH6M C qpe·aahlqaAHo IlOJIOrHM na,l\eHHeM CJIOeB. 

]lJISi HHX, oco6eHHO H8BeCTHEKOB, BeCbMa xapaKTepHa· ,l\HaroHaJibHaa c·HcTeMa 

TpemHH ceaepo-aana,l\Horo H ceaepo-aocToqHoro HanpaBJieHHi, a TaKxe opTo

roHaJibHaE CHCTeMa illHpOTHbIX H'MepH,l\HOHSJibHhlX TpemHH. 

Tpef4HHbI oopaayIOT CJIOJKHYIO nepeICpem11:aa10nzy:IO.CSi CHCTeMy, HrpaIOIIzyIO BaJK-

HYIO pOJib B pa8BHTHH KapcTa B MHoroJieTHeMepaJihlX. !l'OJI�ax· nopO,l\. n,o HHM 

HaXO,l\SiT c�oe nyTb Ha,l\M6p8JIOTHhle, MeJKMepaJIOTHbI� Ill Il0,l\M6p8JIOTH�e.BO,l\hl. 

Pa:iiiOHbI CaMOH MHTeHCHBHOH TpemHHOBaTOCTH, SiBJIHIOmHeCSi 06:blqHo OOJiaCTHMH 

IlHTaHHSi H paarpy8KH IlO,l\86MH·bIX BO,l\, xapaKTepH8YIOTCSi HaHOOJibme:iii saxap

CTOBaHHOCTbIO. 3TO xapaICTepHO KaK ,l\JIH paBHHHHO-IlJiaT¢opMeHHbIX, TaK H 

,l\JISi ropHO-CKJia,l\qaTbIX o6JiaCTeM.·. 

Bee 8TO yxaafilBaeT, qTo B Mep8JibIX KapCTYIOmHXCSi nopo,l\aX HMeIOTCSi 

CBOOO)..I.HO IJ;HpKyJIHpyIOmHe TpemHHHO-KapCTOBhie. BO,l\hl, pacnoJIOJKeHH:bie_ Ha paa

HbIX rJiy6HHax. 3TH BO,l\bI Ha TeppHTOpHH· Cpe,l\He:ti CH6HpH ,H HKyTHH (CHOHp

CKaH IlJiarr¢opMa) 06:blqHQ aacoJieHhl H HM6IOT IlOBl>JJJieHHYID MHHepaJI�8aIJ;HIO. MH-. 
' 

' 

HepaJIH8 oBaHHI:iie HCTQqHHKH B 60JiblliOM KOJIHqecTBe BCTpeqaIOTCH- B ,l\OJIHHax 
' 

. 

MHOrHX peK, npoTeICaIO�HX B 30He MHOI"OJieTHe:iii MepaJIOTI:iI (JieHa, AJI,l\aH, 

AMra, OJieHeK, OJieKMa, KoTy:iii, Mo:iiiepo H ,l\p.). KpoMe Toro, 6ypoBhlMH 
. 

. 

CKBaJICHHaMH BO MHOI"HX MeCTax (B ,l\OJIHHe JleHu, AMrH, BHJIIOSi H ,l\p.) ObIJIH' 

BCKpbITbI CHJibHO MHHepaJIH80BaHHbie H COJieHhle MeJKMepaJIOTHhle H Il0,l\M6p8JIOT

Hhle BO,l\hl H paCCOJihl. EcTeCTBeHHO, qTQ ace 0TO ,l\OJIJKHO ObITb CB£8aHO 

C rJiy6
°

HHHhlMH npoIJ;eccaMH B�eJiaqHBaHHSi H8BeC!l'HSiKOB, rHilCOB H KaMeHHOH 
. 

' 

u 

COJIH, HaJIKqHe KOTOphlx ,l\OKaaaHO Ha mHpOKOH nJioma,l\H. 

Boo6me paCTBOpeHHe H B�eJiaq:viBaHHe Kap6oHaTHbIX nopo,l\ B 80He MHO

roJieTHe:ti MepaJIOTbI npOHCXO,l\HT )J;OBOJibHO ·HHTeHCHBHO H noqTH IlOB�eMeCTHO, 

np1,1qeM BeJIHqHHa XHMHqecKOM AeHy.n;aIJ;HH ,l\OCTHraeT aeaqHT6JibHbIX paaMepoB • 

Ha 0TO yKa8hIBaIOT IlOBJ,TJII6HHa£ MMHepaJIH8aIJ;HSi BO,l\ .n;eHT6JibHOl"'O CJIOH, CHJib-
u u 

Ha.ff aacoJieHHOCTb rpyHTOBhlX BO,l\ ,11 BhlCOKHH HOHHI:iIH CTOK noaepXHOCTHbIX H 

no,n;aeMH.bIX BO,l\. B TeqeHHe l"'O,l\a JleHa, HanpHMep·, BbIHOCHT B Mope CBI>Ime 

55 MJIH •. TOHH paCTBopeHHI:iIX BemecTB. 
u 

·ra.KHM o6paaoM, np11cyTCTB:t1e B MepaJIOH TOJime KapcTyBJmHXCH nopO,l\'

Ha,l\MepaJIOTHI:iIX, a TaKJKe MHHepaJIH80BaHH.bIX H aac@JieHHbIX MeEMepaJIOTHbIX H .  

IlO,l\MepaJIOTH.bIX arpeCCHBH.bIX BO'A BO MHOI"OM onpe�eJIHeT cne�:vi¢:viqeCKHe oco-

6eHHOCTH pa8BH-:I1HSi KapcTa B 80He CilJIOlliHOH MepaJIOT.bl. B npe,l\eJiaX ee 

KapcT pacnpocTpaHeH Kpai1He HepaBHOMepHo, qTo o6�£CHSi6TCH KaK CTpoe-

219 



HHeM H xapaKTepOM caMHX KaPCTYID�HXCn nopoA, TaK H cymecTBeHHhlM,H8Me-

. . 

HHH. 8 aaBHCHMOCTH OT 0Toro 80Ha cn�oIIIHoro. pacnpocTpaHeHHH MHOrO��T-

HeH Mepa�OThl IlOApaaAe�HeTCH Ha IDEHYID; cpeAHIDID H ceBepHyro, a B aaBH� 
CHMOCTH OT xapaKTepa KapcTyIDmHXCH IlOPOA Ha ee TeppHTOpHH BNAe�HIDTCH 

. 

. 

TpH OCHOBHhlX THna KapcTa: Kap6oHaTHNH, CO�HHOH H rHilCOBNA, npHqeM 

Kap6oHaTHNH KapcT paaBHT HaH6o�ee lliHpOKO. 
. 

B roxHoi no�oce paaBHTH� xapcTa HAeT HaH6o�ee HHTeHCHBHo, qeMy 

cnoco6cTBYIDT oo�ee 6�aronpHHTHhle Meps�OTHNe, rHAPOK�H�aTHqeCKHe H 
rHAporeo�orHqeCKHe yc�OBHH. KapcT H�BeCTeH 8AeCb Ha orpOMHOM TeppH
TOpHH 6acce�HOB Reahl, A�AaHa, AMrH, O�eKMN, BHTHMa, EHHCeH, AarapN, 

. 
. . 

IlOAKaMeHHoi TyarycxH, paioHoB IlpHaHrapbH H EHHceicxoro KPH� a� KapcTy-
romHMHCH HB�HIDTCH a OCHOBHOM KeM6pHHCKHe, a TaK�e OPAOBHqCKHe H CH�y�
pHMCKHe H8BeCTHHKOBO-AO�OMHTO�hle nopOAhl, COAep�a�He qaCTO CO�b H 
rHnC. 0AHHaKOBO xopomo BNpaEeHhl Bee TpH OCHOBHhlX. THila KapcTa, npeA

CTaB�eHHhlX pa3H006pa8HhlMH �OpMaMH KaK noaepxHOCTHOro, TaK H r�y6HH-
• 

aoro xapcT�. 
B cpeAHei no�oce xapcT paaBHT ae TaK mHpoxo H MeHee paaHoo6paa-

, 

HO. OCHOBHhle KapCTOBNe oqarH npHypoqeHN 3AeCb K BOAOpaaAe�aM BH�IDH 
c HH�Hei TyHrycxoi M O�eHeKOM, a TaK�e K ceaepHhlM paioHaM IlOAKaMeH
HOH TyarycKH H EHHC0MCKoro KpH�a, rAe BCTpeqaeTCH Kap6oHaTHhl� KapcT 

• 

B H8BeCTHHKOBO-AO�OMHTOBhlX IlOPO'AaX npoTepoaoH H HHEHero na�eoaoH. 
KpoMe Toro, no BH�roro i ero npHTOKaM (Mapxe, Mapxoxe, RreTTe H AP•) 
B aarHilCOBaHHhlX OT�OEeHHHX HH�Hero na�eoaoH H8BeCTeH rHnCOBhlH KapcT, 

. 

a B paioHe KeMneHAHHCKHX CO�HHhlX CTpyKTYP lliHPOKO pa8BHT CO�HHOH 
KapcT, CBH8aHHhlH C OT�o�eHHHMH BepxHero H cpeAHero na�eoaoH, COAep
�amHMH CO�b, aHrHAPHT H rHnC. rHnCOBhlH H CO�HHO� KapCT pa8BHBaeTCH 
8AeCb HaH6o�ee HHTeHC¾BHO, o6paayH cne�H¢HqeCKHe ¢opMN. 

CeaepHaH no�oca HaHMeHee 6�aronpHHTHa A�H paaB�THH xapcTa 
Boo6me, a noaepXHOCTHoro B oco6eHHOCTH , r�aBHhlM o6pa80M B CBH8H 

• 

c 6oAee cypoaoA Mepa�OTOH, a TaKEe. o6mHM YXYAWeHHeM rHAPOK�HMa•rHqec

KHX. H rHAporeo�orHqeCKHX yc�OBHH. Ha orpOMHOH TeppHTOpHH 6acceAHa 
o�eHeKa H npH�eraromHx qacTeA 6acceiHoB BH�IDH, Reau (MyHa; MarnapqHHa
H AP•), Aaa6apa, XaTaHrH (MoAepo, KoTyi H AP•), a TaKEe B npHeHHCeA
CKHX paHOHaX (HopH�bCKOe nAaTo, aanaAHhle npeArOpbfl nAaTO IlyTopaHa H 

c��epMli H AP•), c�o�eHHhle B o6meM aHa�orHqHNMH Kap6oHaTHNMH IlOPOAaMH 

HH�Hero naAeoaoH, KapcT pa8BHT CAa6o. B ceaepHOH IlOAOCe :E<apCT H8Bec-

TeH TaK�e B rHilCOHOCHhlX OTA�EeHHHX �eBOHa � Kap6oaa (6acceAHhl peK 

�OKHHO� H Y6oHHoA, paioH Ho��AbCKa, p. MMaHrAa, n�aTo CuaepMa - rHn
coao-aHrHAPHTOBoe MaHTypoBctoe MeCTOpO�AeHHe � �p.) H COAeHOCHhlX OT-
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Jio�eH11Hx M r11ncax cpe,nHero 11 BepxHero naJieosoSI Ha n-oBe IDpyHr-TyMyc 

B XaTaHrCKOM 88JIMBe. Ma Tpex OCHOBHhlX Tll!IlOB KapcTa, H8B6CTHblX Ha ce

Bepe, MHTeHCMBHee Bcero paas11saeTCSI I'HilCOBblM M COJIHHOW KapcT. 

CoapeM8HHbll1 KapcT B 80He MHoroJieTHeiii Mep8JIOTbl paas11saeTCSI CBOe

o6pa8HO M CJIOEHO, OH pe3KO 'AH¢¢epeH�11pOBaH 11 'A8JIMTCH Ha nosepXHOCT

H:Oiiii l1 no,naeMH1Il1 ( rJiy6JtIHHbll1) KapcT. CoBp8M8HHblM IlOBepXHOC'I'Hbliii KapcT 
.. 

T8CHO CBSI8aH C nosepxHOCTHblMH Ha,nMep8JIOTHblM11 BO'AaMM necqaHblX MaCCH-

BOB 'l
1eppac 11 BO,D;&l\111 .ne�fT8JibHOro CJIO.H. Mb! Ha8blBaeM ero H a ,n M e p-

a JI O T  H bl �  KapcTOM. OH il lll!POKO npe,ncTaBJieH BOpOHKaMH, 6Jiro,n�aM11, 

BaHHaMM, cyxo,noJiaMll! 11 ,npyr11MH ¢opMaM.l1 IlOKpblTOro H rOJioro KapcTa. HaH-

6oJiee lliHPOKO paaBHThl ¢opMbl IlOKpbITOro KapcTa, rOJihliii KapcT BCTpeqaeTCS 

peEe, qeM·xapcT IlOKpb!Tbli. HHTepecHoi paaHOB�,nHOCTbIO IlOKpHTOro xapcTa 

SiBJIS8'I'C5I 0 1

l1paEeHHblM KapcT B necKaX (}{opEyes' 1959' 1961); nepeKpb!BaIO-
. 

�ll!X Teppacbl (ReHbl, OJieKMbl, AMrH, �apbl H ,np.), �OKOJib KOTOphlX CJIOEeH 

Tpe�HHOBaTblMH KapcTyIO�ll!Mll!CSI Kap6oHaTHhlMM nopo,naMM HH�Hero naJieoaoSI. 

XapaKTepHOM qepTo:iii Ha,nMepaJIOTHOro xapcTa 5IBJI5I8TC5I TaKEe illll!pOKOe paa

Bll!T�e pyCJIOBblX 11 CKJIOHOBblX ¢opM xapcTa. 4aCTO Ha6JIIO,naIOTC.H 11 pBbl CKa

Jlb1B8Hl15I ( qTce,naHMH) CKJIOHOB, conpOBOE,naro�11ecg .IlPMMeqaTeJibHblMM �enoq

KaMH aKTMBHO pa3BMBaIO�HXC5I xapCTOBblX BOpOHOK (,noJIHHhl ReHhl, AJI,naHa, 

AMI"M 11 ,np.). 

Tio,naeMHblM KapcT aaHHMaeT 06lliMpHble IlJI6ma.n11 Bo,nopaa,neJIOB, M B  OT

JI11q11e OT nosepXHOCTHoro KapcTa, M8Hblli8 no,nBep�eH BJIMHHMIO M8p8JIOTbl 11 

KOJie6aHHHM KJIMMaTa, Il00TOMY pa8Bll!BaeTC5I OH CBOOO'AHO, KpyrJioro,n11qHo, 

noqT11 He CBSI3aH C illll!pOTHOM reorpa¢11qecxoiii 80HaJibHOCTbIO. HaJI11q11eM 

no,naeMHoro KapcTa B pSI,ne M8CT o6�5ICH5I8TCH OTCyTCTBHe aa6oJioqeHHOCTM, 

,npeHMpyeMblX KapCTOBblMH 
, 

qTo Ha6JIIO,naeTC.H B aaKapC'I'OBaHHblX pa:woHaX, 

MCToqHMKaMM (6acceMH� peK Mo:iiiepo 11 B11JIIOH, 

Hble paiiiOHhl nJiaTo CNBepMa 11 ,np.). 

BepXOBbe p. MopKOKH, aana,n-

Tio,naeMHhll1 KapCT CBSI8aH C arpeCCHBHblMM f'Jiy6HHHblMM MMHepaJIM80BaH

HblMM M aaCOJieHH::hlMM M8)KM8p8JIOTHhlM11 1i1 IlO,nMep8JIOTHblM11 BO,n_aMH. Y!CXO'A.H. H8 

0Toro, Mhl npe,nJiaraeM, Hap.H,ny C nosepXHOCTHNM Ha,nMepaJIOTHblM KapCTOM, 
. ., 

BN,neJISI�'b ,nJI� paMOHOB co CilJIOillHhlM pacnpocTpaHeHMeM MHOrOJI8THeM MepaJIO-

M e E M  e p a  JI o T H  bl M v1 n o  .n M e  p a  JI o T-

H bl M KapcT. 
. TaKHM o6paaoM, no HSillHM npe,ncTaBJI8HHSIM, BCSI TOJI�a MepaJI::hlX Kap-

CTyrom11xcSI nopo,n no,nsep)KeHa KapcTOBblM r1po:u.eccaM, npHqeM rrp oTeKaIOT OHM·. 

B pa8HblX paMOHax H Ha pa8Jili1qHblX rJiy611aax C pa8JIHqHQM li1HT8HCHBHOCTbIO i 

OTJIMqaroTCSI pH,nOM eme He 11ayqeHHNX cneQ11¢11qeCKMX oco6eHHOCTeM. 
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PERMAFROST KARST AND ITS TYPES 

S. S. Korzhuev 

SUMMARY 

The problem of karst and permafrost has.not been at all discussed in science until 

recently because of the widely spread opinion t�at karst cannot develop in frozen 

rocks. Latest discoveries have revealed karst in �11 permafrost places having karsting 

rocks. The accumulated facts festify to the existence of karst processes widely spread

ing in the entire territory of frozen rocks but not only in the sections free of perma

frost (taliks and others). 

These facts made it possible to conclude that permafrost in soluble karsting rocks 

can only retard the karst fonnation but does not exclude it. Three principal types of 

karst are distinguished depending upon the nature of underground waters: 1) above=

pe-rmafrost,. 2) inter-permafrost and 3) under-permafrost. The first type of karst is 

connected with the surface above-permafrost waters of sand masses and those of the 

active stratum. The two others are respectively related to the aggressive deep mi

neralized waters. The principal lithological types of karst are as follcms: 1) carbo

nate, 2) saline, 3) gypsiferous. 

I 
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KOTLIC - A SPECIFIC DEPRESSION FORM 
OF SUBNIVAL ALPINE KARST 

J. Kunaver

Department of Geography, University of Ljubljana 
Yugoslavia 

In Yugoslav geographical literature the land:form called ''kotlic'' 
(plural :form: ''kotlici'', · in transliteration: cotleech, cotleechy; 
pronounce·d with stress on the second syllable), a landform typical of 
alpine, glaciokarst;ic or subni val landscape, is firs.t mentioned as 
early as in 1935 by A. Melik. In·tensive research since the second War 
has established the existence of kotlici in nearly all parts of 
Southern limestone Alps in Slovenia as well as in some areas of the 
lower f·orested karst platea·us in the Dinaric I�ountains. 

Whil� in Yugoslav- and particulai:•ly in Slovene-geography kotlici 
are recognized to be a specific alpine karst landform, in non-Yugoslav 
litera·bure or1 glaciokarst kotlici are not individualized. as a specific 
lanut·orm fox· which reason the pher1omenon is treated by differen_t 
authors under different names and not seldom in a rather confused way. 
Fro1n personal communication with H. Trimroel (1971) we found that in 
German the phenomenon of kotl-ici. is called most often ''Schachtdoline ''. 
In fact it is already o. Lehmann (1927, 215) who mentions depressions 
of a very similar· kind to ·be found in Tote Gebirg�. He. also writes 
about 'Karrendolinen but it is not clear which o:f the landform he 
men'l;ions might represent kotlic. Machatschek ( 1934, 84) mentions 
cylindrical depI·essions called ''Schlott'', along witl1 Karrenbrunnen and 
Karrendolinen. Another author, Bauer (1954, 57-58), writes about Stein-

. 

kisten as a specific kind of doline strongly dependant on the jointing 
of the rock. Cvijic ( 1960, 97) notes a special kind of doline - ''Les 
dolines en fenetre". Zwittkovits (1966, 81) shows a typical profile of 

�✓ 

kotlic, the so-called Kesseldoline, but gives no explanation of the 
phenomenon. Haserodt (1965, 72) mentions Steilwanddolinen but de
sc:r·ibes them in ter1us not fully applicable to the phenomenon of kot
lici. Identical landforms from Ficos de Europ� in the North of Spain 

are called by Miotke ( 1968, 51) ''Karsteinbruche'' and explained as col�
lapsed doline. 

In view of the dif·ferences in the understanding and treatment of 
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i ' the la11dform ''ko·blic'', it is the purpose of the present paper: 
1) to elucidate a.rid individualize the phenomeno11 of· kotlici as a

typical glaciokarstic la11dfor1n determined b:y· the s·ub11ival climate;
2) to discuss tr1e distributior1 of icotlici;
3) to analyze the morphological complex of kotlici; and
1+) ·1;0 clarify the rel at ion between kot;lic and doline respectively

between kotlic and pothole. 

I 

Lite1."'ally translated from Slovene, the term ''kot;lic'' n1eans a small 
kettle. This term has already been used by Sweeting (1972) in his 
textbook on karst, wl1ile the landt'orlil itself being sho1,m to the parti
cipants of ru1 excursion ir1to the Julian Alps arranged bef'ore the IV. 
International speleological co;1gress in 1965. We have seen n1a11y of 
them also in Dacristein Mountair1s •in the time of tl1e Internatior1al 
terminological conferer1ce on karst in Obe:r·traun, A·ustria, 1971. 

Technically, the kotlic is a depression in a compact and bare 
limestone surface. Generally, it,s vertical dimer1sion equals that; of 
its horizontal one; normally the-walls are very steep or almost 
vertical, ·while kotlici of· .a more shallow kind have 011ly sn1aller part 
of' the slope· that is completely vertical. The bottom 01· the kotlic 

. . 

often resembles tl1at of a shallow dolina in case tha·b it is filled 
with scree. Under ideal circumstru1ces this means that 011 f·lat sur
faces with l1orizontal strata we might expect regular develc)pmer1ts of 
tl1is landforrr1. Under such conditions, again the shape of the u.-ppei· 
edge should noI·mally be rounded-of±' or squa:r·e, wr1ile the shape of the 
depression itself' is funnel-like. Idea.11:y the relation between the 
diameter of' the upper edge and the depth 1night be 1: 1. As it l1appens, 
some forty instances of kotlici on the mountains of Kanin have a re
lation between the liwo dimensions expressible by the index 1,2, or 
the avere,ge dia1neter being 7 .1 m ai1d the average deptl1 5. 9 m. 

So far the process of the development of kotlici has n.ot been 
studi.ed in great detail; 011 tl1e other hand, it is clear, that tlle con
ditions in the depressions, especially under tl1e circuri.1stances of 

persisting snow, are nival-like. Miotke ( 1_968, 56) clearly shows how 
the process of mechanical disintegration is i�portant for the develop
ment of kotli_ci - because of the big di·urnal changes in summer 
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temperature, which is not rarely bellow the freezjng pojnt. On the 

other hand, we cannot agree with Miotke that kotlici or Karsteinbruche 

should be on the whole results of collapses above underground water 

channels. Even if such examples are theoretically feasible, practical

ly they are extremelly rare. In our view, kotlici are depressions re

sulting from conditions of a localy more marked microclimate and from 

locally accelerated mechanical disintegration as well as solution. The 

initial reason for their development represent s.mall initial depress1:

ons in the rock through fissures, enlarged karren, which in winter has 

permitted relatively higher accumulation of snow. Within the entire 

process the solution of the rock functions as removing the scree from 
.

the bottom, respectively the solid rock- in a faster or slower way, 

depending on the thickness and the duration of the snow bung. Ac

cordingly, all in all the kotlic is to be seen as a result of combined 

action of mechanical disintegration and chemical solution. 

II 

Kotlici are most commonly fo1.md either in rela.tively ±'lat regions or 

in less inclined surfaces of old, flattened relief. Very often they 

are located on flat or little ir1cli:r1ed pave:i11ents. The number of kot

lici regularly ir1creases with tl1e decline of the sJ.ope, and vice 

versa. Anotb.er aspect is thei·r vertical distribu-cion. Since kotlici 

are karst landform8 typical of barren, alpine glaciokarst of the sub

nival vertical zone, their lowest location is to be·expected in the 

region of the upper forest line and litle lower. Such a distribution 

corresponds to the present-day conditions whic.h are very likely also 

similar to those in the interglacials. In the Julian Alps kotlici 

are first found at the altitude of 1500 m,. even if a few of them 

might be found at a somewhat lower altitude. Local conditions caused 

that the kotlici begin to appeare also much higher in some regions • 

Habic (1968, 155) mentions that in the high dinaric karst of Trnovski 

Gozd to the west of Slovenia there are at the altitude from 800 to 

1200 rri certain •ttransi tiox1al '' kotlici, containing elements of the 

dolina landforms. Haserodt reports the beginning of Steilwanddolinen 

in Hagengebirge, the region under his study, to begin already at the 

altitude of 1400 m. In lower regions which were not glaciated, e.g.

in Trnovski gozd, it is possible that kotlici are preserved as morpho-
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logical remains from a period of prevalence of nival or subnival 

climate during glacial periods. As we shall see below, in glaciated 

areas and under· special co11di tions we may get aJ so kotlici f'rom 

before the last glacial or prev-rurmien age. Also, there are ce1.•tain 

indications that so.me kotlic-like phenomena can be fom1d i:r1 altitudes 

below 1000 m;. indicative of this is also information given by Cviji6. 

However; the circumstances under which such phenomena can develope 

will req11ire further research. 

Above the upper forest line and under the conditions of flat

surfaces, the 11umber and density of kot lie i increase rap idly. In the
. 

Kanin mountains the greatest density is to be foun,i at the altitude 
• 

of only 185 om. On one 11ectare there are· 21 kotlici. This is cer·liainly 

an exceptio11 due to a very f'avourite conditions. The average density 

is much sma1.ler, 11ot bigger thar1 10 kotlici or1 one hectare, or even 

less (Kunaver, 1972, 321). There is no even distribution of kotlici_ 

at any particular hej_ght. Not only flat surfaces b-u.t especially the 
• • 

changes between flat and inclined surfaces favour their concentration, 

generally on flat steps at the foot of short slopes. Often these are 

places of collection of snow and in any case places of gathe ring the 

melting and rain water. On such slopes there is typical distribution 

of the karst lar1df'orms, namely frorn the Rinnenkarren to the Kluftkar-
•• 

ren and the Trummerkarren. Lastly where surf'ace begin to be flat, 

especially on the outer side, the kotlici and potholes are numerous. 

Also this kind of concentration of kotlici is the e�pression of one 

kind of accelerated solution. Kotlici are very common appearance also 

on the lowest side of inclined paver11er1ts, wl1ich are natural col

lectors of water. Their frequency is much bigger in conditions, when 

the dip of the strata, or respecti�rely of the pavera.ents, is bigger 

than the inclination of the surface. The locations of kotlici are 

then at the foot of the pavement respectively of the head of the 

strata. 

In the Julian Alps kotlici are a frequent appearance up to 

2400 m; there are namely no higher flattend surfaces. In this zone 

and already a little lower snow is lasting very long, in the depres

sions mostly all the summer and not rarely all tl1e year. Already a 

very efficient mechanical disintegration-causes that the average 

kotlic gets a more shallow and wider profile. It could be expressed 

with an index of 1.4. In these conditions kotlici are much more in

fluenced by the surroundings where additional sc�ee is pouring down 

with help of snow and from local slopes. Therefore some depressions 

• 
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got already the transitional forms between kotlici and doline. The 

j_ni tial depressions are often more similar to rocky doline · than to 

k�tlic with vertical walls. Following the tendency of climatic
deterioration it is normal to expect the diminishing of visible 

karst phenomena as well as of kotlici. 

Ill 

,· 

The relation between the dimension and ·the shape depends on the
nature of the limestone and on the oroclimatic position in the verti
cal profile. First, the existence of the kotlici looks to be very
much dependant on tl1e thickness of the strata. In Julian Alps. there 

.. 

is a predominance of the thick bedded upper triasic limestones of 
noric and rhetic age,lmown as a dachstein limestone, which normally 
carries the kotl.ici. On tr1e other hand less frequent are they in non 
stratified limestones and particularly in thinly bedded limestones, 
where they are substituted with transj_tional forms or even with 
dolines. The tight dependance between kotlici and thickly bedded 
limestone seems to be one of the most important significance. 

. 
' 

Interesting are also the influences of the dolomitisation of the 
rock. The admixture of the dolomite in the limestone causes easj_er 
mechanical disintegration in all vertical-zones. In slightly dolomitic 
limestones th.e mechanical disint;egration is more uniform and therefore 
also the shape is more regular, often of rounded and oval form. 
Another effect of such oo ndi tions is a sl1allownees. of the depression 
resulting from a faster mechanical disintegration of the rock. Such 

kotlici are normally wider and less steep than kotlici in pure lime
sto11e. Similar efects on tl1e shape and djmensions are caused by the 

strongly fractured rock. 
Many influences could make the upper edge often of rectangular or 

square shape. The dependance on joints looks very important for the 
developing of kotlici, even if' this influence is riot always clearly 
v·isible. In more than half examples kotlici are located in places of 
visi.ble joints or on crossings of the joints. Especially the last are 
often their locations. Closest dependance on the joints, especially 

on the master joints makes the gro1.rr1dplan most often elongated in the 
shape of elongated elypse or in the shape of a rectangle. There are 
not rare cases of a rows of kotlici, located or1 master joints. 
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Another fac·tors whicl1 could influe11ce the shape of the gr·ound
plan are the dip of the strata and the inclination of the surface. 
Where the kotlici are situated on inclined pavements the groundplans 
are most often elongated and the profiles are irregular. Extreme 
exaip.ples of irre.gularity ax·e on the slopes with conformly situated 
strata. While the upper slope of kotlic is often the continuation of 
the inclined

0

pavement in the form of structural steps lowering toward 
the bottom, the other, lower side is completely vertical and most 
often a pr(?jecting wall. In the groundplan of sucl1 kotlici, partic·u
larly if they are bigger and older, one can observe the convexe shape 
of tl1e edge on lower side. This is the result of' an accentuated dis
integrational process, especially of the solution, on lower side of 
the kotlici which is logical ·because of gravitational influence on 
snow bung and because of exposition. 

On the wbole it exist much greater variability in dimensions and 
in the shapes in the �ame region of-kotlici than of doline of lower 
karst. 

IV 

We are faced with the apparent problem of whether kotlici are a sort 
of doline or not, namely not only in morphological but also in mo:rpho-

.

genetic meaning. Although this is not so important problem as to 
necessitate heated arg1Jments we think that there are not many co1nmon 
elements which should join the two landforms. Kotlici are smaller in 
dimensions, have different shape of the profile and of the opening, 
they develope in regtons wit;h the absence of the soil cover, have 
been interrupted in the development by the glaciations and so on • 

. 11.'herefore it seems tl1at this landform should be called with an in-
dipendant name in the interna·tj_onal karst terminoJ.ogy, which should 
avoid further misunderstandings and misleadings. The name ''kot:Lic'' has 
already been used in this way ( Sweetj n.g, 1972) • 

The second question is how to differentiate between an entrance 
to the pothole and kotlic? 1.rhe bungs of snow very ofte11 prevent to 
see how is the nature of the bottom, particularly in midsummer. The 

deepest and also the bigges·t; kotlici contain the snow also in autumn 
and sometimes all the year. With help of a great number of typical 
kotlici, which are free of snow early enough and in drier years one 
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can see, that normally the bottoms are filled with scree or they are 

even in compact rock, half burried bellow stones. The potholes, on 

the other hand, begin very often with a narrower opening. Another type 

of potholes can also begi� with openings which·completely resemble the 

kotlic. A good exa.niple is the e11trance to the Abisso Boegan on the 

italian side of the mountains of Kanin. In such cases the continu�tion 

of ·the pothole is normally much narrower than the entrance itself and 

it is located on one side of the ·bottom. We suppose that also the 

enlarged entrances t.o the potholes are results of the same process 
• 

which causes the development of kotl-ici. In that case we have to deal 
. 

with a combined landform. Very probably there exist a pretty great 

number of kotlici which are the enlarged potholes or at least enlarged 

fissures where the scree prevents to see what is the bottom in.fact 

like. Nevertheless, every enlarged vertical depression with nearly 

equal dimensions of the width and the depth coul-d be proclaimed as a 

kotlic except in the cases when the depth dis�inctly exceeds the dia

meter. 

For further work it remains more detailed study of the nature of 

the bottom of all kotlici not regarding whether they are filled with

snow or not. 
There were not taken into account in the statistical.treatment 

the biggest examples of the kotlici. They exceed in djameter ten 

meters and can reach up to 50 meters and more. In that cases the depths 

normally' stay very much behind. This kotlici in any case express higher 

age than the smaller ones, not regarding whether they are filled with 

morenic material or not. Also the age of the smaller ones which are 

half or completely filled with this material and not rarely also 

eroded, is undj_sputable. On the other hand, of undoubtedly holoc�ne age 
are smaller and initial kotlici which are to be fo1.1r1d also on glacialy 

eroded surfaces. But we think that not all kotlici of the average di

mensions are of the same age, it is of holpcene or prelast glacial• age. 

The reason for such supposition are the differences in the dynamics of 

their development which is due to changing conditions from place to 

place. We hope that this will be proved also with a concrete measure
ments in future. 
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Geomorphology of the karst surface 

Ba 026 

THE GEOMORPHOLOGICAL DEVELOPMENT 

OF THE NORTHERN PART OF THE SLOVAK KARST 

DEPENDENT ON THI; TECTONIC STRUCTURE 

V. Lysenko
Okresni muzeum 
Beroun, CSSR 

--

There exists a theoretically direct dependence 
the geological and speleological levels of the 

in the relations between 
karst exploration. 

Exactly said there should exist. In the case of systematic speleologic-
al research of th� karst area there's nothing unusual if we meet-· at a

certain stage of the speleological exploration practice - an ir;.suf

ficient geological elaboration. The speleological research must become 
stagnant then, or contingent dependent on a hazard. 

I have met this problem in my several years'lasting exploring.work 
in the most extensive karst area of Czechoslovakia , in the Slovak 

karst. \ 

The localities of this area - explox•ed in detail - are either 
suitable as to the deposit view or paleontologically and stratigraphic
ally important. The I·est of the area has been explored quite ,_msuf-

' 

ficien.tly. 
In my review I allow to·place before you esteemed collegues I have 

chosen the substantial informations arising out of a detail geological 
research of Slovalc Karst' s Northern part ( j. t' s the .area :from Drnava-

-

--Lucka to Jablonov) on contact of the Mezozoik Groups of tr1e so·uth-

gemeric w1it with Spish-Gemer Paleozoic Group.' 
I am avoiding intentionaJ_ly the results of the petrographic-litho-

logical research of the coexisting carbonates rocks for the stand point 

of the karst microforms' genesis, and better concentrating on the 
tectoi-1ic struct11re researcl1 and o:r1 the differences of the basic 
structural units and tectonic elen1ents. I apply the results to the geo

morfological development of· the area arid refer to making full use of 
it for the next speleological research (not only in the proper research 

study, but for tl1e karst areas in general). 
The Slovak Karst - as the most extending area of the Czechoslovak 

West Carpathians - forms a very complicated synclinore_ - the south
gemerid mezozoic tectonic unit. It's in the tectonic contact with the 
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Spis-gemers Paleozoic Area (the so-called Roznava line) in the North; 
. contj nuj ng ; n th� main to the South till the Ore-mi 11ing molmtai.n chain 

in Northern Hungary. The conceptions on the Slovak Karst structure are 

different and· according to the absence of the stratigraphical super
faces and to the ·unrealized total structural tectonic research even 

controversial till nowadays. 
The researched area belongs mostly to the Silice-Turna tectonic 

unit (the central and southern parts) and to the Hacava-Jasov unit 

(Drienovec and the area in the eastern li.ne till Lucka). There is the 
tectonic contact here between these both units, as well as between the 
Hacava-Jasov unit and Spis-gemer Paleozoical Zone in the North. The 
rocks are represented b.ere by 53 lithologic different types jn the 

whole from the.basal Triassic till the Jurassic Period • 

In the studied area with a rather complicated structure I have 

determinated f.ive partial structural units with both different and 
common structural characters separated by longitudinal fault lines and 
fault zones, I have dissected the subsidiary folded structures with 

the shear surface system and four m�in block faultings with one cross 

fault line. On the whole all the territory appears as a bilateral 

system with the former vergency to the North, the latter one to the 

North-East and North-West in the Northern part and to the South-East 

and SouthWest in the southern part. The originally one directional 

deformation proceeded in splitting_into two lines with the majority 

of the North-West vergent deformations. In the former neoid movement 
. 

• 

phases the total throw dominated the tangential one. The structures 
rosen in this way pep.etrate one another and it's i11Lpossible to 
separate them sharply. In the tectonic development of the a�e the 

deformation processes have be evidentally phased out, "" but there 

exist many interstages obliterating the phases' limits. The particular 

· deformations don't·· appear suddenly, but they strengthen stage by stage
the coming phase whil_e the precec;]ing one slowly disappears. The � 

structures very often deflect; it's seen in the radial systems'
' 

formation ot b�axes by the disjunctive deformation of the lower
triassic series of strata and dislocations systems by the deformation 

of the carbonates median and surface Triassic event. Jurassic com

plexus. The situation is complicated even by the absence of the higher 

Mezozo� Era arid Tertiary Peri-od members. 

The main anticlinal and synclinal structures with several folded 
amp�itudes of East-We.stern direction as well as the longitudinal 

faults with reverse faults'. character have originated-according to my 
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Enclosure 1. Sketch to Show 1:he Morfo-tectonic Structure of the Horny Hill among Drnava, 
LUCka and Jabloncv. 
'Exolana tions: 
l).Paleozoic of the Spis-Gemerides; 2) Lower Triassic; 3) Middle and Upper Triassic; 4) Re
mants of. Surface. of Pianation (710-750 metres); 5) Rernants of Surface of Planation (over 775 
m); 6) Thrust Line (11.ezozoic over the Paleozoic); 7 J Thrust Line (Lower Triassi_c over the 
Upper Triassic): a - established, b - estimated; BJ Thrust Line; 9) Transverse Faults; 10) 
Expressive Faults; 11) Axis Line of Anticlines; 12) Axis Line of Flexures; 13) Sink-Hole 
Depression; 14) Sink-Holes; 15) a - Chasm, b - Collapsed Sinkhole; 16) Caves: a - entrance 
on the hill-side, b - entrance 1on the valley flo<>rf 17) fi!l,pring Cave;- 18) Poncirs; 19)" Old 

, Erosion Furrows; 20) Margin of the Plateau. 
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opinion - in Cretaceous Period (Pre-senon Period). It must have hap- . 
pened including the origin of the longitudinal fault zones in tectonic
labile ones on the limit of the competent and uncompetent se�ies of
strata in the partly squeezed main folded structures' ljmbs. Even the

. . 

origin of the Cremosna fault zone (the northern territorial bounns)
and the successively sunken block Drienovec can be situated here.

The subsidiary fold, the appearance of chevron fold structures,
the reverse faults with the Nort�-Western and North-eastern vergency
(of the Northern part), and the South-eastern and South-western 
vergency ( of the southern part) , as well as the appearance of the· 
shear surface systems can have their origins in Laramide phase 
(Preeocen)·. 

The proper dividing of the longitudinal fault zones and the 
appearance of the block tectonics with the transverse faults mostly 
of the North Western-Soust Eastern direction, accompanied by the 
normal faults and thrust faults, can be temporally classified to the 
Eocene-Oligocene Epoch. To the same time there can be classified the 
deflecting of some structures and faults of East-Western direction 
till the North-Western South-Western direction and shifting of the 
Horny Hill's Eastern Block of the researched area towards the North 
with the contemporary appearance of the transv�rsal fault zone in the 
North-Eastern South-Western direction. 

The subsidiary block normal and thrust appeared also in Miocene 

Epoch. In the period of Slovak Karst Mesozoic uparching at the end 

of Tertiary Period (in Pliocene Epoch) there have appeared� 

especially in the edge zones some rejuvenat�ng faults including local 

block tectonics of the homogenously deve1opped automorphal horsts 

character. Finally jn the opening Slovak Karst normal fault pha�es -

evident in the crushed rock cirque valley head - there has been dying 

away the upheaval of the territorial part of the block Drienovec 

which is relatively higher regarding to the other area of the Hill 

Horny (analogically the eastern block of the Hill Horny to the 

western block). 
The regularity and character of the regional tectonic structure

seems to be a tectonic element's copy to the field sculpturing. As 

the question is in the main the complex of carbonates, there is the

inception of the surface and underground karst dependent upon the 

t·ectonics. 
From this point of view there is the morphology of the independent

block at Drienovec evokjng a great interest. It's formed by the upper
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Triassic and Jurassic roe-ks with the younger Paleozoic. The double 
lined overthrust of the basal Triassic to the complex of Drienovec ac
companied by the overthrust of the upper Triassic of Drienovec to the 
Spis�gemer Paleozoic group was the cause of the compression and de
formation especially of the South Western and South Eastern slopes of 
the block. The following pushing down of Drienovec as the individual 
tectonic block occu.red along the fault-zone Cremosna in t·he North and 

, 

along the overthrust line in the South. After the block s emergence 
there came the successive denudation - t�at's true - but the proper 
character of the double-lined overthrust block remained saved and is 
perfectly morphologically evident. Thei South-eastern and South-western 
slopes are steeply diverted denudation fault slopes. The highest 
situated flatlying caverns (730 m, 750 m and 775 m over the sea level) 
can be considered as the evidence of the old denudation level con-
nected with the period of the successive amplification of the epeiro-
-genetical movements - the thrust and sinking of the anticline zones .
.&.t the same time there have rtm the plateau stream (lakes) to the edge
zones, existing as the fault zone at the Hill Horny. The flatlying
caverns' level can be compared with the analogical level of the
caverns at the Northern edges of ·the Plesivec plain ( the altitude being ·
from 730 to 740 metres).

The thrust of the Drienovec block and the Western Horny Hill's 
block pre-disposes the appearance of a large depression in the South
-Western part of the Hill Horny's area, successively drained to the 

. 

V 

North-Western part of the catchment area Turna • 
. 

The appearance of the hanging erosion furrows on the southern edge 
of the plain (the short plain valleys) a little later in the western 
part, depends on the deep incised hollow Turn.a. To this period (Middle 
Plioccene Epoch) characterised by the intense reduce of the erosion 
basis I include even the appearance of the sir1k lines in com1non with 
the submersion of the surface streams in the area of Horna Lipa - Mutna 
Studna. The Mutna Studna area has at the same time the character of the 
sink depressions on the border of the campil and middle Triassic. The 
depression was originating in the intersection longitudinal fault zone 
of the northern limb of the Hill Horny's syncline and the transversal 
fault zone. It continues to the South (into the carbon complex of the 
middle Triassic area) with the sink lines in the direction to the North 
Northwest and South Southeast. The systems of .the hyponomic hollows -

having the function of the gulp in the time of the showers or spring 
melting - are typical for this depression. They are based on the dis-

23�-



• 

f 

' 

locations directed from the North-West to the South-East and from the 
East to the West, draining the Northern part of the plain to the 
South. 

From the other karst phenomena there are worth of mention.the 
bogazy, erosion furrows and chasmes, precipice depressions, always 
genetically bound with the dislocations or the above mentioned fault 
lines, zones. 

On the basis of this area researches I tried to exemplify the 
mutual dependence of the tectonics, the tectonic structure of the 
karst area and the genesis of the fundamental morphological forms of 
the karst phenomena. But this mutual relation isn't the only matter. 
The detailed knowledge of th� tectonic structure enables us to solve 
the genetic questions of the whole karst/area more perfectly, enables 
us at the same time to determine the promising places for the speleo
logical research, to identify the way of the surface research by 
bringing the �ectonic elements to the topographical bases. In this 
way we discovered and uncovered several chasmes in the southern part 
of the Plesivec plain in 1968 (it's near the Diviacia chasm), in this 
way I have located several caverns and a smaller chasm in the re
searched area. 

On the top of it the detail tectonic study enables us to make 
even the character of the vertical karstification accurate. The sub-
sidiary fold structions of the chevron fold type, inverted or .even
tually isoclinal, are for instance typical for the researched area. 
By means of the further deformations in the disjointed character 
there arise the fold reverse faults from these chevron folds, spo
radically there occurs only the break of the fold structur,e in the 
fold nucleus. 

The breaks in the fold nucleus are regularly opening to the 
depth and giving so a good precondition-to the following karstifica
tion •. The typical representative of

.
the karstificated dislocation of

that. type is the Veterna chasm, 120 m deep, on the South-eastern 
slope of the Drienovec tectonical block. 

I know I have only touched the whole problem in this brief ac
count of mine. In spite of that I think it's possible to hold the 
results of the detail tectonic research of the karst area for the 
first-rate matter within the framework of the systematical speleo
logical research's practising. 

Without a perfect conception of the area's tectonic structure 
there is the speleological research quite casual and the percentual 
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success of the undergromid karst phenomena's researches is essentially 

brought down jn this way. 

La region etudiee 

Lucka et Jablonov 

Resume 

- c' est la partie d' ouest du "Horny 

- nous presente le rayon tangent du 

vrch" entre les 

.Mesozoique dans 

v·illages 

le Karst 

Drnava, 

slovaque 

avec le Paleozoique "Spis-gemere" pose_ au nord. En construction de la region, on peut 
I 

differencier cinq structurelles individuelles unites, separees d elles. par des lignes 

fragmentes oblongues et zones fragmentes, des structures uniques de plis avec des sys

tames des plaines a detailler et quatre structures generales a blocaux avec une zone 

transversale fragmente. 

Bien qua l'origine du mouvement tectonique en Mesozoique du Karst slovaque et bien 

aussi de la region etudiee on tient pour ia Cretace (Presenonien), c'etaient sentement 

les elevations et faiblesses des bloceaux uniques (au miocene) eventuellement la cesse 

de la soulevation des parties du nord en region-du bloc 11 Drienovec", qui ont pose la 
., 

base pour la actuelle division. Les legalites et une caractere de la construction re

gionale tectonique se demontrent par la copie des elements tectoniques pour la modelage 

de ·terrain. Et de plus, s
1

il s'agit au complex des roches carbonates a la tectonique 

elle est dependante aussi 1'origine des revelations karstiques superficielles et sou

terraines. 

Un exemple caracteristique, c' est un bloc unique de "Drienovec", construi t par des 

minerals du Paleozoique plus jeunes. Avec sea pentes fragmentes-den.udees, inclinees 

brusquement au sud-est et sud-ouest, c'eet morphologique le produit expressif de la 

compression du bloc de deux compliquees directions causees par eboulisement du Triasi-
' 

qua de dessus sur la complexe "Drienovec". Dans les plus hautes parties du 11 Drienovec" 

sont conserve des restes des grottes horizontales, lesquelles on peut croire le docu-

ment du vieux niveau denude, canparables de paraitres niveaux dans la partie du nord de 

la "Plesivec plateau". 

La plus basse gouffre de la region etudiee - "Veterna." (120 metres), elle est 

fondee sur une dislocation dans la substance de plis tranchante. Semblablement, on 

peut, en dependance a la predisposition tectonique suivre la zone·des plongeons dans le 

rayon "Horna Lipa - Mutrui Studna". 

La connaissance detaillee �e la construction tectonique nous facilite le resoudre

ment plus exac�e de la geneze de toute la region karstique. Par ex., si on porte des 

situations tectoniques au bases topographiques, on peut etablir relativement exacte la 

continuation des connus systemes souterraines, peut-etre etablir la place, le rayon de 

grande esperance pour les autres recherches speleologiques, la decouverte des gouffres 

etc. Uniquement avec la parfaite idee de la construction tectonique du territoire on 

peut tenir la recherche .speleologique pour le systematique, pas pour 1'eventuelle. 
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' 

No great attention has been paid to the questions of'karst typology 

until the present time and works of this nature have appeared only 

sporadically in spite of certain foundations for typology given by 

the classic of karst geomorphology J. Cvijic (1924). There is a suf

ficient number of analytical works from the karst territories of all 

the world, which are devoted to the karst phenomenon, the synthetizing 

works, however, are lacking. The heterogeneity in theoretico-methodo

logical approach in studying some areas did not give a sufficient pos

sibility to compare and regional peculiarities of the territory 

studied appeared strongly here. In classifying the karst territories 

no unified criteria have been used, which would have a more general 

validity. A contribution to el·ucidate some problems was represented by 

the theory of climatic geomorphology, in which the role of climate is 

emphasized not only in the process of karstifying, but it gives a 

special impress also to relief forms (H. Lehmann 1954). The later 

works (V. Panos, O. Stelcl 1965), however, call attention to the fact, 

that the differentiality of �orms is conditioned by structuro-litho

logical properties of the territory. It is evident, that climate mo

difies karstifying process, on the other hand, however, we can meet 

with several karst types within the same climatic region. Thus, it is 

necessary to. quest the causes_ of the phenomenon in further natural 

factors, although we must take into consideration in typology also the 

climat�c as a zonal factor. The typological division by J. Roglic 

(1965) for karst and fluviokarst, which was made on the example of the 

Dinarian Karst, is to be taken into consideration in every region. In 

the conditions of the Western Carpathians most of the territories is 

to be placed to fluviokarst, but even territo�ies delimited in this 

way have form differences. N .A. Gvozdecky' s division (·1965) according 

to the sort of karst cover is suitable to use in our conditions at a 
• 

lower degree of division. 
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J. Michovska (1957), which was supported by the classical di

vision by J. Cvijic, applied herself to the typological division of 

karst in Czechoslovakia. A progress was represented by the work by 
A. Droppa (1965). On the basis of recent knowledge in karst morpho
logy, a division for the territory of Slovakia was made by E. Mazur
and J. Jakal (1969) and for the Czech lands by O. Stelcl (1972).

In this work we want to come back to the questions of the cal.s

sification proper in detail as well as to the study of conditions 

causing the different charakter of karst territories. We want to 
point out the problems of division within the climatic zones from the 

viewpoint of differentiation of karst,territories, which is con

ditioned by morphostruct�ral and other non-zonal elements.

Let us have a look namely at the Western Carpathian area, which 

will be a subject of this study. From the climatic point of view it 

can be placed to the moderate climatic zone and within its framework 

to the Central European karst region. In co�parison with some Central 

European mountain regions the karst of the Western Carpathians can be 

understood as a special uni-ti. The different development of the Va-

riscan mountain ranges in relation to the Alpine-Carpathian ones 

found a reflection in the karst relief. Similarly, the not quite even 

development of the Alps and the Carpathians manifests itself not only 

in the wholly greater .. ver·tical differentiation of ka1."st areas of the 

Alps in relation to the Carpathians, but also in a larger areal ex

tent of the ·carbonic complexes in the Alps. For these reasons the 

karst of the Western Carpathians shows typologically rather peculiar. 

The main mountain ranges of the individual climatic zones would ap

pear in this way as units of a lower taxonomic level, namely in this 

case e.g. the Alps, the Carpathians and the like would appear as 

units of the third order. Surely, it is necessary a comparative study 

to solve tl1is question. 

In the division proper of karst in the. territory of the Western

Carpathians we base on the fact that there are several mutually dia

metra·lly different types of karst. In their delimitation the climatic 

criterion would not be sufficient and therefore we need to take 

further criteria into consideration as well as to arrange their 

hierarchy according to importance. Occurrence of surficial and under

ground karst forms must serve as one of the main criteria. In the 

karst area we must trace the occurrence of karst forms, the configura

tion and riches of their occurrence, the completeness and degree of 

their development. In the second order we trace the conditions, which 
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are the presupposition for development of karst
determine the degree of its development. 

phenomenon, and which 
• 

Rock is an inevita·ble and self-evident presupposition for the 

rise of karst. The karstifying process is emphasized and speeded up 

by purity of rock and by thickness of karstifying complex. The extent 

of kaI•st territory is determined by the very 1 i thol ogy. As there is 

the morphological division, it can be taken into consideration as a 

criterion at a lower degree of division. Even the same type of lime

stone, e.g. very pure Wetterstein one in different geomorphological 

positions, may have a different degree of karstifying and different 

occurrence of forms. On the other hand, when e.g. a karst plateau is 

built of ·this limestone together with dol(?mite, it is necessary to 

take this circumstance into consideration when divided at a lower 

degree. 

Consequent to the above-mentioned, in the Western-Carpathian 

area it is necessaI•y to note ar1other decisive factor modifying the 

development of karst, which has been omitted so far. It is the role 

of relief,. j_ts morpho-stI·uctural properties, the morphological and 

tectonic developme:i1t of karst territory as a whole, its extent and 

position to the non-karst territory. These elements play a great role 

in the rise of macro±'orrns of relief, which may be denominated as a 

relief to be karstified. The development of karst phenomenon is 

strongly affected and directed by such rough relief features. 

Upon the role of soils and vegetation it is to be looked from 

the viewpoint of palaeogeographical development of karst territories. 

In karstifying process their role was changing along with the c:hang·es 

of climate. The post-Pleistocene climatic conditions (apart from the 

high-mountair1 regions) are no·t differen·t so much in the Carpathians 

that they should manifest themselves in relief. Thus we consider as 

basic criteria to delimitate individual subtypes of karst in the 

Western Carpathians: 

1. occurrence and developme�t state of surficial karst forms

2. occurrence and development state of underground karst forms

3. structuro-lithological charakter of karst territory

4. morphological nature of the landscape

5. nature of karst hydrography and of that in surrounding ter-

ritories

6. climate of kars tj area 

7. size of karst area

To better understand the typological division of karst in the 
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Western Carpathi�s, we consider as necessary to analyze briefly the 

individual elements affecting the development of karst and their 

time-spatial relations. We are not going to deal in detail with the 

role of these elements in karstifying in general, but we want to 

concretize them in the territory of the Western Carpathians. 

GEOLOGICAL CONDITIONS OF KARST DEVELOPMENT 

The large distribution of karst in the ,western Carpathians is pre

destinated by rich occurrence of ca�bonatic rocks. The priority unit 

for the rise of karst are the inner Carpathians, the main building 

element of which are besides the crystalline complex and Palaeozoic 

also the thick Mesozoic strata of-· carbonates. Carbonatic rocks form 

also a narrow belt of klippen zone. The spatial distribution of lime

stones and dolomites of the Me·sozoic age is given by tectonic con

ditions, which are the result of several orogenetic phases of the 

Alpine folding. From north to south the tectonic units may be ob

served as follows: the Tatrides, Ultra-Tatrides, Veporides, Ultra

-Veporides, and Gemerides (Bystricky J. et al., 1969). Each of these 

u...viits cor1sj_sts of the crystallir1e corri1:.J.ex and sedin1er1t;ary en,relope, 

"-ivl1.icr1 is :for1ned s1-(l)star1tially ·b:1 car·bo11at;ic rocl{S. In s01r1e units t.r.1e 

sedimer1tary envelope is autochtho11ous (Tatrides, Veporides), in 

other tectonic units it separated and shifted to north in the form 

of nappes. The nappe structure is very striking in the northern 

group of core mountain ranges, especially in the Nizke Tatry Mts. 

The Gemeride zone of the Slovenske Rudohorie Mts. has a special po

sition, where only the Mesozoic complex of the Gemerides with non

-conspicuous nappe structure appears overlying the crystalline core 

of the Gemerides. 

The original geostructures have no great importance in modify

ing the development of karst. Younger neoid tectonic development and 

erosion-denudational processes led namely to destruction of the 

original nappe structures and just this fact has play�d decising 

role in differentiated development of karst. The influence of nappe 

structure upon the development of karst asserts itself' mostly by 

lithological differentiation only. 

The most favourable to be karstifyied are carbonatic Triassic 

rocks, which are most spread. Very pure Wetterstein limestones are 

the main component especially in the Gemerides. They are most fre-
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quently massive or thick-sheeting and in places they form a complex
with a thickness up to 1,200 metres. In the Subtatric nappes they
are more slightly represented. Here pure Gutenstein limestones with
a thickness of 200-250 metres are predominant, in places they
alternate, however, with positions of dolomites. The purest ones are
in the Krizna nappe. With Gutenstein limestones we meet also in the
Gemerides, where they lie direct on the impermeable Werfenian under
lying. Dolomites occur both in the nappes and in the Gemeride zone.
The Subtatric nappes are built, however, to a considerable extent by
the Lower and Middle Cretaceous complexes represented by marly lime
stones, the Calpionella and organogenetic as well as sandy lime
stones. In these the karst phenomenon is developed very slightly. 

RELIEF AND ITS REFLECTION IN THE KARST 

PHENOMENON DIFFERENTIATED 

The relief of the Western Carpathians may be considered as one of the 

basic elements conditioning the differentiated development of karst • 
.

The relief variety manifests itself both in vertical dissection, ter

ritorial inclination, in dissection of age, in genesis or development 
-. 

dynamics. The fact that karst areas are bound upon various physio-

gnomico-ge11etic types of relief stand thus for a spatially conside

rably differentiated development of karst phenomenon. A great role is 

played also by the position of karst territory in relation to the 

non-karst territory, which reflects especially in relief development 

by means of hydrography. From the tectonic development decisive role 

in the development of karst may be ascribed especially to younger 

tectonic 1novements, which ran in the Neogene. In this period the 

Western Carpathians were already within the range subaerial de-
. 

struction and the basic features of recent relief were being put down • 
.

The geomorphological development proceeded by stages in the Neogene. 

The lowering and levelling of mountain ranges was interrupted by 

several phases of tectonic movements with prevailing vertical com

ponent in contrast with tangential one. In this way an irregular 

1nosaic arose with differently up-lifted individualized mo\1ntain blocks 

and with basins fall en in between ·them ( Mazur E. 1965) . The sub aerial 

destruction and above all uneven tectonic movements disintegrated in 

this way originally continuous nappe belts and within then also 
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caroonatic complexes into differently large areas isolated from each 
other and differentiated considerably verticaJ_ly arid also ·by inclina
tion according to their respectivity to the individual orographic 
wholes. 

Ir1 the. Sub-Carpathian basins the pre.J}Jeogene complexes sank and 
so they are covered by a thick mantle of the Neogene and Quaternary. 
In the int·er�ontane basins the pre-Neogene formations sank, too. They 
are covered by the Neogene and Q11aternary sedimen·ts. Locally, however, 
non-large enclaves of carbonatic rocks with partly developed karst 
come to light. In places karst develops under this cover. 

A great.differentiation of karst areas may be observed in de
pendence upon morphostructural properties of the territory. These 
ones, in fact, determine the basic shape of karst territories. 

One of the most typical mountain structures are wedge horsts 
with crystalline core syrrunetrically si tua·ted owing to one-sided up
lift, so that carbonatic complexes appear in form of tilted structures 
along one side of the mountain range only (the Tatry, Nizke Tatry and 
Mala Fatra). 

Another structural type, which is classically developed in the 
Strazovske Vrchy, is Appalachian structure. This is represented by 
undulate Mesozoic complexes without crystalline core or this one ap
pears excentrically. In an.other place the Mesozoic complexes appear 
in form of horsts without crystalline co�e (northern part of the Male 
Karpaty, the Chocske �rchy) or as blocks preserved in form of non
-large plateaus overlying the core (the Ziar). 

A special structural type in the inner western Carpathians is 
the Rudohorie structure, which is the most favourable for karst to be 
developed. The·Mesozoic complexes, in detail, it is true, with a 

' 

complicated fold str�cture, appear substantially in horizontal to 
subhorizontal positions overlying non-karst rocks. In addition, they 
represent relatively welJ.-preserved Neogene plateaus in a considerable 
extent (the Slovakian Karst, Muranska Planina, Slovensky Raj). 

The least suitable structure for karst to be developed is the 
klippen zone, where karst rocks appear in form of isolated monadnocks 
morphologically strongly exposed. 

In summing morphological conditions in the Western Carpathians 
we state that they are mostly not too favourable for karst to be fully 
developed, predominantly owing to tectonico-erosional destruction of 
originally more continuous Mesozoic nappe-fold structures into a 
mosaic fault-fold one, whence karst rocks came to extremely exposed 
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positions and frequently under influence of non-karst morphological 

processes. Extreme inclinations, dissection of relief as well as in

fluence of morphological processes in neighbouring non-karst areas 

allowed in this way even in areas with suitable lithological pro-
-

perties of underlying complexes a non-complete and one-sided develop-

ment of karst phenomenon only, for instance, that of underground 

karst and so on. Areas of the Neogene levelled plateaus of the Slo-
.. 

venske Rudohorie and locally even those of the plateaus of horst 

mountain ranges have turned out to be most suitable for typical 
.

surficiai and underground karst to be formed • 
• 

CLIMATE 

From the climatic point of view karst of the Western Carpathians be

longs mostly to moderate zone of the Central European climatic area. 

The climatic conditions are relatively favourable for recent forms 

of karst to be formed. The karst territories are situated in climatic 

zones Dfb and Dfc (according to Koppen's classification). In the in-
- . 

dividual territories in some places 700, in others 1,000 mm pre-

cipitation per year fall under average annual temperature of 6 to 

8° C. Precipitation is distributed relatively evenly during all the

year. More striking climatic changes show only in vertical direction, 

namP-]_y in the area above the upper timber line ( approximately above 

1,400 metres), which belong to ETG zone of climate .• Average tempera

ture reaches here 0-2 ° C and precipitation in places even 1, 800 m.

WASTE COVER 

In the Western Carpathians karst areas are mostly denuded, in places 

as far as rock underlying, or they are covered to various extent 

with soil cover preserved, predominantlJ of rendzina type. In the 

Rudohorie area remains of terra rossa are preserved on the plateaus. 

The tectonically subsided areas of karst have their karst surface 

covered with Neogene sediments, freq�ently also with Quaternary pebble 

coverings. 
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VEGETATION COVER 

The vegetation cover is in most karst areas modified and in places 
even removed by ·anthropogenous activity. Esp-e�ially karst areas are 
deforested and converted into pastures and �eadown with a shrubby 
growth together with tmdergrowth of xerophilous and ther�ophilous 
vegetation. The other karst territories are mostly forested, in higher 
posi_tions with needle-leaved forest, in lower positions :With deciduous 
trees (oak-hornbeam woods). In the high-motmtain karst areas dwarf
-pine and sub-Alpine meadown appear. 

TYPOLOGICAL DIVISION OF KARST 

In dependence upon the very differentiated character of physico-geo
graphical elements and of their correlations in the Carpathian area 
the karst phenomenon has developed very differently. The Central 
European karst of the Western Carpathians may be divided into two 
different groups, which may be forther divided into subtypes. 

1. CENTRAL EUROPEAN KARST

1.1. Plateau karst 

This type is developed in the Western Carpathians and as to the size 
' 

of territory it occupies the largest areas. It is characterized by 
high-situated plateaus boun.ded by high abrupt slopes from the sur-
rounding relief. The slopes encounter the plateau in a sharp-edge. 
The plateau karst is bound only with one morphostructural type of 

. 

mountains, namely with the old semi-massive block of the Slovenske 
Rudohorie. A considerable thickness, area and purity of karst rock 
(predomin�ntly Middle Triassic limestones, to a lesser degree dolo
mites) as well as its moderately depressional deposition on an imperme
able underlying complex and a relatively flat initial relief show as 
suitable conditions for karst to be formed. In this type the whole 
riches are develope� as to the karst phenomenon. Here lapies, sink
holes, uvalas, blind and semi-blind valleys, dry valleys, karst basins 
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(karst poljes), extensive cave systems (for instance the Domica-Ba

radla 21 km), ponors, karst sprjngs and fluviokarst forms of canyons 

are represented. The plateau karst is represented by three territories: 

Slovakian Karst, Muransky Kras, and Slovensky Raj. 

1.2. Dissected karst 

This type is bound with mountain horsts, free folds, eventually with 

grabens - with basins of the Tatro-Fatrian area of the Western 

Carpathians. There are ka�st territories in comparison with the pre

vious type, with less favourable conditions for karst to be developed 

and also poorer developed karst phenomenon •. It is conditioned by a 

smaller thickness of frequently polluted karst rocks, mainly of lime

stones, in places with predomjnance of dolomites. Owing to this fact 

only some karst forms are represented in the various types. 

' 

1.2.1. Karat of monoclinal ridges 

This subtype is bound with carbonatic rocks asymmetrically situated 

in the so call.ed core mountain ranges in form of monoclinal struc

tures, or appearing as self-standing monoclinal structures without 

any core. It may be characterized as a karst of mighty elongated 

ridges, separated by deep valleys, often of a canyon-like character. 
/ 

Such a nature of relief is a result of activity of allochthonous 

rivers comj,ng from higher non-karst areas of core mountain ranges and 

from exposed morphological positions of carbonatic complexes. Such a 

surface is not favourable for surficial karst forms to be developed, 

of which scattered lapies only occur. The underground�karst is, how

ever, developed abundantly. The largest cave systems occur just in 

this karst subtype, namely in the areas �uilt of pure limestones (for 
' 

•• V I 
y 

inRtance the Demanovska Jaskyna Cave, Belanska Jaskyna Cave and 

others). More weakly karst is developed in analogical structures 

built of non-pure Cretaceous limestones. Classically this type is de

veloped in the Nizke Tatry, Belanske Tatry, Ve1ka and Mala Fatra, 

Male Karpaty. 

. .
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1.2.2. Karst of horsts and combined fold-fault structures 

This subtype is bound with karst rocks, which are preserved in various 

positions on the mountain horsts or in the fold-fault structures. In 

this ·subtype we may trace different variants in the development of 

karst phenomenon in small distan9es. On the one hand even slight 

plateaus are developed, with well-developed surficial karst and under

ground spaces, and a typa analogical to ·the previous one on the other 

one. The surface is, as a rule, intensively dissected. Such a relief 

is in the Str�zovske Vrchy with preserved small plateaus in the area 

of Slatinka and Mojtin. Larger islandlets of this type are found in 

tectonically uplifted blocks as the �iar and a part of the Male Karpa

ty are. The small plateaus and well-developed karst are bound pre-

dominantly with pure limestones with sinkholes, lapies
,. 

ponors, karst 

the Cretaceous limestones pre-springs, and caves. On 

dominantly fluviokarst 

characteristic. 

dolomites and 

is developed, for which dry valleys are 

1.2.3. Karst of basins 

It is bound with tect6nically subsided complexes of carbonatic rocks, 

which occur most frequently intermontane basins in depressional po

sitions. In places karst comes to light, more frequently it is cove

red by Neogene or Quaternary sediments. Locally even exhumed karst 

occurs. These territories are drained in underground. Sinkholes and 

smaller caves are a frequent phenomen. Such karst territories occur 

in the Liptovska Kotliua, Horehronske Podolie, and Zvolenska Kqtlina. 

1.�.4. Karst of isolated klippen structures

It is bormd with small islandlets of carbonatic rocks coIDing to light 

in form of the monadnocks of the klippen zone. They are built most 

frequently of the Jurassic limestones strongly folded. Their small 

area, extreme morphological position do not allow to the karst 

phenomen·on to be fully d�veloped. Small is occurrence of lapies and 

rarer more that of sinkholes. More frequent are slight caves _ abris. 

The allogene rivers cut them by narrow passages. 
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2. HIGH-MOUNTAIN KARST

It is a special type from the viewpoint of ·climatic conditions. 
1rhanks to favo·urable climatic conditions, here th(:: J.(arst phe:i.1o�t1enon 

is developed intensively in a rich scale of forms. Especially the 

various types of lapies, further sinkholes and abysses are developed 

classically. In places a karst step-land in accordance with A. Bogli 

( 1960) occurs here. 0:f the 1.1ndergrollnd :forms they are extensive cav·8 

.spaces with vertical component dominant. This karst type appears 

roughly above a limit o:f .1,400 metres, scarcely it reaches, however, 

values about 2,000 metres. It occurs in the Belanske Tatry, Zapadne 

Tatry, Nizke Tatry, and Veika Fatra Mountains. 

(From the Slovak translated by A. Krajcir) 
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BASELEVEL AND STRUCTURAL CONTROL 
ON THE KARST HYDROLOGY AND.THE GENESIS 

OF KARST GEOMORPHOLOGY 

F. D. Miotke

Geographical Institute, Technical University 
Hannover, FRG 

Ab s t r a c t. The genesis of karst areas depends upon several independent already 

highly cc:mpiex factors such as the geological, the stratigraphy and structure of the 

local_ bedr ocks, the climatic environments and their related vegetation covers and other 

facto rs. 

But the true motor for development of the drailiage pattern and the physiography is

the existing of developing local relief energy, created by tectonic uplift or other 

caused changes of the local baselevel. The water sculpturing the physiography by ero

sion and or corrosion follows strongly the more or less steep gradient from higher to

lower relief units. The drainage direction 

(low reliefs or alpine ·mountains) are only 

as well as the developing relief f o r m s

m o d i f i e d  by the geological and 
. 

climatic factors. Keeping this in mind it is understandable that the local relief and 

t he related physiography is highly dependent upon the incision rate of the master 

vallyes and their tributaries. 

This is true not only in nonkarstic areas but als o in carbonate terrains. The 

phreatic groundwater flow and the descending vadose waters, which are responsible fur 

the subsurface solution of soluble rocks are both oriented to deeper vallye incisions. 

Owing to the fact the majority of ground water flow happens to be at the upper part of 

the moving water body (near the water table or the piezometric surface) and because 

here also the chemical solution power and the solutiQn time is greatest, solution 

voids and cave passages will predominantly develop in a limited level range graded to

the local baselevel. 

As the genesis of surface erosion featur es and subsurface solution voids obey the 

same physical laws, the surface karst geomorphology cannot be analysed without ex

ploring the underground hydrologic and solutional processes. 

Different cave levels which can be connected with different valley terraces or

mari11 benches, the indicator of former local baselevels, are obvious proofs of these 

genetic connections, which have existed during the succes�ions of different high relief.

generations. The lenght of time which was available for each forming period at nearly 

stable baselevel is of great importance for the daninance of relictformes in a very 

complex developed recent physiography. 
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The theoretical conclusions are demonstrated using ma.inly North American and 

Four main factors stood in the forefront of ·the scientific dis

c11ssion about the genesis o:f .the karst· pbysiograpby: 

1. The r e  1 i e f caused by tectonic uplift (the potential 

energy of height difference) 

2. Th e s-t r a t i g r ap h y  (p e t r o g r a p h y) 

a nd g e o lo g i c al s t r uc t ur e  

3. T h e c 

for weathering 

4. T h e t 

1 i m a t e, precipitation and temperature, the base 

and the vegetation cover. 

i m e  during which the above factors are effective 

and their variability within the time. 

In the early European literature the g e o 1 o g i c a 1 

f a c t o r s attained highest interest. Later since the ''Dussel-

dorfer Vortrage'', 1927, the c 1 i m a t i c i n f 1 U e n C e 

on the relief genesis, up to then mostly ignored, was recognized. In 

North America the climatic geomorphology and its results were ignored 

for a long time and even today many authors prefer the geological 

factors (stratigraphy, petrography and structure) in their geomorphic 

papers. 

The importance of the b a s e  1 e v e  1 (E r o s i o n s

b a s  i s) for the relief genesis was already recognized by Powell, 

1875, and Gilbert, 1877, and was minutely discussed by Davis, 1902, 

but was not applied enough in younger geomorphic fieldwork. 

The t i m e  f a c t o r  within the geomorphic complexity 

was already introduced by Dayis, 1899, ''Process cannot however com

plete its work.instantly, and the amount of change from jnitial form 

is therefore a f'1.1nction o·f' time. '1 (p. 481). 

Within this paper it shall be demonstrated that relief energy 

(height difference, potential energy) created by tectonic uplift or 

other positive displacement of the local base level, plays an out

standing role within the relief for.r.nj ng processes. 

Beginning with a tectonic uplift the created.higher relief 

gradient causes erosion acceleration of the existing rivers. Streams 

with larger headwater area and consequently higher wa�er transit 

reach a faster entrenchment of the valley floor, so the bigger valleys 

get ahead the e�trenchment of smaller tributaries. The master stream 

of the region functions as the base level onto which the valley floors 

of the tributaries are graded. The faster and higher tl1e uplift of a 



region proceeds the faster, narrower and deeper the potent master 

stream will entrench, the les�·the deepenjng of the smaller tributary 

valleys can keep pace. So the tributary valleys become hanging valleys, 

especially if they are dry valleys. 
When after the end of the uplift period the master river has 

reached its new sntrenched equilibrium according to the new relief, 
the tributaries of first or higher order are still deepening their in
dividual _adjusted profile graded to the already deeper magter stream. 
In karst terrains these new tributary gradients can be developed as 
cave gradients in the subsurface. Owi.ng to the fact the denudation 
power is quite different in valleys with higher or lower water transit, 
the individually reached developing - stages of valleys are at the 
same time different too. 

If the entrenchment withjn the :maeter stream val-ley and the major 
tributaries become stagnant witbin a certain level range there will be 

only denudation and erosion above this level so the valley floors get 
wider but not deeper. At the same time small steep V-shaped valleys 

. 

which are oriented to the local lower limit of erosion, still can 
erode deeper for a longer time. Depending on the situation within the 
relief, different developing stages can form and exist simultaneously. 

The possibly for a longer time period stabilized 1 o w e  r 
1 i m i  t of all existing erosion/corrosion is indicated by the level 
(gradient) of the deepest entrenched master valley which repres�nts the 
local base level. All local surface or subsurface erosion/corrosion 
work down to this local base level but not beneath it. 

A simple balance calculation shows that per quantity of runoff the 
dissolved and suspended load as well as the bed load is limited. As the 
am0\1nt of precipitation and the resul tjng rrmo:ff is also J j mi ted only 
a certain quantity of rocks can be weatherad, eroded and tran�orted 
per given time. The establishment of a new stream gradient during and 
after local uplift wil.l be reached most economically by erodj ng a mi

nimum of rock volume. The so entrenched narrow V-shaped valley will

become wider and wider along the new equilibrium stream gradient if' no 
further uplift occurs. I·t takes long tjme periods to weatiter, erode and 
transport the immense rock vol}1me of the entire river basj_n down to the 

new base level after·the water has already entrenched to its new base 
level gradient along a narrow valley course. (Ext�emely slow tectonic· 

uplift could cause the development of jnitially wider valleys.) This 
is the reason, why the recent relief locally represents a not too 
much modified tertiary (pliocene) physiography •. This applies the more 
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clearly the further away the relief units exist from the master stream 
entrenchment (see also Budel, 1971, p. 73).

Because the karst ground-water body is mainly developed along 
the course of the open flow or dry valleys, and it is here where the 
cave passages develope, the cave systems as well as the tributary 
valleys are graded to the local master strea.m. Along with a new en
trenchment of the master stream after a tectonic uplift the karst
-water-table also migrates dee�er. If the karst-water stream is con-
centrated already in shallow graded cave passages, steep cave-
canyons will form. They will be the connection to the future deeper 
situated cave level which will be graded to the new established base 
level of the local master stream. The cave canyons will be steep and 
narrow if the entrenchment happened fast, they will be wide if the 
deepening occured slowly. 

The formation of a stationary karst-water-table which is sloping 
down to the temporarily fixed base level of the master stream will be 
reached first within the major tributaries. Farther upwards within 
the river basin the valley and cave gradients are somewhat steeper, 
the valleys narrower and the cave system is less developed in single. 
major passages but shows a dense dendritic pattern of small conduits. 

The aligned karst ground-water stream in a not too steep relief 
moves within a flat band which has ar1 u p p e r 1 i m i t in
dicated by the piezometric water surface and a lower limit caused by 

' 
. 

the tightness of the joints and bedding planes. This k a r s  t 
g r o u n d  - w a t e r  b a n d  normally parallels the dry 
valleys down to the local base level. It is also here in the shallow 
phreatic environment where still aggressive water has the longest 
time to dissolve and enlarge karst crevices. Connections between two 
valleys.of different altitudes across ridges are possible but not 
necessarily existing or are of low transit capacity. The outlet 
sprjngs of the main karst water bands are mostly situated close to 
the mouth of the tributary valleys. 

A� has been shown erosion as well as karst ground-water align
ment are controlled by the tributary courses and the local base 
level o� the master stream. In order to d emonstrate tne special 
modifying influence of different stratigraphy and structure, the 

young pliocene period of entrenchment at Mammoth Cave, Kentucky, 
which was followed by a long time of stable base -level shall be used 
as an exaiople: 

During the entrenchment of the Teays-River-syste� (younger plio-
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cene) within the Central Lowlands or the USA jnto the Lexington 

erosion surface, the Green River at Mammoth Cave also deepened its 

valley course (Miotke, Palmer, ·1972). The cJ jmate at that pliocene 

time probably was humid temperate (Potter, 1955). The Green River 

meandered in a wide shallow trough through the Lexington erosion sur

face when the -Teays erosion period began. Synchroneous with the en

trenchment of the Green River of about 30-50 m the tributary valley 

bottoms and the karst groundwater levels were lowered too. Beneath 
. 

the already existjng big cave passages large cave canyons were cut 

down to the new erosion level which became stabilized around 180 m 

above sealevel. At this altitude the local base level apparently 

became stationary for a very long time. The nearly horizontal cave 

systems at this level reached maximum sizes, the valleys developed 

wide valley floors and the Pennyroyal Plateau, encluding the Sinkhole 

Plain established a shallow sloping hilly karst plain. Reddish clayey 

cave sediments show great similarity to correlating residual soils on 

the same level or higher at the surface of the Pennyroyal Plateau and 

within t�e cuesta vaileys and ridges. 

The local developing relief forms, the local rapidity of the 

erosion down to the stabilized level aro1.1nd 180 m and consequently 

the volume of 1 eroded and corroded rocks per time can be related to 

the resistance differences within the outcropping stratigraphy. 

Essential reason for the unequal surface lowerjng was the fact· that 
' 

the soluble St. Louis, Ste. Genevieve and Girkin carbonic limestones 

w�re locally covered by a series of nearly impermeable sandstones, 

shales and ljmestones. Whereas the sandstones an� shales allowed pre

dominantly erosion processes.only, the limestone surfaces ·and subsur

faces were eroded and a d d i t i o n  a 11 y corroded. 

The ratio between the suspended sediment load and the dissolved 

solids (residue at 180° C) of the Green River water at Munfordville, 

Kentucky, averages nearly one to one (U.S.G.S. Water Resources Data, 

Kentucky 1967-69). The dissolved load contains more than 60% calcium/ 

magnesium-.carbonates. High percentages of the dissolved load as well 

as a portion of the suspended sediments (60% clay) originate from 

corroded limestones. The sandstones bejng more eroded than corroded 

consequently are more resistant against denudation than the addition

ally soluble limestones which are probably weathered and their resi-

1 duals carried away 30-50% faster than the sandstones. Therefore the 

sandstone capped Chester Cuesta is separated from the Sinkhole Plain 

, 
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Indian Avenue at Washington's Statue. Trunk pas-Fig. 2. Mamrno·th Cave 
sage at approximately 180 m altitude represents the Teays base level in late pliocene. 

former main conduit was altered by later breakdovm. Locally the ceiling along the 
stratum was formed by collapse of rocks. The passage floor was graded as a tpurist 
The 

Passage height approx. 9 m, width up to 15 m. Average ceiling-gradient 2,2 m/km trail. 
(11,5 feet/mile). 

(Pennyroyal Plateau) by the 60 ID (max. over 75 m) high Dripping 

Springs Esc arprnen t • 

Arowid Mammoth Cave a series of later dry valleys which dis-

sected the sandstone cap have developed wide valley floors at the 

level. down to 180 m. These valley floors within the Girkin and Ste. 

Genevieve Limestones graded to the Green River base level which in 

tl1at time (yowiger pliocene) v1as at 180 m. 

After the sandstone cap was dissected the 

became eroded and more and more karstified. Big 

veloped the subsurface. \Vhen tl1e valley 

Girkin Limestones 

cave passages de-
• • • 

incl.SJ.On and cave 

system had reached the stabilized lower li1ni t. of denudation (base 

level gradient) erosion and corrosion could not continue to deepen

the valleys but worked to widen the valley floor on that level. 

A vecy long time of slope 
• 

erosion and corrosion reduced the sandstone 
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capped ridges and knobs which locally, after losing their protecting 
sandstone cap, became lowered down to flat hills. 

The base level in the tributaries and the Green River valley 

were for the longest time nearly equivalent. The valley slopes of the 
Green River and the main tributaries suffered similar erosion and 
corrosion, because they had equal base level, an equal petrography 
and the same climate conditions. This is the reason why the tri
butaries in the Girkin/Ste. Genevieve developed valleys alike in 
width and shape. The big sinkholes along the margins of the ridges 
and knobs were enlarged by the samA processes of slope denudation 

(erosion and corrosion) and weathering residuals were carried away 
through the cave system as in the dry valleys. 

The pliocene (and recent) surfaces at Mammoth Cave are cuttjng 
the steeper dipping strata. Different relief forms and developing 
stages formed in close vicinity to each other due to variation in 
petrography causing different resistance against corrosion and 
erosion. All erosion and corrosion entrenched exclusively to the 

. 

maximum depth of the local gradient to the Green River. This result 
is in contrast to the statement of Quinlan, 1970, that the morphology 
of the Central Kentucky Karst is determined by stripped structural 
surfaces. . . 

The Chester Cu�sta (·mostly sandstone surface) north of the 
60-75 m hig� Dripping Springs Escarpment is dissected by relatively
narrow more V-shaped valleys. Within the eastward connecting area of
Mammoth Cave the sandstone cap was already dissected since pliocene
and earlier. Large cave systems �n 180 m altitude and higher were
developed during -the young pliocene and earlier. Their position is
parallel along the dry valleys and under the ridges. Large parts of
the fossil cave system in that altitude are destroyed by later slope
erosion/corrosion. Still farther east, where the sandstone cap was

stripped much earlier, the flat plainlike area between the ridges
and lmobs became wider and wider until in the vicinity of Munford-

• 

vil_le on�y remnant knobs were· 1e1·t which represent former divide

areas. Within the Sinkhole plain locall:y flat hills are remr1ants of 
knobs which long ago lost their protecting sandstone cap. 

Several phases of quaternary entrenchi�ents, whi�h followed the 
late pliocene erosion and corrosion did not completely alter the 
relict for�s of the pliocene relief. V-shaped valleys and sinkholes 
dissected and dissect the older erosion surfaces. The Green River 
base level now in approximately 126 m altitude was lowered for·60 m 



since the end of pliocene. Quaternary cave passages correlate with 

river terraces of the same age (Miotke/Palmer, 1972). As for ·the 

tertiary erosion levels and correlative cave passages the quaternary 

erosion levels and their correlative cave systems are not related to 

''stripped structural surfaces'' stated by Quinlan, 1970, (Miotke/Palmer, 

1972). A certain accordance however is existing where erosion levels 

or cave passages cut resista.nt or less resistant beds. 

The genesis of the Central Kentucky Karst shows that erosion 

and corrosion cannot proceed beneath a stationary iower limit which is 

given by the temporary lo.cal base level gradient. If the master stream 

gradient is stabilized by a long period of tectonic inactivity, valley 

floors having reached their aggradation profile increase their width 

but do not become entrenched any more. The local stratigraphy and -

structure will be cut by the valley base or by the karst groundwater 

system (caves). Modifying accordance recognized, the final level of 

the erosion/corrosion gradient is not determined by structural factors. 

The correlations between base level, geological structure and 

climate conditions can be illustrated by the following analogy: 

M o t o r 

Fu e 1 

Br a k e s

for all landforming processes, the existing or develop

ing local •r e 1 i e f e n  e r  g_y, is created by 

t e c t o n i c· u p  1 i f  t or other caused changes 

of.the local base level (height difference). 

for the motor causing erosion and corrosion is provided 

by the regional c 1 i m a t e conditions. Especi�lly 

the precipitat•ion and temperature (frost!) are the main 

factors for weathering and· the vegetation cover. 

retarding erosion and corrosion activities, are the 

local s t r a t i g r a p h y (petrography) and 

g e o 1 o g i c a  1 s t r u c t u r e which de-

termine the velocity and special form of Jandform de-

velopment. 
.

T i m e  The individually formed physiography resulting from the 

interference of those three f�ctors (base level, 

climate, geology) will be most clearly developed the 

more time is available before the conditions change, 

especially the altitude of local base level (see also 

Miotke/Palmer, 1972, p. 6). 

Any climate (provided that precipitation exists) working on any 

petrography and geological structure will create high mountain 

chaines, if the local relief energy is great enougl1 ( see subarctic 

·. 

• 
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Alaska- and Middle American tropical mountains). On the other side no 

climate conditions or rock structures will prevent the development of 

hilly lowlands (plains) if the local height difference is small �nough 

(see tropical Africa and arctic North America). 

Providing enough relief energy (tectonic uplift) in which climate 

or geological structure so ever, no lowlands (plains, Flachen) can be 

developed nor preserved. This clearly indicates the dominance of the 

relief energy (height difference) within the complexity of geomorphic 

factors which recently Louis, 1973, emphasized too. 

Any climate (if precipitation exists) will create a cuesta 

escarpment (Schichtstufe) provided that flat dipping strata of strong

ly different erosion and/or corrosion resistance and a not too great 

local relief energy exists. This demonstrates that geological structure 

is mostly more important for landforming than different_ climate. condi-

tions. 

It must be clearly emphasized though that ranking the importance 

of geomorphic factors is only of use for analytical reasons • 

.

GENERAL CONCLUSION 

The major relief forms (high mountains, highlands, lowlands) encluding 

karst terrains are determined by the amount of tectonic uplift rather 
• 

than climatic or structural factors. The velocity and special form of 

erosion (corrosion) and the specially developing relief forms are 
.

modified by geological and climatic factors though. 

Long periods of denudation at stabilized local base level 

establish a relief which clearly reflects the erosion conditions and 

as a fossil relief dominates for a long time the succeding relief 

development. 
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The purpose of this paper is to report on the physiography and geology 

of that part of the Huastecan Province of Mexico where are con

centrated those caves inhabited by the eyeless characin·fishes of the 

genus A s t  y a  n a x. 

Prior to our studies of these .fishes, eyeless characin caves were 

known only from one specific range, the Sierra de El Abra of Tamauli

pas and San Luis Potosi. Several such caves are now known from other 

parts of the Huastecan Province, but since the Sierra de El Abra re-

mains the center of cave A s t  y a  n a x  concentration, it will be 

emphasized in this paper. 

The Sierra de El Abra has long been known to be highly cavernous, 

but not until recent years has the true extent of its cavern develop.

ment become apparent. It is now known to contain some of the longest 
and most complex cave systems in Mexico. For example, surveyed length 

of passages in the Sotano del.Arroyo now exceeds ?,500 m. Also some of 

the numerous pits located in the higher elevations, most of which we 

have presently seen only from the air, will rival in depth the deepest 

known pits in the Western Hemisphere. Also highly cavernous, but not 

studied at all.until quite lately, is the Sierra de Guatemala, a much 

higher range to the north of the •Sierra de El Abra. Seve��l blind fish 

caves are now known from this range. The most recently discovered 

blind fish caves are located to the west of the Sierra de El Abra in 
the vicinity of the town of Micos, S.L.P • 

The Sierra de El Ab�a lies approximately 150 km from the coast of 

the Gulf of Mexico and extends for some 125 km in a generally north
-south direction. Its greatest elevation, not known precisely, but 
between 450 m and 650 m, occurs just south of the Taroaulipas - San 

Luis Potosi border. Northward from this high point, the range gra-
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dually subsides ,mtil, almost sinking to the level of the coastal 
plain to the eas·I;, it again slopes gently upward to shortly merge 
with the rising Sierra de Guatemala. Southward from its high point, 
the range again gradually subsides finally to disappear into the 

Rio Tarnpa6n at an elevation of about 40 m. South of this river, El 
• 

Abra Limestone makes two rather unimpressive reappearances, first as 
•the Tantobal Dome, and, farther south, as the Salsipuedes Dome, a
hilly area of low relief containing a spring which is a partial

water source of the Rio Coy.
The eastern face of the El Abra is well defined as a very steep 

escarpment rising above the coastal plain. The crest is almost flat 
and is very narrow ranging from about three km at the Canon Servil

leta in the north to over five km just south of the Tamaulipas - S. 
L.P. border. The crest abounds with large sinks, some of which are

scores of meters across, and pits whose black entrances speak of

their great depth. The crest has largely defied attempts to locate

its caves from the ground; dense vegetation restricts - almost pre-

vents - exploration.

The western face slopes away into a valley, the-Valle de Anti-

gua Morelos, bordered along most of its western side by the Sierra 

de Nicolas Perez, but for a short distance in its southern portion 

by the Sierra de Colmena. Through this valley r,ms about 95 km of 

Highway 85 • 

The Sierra de El Abra lies on the boundary of two strikingly 
different physiographi� provinces, the Gulf Coastal Plain to the 
east and the Sierra Madre Oriental to the west. The coastal plain 
is an almost flat plain wl1ich slopes impercepti-bly eastward to the 
sea. The Sierra de El Abra and the two ranges to the west, the 
Sierra de Nicolas Perez and the Sierra a.e Colmena f'orm a relatively 
low interruption in the otherwise massive Sierra Madre Oriental 
which in the Sierra de Guatemala to the north reaches elevations in
excess of 2,200 m and which to the south in ·the vicinity of Xilitla

. ' 

S.L.P., has peaks of over 3,000 m.
• 

The Sierra de El Abra, as well as 9ther rangee having eyeless 

characin caves, is comprised of a dense, mid-Cretaceous limestone, 

the El Abra Limestone, which originated not as a single massive 

structure but rather as an aggregation of wave-washed shell banks 
'

·or ''reefs'', separated by interreef areas where calcareous mud-s were

deposited (Bonet, 1963). The eastern edges of this reef complex

faced the sea, and along this boundary fine material was removed by
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wave action leaving coarse shell to accumulate, forming a dense, 
essentially unbedded limestone, the Taninul Member of the El Abra 
Limestone. Originally this frontal wave-washed zone was about eight 
km in width. Farther westward, behind the reef front, there was less 
shell material and more lime mud and other fine particles whicl1 
formed a bedded, backreef limestone, the El Abra Member of the El 
Abra Lim<�stone. The El Abra ''reef'' thus. grew for several millions of 
years resulting in the accumulation of hundreds of m of limestone as 
deposition in shallow water kept pace with sunsidance. 

During much of Cretaceous time the El Abra reef formed the 
eastern edge of a large, shallow platform (Rose, 1963, Bonet, pers. 
comm.) extending to the north of Ciudad Victoria, Tamps., west to 
near San Luis Potosi, S.L.P., and south to the vici.nity of Zimapan, 
Hidalgo. The clear, shallow waters of this platform were favorable 
for the growth of carbonate reefs, and numerous reefs similar to 
those of the eastern face of the platform, though generally smaller, 
developed on this platform to ·the west of the face. Late in the 
Cretaceous gradual uplift of the continental interior began, and 
elastic materials were brought into the El Abra area from the west. 
These elastic materials to the west of the El Abra reef face at 
first mixed with large amounts of calcareous sediments, but as up
lift continued, terrigenous sedimer1ts increased in volume and 
encroached eastward onto tl1e growing platfor1n narrowing the zone of 
limestone deposition. Finally. toward the end of Cretaceous time 
elastic deposits buried the entire reef, thus ending limestone de
position. 

The elastic deposits contributed to three formations: the Agua 
Nueva, San Felipe, and Mendez. The Agua Nueva, formed f�rst, is a 
thin-bedded, dark limestone containing relatively little elastic 
material. Above this and lapping further eastward over the reef de
posits is the San Felipe Formation, comprised of flaggy beds of 
agrillaceous limestone characteristically about 20 cm in thickness 
separated by thin zones of yellov, shales and· .:llarls t}1at color the 
outcrop. The entire El Abra reef· was f'inally overlain by the Mendez 
Formation, a generally indistL�ctly bedded, poorly resistant shale. 
To the east of-the reef, tl1is f'orn1ation is a t·ew thousand feet 
thick, but the reef itself was probably not deeply buried. 

During the L_aramide Orogeny, the HU:astecan area was uplifted and 
warped into a series of north-south trending anticlines. These anti
clines characteristically have much steeper dips along their eastern 

, 
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:flanks, and the structure o:f the Sierra de El Abra 
genera]. pattern with dips on the west :flank o:f 10 °

:fl k :f 30° to 40 °. the steeper east an o 

• 

conforms to this 

to 20° and dips on 

Much controversy has surrounded the structure o:f the Sierra de 
El Abra, especially that o:f its steep eastern face. Hime, who did ex
tensive work in the area before 1935, summ�rized the early work (1940, 

p. 339) as fo,llows :- ''In earlier reports the eastern border of the
SierPa de El Abra :from Quintero [�amps.] to beyond the Rio Tampa6n
was mapped as a fault. Such a fault may be present local�y; e.g., at
Qutntero between Mante. and Canton [ El Abra, Tamps.] but wherever there
are good outc.rops no such fault was visible, the Tama bra [El Abra
Limestone] dipping normally under the San Felipe or Mendez beds.'' He
concluded (1940, p. 344) ''From there [ the south end of the Sierra de
Guatemala] the low El Abra range east of the Antiguo Morelos syncline
:forms the mountain front :for 120 K as far as the Rio Tampa6n. It is a
complex low Tamabra [El Abra Limestone] anticline with the steeper
limb facing the plain.'' However, the steepness· of the east face con
tinued to suggest. a fault, and Muir (1936, p. 35) emended Heim's
cross sections to include a fault at the Hotel Taninul located near
the southern pass through the Sierra de El Abra. Bonet (1953, p. 246)

stated that the eastern face " ••. esta constituida por un gran plane
de :falla, o mejor de una serie de fallas ''en echelon'' cuyo plano, que
se aproxima a la vertical, es paralelo al ·plano del anticlinal y muy

' 

, 

proximo a el ••• '', and he even suggested the possibility of a reverse
:fault (1956, p. 91) although a geologic map included with.this

- publication indicated only an anticlinal structure. Other maps in
dicating the latter structure for the Sierra de El Abra are Murray's

_(1961) tectonic map o:f the coastal provinces in eastern Mexico and 
the tectonic map o:f Mexico of de Ceserna (1968). Rose (1963, p.· 61) 

stated ''At the paso de El Abra the massif is an asymmetrical anti-
cline. '' 

Other ideas_have been advanced to explain the steepness o:f the 
eastern slope of the Sierra de El Abra. Heim (1940) realized that 
the El Abra reef represented the boundary between deep water and 
shallow water, and Rose (1963) :felt that ''The precipitous eastern 
front was merely an abrupt steep platform edge.'' This idea was 
f11rther enlarged by Grif:fi�h, J>itcher, and Rice (1969) who stated 
th�t ''As in some other prominent reef fronts, such as the Mississipian 
and Virgillian bioherms in the Sacremento Mountains o:f New Mexico and 
the Permian re,ef front of West Texas, the El Abra reef facies cor-

• 
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responds to the present escarpment.'' That is, erosion has removed the
soft Mendez Formation that filled the area to the east of the reef,
leaving the reef limestone standing above the coastal plain. However,
if this were true then the wave-washed ''reef'' zone in the El Abra
reef would had to have been no more than a few hundred m wide since
the present exposure of Taninul Member along the esca�ment is but a

. 1 

few hundred m wide. It is unli•kely that the ''reef'' zone was so limited 

in width since wells drilled to the east of the Sierra de El Abra have 

encountered Taninul Member limestone (Rose, 1963), and to· the north in 

the Sierra de Guatemala where the entire reef sequence is exposed, the 

Taninul Member is .about 8 km wide.

The idea of faulting is appealing because of·the steepness of the 

slope, ann it is.difficult to refute since exposures are g�nerally 

poor. However, it is unlikely that a fault could follow exactly the 

undulating contact between the Taninul Member and the El Abra Member 

which is aligned with the undulating face of the scarp as we have 

noted at several locations along the length of the range. It is this 

alignment of the east face of the Sierra de El Abra and the western 

edge of the Taninul Member which indicates that the growth of the 

Cretaceous reef and the structure of the present Sierra de El Abra are.
related. It is likely that the growth of the El Abra reef .along the 

edge of the platform was controlled by a deep-seated structure now 

buried beneath the Cretaceous sediments. This structure, possibly a 
• 

relatively high area of basement rock, was able to resist deformation 

and formed the edge of the carbonate platform. Upon this structure 

grew many hundreds of m of massive reef limestone while structurally 

weaker. limestone was deposited to the west and soft shales to the 

east. 

It may be suggested that when 

Lara.mide Orogeny, the massive reef 

strongly resisted deformation, and 

the areq was compressed during the 
' 

and its underlying structure 

the·weaker, bedded, backreef 

limestones were folded against the massive Taninul Member. The Tani

nul Member was deformed only locally where it integrated with the El 

Abra Member, and the western edge of·the Taninul Member was rotated 

upward to form the steeply dipping eastern e .dge of the Sierra de El 

Abra. Bedding planes in the Mendez and San Felipe Formations adjacent 

to the escarpment agree with the generally indistinct bedding planes 

in the Taninul Member of 30° to 40° indicating that the Tan.inul dips 

are dips off of the eastern limb of the anticline and nor large scale 

cross bedding as migh·t be expected to occur in the forereef talus 
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formed originally a few km to the east. Further, the steepness of the 

slope of the escarpment has been enhanced in favorable localities as 

solution has removed material from the base of the escarpment. Con

centration of water on the adjacent, flat coastal plain has caused 

the solutional encroachment of the plain into the scarp. For example, 

at the Nacimiento del Rio Santa Clara this encroachment has progressed 

about 1/2 kin as demonstrated by the extension of the Tar1ir1ul Member 

eastward from the base of the escarpmen·t;. 

The present surface of the range is an almost perfectly stripped 

structural surface. There has been so J_it;tle modification of this sur

face that in places traces of drainage systems which once existed on 

the overlying impervious strata may still be seen from the air. 

The broader anticline forrning the Sierra de Guatemala rises out 

of the northern end of the Valle de Antiguo Morelos. It is physically 

continuous with both the Sierra de El Abra and the Sierra de Nicolas 

Perez. North of Chamal, Tamps., the Sierra de Guatemala rises rapidly, 

and west of Encino, Tamps., it reaches elevations of about 2,200 m.

The range then declines slig11tly toward the north where the narrow 

canyon of the Rio Guayalejo crosses the anticline. The western 

boundary of the range is a relat_ively low valley whicl1 extends north

ward from Ocampo, Tamps., to the Rio Guayalejo. The western slope is 

developed on the bedded El Abra l\4ember, tl1.e eastern f'ront on the 

Taninul Member. The latter member extends several km to the west, 

unlike its extension in the Sierra de El Abra, but its exact extent 

is not yet well lmown because of the gr.eat difficulty in moving about 

in this rugged range. 

The limestone of the Sierra de Guatemala has in the past been 

variously designated as •••ramaulipas'' and ''El Doctor''. Tamaulipas 

Limestone is, however, that thin-bedded limestone which was deposited 

in deep water to the east of the Cretaceous reef fror1t and, in the 

Sierra de Guatemala, is restricted to the eastern edge of the range 

north of tl1e Nacimiento del Rio Frio. The term ''El Doctor Limestone'' 

is so broadly defined that it essentially designates the whole col

lection of mid-Cretaceous reef limestones found in the Sierra Madre 

Oriental. We have chosen to apply the naine ''El Abra L1mestone '' to 

the rocks which comprise the bulk of the Sierra de Guatemala since 

they are identical in origin with those found in the Sierra de El 

Abra; indeed they are part of the same reef aggregation. We should 

also ass that another ''reef'' of El Abra Limestone existed to the· 

southeast of the El Abra region. 'This reef, now entirely buried, is 
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well lmown since its western front forms the world-renowned, oil

-producing ''Faja de Oro''. 

The region containing some of the more recently discovered 

characin caves, the ''Micos Area'', is not yet as well lmown as the 

two previous Sierras, but our recent work in the area permits some 

considerations. Immediately to the west of the Sierra de la Colmena 

in the vicinity of Micos, S.L.L., there is a narrow range extending 

from a wide area of limestone o�tcrop to the south. Structurally, 

.this ridge is a northward continuation of the thrust fault which 

forms the frontal range of the Sierra Madre Oriental jn the vicinity 

of Aquism6n, S.L.P., 40 km to the south. Almost dying out jn the 

Micos are�, the ridge nevertheless continues northward to eventually 

continue with limestones to the west of the Sierra de Guatemala. 

This ridge is lithologically similar to the limestone of the Tauinul 

Member. Although the flaggy San Felipe Formation overlies a thick

-bedded El Abra Member 2 km to the west, it does not overlie this 

ridge. The absence of the San Felipe l1ere is possibly due either to 

deposition of massive reef limestone at this locality while San 

Felipe was being deposited elsewhere, or to thrusting of a sheet of 

limestone of Taninul lithology into the Micos area from ·its original 

position to the west. Whatever may be the explanation, the absence 

of the San Felipe Formation from this ridge is of great consequence 

since this formation usually forms flanking slopes and hills which 

protect the El Abra Limestone from solutional attack. 

In the intermountain valleys in the region of the Sierra de El 

Abra there still persist large outcrops of Mendez marls and shales 

now removed from the molmtains themselves. Also persisting in some 

areas, especially along the western side of the Sierra de El Abra, 
is the relatively insoluable San Felipe Formation. The impervious 

Mendez and San Felipe are of great importance jn the area since they 

have permitted the development of surface streams. El.Abra Lime

stone, by contrast, is so permeable that it is essentially devoid of 

any surface drainage. 
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DENDRITIC DRY VA�LEYS IN T�E CONE KARST 
OF PUERTO RICO 

W. H. Monroe 

U. S. Geological Survey 
San Juan, Puerto Rico, USA 

INTRODUCCION 

The karst topography developed on the limestone formations of Oligo
cene and Miocene age in northern Puerto Rico contains many dry valleys. 
Some of these seem to be related to jointing, but many have a pattern 
that resembles the dendritic drainage of consequent streams. The most 
perfectly developed dendritic patterns are in canyon-like dry valleys 
in the Lares Limestone of Oligocene age, west of the town of Ciales. 

In the southern part of the Ciales area rocks of Cretaceous to· 

early Tertiary age crop out, consisting mainly of volcanic and 
intrusive rocks. Most of these rocks are weathered into a thick soil 
mantle. They are overlain unconformably by the Oligocene San Sebastian 
Formation of clay, sand, and gravel. The San Sebastian is overlain by 
the Lares Limestone, v1l1ich in tur11 is overlain by a ·thick sequence of 
limestone of Oligoce11e and l\4ioce11e age. 

The Lares Limestone in the Ciales area consists of 250 meters of 
thin-bedded to flaky limest9�e and finely crystalline pink to yellowish
-gray limestone. In the area of dry karst valleys farther west, south 
of Florida, the Lares is overlain on the hill crests by ve� friable 
pure calcarenite of the Oibao Formation, which has been indurated 
into an erosion-resistant limestone and forms prominent cliffs at the 
top of the canyon walls (Nelson and Monroe, 1966) • 

. . 

The Lares Limestone at most places has been dissolved and eroded 
to form a cone karst or cockpit karst (Kegelkarst) consisting of steep
-sided hills surrounded by irregularly shaped closed depressions. In 
the area here described the depressions form contirtuous series of dry 
valleys rather than isolated depressions. 

The area of dry valleys west of Ciales was designated by Lehmann 
(1954, p. 134, fig. 7) as typical of the type of kegelkarst he called 
ff g e r i c h t e t e K a r s t'', or directed Karst. He called 
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attention to depressions between conical peaks arranged in long pa
rallel lines tre�ding south, especially in the Lares Limestone. He 
lists as reasons for the directed karst, the influence of the joint 
systems and outcrops of alternating resistant and less resistant 

'

strata. 

DESCRIPTION OF THE DRY VALLEYS 

Figure 1 shows the pattern of the dry yalleys in the Ciales area. Two 
systems of dry valleys show on the map. The eastern system consists 
of valleys lined with swallow holes that trend north from the top of 
the valley wall of the Rio Cialitos to a dry abandoned meander of the 
Rio Grande de Ma.nati. The abandoned meanders of the river are also 
dry valleys, which are lined with swallow holes like those in the 
dendritic dry valleys. The longest of the dry valleys in this system 

,. 

starts at an altitude of about 310 meters and trends generally north 
northeast to an abandoned meander which has an altitude o·f abo1;1.t 85 
meters above sea level, about 60 meters above the present valley 
floor of the Rio Grande de Manati. The dry valleys in this system are 
rock canyons averaging about 50 meters wide with walls about 70 meters 
high. As there is at present no through drainage in any of these 
valleys, all drainage is underground, except immediately up slope from 
swallow holes duri11g heavy rainstorms. 

The western part of the figure contajns a long dry valley, which 
has several tributary valleys, and a nrunber of shorter dry valleys. 
The longest valley trends generally west beyond the longitude of 
Florida and then bends abruptly north. The bottom-of the long valley 
drops from an altitude of 290 meters at its southeastern end to an 
altitude of about 220 meters at the west, a drop of about 70 meters in 
11.4 kilometers. The valley is a steep-sided canyo11 whose limestone 
walls range in height from 35 to 115 meters, averaging 75 meters. The 
width of the canyon at the bottom is mostly less than 100 meters, but 
at one place it widens to a maximum of about 200 meters. The bottom of 
the canyon is very irregular, as it is interrupted every 200-500 
meters by swallow holes, commonly consisting of rather large basins 
having small vertical or steep-sided holes in the soil that has ac
cumulated by washing down slope from the divides•between the swallow 
holes. This mass of soil and alluvium is relatively thin, but its 
thickness is not known. The composition at most places consists en-
·tirely of clay, but in some of the depressions a few grains of quartz
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were obs.erved. Between the swallow holes the soil cover is relatively 

thjn and at many places bare rock is at the surface. 

Hildebrand (1960) collected about 10 samples of the clay at the 

bottom of this series of dry valleys. He studied the samples by X-ray 

powder diffraction methods. He found quartz, anatase, and kaolinite 

in nearly all samples; other minerals found in some samples include 

boebmite, goethite, hematite, halloysite, oligoclase, sanidine, un

identified feldspar minerals, and organic matter. He believed that 

the deposits were derived from volcanic rock grains carried into the 

area from the mountains to the south • 
• 

PROBABLE ORIGIN OF THE VALLEYS 

The origin of the valleys is undoubtedly related to the history of 

the Rio Grande de Manati, which acts today, and most likely in the 

past, as the karst base level of the area. After deposition of the 

entire sequence of marine limestone of Oligocene and Miocene age, the 

river carved a part of its present valley following a meandering 

course northward. 

The dendritic pattern of the karst valleys suggests that the 

limestone was covered by noncalcareous sediments. The postulated 

cover must have been deposited at a time when the bed of the Rio 

Grande de Manati, 2 kilometers north of Ciales, was at an altitude 

of about 100 meters above sea level, or about 70 meters above the 

present level during the Pliocene or the very early Pleistocene. The 

cover of elastic material itself was probably ap. alluvial fan deposit 

washed off the upland of Cretaceous volcanic rocks wouthwest of 

Ciales. This upland now has a.ridge crest altitude·9f 500-600 meters 

above sea level, but it has been deeply dissected by streams that 

appear to be extremely young in geomorphic terms. An alluvial fan was 
-

deposited on the limestone surface at an altitude of. slightly less 

than 400 meters before the Rio Cialitos had excavated its deep valley 

from the upland to the Rio Grande de Manati. The postulated alluvial 

cover was probably·less than 20 meters thick& a dend.Pitic drainage 

system developed rapidly having the pattern shown in figure 1. 

Erosion soon exposed the hard limestone and the drainage system that 

flowed to the Rio Grande de Manati began to entrench itself into the 

limestone. The form of the valleys was determined by the overlying 
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drainage network, and the combination of steep-gradient streams 

heavily loaded with sediment caused fairly rapid erosion and en

trenchment. As the water came in contact with the limestone 

karstification began with some loss of water to the underground. As 

the underground drainage network developed more of the surface 

drainage went underground and swallow holes got deeper approaching 

the condition of today. 

Presumably the Rio Cialitos began as drainage to the Rio Grande 

de Manati on the more easily· eroded beds in the lower part of the 

Lares Limestone, the Sa.n Sebastian Formation, and the underlying 

weathered roe-ks of the volcanic-intrusive complex. These rocks 

weather chemically faster than exposed hard limestone, for the lime

stone soon acquires a very hard surface crust (Monroe, 1966), which 

is resistant to solution and erosion and which sheds water rapidly 

during hard tropical rainstorms. The volcanic and intrusive rocks of 

Cretaceous to Eocene age do not form such a surface crust and erosion 

proceeds as rapidly as weatb.ering ca..n take place. The rapid differen

tial erosion by the Rio Cialitos soon produced a steep-sided valley 

at the side of which the ind�rated Lares Limestone formed a cliff 

face. Erosion of the ancestral Rio Cialitos cut off all source of 

alluviwn and a large part of the water supply for the dendritic 

valleys, and they received only the local rainfall. The underground 

drainage network could handle this quantity of water very easily, so 

that surface flow, except for a. few hundred meters up stream from the 

swallow holes ceased. 

In the area to the west a cont·inuation of the alluvial fan 

covered the limestone, probably as far north as Florida. As no large 

river, such as the Rio Grande de Manati was present, drainge probably 

was generally toward the north. After a very little erosion a barrier 

to northward drainage was reached, when the erosion-resistant lime

stone member of the Cibao Formation was reached .. Drainage was then 

diverted to the west un·bil the cuesta of limestone was. breached. 

North of the dry valleys, near Florida, is the southernmost belt 

in Puerto Rico of the ''blanket sands''. Briggs ( 1966) believed that 

the parent material of the blanket sands was carried to the area by 

rivers, that the parent material consisted of debris derived from 

volcanic rocks, and that it was weathered by laterization processes 

into 'the present mass of sandy clay. It is likely that the anomalous 

blanket sands of the Florida area are.the highly weathered residue of 

the alluvium of the ancient alluvial fan, eroded from the surface by 
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streams and deposited in the lowland near Florida, which is a short 

distance south of another prominent cuesta scarp. 

Cone karst is present in some areas in Puerto Rico not near such 

a trunk stream as the Rio Grande de Manati. In these areas the de

pressions seem to be alined for short distances, but no dendritic 

pa.tt�rn was detected on aerial photographs or topigraphic maps. The 

alinement in these areas is probably controlled by joint systems as 

suggested by Lehmann (1954). 

' 

.. CONCLUSIONS 

The alinement of karst depressions in dry valleys which form a 

dendritic pattern $Uggests that the valleys are superposed from 

drainage on a former cover of elastic material. Such a cover could 

have existed as alluvial fans deposited on the limestone during the 

later Tertiary before incision of the minor tributaries of trunk 
• 

rivers. 

Discovery of the dendritic dry valleys in Puerto Rico suggests 

that the cone karst areas of Jamaica, Java, and other tropical areas 

be reexamined to see whether such patterns are common to most areas 

of cone karst. 

. RESUME 
• 

Les depressions ka.rstiques- dans le kegelkarst de la circonscription vers 1'ou�st de 

Ciales situees dans la Fomation Calcaire de Lares sont alignees en vallees seches 

qui forment_un dessin dendritique. Ces vallees enregistrent manifestement 1'existence 

anterieure d'un manteau sedimentaire non calcaire qui fut depose sur le calcaire 

pendant le tertiaire superieur. Ces vallees furent erodees pendant le pliocene dernier 

ou au commencement du quaternaire, quand le nivea� de la mer etait pour le moins 80 
' , ' 

, metres plus_haut qu a present. 
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International Speleology 1973, II, sub-section Ba: 

Geomorphology of the karst surface 

Ba 031 

LOS CAYOS DE SAN FELIPE:. UN VALLE CARSICO 

INTRAMONTANO ANULAR 

A. N. Jimenez 

Departamento de Espeleologia, lnstituto de Geografia, Academia de Ciencias 
Habana, Cuba· 

INTRODUCTION __ 

' 

Entre los mas pjntorescos y bellos y, al mismo tiempo, mas interesan-

tes accidentes geogra.ficos de la sierra de los Organos, en el Occiden-

te de Cuba, se encuentra el curioso valle llamado ·L o s  Cay o s 

d e S a n F e 1 i p e, depresi6n de forma casi anular abierta 

entre el extenso lomerio de arcillas pizarrosas y areniscas en cuyo 

centro se elevan abruptarnente los mogotes calizos. Precisarnente el 

nombre de L o s Cay o. s alude al aislamiento de tales empina-

dos mogotes soli tarios, que como gemas_. orograficas se engastan entre 

el quebrado lomerio de for1oa mas suave, cubierto por pinares. 

Como sabemos los mogotes, de morfologia c6nica, se presentan como 

una suces�6n de lomos de descomunales paquidermos por espacio de 90 km, 

desde Guane, en el extreme occidental cubano, hasta el valle del rio 

Caiguanabo o San Diego, fomando lo que pudieramos llarnar una de las 

capitales del carso tropical,_con sus mogotes �n fo:rrna de airosas 

cupulas que encierran preciosos valles intrarnontanos, casi siempre 

rodeados de un lado por tales mogotes, y por otro, por la� lornas pi-

zarrosas, formandose asi los v a 1 1 e s  c a r s  i c o s  i n  -
t r a m o n t a n o s . ( sensu Nt1nez Jimenez), donde el drenaje s_e 

efectua subterraneamente a traves de las extensas y numerosas cavern.as 
que van trasladando asi, afio tras afio, los derrumbes y arrastres que -
arrancan las agu.as en el seno del val-le, aurpliandolo, mientras que los 

mogotes se reducen por el proceso quimico de la disoluci6n carsica. 
En medio de la majestad de esos valles, como en el de Vjfiales, se 

elevan, ais�ados, los mogotes solitarios. 
Pues bien, alejados del espjnazo de la sierra de los Organos, ro-

deada enteramente por las lomas redondeadas constituidas por arcillas 
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Cayos de San Felipe. Foto A.N .J.

pizarrosas, 

vegetaci6n 

se - yerguen grupos de mogotes, cubiertos por SU tipica

tropical • 

For SU aislamiento del eje de la sierra de los Organos, tales 
, 

mogotes y los valles que se extienden a SUS 'pies, recibieron por 

parte de 
' 

Es de 
l i p
1666, 
hacer 

los pr�e,:-os colonos espaiioles el nom.bre .de C a y 0 s 

destacarse que el nombre de L 0 s • C a y O S d e s 

e aparece ya 
antes, el 3 

poblacion 

en las mercedes 
de Julio de 
(Bernardo y 

de tierras otorgadas el dia 
habia otorgado 

a n F e' 
27 de Agosto 

aunque 
alli una 

1613 ya 
Estrada, 

se 
Rodrigo, 1857). 

licencia para 

-

de 
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• 

y constituyen, por su alejamiento de las rutas usuales hasta hoy, uno 
de los paisajes menos conocidos de nuestro pais. 

Los c a y o s han sido utilizados por los agricul tores para · 
sembrar tabaco de alta calidad. 

La prjmera vez qu�. vimos L o s  C ay o  s d ·e S a n  
F e  1 i p e · fue en 1959, cuando volabamos en helic6ptero desde el 

• 

valle de Vifiales a la Sierra de Quemados. Pudimos contemplar asi, 
• 

entre el extensisimo e intrincado 1·omerio cubierto de pinares, un
• t 

valle o.depresi6n, que encerraba un grupo de bellisimos mogotes, to-
mando en aquelJ.a oportunidad, la fotografia que reproducimos como la 

' 

figura 1 de esta monografia. 
'\ 

Excursiones post_eriores pfr tierra, realizadas gradias a los 
caminos const.ruidos por la Revoluci6n, fue que pu.dimos llegar en 1967 
a L o s  C ay o  s d e  S a n  F e  1 i p e; posterior-· 
mente hicimos varias excursiones en compafiia de Leovigildo Gonzales, 
Fernando Jimenez, Jesus Francisco de Albear y Maria Luisa de la Nuez 
de la Academia de Ciencias de Cuba y el eminente geelogo polaco Kazi-

' 

roierz Guzik. 

El valle de L o s  C 
esta situaco a 8,5 km al 
la sierra del Infierno y 
se abre la G r a n  

: SITUACION 

a y o s d e S a n F e 1 i p e

SW del pueblo de Vinales; a 7 km al Sur de 
a 7 km al E de la sierra de Quemado, donde 

C a v e r n a d e S a n t o T o m a s • 

•• 

DESCRIPCION 

\ 

El valle, de forma mas o menos anular, tiene aproximadamente 1,5 km de
largo Y como hemos dicho, esta rodeado como un anillo por lomas a�cil
iosas Y areniscas y en su centre se eleva una serie de mogotes, el
mayor de los cuales, el C e n t  r a 1, tiene una base de 1 km, 
mientras que su altura maxima sobre la superficie del valle �s de 90 m,
siendo· su altitud· de 230 m sobre el nivel del - mar. Otros mogotes mas

-
• ,I 

pequenos-y aislados se alzan en el extreme SE del valle, algunos se-
miencajados en la f-ormaci6n arcillosa. 
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Fig. 3. Ladera del Mogote Central de los Cayos de San Felipe. Foto A.N.J.

• 

La·ma.xima altitud de las lomas arcillosas que rodean el valle 
, ,  

llega a 302 m y tiene lugar en la ladera occidental. 

Las elevaciones marginal es arcillosas del
., 

extremo 
-

NW del valle 

se - abren para dejar paso/a las aguas del arroyo Rogero, que f'luye

de w a E por todo el valle, a lo largo de la base del M 0 g 0 t e

C e n t r a 1 por SU falda N, saliendo por el extremo del oriente, 

a traves de un abra estrecha de duras aren1.scas cuyos estratos buzan 

27° al w.

El Rogero recibe infimos afluentes en el propio valle. Asi, por 

el N le cae el d e 1 a s B 0 C a s, y por el s el d e
. .. -�
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V a r g a s, al cual le con:fluye a su vez el -. C h o r  r e  r 6 n; 

ambos perma.necen secos 
El Rogero despues 

P a s o V i e j o 

excepto en la epoca de lluvia. 
de salir del valle lleva sus aguas al 

mas adelante llamado Ajiconal, que al 

rio 

final 

fluye a la costa S. 
Uno de los rasgos distintivos entre los valles de Vinales y Los 

Cayos de San Felipe, es que el drenaje del primero es en parte sub-
terraneo, mientras que en el segundo el drenaje es enteramente super-

ficial, aunque existen evidencias que el valle carsico intramontano 

de L o s  C ay o  s d e  Sa n F e  1 i p e en tiempos 

remotes tambien tuvo su drenaje a traves de cuevas abiertas en los 

mogotes, es decir que este ultimo valle representa una etapa mas an-

tigua que el de Vinales. 
Actualmente en el valle se han constituido las cooperativas 

agricolas N i c e  t o  P e r e z  y Ru b e n  L 6 p e z, 

organizadas por la Asociaci6n Nacional de Agricultores Pequenos • 

.

. LOS MOGOTES 

Claramente se ve que esos mogotes aislados que se levantan en el 

valle, formaban una masa continua y que comenzaron a quedar aislados 

unos de los otros gracias a las fallas que los quebraron, linea que 

marc6 el camjno para el ataque de la erosion fisica y quimica, que 

fue separando los bloques hasta aislarlos completamente. 
En el paisaje de L o s  · C ay o  s d e  Sa n F e  -

1 i p e se puede ver el proceso evoluti�o del fenomeno anterior. 

Asi el M o  g o t  e C e n t  r a 1, al mas grande como hemos 

dicho, presenta su planta en forma lobulada: cada lobule se ve par

cialmente separado por 11na falla, mostrando la tendencia a quedar 

aislados de la masa o nucleo. 

Entre los lobules que marginan. los abruptos farallones del gran 
mogo�e, quedan abiertas 1 a s  e n s  e n  a d  a s, asi llamadas 

los Organos. A veces con precision por los campe8jnos de la 

estas e n s  e n  a d  a s  pueden ser 

semi-destruidas por uno de sus lados. 

sierra de 

antiguas poljas o dolinas, 

La mas notable ensenada del M o  g o t  e C e n t  r a 1 es 

la del C o n g o, de unos 200 m de fondo, por unos 100 de ancho. 

Esta situada en la ladera ·oriental del mogote; otra ensenada es la 
Pe r i c o  V a r g a s, abierta en la ladera-occidental. 

. 282. 

•



. ;El tan citado mogote presenta en su interior h oy o s a 10d
cuales es dable llegar a traves de cuevas que fueron antiguas cor
rientes fluviales. Algunos de esos h oy o s como el de Emilio, 
casi destruido por su ladera oriental, sirve a los campesinos para 
sus siembras de platano y cafe (Coordenada 153�043) de la hoja 3483 
IV(*). 

A unos 100 m al SE del Mo g o t  e Ce -rl t r  a 1 y comple-
tamente separado del mismo, se alza el Mo g o t  e d e A n  -
t o n i c  a, tambien llamado L a Cu r a n d  e r  a, que se 
reclina engastado en las suaves pendientes de las lomas arcillosas, 
mientras que su frente occidental sobresale sin contacto con las 
arcillas �izarrosas, es decir es un mogote en parte unido a las cita-
das alturas arcillosas, al igual que otros como los de Ca r 1 o s 
�R o d r i g u e z., si tuado en la ladera sudoriental, mientras que
los del centre del valle se elevan como torres aisladas, caso del ·
Mo g o t  e d e  Ma r m o  1, llamado asi por nosotros por
haber constituido una cantera de donde sacaban bloques de fino malmol

.
. 

negro.
El proceso de la disoluci6n de los mogotes·se ve en toda· su se-

cuencia en L o s C a y· o s d e S a n F e 1 i p e: SU-• 

ultima, expresi6n son los bloques o lentes de calizas a veces de solo 
1 m de alto que se alzan en el fondo del valle·como d i e  n t e 
d e p e r  r o (lapies). 

. . 

'• 

LA CUEVA DEL HOYO. 

, Ce n t  r a 1 exploramos la llamada En el M o g o t e 
C u e v a d e 1 
(aproximadamente en 
elevada a unos 35 m 

H· o y o  situada ·en su extreme septentrional 
las coordenadas 153-047 de la hoja 3483 IV), 

'

sabre el suelo del valley que pr�senta un sis-
tema de cuatro galerias subterraneas superpuestas, que como pudjrnos_, 
comprobar fueron cauces sucesivos de un rio ya desaparecido que en 
epocas muy remotas atraves6 el mogote. 

_,, 

La Cu e v a  d e  1 H oy o· corresponde al tercer nivel 
. 

y es la untca explorable, pues la otra, la superior y las dos in:fe-
riores, estan 
conglomerados 
por arcilla y 

casi completamente obstruidas por duros y muy antiguos 
formados principalmente por can-f,os rodados ·. cementados 
areniscas. 

(*) Carta de Cuba, Instituto de Geodesia y Cartografia, Escala 1: 50.000.

• 
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La Cu e v a  
• • 

\ 

d e  l H o y  o tiene su boca de 6 m de 

con 45 de largo. ancho por 4 de alto, 
Tan pronto se pasa del primer y amplio salon, le sigue una 

estrechez por la que se avan�a a rastras, siguiendo entonces la ga-
leria con 11na al tura de l a 2 m. 

En el techo se observan formaciones secundarias como estalacti-
tas y otras que las semejan, pero que son estructurales, e$ decir 
d e ck e n  k a r r  e n  o l a p  i e s  del techo, modeladas por 
disolucion sabre la roca caliza. 

Adosadas al piso ya las pa:redes observamos grandes conglomera-
doa fosiles, endurecidos, de origen tipicarnente fluvial. 

Esta cueva nos condujo hasta un h o y  o o dolina, de 33 m 
de ancho (de E a  W) por 45 m de largo (de N a  ·S).

En la pared del hoyo se ve la continuaci6n de la cueva, tapiada 
.por arrastres, probandonos que el primitive rio que gener6 la cueva 
pasaba antes por la rnasa caliza que luego, ·al desaparecer! desco
nect6 el �istema subterraneo, dando origen al h o y o, formado 

· por el derri.imbe de las propias b6vedas cavernarias y por el proceso
de profundiz�cion de la disoluci6n, que hoy forma en su rocoso piso,

.. 

grandes d i e  n t e d e  p e r  r o, sabre los que yacen tam-
bien los bloques rocosos.desplomados� Tambien en el ca6tico piso del 
h o y  o observarnos sumideros verticales. 

El hecho de que en el piso del h o y  o se vea la roca 
. 

. .

es�ructural caliza no cubierta por arrastr�s, 
. 

no fungi6 como cauce de los rios subterraneos 
se otro indice 
ya que dicho 

de 
h 

que 
0 y 0 

es posterior al de las cuevas superiores. 
En la boca de la cueva mas alta,. por el lado de 

dental del h o y o t a 11nos pocos metros sobre ·la 
. 

la pared occi
salida de la 

cueva que nos condujo hasta aq11i, observamos dos proyecciones como 
plataforioas, a manera de pisos superpuestos. con�ti t11idas por arras
tres consolidados, indicadores de que en un memento dado la evoluci6n 

. 
. 

. 

de la cueva, despu�s de haber �stado coimada casi completarnente por 
los conglomerados, hubo reactivaci6n de la fluencia, la que erosion6 
parte de la masa conglomeratica, dejando esas platafor1nas como 
entrepisos. A tales for1naciones espeleologicas les hemes dado el 
nombre de p 1 a t  a f o r m  a s  d e  a r r a s  t.r e s. 

El mogote, alrededor del _h.o yo presenta un complejo siste
ma de diaclasas y fallas casi radiales que desembocan y salen de esta 
�olina, algunas de las cuales dieron en parte origen a los cauces 
�luviales subterraneos. 

' 
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En la ladera NE del 
C u e v a d e 1 

' 

LA CUEVA DEL CAYO . 

mogo·te de 
C a y o 

An t o ni c a  se abre la llaroR.da 
(coordenadas 162-041) elevada a unos 

10 m de altura sobre el valle, con un amplio salon de entrada, seguida 
de una galeria de 30 m de largo, cerrado por conglomerados de origen 
fluvial. 

Todo el piso de la cueva esta cubierto por una capa conglomera
tica, que se interrumpe solo en el primer salon, donde se puede ob
servar el interesantisimo accidente espeleol6gico de la p 1 a t  a -
f o r m  a d e  a r r a s  t r  e s. Las estalactitas sostienen 
en sus p�1tas grandes trozos de esa plancha o plataforma conglomera
tica, que se encuentra separada de la que cubre la galeria descrita 
en el parrafo anterior, pero a igual nivel, indicandonos que por este 
nivel fluy6 un antiguo rio; la capa de arrastres form.ada por esa cor
riente, al desaparecer s·u fluencia, se endureci6; el goteo de agua 
filtrado desde la boveda superior form6 estalactitas en el techo, a 
partir de las cuales se originaron estalagmitas sobre la mencionada 
capa endurecida de arrastres; posteriormente tma corriente vadosa o 
estacional renov6 la fluencia subterranea, filtrandose por debajo de 
la capa conglomeratica, destruyendola en·parte, pero dejando los 
restos, que come pisos cuelgan hoy de las puntas - de las estalacti
tas. 

Curiosamente las estalagmitas han quedado come suspendidas o 
colgadas sobre los restos de la capa parcialmente desaparecida y de
bajo de esta se extiende el espacio hueco qu� media ahora entre la 
capa conglomeratica y el piso estructural de la cueva. 

OTRAS CUEVAS 

Como ya dojimos, durante nuestros recorridos por el M o  g o t  e 
Ce n t  r a 1 pudimos conocer de la existencia de las siguientes 
diez cuevas situadas en su ladera occidental:. 

1. Cu e v a  d e  1 o s Pi s o s, cercana al 
H o y o d e E m i 1 i o • ( coordenadas 153-043) 

2. Cu e v a  d e  1 Ho n do n, situada a varios 
metros sobre el suelo del valle (coordenadas 153-045) 

3. Cu e v a  d e  1 o s Hu e s o  s (coordenadas 
152-046).

• 
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4. cu e v a d e  P e r  a z a, situada en el extrema NW 

del mogote, (coordenadas 154-046) /de la cual todavia los 

campesinos mantienen el recuerdo que un espanol de este 

nombre, situado en la �oca de la cueva, tirote6 a las tropas 

del General Antonio Maceo en la Guerra de Independencia.(*) 

5. Cerca de la cueva anterior se encuentra la C u e v a  

d e  1 H o y  o, la cual ya hemos descrito. 

6-7. En la ladera septentrional se suceden las cuevas numeros 6

y 7. 

8. Le sigue la C u e v a  d e  1 Ri o (coordenadas 

156-045) cuya amplia boca, situada sabre la margen S del

arroyo Rogero, muestra la morfologia de su primitive origen

fluvial. 
9-10. Siguiendo la ladera N del mogote se suceden otras dos cuevas.

11. En la ladera N de la e n s  e n  a d  a del Congo hay otra 
cueva. (Coordenadas 158-045.) 

12. Casi en el extreme S del Mogote hay otra espelunca (coorde-
nada 041-158).

13. Tambien se. observ6 otra cueva en la ladera N del mogote de
C a r  1 o s R o d r i g u e z, en el extreme meridional 
del valle. La cueva puede ser situada en las coordenadas 
157-032.

• 

GEOLOGIA Y ORIGEN DEL VALLE 

Los mogotes elevados en el centro del valle estan constituidos por 
calizas de las formaciones J a g  u a· y Vi n a 1 e s  del Ju
rasico Superior (Oxfordiano Superior), y Kmm.eredgiano - Titoniano in-

•, ferior, respectivamente, mientras que las pizarras y arcillas se iden-

(11.) 

286 

"El dia tres, ( de Octubre de 1896), al amanecer, Macao se dirj.gio a los pinares de
S a n  F e  1 i p e y Sumidero. Nuestra. vanguardia tuvo pendencia con los . 
guerrilleros de Isabel Maria y con los del Mogote y C a y o s d e S a n
F e  1 i p e. Desde las once hasta las cuatro, se.dio un descanso en Pinar de los
Ca.yes; Y tras una marcha corta, sin nueva hostilidad, se pernocto en el asiento de
San Felipe. A las siete de la maiiana, despues de habers.e cumplimentado la orden
del dia anterior, relativa � la destruccion del veguerio de San Felipe, abandonado
_por sus duefios, se emprendio la marcha para cruzar otra linea fortificada, la de
Santa Fe Y Murguia, camino de Pinar del Rio a Vina.las" ( Miro Arger1ter J. -
1970). 

' 
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tifican con la Formaci6n Sa n Ca y e t a n o, del Jurasico 
Inferior o Medio. 

La estructura de la serie de los mogotes muestra una estratigra

fia monoclinal y en la ladera Sur occidental del M o  g o t  e 
C e n t r a 1 se aprecia un pliegue tumbado. 

En la boca de la Cu e v a d e  1 Rio el buzamiento 
es de 11° al SWS; en el M o  g o t � d e M a r m o  1 es de 

25° al W; los estratos del mogote de Ca r 1 o s R o d  r i -
g u e z buzan 5° al S; en el abra de entrada del rio Rogero al 

, valle, -los esquistos Sa n Ca y e t a n o presentan estrati-
grafia buzando 25° al NNW; en el abra de salida, abierta entra las 

areniscas duras, el buzamiento es de 27° al W; en el ·abra del rio de 
las Bocas las areniscas duras y oscuras buzan 55° al NNW; dicha 
formaci6n yace debajo de las blandas arcillas Sa n Ca y e  -
t a n  o. 

La estructura de pliegue tumbado y las otras descritas pudieran 
indicar un sistema de corrimiento o sobreempuje. 

En las fotografias aereas se observa un sistema de fallas orien
tado de NE a SW; una notable falla corta el flanco septentrional del 
valle.y por ella fluye un arroyo semi-rectilineo, afluente del Roge
ro; mientras que - otra falla orientada casi de N a  s, se cruza con 
la anterior formando el lado orientalL ·_de L o. s C a y o s d e 
Sa n F e l i p e y por la cual fluye el arroyo de las Dos Bocas; 
�n la linea de esa f'alla se sucede una alineaci6n de mogotes ·(A n -

t o n i c a, E u g e n i o R o d r i g u e z, C a r 1 o s

R o d r i g u e z  y otros). 
Los factores geologicos anteriores pudieran indicar que el valle 

tiene un origen inicial tect6nico (*) donde un crucero de falla pro
dujo una linea de menos resistencia, aprovechada por las aguas flu
viales para efectuar, entre las duras caliias y las blandas pizarras, 
una erosion dj_ferencial que produjo la forma negativa del accidente 
geografico que estudiamos; las calizas, al ser como exhumadas de den-
tro de la formaci6n Sa n Ca y e t a n o, comenzaron a ser 

carsificadas, adquiriendo asi su forma mog6tica. 

{*) Hatten, 1957 y Rigassi-Studer, 1963, clasificaron a L o s Cay o s d e 
S a n F e 1 i p e como una Ven-tan.a geologica. 
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SUMMARY 

One of the most interesting and unknown features in the los Organos mountain range, 

western Cuba: the San Felipe Cays, is studied. This is a karstic intermountain valley, 

rather anular or ring-like in shape, formed by an - open plain among argilJ.aceous and 
• 

sandstone hills rising up, to 302 m around the valley. These hills belong to the sub-

region known as .Alturas Pizarrosas del Sur (San Ceyetano Fonnation). At the center of 

the valley some black limestone mogotes rise (Jagua Formation). 

The term ceyo (cey) used for centuries by peasants to name this feature, seems 

to indicate the isolation of these solitary mogotes as well as of - this valley sur

rounded by slate hills. 

The valley, some 2.5 kilometres in diametre, is crossed by several brooks which 

meet on its surface, 70 metres above sea level, and run out in a single stream by a 

pass opened through the hard sandstone hilles. 

The mogotes,_ which are up to 230 metres high, rise at about 140 metres above the 

level of the vallend and show caves high above the ground of - obvious fluvial origin, 

at present fossil, (Type Cuyaguateje), indicating that the floor of the valley was 

originally at the height of those caves. 

The mogotes also show the typical hoyos or dolines, resulting f'rom collapse of 

former caves ceilings. 

In general, the Cayos de San Felipe reproduces on a small seale the whole com

plecity of the conic karst (carso conico) of the great Los Organos mountain range: 

a) mogotes surrounded by argillaceous hills;

b) among the mogotes and those argillaceous hills, the famouse valleys appear

among which and most famous of them all is the worldwide known Vi11ales;

c) fluvial caves (now fossiles) opened at several levels in these mogotes.
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HOYA.DA DE LA CATALINA 

A. N . ·J i m en e z

Departament9 de Espeleologia, lnetituto de Geografia, Academia de Cienciaa 
Habana, Cuba 

SITUACION 

La H oy a d  a d e  1 a C · a t a l i  n a esta enclavada en 

·1a Cordillera de Guaniguanico, entre las sierras de los Organos al

Oeste y la del Rosario, al Este, a tinos 6 km al Sur del extremo occi

dental del Pan de Guajaib6n, que con sus 692·m·de altitud es la

cumbre mas alta del Occidente ae Cuba.

Es_te inter·esante fen6meno carsico esta situado en una intrjncada 

region, -taladrada de n,_unerosas dolinas, furnias y cuevas • 

DESCRIPCION 

• • 

La Hoyada de la Cataljna es una polja abierta entre sierras mog6ticas 
y lomas arcillosas que encierran esta depresi6n en medio de la cual 

, . 
. 

se elevan nuroerosos mogotes conicos que vistos de�de el aire semejan 

l1n campo de cupulas. 
El fondo de L a  H oy� d a esta situado a 175 m de alti-

tud,.mientras que las alturas circundantes alcan�an hasta 446 m de 

altitud .. 
La polja tiene unos 2.5 m de largo de Este a Oeste y una anchura 

de 1 km, siendo de forma muy irregular. 

L a  . H oy a d  a esta marginada en su mayor parte por los 

abruptos farallones calcareos de sus mogotes, donde se ensenorea la 
. ' 

.

profusa vegetaci6n tropical, asi como tambien por las suaves pendien-

tes de las lomas arcillosas, alfombradas de pjnares. 

Tuos mogotes se elevan solitaries sobre la superfic-ie de la polja, 

asi como en grupos y entre los mismos, en el fondo de la hondonada, 

se abren furnias que fungen como lineas verticales de drenaje. 
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El fondo aplanado de L a H oy a d a  esta cubierto por 

arrastres pluviales, procedentes principalmente de las lomas arcillo
sas, y en el se abren las citadas furnias verticales excavadas a 
traves de los estratos calizos que forman el fondo estructural de la 
polja ·y sobre los que descansan los arrastres citados. 

Algunos de dichos sumtderos permiten-su exploraci6n inicial, 
pero a unos 8 m de prof1.1ndidad ya los arrastres los ·cubren; no 
obstante en epoca de lluvias tales furnias dejan pasar las aguas al 
subsuelo, que tal vez deriven hacia la vertiente Norte. 

El drenaj�. superficial ha sido sustituido por el subterranP-o y 
la alta zona carsificada de hecho es la linea divisori� de las aguas: 
al Noroeste del quebrado territorio las aguas corren hacia el rio 
Caimito, que lleva sus aguas a la costa septentrional; al Sudoeste y 
·al Sur los rios de Caiguanabo y otros, fluyen hacia la costa meri
di.onal.

Es de destacarse que el citado rio Caiguanabo, el mas caudeloso 
de la region, nace en las lomas arcillosas que margi�an L a  
H oy a d  a, par� despues atravesar -subterraneamente la sierra de 
los Organos y salir a la llanura meridional ftel Occidente por donde 
llega a la costa Sur. 

En la zona de La H\o y a  d a d e  1 a Ca t a 1 i-
n a el drenaje superficial es solo estacional y en forma de peque
nos arroyos que bajan de las lomas arcillosas y que cuando la cre
ciente es grande, penet:Ilan al subsuelo a traves de s1.1mideros embudi
formes verticales abiertos en el fondo de la polja. 

Los mogotes que se alzan en medio de la polja tienen entre 20 y 
60 m - de altura sobre su base. Sus casi verticales farallones se ven 
extraordinariamente plegados, observandose estructuras turobadas, su
cesi6n de anticlinales·y sinclinales, verticales, horizontales, indi
candonos una estratigrafia de franco sobreem.puje o de cabalgam�ento. 

Es de destacarse tamtien que.dentro de las elevaciones calizas 
que - marginan la polja se abren dolinas casi circulares de mas de 
200 m de diametro, con sumideros verticales en su fondo, como la se-
nalada con el nombre de H oy o d e  l Ca m i n o  en 
nuestro corte geol6gico transversal de L a  H oy a d  a d e  
1 a Ca t a 1 i n  a. 

L a· H o y a d a d e 1 a Ca t a 1 i h a, descrita 
por primera vez por el autor (Nunez Jimenez, 1944) no es la unica 
polja. de la region, pu.es a solo 1.5 km al Norte, se ab-;I'.'e la L a -
g u n  a d e  l Bi l 1 a r cuyo fondo esta a tmos 200 m de 
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Fig. 1. Polja de la Hoyada de la Catalina. Fote A.N.J.

altitud mientras que - SUS margenes se elevan hasta 446 • m; subiendo

por el camino estrecho y escabroso - que va de T 

.J.J a H 0 y a d a

b,acia el Pan de Guajaibon se ven otras poljas 
• 

lugar llamado 

L a s M 1 C u m b r e s donde se pueden observar furnias 

vertical es inexploradas como la localizada en las coordenadas 547-241

de la hoja 3584 

muchas se ven a

El paisaje 

III de la carta de Cuba a escala 1 • 
• 50.000; otras

ambos lados del camino mencionado.
I • 

carsico se continua por.muchos kilometres hacia el 

Este. En las zonas llaroA.das Miracielo se ven poljas todavia no estu-

diadas, al igual que en S11midero , Vargas, Mameyal y a 15 km en di-
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reccion al NNE, ya en plena sierra del Rosario, se llega a la region 
de Quitacalzones donde se sucede un extrano paisaje de h oy o s 

formados entre elevaciones formadas por una sucesi6n de estratos cal

careos y aroillosos, es decir que se apartan de las caracteristicas 
de las estru�turas y for.mas carsologicas de la sierra de los Organos. 

GEOLOGIA I 

L a H o y a d a d e 1 a C a t a 1 i n
' 

ubicada en e.l gran anticlinorium de Guaniguani.co, 

intercaladas en arcillas, pizarras y areniscas. 

a se encuentra 

formado por calizas 

El valle del rio San Diego de los Banos tambien llamado Caigua
nabo, se toma como pi..mto para la diferenciaci6n de los dos grandes 

grupos orogra:ficos de la cordillera citada: al Oeste, se extiende la 
.

�ierra de los Organos y al Este la sierra del Rosario. 

En lo fundamental la sierra de los Organos esta constitu.ida por 

potentes estratos de calizas complejamente plegados y fallados, que 

forman mogotes,. a veces intercalados en las pizarras, mientras que la 

sierra del Rosario, esta constituida por capas delgadas carbonatadas 

y arcillosas. 

La zona estudiada aqui, ubicada entre ambas regiones geogra:ficas. 

y geologicas, presenta caracteres mas cercanos a la sierra de los 
Organos. 

La edad de las calizas que constituyen los mogotes que casi 

rodean L a  H oy a d  a no esta bien determlnada; posiblemente 

se trate del Jurasiqo Superior o Creta.ceo Inferior; estas rocas pre

sentan escasos fosiles, como radiolarios, algunos afines a la especie 
G 1 o b  o c h  a e t  e· a 1 p i n  a. 

Son calizas sumamente plegadas, en estratigrafia de sobreempuje 

(overthrust). 

Los estratos tienen como promedio unos 10 cm de grosor y son de 
roca gris a casi negra. 

Las arcillas que constituyen las lomas parecen tambien del Jura-

sico y pueden identificarse con la F o r m  a c i 6 n S.a n 
C ay e t a n o. 

En el- corte geologico realizado por el autor a traves de L a  

H o  Y a  d a d e  L a  C a t a 1 i n  a, en linea de SW a NE, 

se observan primero, · ·1as lomas de arcillosas pizarrosas, donde se 



I 

recuestan estratos calizos oscuros, que buzando al Norte monoclinantes 
forman los mogotes, entre los que se forma el H o y  o d e  1 

Ca m i n o, un� dolina, en cuyas paredes se observa un hermoso 
pliegue turohado; en el fondo se ven estratos verticales perforados 
por 1.1n� furnia; le sigue un mogote formado por estrato·s verticales y 

monoclinales que buzan al SW; el fondo de la polja contjnua formado 

por estratos monoc]_jnales que buzan 35° al NE; siguiendole llD mogote 

de 20 m de altura .que presenta estratigrafia anticlinal y despues 
sinclinal asimetrica; el fondo de la polja continua con estrat.os 
monoclinales con buzamiento de 50° al NNW que estan perforados por el 
s. u ro i d e r o D o b 1 e; . . mas al NE los mogotes estan mas com--
plejamente plegados, coroo el de Co r r  a 1 i t  o s, aloanzando

las cimas del extremo noroccidental de la polja una altitud de 400 m. 

ORIGEN DE LA HOYADA 

El hecb.o de que la polja este rodeada al Norte, Este y Sur por serra-
nias calizas y que por el Noroeste la cierren lomas arcillosas, la 
convierte, segun nuestra clasificaci6n en 1.1n v a 1 1 e c a r -
s i c  o i n t r a  m o  n t a n  o, es decir, una polja originada 
por la combinaci6n de procesos erosivos y de disoluci6n. 

Los pfimeros, los erosiv?s, actuaron sobre las arcillas a traves 
de las aguas fluviales y pluviales, mientras que los segundos actua
ron quimicamP.nte sobre las alturas calizas, reduciendo sus formas 

, 

primitivas a los pintorescos mogotes, cubiertos de vegetacion tropi-
cal, flora que acentua la agresividad de las aguas atacantes. Al 
mismo tiempo la disoluci6n atac6 las propias entrafias de los mogotes 
abriendo en ellos rios subterraneos a traves de diaclasas, fallas y 
juntas de estratificaci6n. 

De hecho, los valles carsicos intramontanos, el mas famoso de 
. -

los cuales es el de Vinales, en la sierra de.los Organos, se originan 
por erosion diferencial entre las calizas duras y las arcillas blan
das, mas el ataque de la erosion pu.ramente quimica o disoluci6n. 

La zona de contacto entre las calizas y las arcillas fue el 
punto por donde comenz6 a realizarse la apertura de la polja, que 
presenta su largo ma.ximo o eje, �e Este a Oeste; al avanzar la ero
sion diferencial algunos bloques de la serrania caliza quedaron ais
lados por el doble ataque de la erosi6n-disoluci6n, lo que ayudado 
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por factores estructurales y tect6nicos (fallas, diaclasas, composi
ci6n de la roca, estratigrafia, etcetera) quedaron como cupulas ais
ladas o 1.1nidas a la serrania. 

Los mogotes lograron, en parte, la verticalidad de sus paredes 
debido a los derrumbes de las bocas de las cuevas y solapones, origi-
nados al pie de esas elevaciones calizas, mientras que las cimas, 
atacadas por la disoluci6n, model6 su morfologia un tanto cupu.lar. 

DIFERENCIA DEL TIPO DE DRENAJE EN LOS VALLES 
CARSICOS INTRAMONTANOS DE LA SIERRA 

DE LOS--ORGANOS Y DE LA REGION AQUI ESTUDIADA 

La diferencia fundamental entre L a  H oy a d  a d e  l a  
C a t a 1 i n  a u sus valles ana.logos de la sierra de los Organos, 
clasificados por nosotros como v a 11 e s  c a r s  i c o s  
i n t r a  m o  n t a n  o s, es que los de esta ultima serrania, 
como el de Vjnales, presenta su drenaje a traves de las cavernas ho
rizontales abiertas en los mogotes (es decir la linea de desague es 
horizontal, mientras que en L a  H oy a d  a el drenaje actual 

se realiza por el fondo mismo de la polja, a traves de sus furnias 
o s1.1midero·s vert ·icales.

Un dato de tenerse en cuenta e_s que, en gran medida, el :fondo 
de los - v a l l e s ; . c a r s J. c o s i n t r a  m o  n·t a -. 

n o s  de la sierra de los Organos esta form.ado por estructuras im
permeables, como las arcillas pizarrosas, mientras que en el caso de 
L a  H oy a d  a, el fondo esta constituido por estructuras ca-
lizas. 

Sin embargo, en L a  H oy a d  a d e  l a  C a t  a -

1 i n a hicimos un descubrimiento que puede brindar mucha l 1.1z 

sobre la evoluci6n de estos accidentes carsicos del conj1nto de la 
cordillera de Guanig11anico. 

Efectivamente en la ladera NW del mogote de la 
g u e t  a (coordenadas 527-224, hoja 3584-III de la 

M a n i  -

carta de Cuba 
a escala 1 :  50.QOO) formado por estratos calizos verticales, se 

abren dos cuevas superpuestas, horizont�les, que a poco de. adentrar-
. 

se aparacen cerradas por cuantiosos 

guos, indicandonos priroitivos rios, 
atravesahan el mogote, al igual que 
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arrastres fluviales 

ahora f 6 s i 1 e 
muy anti
s, que 

en el caso de los tipicos 



v a 1 1 e s 

sierra de los 

, . 
c a r s 1 c o s i n t r a m o n t a n o s de la 

Organos. 

El anterior descubrimiento nos indica que originalmente La 

H o y a d a tuvo u.n drenaje horizontal a traves de los mogot·es, 

para pasar en la actualidad al vertical a traves de su fondo o parte 

llana, drenaje que·combina con - avenida de aguas fluviales estacio

nales. 

SUMMARY 

East of Los Organos mountains (western Cuba), in a region that has not been thoroughly 

studied, where Rosario mountains originates, the H o y  a d  a d e l a C a -

t a l i n a  is located. It is a karstic intennountain valley (s e n  s u Nunez 

Jimenez) - surrounded mostly by limestone hills of indet�nnined age (probably Late 

Jurasic to Early Cretaceous) as well as by s·late hills of S a n 

F o r m a t i o n. 

C a y e t a n o  

H o y  a d  a d e 1 a C a t  a l  i n  a is 6 km South of the Western and 

of Pan de Guajaibon Hill. 

The bottom of the H o y  a d  a is at 175 m of altitude aproximately, whereas 

the surrour1ding i:"1ills rise up to 446 m high. 

f,1a.ny conic mogotes, strongly folded, stand on the ground at the H o y a d a. 

'fl1e main difference bet,Neen H o y a d a d e 1 a C a t  a 1 i n  a and 

the typical h o y  o s and karstic intennountain valleys at Los Organos, is that 

in this region the drainage is horizontal, by way of underground water streams 

piercing ·the sides of the m o g o t· e s, ' whereas in the ll o y a d a tl1e 

drainage takes place through vertical sinkholes in the limestone surface of the valley. 
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Geomorphology of the karst surface 

SUR QUELQUES ANCIENS T�MOINS 
DE LA KARSTIFICATION DE LA REGION 
MERIDIONALE DES GRANDS CAUSSES 

. 

P. Oliv·on, H. Salvayre
lnstitut de Geologie, Fawlte des Sciences de MC)lr'ltpellier 

. France 

Au cours de l'etude hydrogeologique de la region meridionale des 

• 

-
,· 

,._,v 

Grands Gausses ( 9) et d'1.1ne etu.de morphologique q1.rl lui fit s11jte 
(6), nous avons note l'existence de plusiers fo1"l1lations lithologi-
ques superficielles ou souterraine� qui temoignent de l'exiatence 
de plusiers phases dans la karstif'ication des Grands Causses. 

Nous avons distjngue: 
1° - Des depots de pierailles du.a a la gelifraction pieges dans

des grottes du Causse ou de l'Avant Causse pouvent etre en rapport 
avec des eboulis de pente consolides, reduits a des temoina plus ou 
·moins io1portants, localises souvent a des nivea11x eleves au-dessus

'

des vallees actuelles,
' 

2° - Des cavites fossiles q1ti. representent des temoins d'mJe 
tres ancienri.e kqrstification, 

3° - Des formations carbonatees (tu:fs et travertjns) isolees 
sur le f'lanc des montagne au-dessu.s des nivea1ix des vallees actuel
les, :parfois repris aans 1m systeme de drajna.ge q11i les dissout sans 
les alimenter. 

I. SUR LA PRESENCE DE FORMATIONS DETRmQUE
DANS PLUSIERS RESFlUX Aer,FS DE L'AVANI� 

1.1 I.OCA• ISATION 

I 

Ces f'oriaations sont bien representees oans de11x grottes: 
- La Grotte Perdue (comJu1.1ne de Versol$, 178,2 x 699, 9 EM.

Camares), trop plein d.e la Dragonniere de Versols situe aans la vallee 
du Versolet, a£f'luent dela rive droite de ra Sorgu.es. 

- La Dragonniere (comnnme des Coates Gozon, 73,2 x 86 EM Re-
• 
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q�sta), percee hydrogeologique dans le plateau des Costes Gozon, au 
NW de St Affrique (Aveyron). 

1.2 DESCRIPTION DES FORMATIONS 

- D r a g o n  i e r e  d e s  C o s t e  s G o  z o n  (8): 
Dans la salle principale du reseau amont, un depot de pierrailles 

calcaires anguleuses a ete ent•aille en terrasse sur une epaisseur de 
1,50 m par le ruisseau souterrain. Ces elements anguleux, decoupes 

dans la dolomite Hettangienne, ont un caractere homometrique (calibre 
centimetrique) et possedent un emousse de dissolution. Ils ont 
vraissemblablement ete entraines dans la cavite a la suite de la geli

fraction des banes dolomitiquea d.e surface. 

- Gr o t t e P e r d u e  (8): 
Au fond de la grotte, qui se developpe sur un versant NE tout en 

restant proche de la surface, un cone de pierraille anguleuse, conso
lide et fossilise par u.ne coulee de calcite, encombre la galerie. 

L'ouvertu.re d'une bouche d'aven apicale (maintenant colmatee) est sans 
doute a l'origine de cette fonnation qui, du point de vue granulo

metrique, possede les memes ca.racteres que la precedente. 

Cea depots de pierrajlle sont manifestment dus a la gelifraction des 
banes dolomitiques de surface au cours des phases froides du Quater
naire, hypothese conf'irmee par leur calibre centimetrique et leu.r 
homometrie. 

Leur origine an�ienne est d'ailleurs attestee par leur incision 
en terrasse dans la Dragoniere des Costes Gozon et pa leur fossilisa
tion dans la Grot-te Perdue .• 

Oes formations ont le merite de nous renseigner sur les condi

tions d'evolutipn de quelques reseau.x de l'avant-Oause au cours du 

Quaternaire. Elles soulignent notamment les effets CQntradictoires 

des phases froides sur l'evolution de la karstification, effets 

pouvant sommairement se resumer comme suit: 
- en surface: augmentation de la surface d.e contact offerte a la

dissolution par debitage de gelifraction. 

- en profondeur: obstruction partielle des conduits. par c·es
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debris avec mobilisation de l'acidite des eaux au detriment des 
parois; mais parallelement, accroissement des possiQilites ae fa�onne

ment me�anique. 
Ce schema ne s'applique bien sur qu'aux cavites dont le systeme 

d' alimentation ou la morphologie a permis J.e ''piegeage'' de la pie
rraile: pert es ou avens f'ormant regard sur tln ecoulement souterrain. 

Il semble possible d'etendre ces observations a des formations 
. 

identiques que nous avons examinees dans certaines grottes des Grands 
Causse. En particulier, on retrouve ce meme type de formation dans 
toutes les ca.vites des deu.x rives du Trevezal (Montjardin, Montfleu.ry, 
Pas ue Joulie, Verrieres ••. ). Il semble egalement possible de voir 

. 

analogie entre ces depots detritiques et les eboulis de pente consoli-
o .es qui jalonnent les rives de la Dourbie, du Tarn et de la Sorgues 
et dominent le lit actuel de la riviere de plusieurs dizaines·ou 
certaines de metres (Cantobre, Tiergues, Moulin de Corp ••• ). Ils 
sont parfois recouverts par des formations carbonatees, comme dans 
les grottes (Creissels, St ·Affrique Tournemire ••• ). Il faudra un jour 
etudier les. relations entre ces breches exterieures et celles des 
grottes. 

11. LES TRACES D'ANCIENNES KARSTIFICATION_

Au Nord de la vallee du Tarn, sur les premiers contreforts du mas�if 
du Levezou, des larobeaux de gres Triasique surmontes de calcaire 
He-ttangien reposent en discord�ce sur le cristallophyllien.- Nous y 
avons decouvert les traces d'une ancienne karstification: 

- UrJ. aven fossilise au lieu dit ''Carriere de Montjaux'',
- Les restes deman.teles d 'une cavi'te karstique egalement fossi-

lisee au lieu dit ''Ca.rriere de .la Borie Seche'', 
- Des conduits secondaires dans une troisieme carriere •

• 

11.1 L'AVEN FOSSILISE DE MONTJAUX 

- S i t u a t i o n: (X: 83, 7, Y: 92, 3, Z: �10 EM St Beauzely) 
L'aven a ete depage par les travaux d'exploitation d'une 

301 



Fig. 1. 

carriere 
- D e s C

Les 

Principaux tufs et travertins de l�Avant-Cuasse occidental 

de calcaire Hettangien l'Est de Montjaux. 
r i p t 0 n: (fig. 1, fig. 2) 

dimensions de la partie visible de la cavite sont 
' 

du Larzac. 

J_,..,.rti"'"';p or--
tantes: metres de largeur sur 5

' 

metres de hauteur. 
, 

L aven est 
entierement fossilise 

- -· - ----

_mi J able .. a JlD ''Sistre''

anguleux et 
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possedent 

• 

par breche beige ciment calcaire assi-

Les elements cimentes sont centimetriques et 
lJD leger ✓ , emousse de dissolution. On distingue 
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.6:SI Calcaire Hettangien
0 1 2m 

=-- . \(! • -..• ��

- . -- � -·--

Rendzine 

Sistre 

Eboulis d'exploitation 

Fig. 2. ' 
• 

sur les parois de l'aven les traces caracteristique de l'erosion 

karstique. 

On rencontre a la peripherie de l�aven l'extension du reseau. 

representee par des diaclases collectrices ine�alement exploitees 

par la dissolution. Ces diaclases sont colmatees par un micro po-q.din-·_ 

gue contenant quelques elements de silice appauvrie et des pisolithes 

d'hematite .. 

.•
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Cavite de la carriere de la Borie Seche 
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Breche dec1metriq ue 

(D Fragments de draperie @ Banes calcaires eff ondres

· Fig. 3.

11.2 CAVITE DE LA BORIE SECHE 

• 
i o n: (X: 45, 2, Y: 99, Z: 750_m)(EM Millau) 

Dans une carriere de calcaire Hettangien au Sud de Montjaux. 

- D e s  c r i p  t i  o n: (fig. 3) 

Large de 8 metres, la cavite n'a plus que 3 metres de hauteur, 

le plafond ayant ete enleve par 1 'e·rosion, ainsi qu' rme partie du 

remplissage. Le revers du front de taille de la ca�riere montre de 
I 

• 

. gros blocs de calcite a demi enfouis dans le sol qui permettent 

d '·apprecier le travail de demantelement �t les dimensions primitives 

de la cavite. 

Le remplissage est plus heterogene que celui de l'aven de Mont-
. 

jaux. On peut ainsi distinguer plusiers niveaux: 
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- un micro poudingue brun identique a celui des diaclases de la
cavite precedente. Cette formation colmate les points bas du reseau. 

- un epais plancher stalagmitique de calcite �ayonnR.nte blanche
repose directement sur les depots precedents en les fossilisant. 

- une breche a· .blocs decimetriques cimentes par la calcite
rayonnante prolonge le pl ancher. L 'acct)mulation des blocs selon 1Jne 
architecture conique, avec triage des calibres, suppose 11ne bouche 
d'aven apicale. 

- une groize a matrice.argilo sableuse et rm sistre fossilisant
le tout et enrobent de gros fragments de draperies. 

11.3 CONDUITS ·seCONDAIRES 

- S i t u a t i o n:
Dans une carriere de calcaire Hettangien au Sud de Montjaux et

�
. 

a rme altitude plus basse que les cavite precedentes. 
- D e s  c r i p  t i  o n:

Ces petits conduits sont de section cylindrique et se develop-
pent sur rm plan horizontal, selon un joint de stratification. Ces 
boyaux sont situes a quelques metres sous la surface topographique 
et ne corresponder1t pas directement avec elle. Leur a ianteter n' exede 
pas 50 c�. 

Leur remplissage est cons.ti t11.e par un micro poudingue identique · 
a ceux rencontres dans les autres cavites. Cette forn1ation, epaisse 
d.e 15 cm envir·on, est fossilisee sous un plancher de . calcite de la
meme epaisseurs. Les conduits sont ainsi obstrues jusq'aux 2/3 de
leur hauteur. Localement, on releve des bouchons et des placages
d'argile brune �oyant les formation precedentes •

• 

• 

11.4 ETUDE DES REMPLISSAGES ET INTERPRETATION 

On peut distinguer trois styles de depots soit, de bas en haut: 
1) Un micro poudingue contenant des elements .de silice appau-

vrie et des pisolithes d'hematite faisant penser aux residus d'une 
couverture pedologique de type tropical. 

2) Des cri.stallisation de calcite sous forJI:.e d' epais pla.nchers
stalagmitique. 
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3) Des depots de calcaire gelive consolides par un cimer1t carbo
nate et s 'apparentant a des ''sistres''. 

Pour le moment, aucune de ces formations n'a livre de faune 

carasteristique, meme au niveau des micromammiferes. Le faible volume 

d'echantillons etudies peut expliquer cett lacune. • 
L'etude des mineraux louds, faite par le professeur Demangeon 

a la facui te des sc.ien.ces de Montpellier, a permi d' ider1tifier: 

- des Zircons criEtallophylliens

- des Tourmalines
- des Rutiles

- des Gr.enats.
Il semble qu'il s'agisse de mineraux lourds en provenance du

massif du Levezou. Ces reseaux auraient dont ete alimentes par des 
pertes de cours d'eau nes sur le cris�allin. 

Des a present, nous pouvons dresser le schema suivant: 

1) Transgression triasique puis_liasique sur le Levezou.

2) Compartimentage par des failles jusq'au Miocene. Parallele

ment, evolution pedologique du socle cristallin voisin en deux temps: 

- sous clima·t chaus et hlJmide, alteration ferralitique et

migration de la silice (Eocene) 

- xous climat chaud mais de plus en plus sec, induration ferru
fineuse partielle avec formation de concretions ferriques (Eocene, 

debut Oligocene). 

3) Karstification sous climat humide (Oligocene). Les cavites

piegent une partie de 1·a couverture pedologique demantelee et en
trainee par les cours d'eau issus du cristallin. 

4) Cristallisation des planchers de calcite.

5) Demantelement mecanique des parois des avens sous un climat

frois quaternaire produisant de nombreux debris qui empatent la· 

cavite. Abaissement general de la surface topographique qui rabote 

les formes hypogee_s. Ici encore, . l 'influence des climats quate·r

naires sur les circulations karstique est singulierement negative. 

' 

Ill. LES DEPOTS CARBONATES ET LES ETAPES 
DE L'ENFONCEMENT DES VALLEES 

111.1 GENERALITES 

Dans· toutes les valle·es de l 'avant-Causse on rencontre de nombreux 
depots chimiq·ues. Nous devons distinguer deux types: les tufs de 
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source et les travertins (fig. 4). 

- L e s t u f s s o u r c e (10): 

Ils se sont accwnulees contre en versant (tufs de Lapeyre, 

Vendeloues, St Rome de Tarn. etc ••• ) ou dans les cirques qui inden

tent la cuesta bajo-Toarcienne (tufs de St. Beaulize, de Tournemire, 

etc ••. ), mais toujours au debouche d'une exsurgence. 

Certains sont encore actifs (tufs de St Beaulize, Tournemire, 

Moulin de Gissac, Vendeloues, Lapeyre, etc •.. ). D'autres ne s'accrois

sent plus, mais attestent 1µ1e origine recente (depots fragiles et peu 

compactes, femur humain (fossile) dans le tuf de St Rome de Cernon) 

et fossilisent souvent des fo+-mations de versant d'age quaternaire. 

- L e s t r  a v e r t  i n s  (5): 

Ils empatent les vallees sur une epaisseur depassant quelque

fois les 30 metres (plateau de France pres de Millau, plateau de St 

Rome de Tarn et de Peyre). Tres resistants sous le· marteau, ils sont 

fortement compactes. Ce sont ces travertins, souvent karstifies, 

emboites entre les di:fferents niveaux de terrasses fluviales, qui· 

retiendrons ici notre attention. 

Les plus interressants 

vallees de la Levegede 

audessus du Tarn ( 6). 

111.2 DESCRIPTION (FIG. 5) 

sont ceux qui fossilisent le debouche des 

(St Rome de Tarn) et du Therondels (Peyre) 
' 

Ces cours d'eau ont totalement ou partiellement abandonne leur 

ancien lit pour s'enfoncer le plateau de travertin en y creusant des 

conduits karstiques. 

D'autre part, ces depots chimj_ques s'intercalent le plus 

souvent entre plusieurs niveaux de terrasses fluviales: On peut 

air1si distinguer trois niveaux majeurs. 

- u n b a s  n i v  e a  u correspondant a une incision 

recente dans une nappe alluviale que les fortes crues recouvrent 

encore de limons. Situee a une altitude relative de 2 m, cette 

formation passe lateralement a des depots de pen.te. 

- u n h a  u t n i v  e a  u a une altitude relative de 

35 m, constitue par les dep�ts de travertin. A la hauteur des ver

sants, des for111ations d' age quaternaire ,fossilisent ces depots. 

- u n n i v  e a  u a n  c i e n, a une altitude relation 
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Pll.NC1PlU JUFS ET TllYtlT I.NS DE .t'.&YANT�.CAUSSE 

OCC.LD.EITAL DU lAIZAC 

s-

��- Plaf••u 
<te, Co1t..r Goron• 

• 
• 

·tche/le • ., /100.0H ...
# .f l -' f Sl111t 
11111 --•===•· --·=====:1---.-, -

Fig. 4. 

causst 

causse 

No i r 

r•6ord c�u$.r•n�,-cf 

/,mil• a. l'.v•nl u11,ne 

form�lion c4 /r���rl,'n ov er'� -111/ 
· (c•r-le ./)

de 5 a 8 m, est fossilise par le travertin. On y observe de bas en 

haut: des alluvions siliceuses; des depots de pierrailles libres; 

une br�-che centimetrique de type ''sistre''. 
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Plateau de Peyre 

m 

24 

18 

12 

6 

0 

Groize 

Vallee de Theroudels 

Le Tarn 

Travellin karstifie 

... • ... ' . 

Alluvious grossieres =�·· .. :.: ·:�� Sables et limons 
.... •_ .. \. 

Fig. 5. 

111.3 ELEMENTS DE DATATION 

En 186?, F. Samburcy et 1'Abbe Rouquette decouvrent une breche 

osseuse dans une cavite du tuf de Peyre. Cette breche, tres riche, 

a livre du cheval, du renne, de 1'ours et du mammouth. Une molaire 

de mammouth, identifiee par G. Astre, comme appartenant a l'espece 

''Elephas Primigenius'', nous indique que le tu.f de Peyre existait 

deja au Paleolithique superieur et qu'il etait karstifie. Sa mise 

en place remonterait done, au moins, a l'in�erstade Riss-Wurm. 

111.4 INTERPRETATION 

Les elements precedents nous permettent· d'envisager les etapes de 

l'enfoncement des vallees: 

1 - Creusement des vallees se terminant par une incision en gorge 
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jusqu'a 5 metre au-dessus du niveau actuel. Pliocene, Villafranchien. 
2 - Fa9onnement des versants par gelifraction. Gunz ou Mindel? 
3 - Remblaiement de 30 m avec des alluvions et precipitations 

des travertjns. 
4 - Fa9onnem�nt des versants dormant des vallees en berceau 

(Peyr.e) ou a fond plat (St Rome de Tarn) Riss. 
5 - Phase de deblaiement puis d'incision jusqu'au niveau actuel. 

Les cours d'eau affluents du Tarn karstifient leur plateau de tra
vertin pour aller rejoindre le nouveau niveau des ecoulem�nts. Wu.rm. 

6 - Alluvionnement et nouveau fa9onnement des versants. Fossili-
• 

• 

sation d' elemen·ts de faune froide dans les cavi tes du travert;in. Wu.rm. 
7 - Incision subactuelle degageant une terrasse que les crues 

viennP.nt encore napper de limons. 

L' evolution polyge_nique 
plusieurs temo�ns: des 

• 

• 

IV. CONSLUSION

' A • ' du karst caussenard nous apparait a travers 
depots quaternaires dans des conduits encore 

actifs, et de vieilles cavites fossilisees et demantelees. 
Les progres de la karstification sont a relier avec l'enfonce

ment du reseau hydrographique subaerien. L'etude de quelques depots 
fluviau.x caracteristiques nous a renseigne sur let etapes de cet en
foncement. 

En l'absence de faune caracteristique dans les cavites fossili
sees, il est difficile de les situer exactement dans l'histoire 
geologique. Toutefois, le karst de l'avant-Causse semble s� diviser 
en deux niveau.x principaux: 

- a une altitude moyenne de 750 m, un haut niveau probablement
Eocene-Oligocene represente par les cavites fossilisees de Montjaux 

' , . - a 1 altitude des vallees, un bas niveau represente par 
l'emaillage des exsurgences dans tout l'avant-Causse, Sans liens 
apparents avec le precedent, il a ete induit par l'enfoncement 

rapide du niveau de base local au Villafranchien qui a determine une 
reorganisation du drainage karstique. 

Les climats quaternaires o�t entraine le colmatage de plusieurs 
cavites p""ar l'accumulation des residua de gelifraction. Ces debris 
ont pu etre entraines dans les cavites par gravite (avens) ou par 
l'intermediare des cours d'eau (pertes). L'accu.mulation de pierraille, 
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. . . . 

si elle n' a pa
_
s entrave les · circulation souterraines, a paralyse 

-temporairement le fa9onnement des conduits en mobili�ant l'acidite

des eaux; dans des cas limites elle a entraine la fossilisation

totale des vieu.x reseaux.
I 

Nous tenons a exprimer nos remerciements aux membres du Speleo
Club St Affrique: Carel J., Caldier J.P., Parodi B., Inquirobert J.L., 

et a Messieurs A. Cazal, L. Balsan, a Monsieur le Professeur P. De-
. 

.

mangeon. 
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Ba 034 

International Speleology 1973, II, sub-section 

Geomorphology of the karst surface 
Ba: 

DARSTELLUNG EINIGER GIPSKARSTFORMEN 
IM ZECHSTEINAUSSTRICH DES S0DHARZRANDES 

DER DDR (TEILGEBIET MOOSKAMMER) 

S. Pfeiffer, S. Wadewitz, H. Sternisko
Arbeitsgemeinschaft Geologie des DWBO Leipzig, 

Leipzig, DOR 

A b s t r a c t. Ausgehend von der geologischen Situation am Sudharzrand und der 

Bedeutung des Gipskarstgebietes, wurden am Beispiel der Mooskammer verschiedene Kar

tierungen vorgestellt. Ziel dieser Arbeiten ist es, ein Karstgebiet komplex zu er

fasse11 und darzustell en. Es soll dami t eine gute Forschungsgrundlage uber den Sud-

harzer Gipskarst geschaffen warden. 

AJnateure h.aben sich auf lange Zeit ein sinnvolles, zielgerichtetes Programm vor

genommen. Es ist zu hoffen, <lass dieses Anliegen auch weiterhin Erfolge zum Nutzen der 

Gipskarstforschung zeigt. 

Das Harz-Grundgebirge ist weitgehend von einem Zechsteingurtel 
umgeben, der am Sudrand des Harzes eine salinare Ausbildung auf� 
weist. Durch die horstartige Heraushebung des Harzes in der saxo
nischen-Orogenese kam es zum Ausstreichen der Zechsteinschichten, die 
parallel zurn Harzrand liegen und ein flaches harzfluchtiges Einfallen 

--
• 

haben. In eine:t .. Breite von v1en-igen hundert Metern bis mehreren Kilo
metern ist die salinare Abfolge in den bekannten vier Zyklen (Werra-, 

. 

. 

Stassfurt-, Leine- und Allerserie) vorhanden. Sudlich des Zechstein-
ausstriches uberdeckt der untere Buntsandstein der ger�anischen Trias 
diese salinaren Gesteine. Durch die kurz aufgezeigten geologischen 
Verhaltnisse, sowie der morphologischen und hydrographischen Situa-

•• 

tion, dass die aus den1 Harz komrnenden Wasser __ ;in die Zechsteinschich-
ten eindringen, kommt es zur Au.flosung der Salze und Gipse in Ober
flachennahe. Die Abb. 1 verdeutlicht diesen Prozess, bei dem die 
Landschaft morphoJ.ogisch stark verandert wird. · Harzrandparallel, wo 
neben dem Salz auch der Gips vollstandig ausgeraumt wurde, haben'' Sich 
markante Auslaugungstaler gebildet. Unterirdische Auflosung und Aus
raum1mg full.rte zur Hohlen- und Schlottenbildung. Sie brachen vielfach 
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infolge der geringen Tragfahigkeit des Deckgebirges relativ schnell 
zur Oberflache durch und es entstanden Erdfalle. So hat sich am Sud
harzrand ein Gipskarstgebiet entwickel t, dessen Bedeut1.1ng z1.Jroindest. 
fur Mitteleuropa an erster Stelle steht. 

Die wissenschaftliche Bearbeitung dieses Sudharzer Gipskarstge
bietes bezog sich im wesentlichen auf Einzeldarstellungen, so in der 
Hauptsache auf die Hohlen. Die bekanntesten Autoren waren Biese und 
Stolberg. Eine komplexe Bearbeitung des Periodischen See�s bei Rossla 
fuhrte Viete 1952/53 durch. Es muss aber festgestellt werden, _dass es 
bisher keinen zusaromenhangenden Kenntnisstand uber dieses Karstgebiet 
gibt. 

•• 

Amate-q.r- Hohlen- und Karstforschergruppen haben sich die Auf'gabe 
gest_ellt, den Siidharzer Gipskarst R:omplex zu erfassen und zu bearbei
ten. Dabei werden sie von der Bezirksstelle fur Geologie Halle, als 
staatliche Dienststelle, unterstiitzt. Durch systematische Kartierungs-
arbeiten sollen alle Karstformen in ihrer Ausbildung und topographi
schen Lage erfasst werden. Damit wird eine Forschungsgrundlage ge
schaffen, die eine spezif_ische Bearbeitung des Gipskarstes am Sudharz
rand ermoglicht. 

Am Beispiel ''Mooskaromer'' sollen die Karst-Kartierungsarbei ten er-
•• 

lautert werden. 
Die Mooskammer ist ein ca. 5 km langer, sich von Ost nach West 

erstreckender Hohenzug nordwestlich der Stadt Sangerhausen. Die Gren
ze zwischen den Karstgesteinen und dem Harz b.ilden Ablagernngen des 
Oberkarbons und Rotliegenden. In sudlicher Richtung schliesst _sich 
ein bis mehrere hundert Meter breitee Auslaugungstal an, dessen Mate-· 

•• 

rial auq Zechsteinkalk im Liegenden, Auslaugungs-Ruckstandsgesteinen 
und quartaren Lokkersedimenten besteht. Die Auslaugungsfront ist eine 
Steilstufe, die alle weiteren Zech�teinablag�rungen, sowie den uber
deckenden unteren Buntsandstein (su) beinhaltet. Teilweise wird der 
Steilhang durch sogenannte Einsturz-Brekzie (EB) uberlagert. Auf 
diese relativ schmale Zone des hier benannten Nordabbruches der Moos-

. 

k�mmer, einschliesslich des Buntsandsteines, verteilen sich die we-
sentlichsten Karstformen (Kockert). Sie sind e.ine Vielzahl v·on Erd
fallen, von Abrisskluften, Spalten- und Verbruchsgelande und einer 
kleinen Hohle. 

Fur eine Ubersichtskarte des gesamten,Gipskarstgebietes ist 
Mooskaromer im Masstab· l :  10 000 (Abb. 2) .kartiert warden. Durch 

die 

. 

. 

systematisches Ablaufen sind uber 400 Er·dfalle er:fasst, die den 
grossten Teil der Karst:formen ausmachen. Insbesondere der hier ver-
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tretene Oberflachenkarst ist durch Kartensymbole (nach Fantasny) dar
.gestellt. Gesteinsgrenzen, Hydrographie nnd die punktierte Auslau-

•• 

gungsfront, sowie die durch Kreise dargestellten Erdfalle neben nnter-
geordneten anderen Karst.formen vermitteln eine gute- Karstsituation, 
ihre Formenentwicklung und raumliche Verteilung. Mit dieser Karte ist 
erstmals eine umfassende Karstiibersicht gegeben, die auch den Kennt
nisstand wesentlich erweitert. 

Die Vielzahl der Erdfalle und ihre Formenentwicklung waren der 
Anlass� eine spezialisierte Karte zu zeichnen. Als Forschungsgrundlage 
fur detailliert� Erdfalluntersuchungen, sowie zur Klarung anderer 
Karstzusaromenha+ige, entstand die karstmorphologische Spezialkarte 
''Ostliche Mooskammer'' (Abb. 3). Der gewahl te Mas stab 1 : 5 000 geniigt 
gerade noch, um Erdfalle detailliert darzustellen. So konnten 170 Erd
falle, meist Alterdfalle, in den Grossen zwischen 1 m bis etwa 50 m 
Durchmesser in ihrer Form und Ausbildung charakteristisch erfasst wer
den. Fur die Darstellung wurde die Schraffur verwendet, �ie si� auf 

, 
. . . topographischen Karten fur das Reliefbild iibli�h ist. Durch Erlaute-
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• 

rung in der Legende wird die Ausbildung der Erdfallformen eindeutig 
1mterschieden. Die Steilheit der Boschungen, ob Doppelerdfall oder 
Erdfall mit Nachbruch sind·Beispiele der Unterscheidungsmerkm.ale. 
Alle Erdfalle sind nummeriert, da gleichzeitig mit der Kartierung 
Kennwerte fur weitere Auswertungen festgehalten sind. Auf'fallige Erd
fallformen sind die sogenannten Randerdfalle. Sie liegen auf der un-

. 

teren Hangkante und dem gegenlauf'igen Einfallen des Morunger Auslau
gungstales. Durch Einfliessen von Lockermaterial sind sie vom Morun
ger Auslaugungstal her zugeschwemmt und nur noch halbseitig auf dem 
Bang vorhanden. 

Im westlichen Teil des Kartierungsgebietes sind 10 Erdfalltaler 
bestiromend im Kartenbild. Ihre Entwicklung ist sicher mit dem Nordab
bruch der MooskammP-r und der dadurch entstandenen Zerrung und Abkip-

. 

pung in Verbindung zu brjngen. Bemerkenswert sind jeweils mehrere 
Erdfallzentren in den Erdfall taJ.ern. Besonders in den Bereichen 
zwischen den Erdfalltalern sind Spaltenzonen vorhanden, die mit dem 
Nordabbruch der Mooskammer im ,.zusamroenhang stehen. Im erfassten Be
reich bildet die Karte ej.ne gute Ausgangsbasis fur die Klarung weite
rer Karstzusammenhange. Durch die reihenweise Anordnung von Erdfallen 
konnten z.B. tektonische Linien konstruiert werden • 

Auf'bauend sind weitere Erkenntnisse uber die Form und Volumen 
der Erdfalle in Verbindung mit der Geologie erreicht worden (Wade
witz). Eine Karte, die den Zusammenhang zwischen Geologie und Erd
fallvoluroen darstellt (Abb. 4), ist ein weiterer Schritt bei der Er
forschung des Gipskarstes. Auf der Grundlage einer geologischen Kar
tierung von Kriebel ist die Geologie, speziell des Zechsteins uber
tragen worden. Die Darstellung der Erdfalle und Erdfalltaler, gestaf
felt entsprechend der Grosse des VolumBns zwischen ••• 10 m3 und 
300· 000 m3 , bringt eine gute Aussage in Verbindung mit der Geologie. 
Die Profile A (Abb. 1) und B sind eine gute Erganzung zur Karte. Die 
geologische Situation im Zusaromenhang mit der Verkarstung wird an
schaulich gezeigt. Bedingt durch die unterschiedliche Steilheit des 
Ej.nfallens der Schichten am Ausstrich hat sich deI' Karst entwickel t. 
Flaches Einfalle� mit grosser Angriffsflache des Wassers in Oberfla
chennahe fuhren zur Ausbildung von Auslaugungstalern �it anschlies
sender Steilstufe •. Steiles Einfallen mit wenig Angriffsflache, zu
mindest in Oberflachennahe, lasst die Verkarstung erst im grosseren 
Umfang in der Tiefe einsetzen und kann zur Schlottenbildung fuhren 
(Profil B). 

Interessante Karstformen, die auf der karstmorphologischen Karte 
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kaum in ihrer Bedeutung zum Ausdruck kommen, aber wichtig fur spe

zielle Untersuchungen sind, wurden im Masstab 1 :  250 kartiert. Cha

rakteristisches Beispiel ist der sogenannte ''Pferdestall '' (Abb. 5), 

als grosstes Karstphanomen in der Mooskamrner. Er umfasst zwei uber

einanderliegende Erdfalle, die im Zusarnmenhang mit grosseren Abriss- · 

kluften· stehen. Die Kluf'te, die bis au:f etwa 20 rn Breite geoffnet 

sind, haben eine Hohe bis zu 15 m und eine Langsausdebn11ng bis zu 

40 m. Hohenschichtlinien im 2-m Abstand bilden die Grundlage der Ge-
• • • • • 

landedarstellung, die mit dem Messgerat ''Dalta 020'' vom VEB Zeiss 

Jena vermessen wurden. Die Felspartien sind in ihrer Gestalt durch 

Schraffur herausgearbeitet. Das Gestein ist der Hauptanhydrit des 

Zechstein 3 = Leineserie. Die Genese des P:ferdestalles konnte mit 

dieser Kartierung nachgewiesen werden. 

In den Abrisskluf'ten konnten die Schichtverkippungen gemessen 

werden. Da der Pferdestall im Nordabbruch der Mooskammer liegt, fal

len hier die Schichten in Nordrichtung ein, dass ist gegensatzlich 

des Norrnaleinfallens ZllID Thuringer Becken. Ein, langjahriges Mess-

programm in den Abrisskluf'ten soll Auskunft uber mogliche Bewegungen 

geben. Mit Stahlmessbandern und einem eigens dafur konstruierten' Mess

gerat werden Abstandsdifferenzen mit 1/10 mm G�nauigkeit gemessen. Die 

Entfernungen zwischen den Messpunkten betragen bis zu 22 m. Messergeb-
.' 

nisse sind wahrscheinlich erst nach einigen Jahren zu erwarten. Um 

eine Aussage zu erhalten, werden jahrlich 2 Messungen durchgefuhrt • 

• 
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Eine weitere detaillierte Kartierung im gleichen Masstab ist das 

''Erdfall- und Verbruchsgelande an der Barenhohle'' (Abb. 6). Zwei Rand

erdfalle zeigen das ansteigende Gelande am Mooskaromerhang, welches von 

Spalten durchzogen ist. Mit Schraffen sjnd Steilstufen und Spalten, 
• 

sowie kleine Erdfalle dargestellt. Die Beziehung der kleinen Baren-

hohle zum Gelande sollte nachgewiesen·werden. Die Barenhohle wurde im 

Masstab 1 : 50 kartiert. Mehrere parallele Schnitte du.rch die Hohle 

und Oberflache (Abb. 7) mit der F.inzeichnung der Verkippungswinkel 

einzelner Blocke im Hohlenprofil beweisen die Entstehung der Hohle. 

\ 
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Es ist eine Einsturzhohle im Hauptanhydrit ( Z 3.), die durch den Nord

abbrucl1 der Mooska1nmer entstanden ist. 

Profile-in ll:llterschiedlichen Masstaben erganzen die Kartierungen. 

Sie zeigen einmal die Morphologie der Karstlandschaft oder einzelner 

Karstobjekte. Besonders die Formen von Erdfallen konnen durch Profile 

gut belegt werden. 
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THnbl KAPCTA nPE.Q6AllKAHA B sonrAPMM

• 

B-. nono■

reorp••:'IKNNA NIICTNlfi &AH
e-..... , &onrapN■ 

KapcT B BoJirapHH HMeeT 8HaqHTeJibHOe pacnpocTpaHeHHe. OH OXBaThIBaeT 

22,7% TeppHTOPHH CTpaHhl H paSBHT Ha pa8JIHQHHX no BoapacTy, MO�OCTH, 

Kap6oHaTHOMY,' CO'AepEaHHIO H ycJIOBHSlM aaJieraHH.8 Kap6oHaTHHX IlOPO'AaX. 

B CTapanJiaHHHCKOH reoMop¢0JIOrHqecKOH OOJISCTH KapcT�M OXBaQeHO 

OKOJI0.19,8% Bce.f;i TeppHTOpHH. HaHOOJihmee pacnpocTpaHeHHe OH HMeeT 

B ceaepHoH qacTH · 3Toi ooJiaCTH, HaahIBaeMoii Ilpe_iioaJIKaHOM. C 10ra Ilp.e'A-

6aJIKaH orpaHHqHsaeTCH r�aBHdM CTapanJiaHHHCKHM no.acoM, OXBSTHBaIOIIUiM 

CTpyKTypao-reoMop¢oJIOrHqecKHe KOTJIOBHHHhle IlOHHE9HHSl, 'AOJ!HH�He paCillH

peHHSl HJIH ¢a�eTHpOBaHHhle CKJIOHOBhle OTKOCH, pacnOJIOE8HHHe K cesepy OT 

CTapanJiaHHHCKOM ¢poHTaJibHOH JIHHHH. 

Ha ceaepe Ilpe'A08JIKaH' OT'AeJISieTCH OT ):lyHaHCKOH nJiaT¢opM8HHOH paB

HHHbI paSJIOMOM 'APeBHero aaJIOEeH�H. 
• 

IlJIO�a'Ab Ilpe'A6aJIKaHa - 14,390 KB. KM, QTO COCTaBJIHeT 13% OT Tep-

pHTOpHH CTpaHhl. KapcTOM oxaaqeHO 22,5% ero IlJIOIUa'AH. B reoJIOrHqecKHX 

<pOpMaI..J.HSlX KapcT pacnpe'AeJIHeTCH CJ!9'AYIOIUHM o6paaoM: M€JIOBhle H8BeCTHH.:E(H 

(BaJiaH�, anT, MaacTpHXT) - 67,8%, capMaTCKHe H8BeCTHHKH - 20%, 

lOpCKHe H8BeCTHHKM - 8,3%, TpMaCOBhle HSBeCTHSlKH - 3,9%. 

KapcT Ilpe'AOaJIKaHa 8HaqHTeJibHO OTJIHqaeTCSl OT paBHHHHOI"O Kapcra 

Ha )lyHaHCKOH nJiaT¢opMe, HeCMOTpSl Ha TO, qTQ M B  3TOH qacTH CTpaHhl 

KapCTOBhle npou.eccbl npoTeKaIOT Ha noqTH Tex l:Ke CaM.blX paCTBOPHM:bIX Kap

OOHaTHbIX nopo'Aax (HCKJI10qaa TpaacoaHe asaecTHSIKH), KOTop:ble CJiar.aIOT H 

,lzyHaicxyro paBHHHy. Mo�HO npoBeCTH CJie'AYIO�He OTJIHqHH: 
' 

1. KapCTOB:ble HBJieHHSl H npo�eCChl B Ilpe'A6aJIKaHe, a npOTHBOBec Ta-

KOBhIM Ha ,llyHaHCKOH paBHHHe, npHypoqeHhl K CJIO�HhIM TeKTOHHqecKHM 

CTPYKTypaM - aHTHKJIHHSJIHM, CHHKJIHHaJISIM, MOHOKJIHHSJISlM, HapymeHHhIM 

paaJIOMaMH, CTyneHqaThIMH copocaMH H cpJiexcypaMH. 3'AeCb B pa8BHTMH Kap

C1ra Be�ymaa pOJib npHHa'AJie�aJia HeoreHo-qeTBepTHqHHM 'ABHXeHH�M, 'AH¢¢e

peH�HpOBaHH�M BO apeMeHH M npocTpaHCTBe. B CBOIO oqepe'Ab, cpaBHHTeJib

HO 6oJiee BbICOKaa cpe'AHHR BhlCOTa Ha'A ypOBHeM MOpH Ilpe'A6aJIKaHa coa�aJia 

ycJIOBHSl 'AJISl 6o�ee rJiy60KO� 3p08HOHHOi pacqJieHeHHOCTH. B coqeTaHHM co 
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aHaqHTeJibHOH MOnµ!OCTbIO oxapcToBaHHbIX nopO'A (B p5I'A0 CJiyqaeB 'AO HeCKOJib

KHX COT MeTpOB) OHa 5IBJI518TC51 np11q11:HOH Cyll.\eCTBOBaHH.si I"'Jiy60KHX nponac

TeH, 'AJIHHHbIX MHoro01.ra�HbIX nell.\ep 11: CJIOJKHOH u:vipxyJI51UHH rpyHTOBbIX 

K&pCTOBbIX BO'A• 
.

2. KapcT E Ilpe,n;6aJIKaHe npeHMYil.\8CTBeHHO l"'OJibIH. TOJibKO TaM, r,n;e

xapCTOBbie paHOHbI noKpbITbI JieCOM, KapcT nepeKpbIT TOHKHM noqBeHHbIM CJIOeM. 

3,n;ecb THnHqHbI l"'Jiy6oKHe, HHOI"''Ad 'AO 2-3 M, xappbI B pa8JIJ1qHbIX CTa,IJ;H51X 

pa8BHTH51 (CTpaJKaHCKOe IlJI8TO H T.,n;.), o6mHpHbie xappOBbie IlOJI51, paaJI11:q-
�! . 

Hble no �OpMe BOpOHKH, npoCTHpaIO�HeC51 no HanpaBJieHHIO OCHOBHbIX T8KTOHH-

\l8CKHX TpemHH, ,IJ;JIHHHbie (,n;o 3 KM) ysaJibI (.H6JiaHHI.J.KOe 6b!p)];o, "CTpaJKaTa" 

H T.'A.), H800JibIIIl18 xapCTOBbie Il0JI51 (BpecTHHQKOe). 

3. 0THOCHT8JibHO OOJiee BbICOK�e cyMMbI oca)];KOB B IlpeA6aJIKaHe cno-

COOCTBYIOT 6oJiee HHT8HCHBHOMY pa3BHTHID xapCTOBbIX npou.eccoB. 

0GHOBHbIMH KpHTepH5IMH npH onpe,n;eJieHHH xapcTOBbIX THilOB B Ilpe,n;6aJI

KaHe IlOCJIYJKHJIH ero CTpyKTYPHO-JIHTOJIOrHqecx11e oco6eHHOCTH, reoMop¢0JIO

l"'Hqecxoe paae11T11e, 0BOJIIDQH5l 11 Mop¢o�or11qecx11e oco6eaaocT11 noeepxaocT

HbIX H no,n;aeMHbIX xapCTOBbIX �OpM H l"'l1'AP01"'pa¢H51 xapcTa. 

PeJibe¢ Ilpe,n;6aJIKaHa XOJIMHCTbIH (71,7%) H Hl18KOropHbIH. �JI51 Hero 

xapaKTepHbI xapCTOBbie nJiaTo - Cl1HKJIHHaJibHble (CTpaJKaTa, �pal"'OHQa H T. 

,n;.), aHTHKJIHHaJibHble (BeJI5IKOBCKoe, Ap6aHaCCKoe, aana,n;HaH qaCTb Ilpe

CJiaBCKC-IlJiaHHHbI H T.,n;.) H MOHOKJIHHaJibHble (�eBeTaxcxoe H T.,n;.). 

0 illHPOKOM CTpaTHI"pa�HqecxoM, TeKTOHHqecKOM H Mop¢0JIOl"'HqecxoM 

pa8H006pa8HH xapcTOBbIX o6paaoBaHlii.£1 B Ilpe,n;6aJIKaHe CBJ.1,IJ;8T8JibC 1rByIOT CJie

,n;y10�1.1e Ha:t160Jiee xapax'I'._epHbie ·npHMepbI THilOB xapc•ra B aHTHK}lHHclJibHbIX' 

Cl1HKJIHHaJibHbIX H MOHOKJIHH8JibHbIX CTpyxTypax: (pHC. 1). 

1. KAPCT B AHTMKllMHAflbHblX CTPYKTYPAX
• 

,. 

KapcT, pa8BHTbIH B aHTHKJIHHaJibHbIX CTpyKTypax, COCTaBJIHeT 29,4% OT 

xapcTOBbIX o6paaoBaHHH B Ilpe,n;6aJIKaHe. 

MeJK,n;y pexaMH BHT H IlaHera a MO�HOH (,n;o 450 M) THTOHCKOH MaHTHH 

no,n;HHMa��eicSI K eocToxy BoTy6cxoi1 aHTHKJIHHaJIH, pacnoJIOJKeH IlaHeJKCKHi 

xapCTOBbIH paloH (pHC. 3). Ero ,n;eay,n;aQKOHHbIH ypoBeHb (450-600 M) 

H806H.fyeT MHOroq11cJieHHbIMH yBaJiaMH, .,IJ;JIHHOH )];0 2400 M H rJiyOHHOH ,n;o 

50 M, BOpOHKSMH, paaMell.\eHH�MH Ha paaJIHqHhlX ypOBHflX, 06m1.1pHhlMH xappo

Bfil�H IlOJI5IMH H KOHyc006pa8HhlM KapCTOM. Ha BbICOTe 510 M Ha,n; ypoBH8M 
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P11c. 1. 

1 2 

T11nhl KapcTa a 

• 

' 

Ilpe�OaJIKaHe: 1) aHTHKJIHHSJibH�i, 
Hlii, 3) MOHOKJI�HaJibHliH. 

2) CHHKJIHHaJib-
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MOpSl HaXO,ZJ;HTC.H BXO,ZJ; B lltHBOilHCHY.R) 3JieKTpOq>HI..\HPOBaHHYIO nemepy "C'beBa 
· ,n;ynxa". Ma 11aaecTH:&IX nponac•rei HaH60.11ee r.11y6oxa.a ''Be 8,z:t;'bHHH.H nqe.11HH"
(105 M). 3,n;ecb pacno.110J1teHo He60.11bmoe BpecTHHI..\KOe xapcToaoe ·no.11e. B ce
aepHoH qacTH 3TOro xapCTOBoro Il0.71.H B:&ITeKaeT HaH60.11ee xpynH:&IH KapCTOB:&IM
HCTO'C!HHK ''I'JiaBa UaHera" "(1620-4.000 .11/cex). 3Ha'lHTeJlbHYIO qacTb CBOHX
BO,D; 3TOT HCTO'qHHK no.11yqaeT no,n;aeMH:&IM nyTeM H8 peKH BHT •

. 

KapcTOM 9xsaqeH:&I anTCKHe yproHCKHe H8BeCTH.HKH, c.11aramm11e MaHTHIO 

IlJIOCKOH THpHOBCKOH aHTHKJlHHaJIH, pacceqeHHOH r.11y60KHM (,n;o 280 M) npo.110-
MOM HHTpH. CapMaTOilOHTH'leCKa.H �eHy,n;a[(HOHHa.H paBHHHa Be.11SIK�BCKoro H Ap-
6aHaccxoro nJiaTO (409 M) xapaxTepiiayeTC.H mipoKHM pa8BHTHeM IlOBeP.XHOCT
HOro KapcTa (xappoBHe IlOJI.H - KaHp.HKH, BOpOHKH H T.,n;.). Ilemep:&I pacno.110-

, . 

.
.

llteHH Ha HeCKOJibKHX ypOBHSiX, HaHOOJiee BHCOKH.H H8 KOTOp!itx HSXO,D;HTCSl 
B �epBeHCKOM npOJIOMe HHTpH Ha B:&ICOTe ·220 M Ha'A ypoBHeM peKH, a HaH6o
Jiee HH8KHA OTMet1aeT IlOJI·OllteHHe BO,D;HOti My<;!HHCKOH nemep:&I, o6paaoBaHHOH 
Ha· ceeepHOM copocoBOM CKJIOHe BeJIHKOBCKOro nJiaTO Ha BHCOTe 120 M Ha,D; 
ypoaHeM Mop.a. 

Ha ceaepHoM copocoaoM CKJIOHe aToro nJiaTo pacnoJIOllteH:&I xpynH:&Ie 
. 

KapCTODliC HCTOtlHHKH, TaKHe KaK MyCHHCKHH xapCTOB:&IH HCTQ'qHHK (co cpe,n;-
_HHM ,n;e6HTOM 392,5.JI/cex), ''KaSI 6yHap'' (40-460 JI/cex) - DEHee c. XoT-
HH[(a. 

KapcT-xapaxTepeH H·,n;JI.a aan�,n;Hoi qacTH Ilpec.1raacxa-!1JiaHHH:&I, Jiellta
mei aana,n;Hee p •. roJI.HMa Ka!AHSl. OH pa8BHT Ha BaJiaH�CKHX H8B8CTHSlKax, 
CJiaraDm11x MaHTHlO IlpecJiaBCKa-lI.7IaHHH:&I (pHC. 2 )·. _Ilo�pXHOCTHHe KapCTOBhle· 

P11c. 2. 
1) ro.11biA
,D;OJlHHa,
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�opMhl HaH60Jiee THnHqHhl ,D;JISl CBO,D;a aHTHKJIHHaJIH, r,n;e capMaTo-noHTHqecKOH 

nJiaHa�He:£i 6�Jia o6paaoBaHa ,n;eHy,n;a�HOHHaSi noBepxHOCTb Ha BhlCOTe 500-600 

M. no He:£i pacnpo cTpaH�HH o6IIIHpHHe BaJiorH � yBaJIH - 1•q1:,opHe 11 ( 800/325

M), "IlponacTHa" (750/750 M) H T._.n;. ,. )];HO KOTOp:WC H806HJiyeT noHopaMH.

�a MHOr03TSEHh1X ne�ep HaH60Jiee H8BeCTHaSl .rtepBeHTCI:CaSi 01:COJIO c. IlpoJiaa,_ 

BXO)]; B KOTopyID pacnoJIOXeH Ha BHCOTe 160 M Ha.n; pyCJIOM BpaHli.

2. HAPCT B CMHHllMHAllbHblX CIPtKIYPAX
-

. 

3TOT THn K_apcTa pacnpocTpaHeH cpaBHHTeJibHO pexe. HM oxsaqeHo 9, 2% 

KapCTOBHX o6paaoBaHHH 'B Ilpe.n;6aJIKaHe. 

IOpOTHilH:fffl peJibe� Ilpe.n;6aJIKaHa npe,n;cTaBJieH rJiy6oKO .n;eHy.n;HpOBaHHHMH _ 

CTpyKTypaMH, npOCTHpalD�HMHCSi C ceaepo-aana.n;a Ha mro-BOCTOK B sana.zr;Hoi 

t.IaCTH H C aana.n;a Ha BOCTOK B BOCToqHoA. IlpHMepoM THnHqHQH CHHKJIHHSJlb-
� 

. . 

HOH CTpyKTyphl )];JISi aana.AHOrO Ilpe.zi;68_JIKaHa SiBJISieTCSi CaJiaWCKSSi. KapcT
. .

B 0TOH CHHKJIHHaJIH, o6paaoBaHHOH Mex.n;y Ilpe.n;6aJIKaHOM H rJiaBHOH CTapa-
. 

. 

. . 

nJiaHHHCKOH·�enbD, paaBH� B TpHaCOBhlX· H_rJiaBHHM o6paaou, B DpCKHX (TH-

TOHCKHX) HSBeCTHSiKax. 

Ceoe·o6paaeH KapCTOBhlH 
. .

paioH·npe.n;oaiKaHa Mez.n;y peKaMH·HCKHp H 

0Ch1M, 8BOJllD�HSl KOTOporo TeCHO CBSi8aHa C TeKTOHHqeCKHMH. H HeOTeKTOHH-
. . 

qeCKHMH )];BHllteHHSiMH B o6JiaCTH npoCTHpa�eHCSi c ceeepoaanQAa Ha Dro-
. . ' 

' . 

BOCTOK JlyKOBHTCKOH CHHKJIHHSJIH H oco6eHHO C 8BOJllD�He:£i nonepeqHoro· 

K CHHKJIHHSJIH BHTCKO-TekTOHHq_ecxoro nOHHE8HHSi. 3.n;ecb KapcT pacnpocTpa

HeH B MaCTpHXTCKHX HSBeCTHSiKax. 

K .BOCTOKY OT p. BHT MSCTpHXTCKHe H8BeCTHSlKH CJiaralDT qagTb. ceaep-
. •,. .

Horo KpWla BaTyJibCKOH aHTHKJIHHQJIH H MaHTHH ArJieHCKoro H Ca.n;oBe�Koro 

llO)];HSiTHH, a TaK:ate H llJIOCKHe IlOHHJlt8HHSl uex.n;y,aTHMH ,D;BYMSi CTpyKTypaMH • 
. 

CJia6o HaKJIOHeHHHH OKapcToBa�HhlH MaCTpHXTCKHH KOMllJieKc, MOIIJ.HOCTblD .n;o

90 M, a oo�Hx qepTax norpyxaeTcg K-aana,ny, K pycJiy BHTa. lloaTOMY 

KapCTOBlie HCToqHHKH pacnoJIOEeHli npeH�yn\eCTBeHHO no npaBHM oeperaM 

apeaaHHhlX ,D;OJIHH BHTa H npaBhlX ero npHTOKOB KaMeHH�hl-H KaTyHH�H. TaKH� 

MH HCTOtIHHKSMH SIBJISieTCSl "BaTOBO" y c • .rtepMaH� (15-370 JI/CeK) H "Ea.e

poTo" y c. IleThlpHHIJ;a (80-500 JI/CeK}. )];JISI aToro KapcTOBOI10 pa:£ioHa xa

paKTepHH He TOJlbKO KSHbOHOOopaaHHe BpeaaHHhle yt.IaCTKH (.n;o 80 M) peq

HhlX �OJIHH, HO H MHOrOsTaEHhle ne�ephl. KapCTOB&e�npo�eccH HaH60Jiee �H-
u 

TeHCHBHO paaBHThl no CBO'AY ll0.r(H.>1THH, rp;e.TeKTOHHG:eCKHe HanpSillteHHSl 

HaH60Jiee CH�bHhle, a Tpe�HHH HaHOOJiee MHOrOG:HCJieHHhle H rJiyOOKHe. 
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PHC. 3. KapTOCXeMa aHTHK�HHa�hHOro H CHHK�HHa�bHoro KapcTa: 1) ro�NH 
�apcT, 2) BOpOHKa, 3) noHop, 4) ysa�, 5) KapCTOBOe no�e, 6) KSHbOHO
o6pasHaH apeaaHHaH ,ZJ;O�HHa, 7) cyxaH nemepa, 8) BO,ZJ;HaH ne�epa, 9) s�eK
Tpo�H�HpoaaHHaE nemepa, 10) nponacT�, 11) KapCTOBliM HCTOqHHK, 12) KapcT
B aHTHK�HHa�bHO� CTpyKType, 13) KapCT s CHHK�MHa�bHOH CTpyKType, 14) 
KapcT B MOHOK�HHa�hHOH CTpyKType, 15) aHTHK�HHa�b, BmpaJCeHHaH B pe�b-

e�e, 16) CHHK�HHa�b, BHpaEeHHaH B pe�be�e. 

BocToqHee c. BexaHoao pacnoAoJJteHa nemepa IlapHH�HTe (,ZJ;AHHOH 2950 

M), nepe,ZJ; KOTOPOH o6paaoBaHN KaMeHHMe MOCTm. 

Sana.11-Hee p. BHT KOMilAeKC MaCTpHXTCKHX l18BeCTHH.KOB, MOmHOCTblO ,ZJ;O 

120 M, o6paayeT MSHTHIO paaAHqHNX no Be�HqHHe CTpyKTyp, norpy�aIOmHXCE 

K BOCTOKy no Hanpaa�eHHIO K p. BHT. Il08TOMY KpynHNe KapcTOBNe HCTQqHH-
. 

KH pacno�araIOTCH Ha �eBNX oeperax IlaHer11 H BHTa. 

8BO�IO�HH npHHCKlipCKOH qacTH KapAyKOBCKoro KapcTa TeCHO CBESaHa co 

CTa,ZJ;Ha�bHliM paSBHTHeM HCKlipa B n�eHCTO�eHe. 8Ta peKa, HeCMOTpR Ha BOC

TQqHNH HaK�OH Kap�yKOBCKOH CHHK�HHa�H, BlillO�HH�a po�b �OKa�bHOro oaaM

ca ,ZJ;�R pa8BHTHH KapCTOBNX npo�eccoa. 06 3TOM CBH,ZJ;eTe�bCTByeT TeCHax 
I-

CBfl8b MeJJt,ZJ;y BliCOTOH Teppac HCKMpa B paHOHe Kap�yKOBCKoro KapCTa H 

ypoBHHMH nemep Ha npaaoM oepery peKH. 

Ha1,16o�ee HHTeHCHBHOe KapcToo6paaoBaHHe Ha6�IO'AaeTCfl Ha n�aTO 

''CTpaJJtaTa''' 06paa0B8.HHOM B norpyJCaIO�e.ticH K BOCTOKy CTpaJCaHCKOH CHH

K�HHa�H (pHC. 4), CAOllteHHOI r��BHliM o6paaoM HeCKO�bKHMH ropHSOHTaMH 
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PHC. 4. Kap'l'OCXeMa CHHKJIHHaJibHOro KapcTa nJiaTo "CTpaxaTa" : 1) I'OJibIH 
KapcT, 2) BOpOHKa, 3) KaHbOHOOOpaaHaH BpeaaHHaR 'AOJIHHa, 4) cyxag ne
�epa, 5) BO'AHaR ne�epa, 6) aJieKTpOq>H�HpOBaHHSH ne�epa, 7) KapCTOBbIH 
HCTOtlHHK, 8) KapcT B CHHKJIHHaJibHOM CTpyKType, 9) CHHKJIHHSJib, BHpaEeH-

�ag B p eJI1>ecpe. 
• 

anTCKO-ypI'OHCKHX HaBeCTHHKOB H nepecet1eHHOH nonepetlHO KaHbOH006pa8HH

MH 'AOJIHHa.MH .HHTpbI J,1 �pHHOBCKOH peKH. 

CapMaTO-IIOHTHtleCKafi noaepXHOCTb 0TO,I'O nJia TO l30JIH006paaHa, . OJiaro

'AapH HaJIHqHro 6oJiee 35 BOpOHOK H yBaJIOB (BeJIHtlHHOM 'AO 680/480 M) c rJiy-

OHHOH 'AO 40 M. �JIH nepHq)epHMH.bIX paHOHOB nJiaTO "CTpaJICaTa'' xapaKTepHH 

OODIHpHble KappOBble IlOJIH. 

BOCTOQHbIM HaKJIOH yproHCKHX H8BeCTHHKOB ooycJiaBJIHBaeT CTOK rpyHTO-
'

BbIX KapcTOBbIX BO'A t1epea 'ABe BO'AHI:iie ne�epb!. Ile�epa "l1aaopa" oopaaoBaHa 

Ha JieBOM oepery HHTpbI Ha B.bICOTe 11 M Ha'A ypoBHeM peKH IlOtlTH Henocpe'A-

CTBeHHO no OCH CHHKJIHHaJIH. CTOK C BOCTOtlHOH qaCTH nJiaTO (MeE'AYpet1be 

HHTpbl H �pHHOBCKOH) ocy�eCTBiHeTCH rJiaBHbIM oopaaoM qepea 'APHHOBCKYID 

ne�epy, BXO'A B KOTopyro pacno�oEeH Ha BbICO�e 11 M HS'A �pgHOBCKOH peKOH. 

Ha E@COTe 35 M HS'A peKOH pacnoJIOEeH BXO'A H BO BTopyro,ne�epy ''Baqo 
• 

KHpo", aJieKTpOq)H�HpOBaHHYID H HMeromyro 'AJIHHY 2400 M. Ooe ne�epbI oopaao-

BaHbI TOtlHO B'AOJlb OCH norpyJIC�ro�elcR K BOCTOKY CTpaEaHCKOM CHHKJIHHSJIH. 

3. KAPCT B MOHOHllMHAnbHblX CTPYKTYPAX

3TO HaH6oJiee mHpOKO pacnpocTpaHeHHbIM �Hil Ka pcTa. Ha Hero npHXO'AHTCH 

61,5% KapCTOB.bIX o6paaoBaHHH a Ilpe'AOSJIKaHe. 

�JI.a 3a11a'AHOM CTapa-TI.ilaHl1Hbl xapaKTepHlil OKapCTOBSHHble MOHOKJIHHSJIH,, 
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PMC. 5. KapTOCXeMa MOHOKJ!�H8JlbHOrO KapcTa ,I:{eBeTaKCKoro nJiaTo: 1) ro
JlHH KapCT t 2) sopoHKa' 3 )_ KaHbOH006pa�HaSi BpeaaHHaa ,IJ;OJ!MHa' 4) cyxaa
ne�epa,.5} BO,n;Haa ne�epa, ·s) Kapc�OBHM MCTOqHMK, 7) MOHOKJ!HHSJlbHHH 

· KapcT •

qacTM rJiy6oKO ,n;eHy,D;MpOBaHHOro ..J3eJiorpa,n;q14l(CKOro SHTHKJ!MHOpHR. Ha ceaep-
. 

HOM KpH.11e 8TOro SHTMKJ!HHOpMSi. HaXO,IJ;HTCSi ye,n;MHeHHSSl ''Pa6HIIIKa . MOrHJia ti'

B KOTopoA a. nJIHOl\ eHe 6HJia co a,n;aHa ne�epa "Ma_rypa '' ( ,n;JIHHOH 2500 M) , 
B HSCTOSi�H MOMeHT 0Jl8KTpOq>HQHpOBaHHa.K. Pa� OKapCTOBaHHHX MOHOKJ!HHa-

. 

JieH· HOCHT Ha8BaHH8 "BeH�OB". IlpHMepoM TaK oaoro 51BJIHeTC51 BeJiorpa,D;tiHK-

CKHH BeHe�, B KOTOPOM · oq>opMJieHa ''HenpHBeTJIHBSTa nponacT", rJiy6HHOH 

B 126 M. 

!OEHoe KpHJIO BeJiorpa,n;qHKCKOro aHTHKJ!HHOp.1151 CJiaraIDT OKapCTOBSHHHe 
. 

THTOHCKHe H·8BeCTH51KH MOHOKJIHHaJieH: '' Be.n;epHHKa", ''IllHpOKa-IlJraHHHa '' ''Be-. ' 
peHmIICK OTO . 6'bp,n;o ft •

K -BOCTOKy 6T OrocTH pacnoJioJB:eHa THnHt1HaS1 roMOKJIHHSJib "MHJIHH 

KSM'bK ''. 3.n;ecb OKapcTOBbIBSHHID no,n;BepllteHH anTCKHe yprOHCKHe H8BeCTH.KKH' 

KOTOpHe pacceKaID�CSi CJia6o HaK�OHeHHOH K IDry Jl�BaHTHHCKOH ,n;eHy,n;aQHOH-
. . 

HOH noaepXHOCTbID. B IDlltHOH tISCTH "MMJIHH. KSM'bKa ,, . HaXO,ZJ;HTCSI TpeTbSI no 

,D;JIHHe nemepa "IloHopa" ( 3500 M). Ilo6JI11socTH pacnoJioJICeHa ·nemepa "MJia,n;e

HO�STa'' (1640 M) H lltHBOilMCHHH KaMeHH�H ''BOlltM MOCT''. 
. . 

.
. 

K �OCTOKY OT p. OCHM a ceaepHOH t.IaCTM cpe.n;Hero Ilpe,n;6aJIKaHa 

npoCTHpaeTCSI OOIII}ipHoe ,I:{eBeTaKCKOe KapCTOBOe nJiaTo (pHC. 5). CapMaTo

llOHTHtI8CKaSi ero ,n;eHy,D;aQHOHHaSI noBepXHOCTb HaKJIOHeHa c1a60 K CeBepy 

(470-380 M) M o6paaoBaHa B anTCKHX yproHCKHX H8BeCTHSIKax. OHO H806M

JiyeT MHOI"'OtIHCJI8HHHMH BOpOHKaMH, llJIOTHOCTb KOTOPHX MeCTaMM ,D;OCTHraeT 

.n;o 43 Ha JI KB KM (c. Tenaaa). 06mHpHHe iappoaHe noJia pacnpocTpaHeHH 

Ha ceaepHHX nepHq>epHHHHX yt1aCTKax nJiaTO H BOKpyr aopoHOK. B 0TO� 
.. KapCTOBOM paHOHe HaCtiMTHBaeTcSI OKOJIO 48 nemep, pacnOJIOllteHHHX B 4 0Ta-
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)Ka. Ha HitlX Ha.Ti160JibwyIO ,Il;JIIAHY IAMeIOT CJie,IJ;y10m:vte neme pbI CeBepHoro CKJIOHa 

,UeaeTaKcKoro nJiaTo: "Bo,n;ona,n;a" (995 M), BO,IJ;Ha.H ne mepa "YpyIIIKaTa Maapa" 

( 1600 M) , pacnoJiolKeHHa.H IO)KHee c. RpywyHa, 11 ,UeBeTaKcKa.H nemepa -! ( 1400 

M) - ceBepOBOCTQqHee c. �eBeTaKitl.

IlO,IJ;BeplKeHbI OKapCTOBbIBaHHIO 6apeMCKit1e It1 anTCKit1e It18BeCTH.HKit1 napaJI

JieJibHO pacnoJiolKeHH:blX MOHOkJIIt1HaJiel ceaepHoro KpbIJia CeBJI11eacsol aHTit1KJI11-

HaJI11. Me)K,Il;y CeBJIHeBO H TbipHOBO Ha iTHX MOHOKJIHHaJI.HX o6paaoaaHbI KaMe�

H:ble ".seHIJ,L1 11 .H rOJible KappOB:ble IIOJI.H. 

B IlOCJie,Il;Hitle rO,IJ;bI B CB.H8It1 C HayqeHit18M IlOJie8HbIX ItlCKonaeMbIX, r11,IJ;po

TeXHJt1qecKit1Mit1, npOMblillJieHHbIMitl, ,Il;OpO)KHbIMIA IA ,IJ;pyrHMit1 Bitl,IJ;aMH CTpOHT8JibCTBa 

Ha ItiayqeHHe KapcTa B BoJirapHH o6pamaeTc.H ace 6oJibmee �HHMaHHe. IlpH 

KOMITJieKCHOM ItlCCJie,IJ;oBaHHH KapcTa Ilpe,IJ;6aJIKaHa Heo6XO,Il;It1MO o6p�aTb cne

IJ,ItlaJibHOe BHitIMaHitle It1 Ha HeOT8KTOHJt1qeCKit1e ,Il;BJtl)K8HH.H, KOTOpbie ,,Il;O 8HaqJt1-

TeJibHOI CTeneHitl o6ycJiaBJIHBaIOT aaKOHOMepHOCTH ero pa8B.Ti1Tit1.H. 
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XItI,IJ;poreOJIO)KKa KapTa Ha B�JirapH.H B M  1:200 ooo, Yia,IJ;aHHe -Ha ROMHTeTa no 

re·oJIOrltl.H H reorp. HHCT. npltl BAH, 1969. 
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Geomorphology of the karst surface 

THE PROBLEM OF SURFACE MODELLING 
BY SOLUTION,A CASE STUDY 

K. Priesnitz

Institute of Geography 
Gottingen, FRG 

Long before Corbel's provocative thesis in 1957 karst geomor
phologists calculated solution rates from the chemical load of 
rivers. Since his work it has become a well known and commonly used 
method: The volume of dissolved rock removed by a river jn a known 

. 

time from a known catchment area is related to this area and expres-
sed in the dimensions m3/year/km2 or - which is numerically the 
same - in. rom/1000 years. 

Results obtained in different climatic a.nn petrographical 
regions do not show a regularity as t1n.equivocal as expected by 
Corbel. This gave rise to the opposition of several authors: Ranging 
from Bogli' s objection in 1960 that karst morphology is less i.n
terested in the '' output'' of a karst landscape than in the processes 
going on within it, up to the criticism of Beckinsale (1972) who 
considers it to be more reasonable to establish the relation between 
the rock volume removed by solution and the total volume of soluble 
rock involved in solution instead of relating the volume. to an area. 

In spite of all objections the erosion rate calculated by 
Corbel's formula seems to be a useful standardiBjng concept.·some.:.. 
times it is significant in a strictly literal sense -.on exposed 
rock surfaces for instance or . in loose material (clastokarst) - some-

. 

times it is to be considered as a more abstract index allowing, for 
example, small scale comparisons between different catchment areas1) . 

The differentiations of the erosion rat�2) proposed by several 
authors seem to be of a certain advantage over the original Bingle
-figure-index, but they are either impracticable at all because they 
contain non-quantifiable elements or they are at least much harder to 
determine than the simple solution rate. This is valid for: 
- the differentiation of surface and subterranean solution by Corbel

himself as well as for
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1) To do justice to Corbel it must be said that he did indeed· recognize these difficult
ies and some of the reservations of his critics_. Even in his firs-t publication in 1957,
where he used this method, he wrote "Rappelons que ••• la couche de calcaire que est en
levee annuellement ••• est f i Ct i V e  puisqu'elle correspond a une erosion qui
s' exerce non seulement en ·surface m�is aussi a 1' interieur de_ la masse-rocheuse." (1957,

, 

p.498). - Corbel s apparent errors in the domain of climatic morphology do not d�pend on 
this method but they are caused by insufficient data and by a premature interpretation 
of the facts. 
2) I prefer to call it solution rate in the following.
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- the differentiation between the solution-deposition-metabolism

within an area and.the definite removal of dissolved rock. This was

objected by Bogli (1960) a.nd Williams (1968),

- the distinction of ''karstic'' and ''non-karstic solution'' ( according

to Rohdenburg & Meyer 1963) as well as for

- the delimitation of the rock volume affected by solution proposed

by Beckinsale 1972.

In this paper I shall propose one more solution jndex that seems 

easily calculated and morphologically more relevant tban the simple 

rate of erosion. 

This will be demonstrated.by discussion of a small area of in

terstratal karst (a term proposed by J.F. Quinlan 1969, in German we 

call it ''11nterirdischer Karst'' according to A. Penck 1924), on Middle 

Muschelkalk Gypsum. 

Tl1e area called ''Kuhler'1 is situated near Bad Gandersheim; this 

is 60 km SSE of Hannover, in Northern Germany. As shown in figures.l 

and 2 it is an Upper Muschelkalk plateau isolated in all directions 

by valleys so that the relatively impermeable Middle Muschelkalk · 

crops out everywhere except in the NW. 

The more or less flat lying Lower Muschelkalk (mu) consists of 

100 m of bedded limestone, the Middle Muschelkalk (mm) of about 40 m 

of marls with some 25 m of gypsum in its middle, the lower part of 
the Upper Muschelkalk (mol) consists o.? 10-15 m of sparitic limestone 

and the upper part (mo2) of 40_ m of impure limestone. A loess cover 

of 1-3 m mantles the eastern half of the Kuhler. This eastern part is 

arable land, the western part of the top and all steeper slopes are 

covered by beech tree forest. There is no significant surface runoff. 

The Kubler is situated in a region affected by considerable dis

locations. Nevertheless the Middle Muschelkalk does not seem to allow 

the perched groundwater to penetrate into the Lower Muschelkalk. 

Under these conditions one may suppose that the whole runoff passes 

through the springs. The NW end of the area is not considered here; 

there may be some underground outflow through the gently dippjng 

Upper Muschelkalk, but this is speculative. Also, the constriction 

between the springs above the sampling points 1 and 5 makes a north

ward directed underground overflow from the centre ·of the Kubler im-

probable. 
A comparison of the measured runoff and the calculated one based 

on the known climatic data (730 mm of precipitation - 480 mm of evapo

transpiration = 250 mm of runoff) showed a perfect conformity: there 
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cannot be an important deep outflow because it can be excluded ab

solutely that water from outside the considered catchment area ap

pears in the springs. 

There are very few areas in the limestone regions of the German 

''Mittelgebi:rge'' where conditions for analysing catchment areas in de

tail and for establishing a water balance are as favourable as here. -

Confining catclunent areas seems to be the main problem in large scale 

studies in karst hydrology. 

Water gaugings and analyses were made 16 times with irregular 

intervals during one year (1968 to 1969) at the 5 points indicated. 

The total runoff value was 1,6 . 106 m3/year, the average solution

load was 152 ppm CaS04 • 2H20 and 270 ppm Caco
3

• This is equivalent

·to a solution rate of 17 mm of gypsum and 25 mm of limestone per 1000

years. Extrapolating the present solution rate over the entire Holo

cene period, a gypsum volume of 170 000 m3 and a limestone volume of

250 000 m3 will have been removed from one square kilometre. This

corresponds to an average surface lowering equivalent of 42 cm. 

The only karst forms on the plateau - like top of the Kuhler are 

some 35 dolines with sigmoi_d slopes, diametres of 8-90 m, and depths 

of 2-8 m. By several drillings in this area and by analogy to other 

and better-known dolines in similar geological, morphological and 

hydroJ.ogical situations - there are more than 1000 dolines in the 

Upper Muschelkalk of Lower Saxony - it may be affirmed that these 

dolines are of post-glacial age and that they do not depend on lime

stone solution but that they are collapse dolines genetically related 

to Middle Muscl1elkalk gypsum, as suggested in figure. 2. The 35 do lines 

have been measured and the volume of all of them can be calculated· 

being slightly r11ore than 24 000 m3. The volume decrease by break-down

of the Upper Muschelkalk rock and by slope denudation in the dolines 

has deliberately not been taken into account. 

A comparison of this doline volume with the amounts of dissolved 

gypsum mentioned above leads to the unexpected conclusion that only 

about 1-2% of the total gypsum solution during the Holocene produced 

proper karst lar1dforms. The arnount of limestone dissolved is even 

larger, but it has no·t produced any known karst forms at all. 

This ratio demonstrates the discrepancy between the surface 

lowering and the surface modelling effects of solution. In this and 

many other cases of the solution of Mesozoic and younger rocks the 

''surface lowering'' may be understood in its literal sense - not only 

considering ''geological'' times. In loose or poorly co11solidated 
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material, in densely fissured rocks, in inter�tratal sulphate and 
halite karst - these rocks are often enclosed between slightly con
solidated pelites - the effect of solution is essentially a diffuse 

and undifferentiated surface lowering: the most important erosion 
process ( in the .sense of ''Abtragung'' in German) is completely 11n

noticed by geomorphologists. 
In conclusion, I wish to state that as a supplement to the 

solution rate, the surface lowering/ surface modelljng ratio seems 
to be an interesting :µidex from two points of view: firs�ly in order 
to characterize the morphological effect of solution on different 
rocks, under. different covers, and - I am sure - under different 
climatic conditions; and secondly maybe it can serve to characterize 
the actual situation of karst morphology, being both a landform 
science and a process science, interested in the solution process 
even in regions where it does not produce any karst forms • 

• 
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0 KAPCTOBblX ABn�HHAX PALIHHCKOro XPE6TA 
(3AnA.QHAA rPY3HA) 

- K. W. PaHaMawaMnM
CneneonorM11ecHMA coaeT AH rpyaMHcHoit CCP

. T6MnMCM, CCCP · 

HccJie.nyeMHM pa�oH, HBJIHHCb COCT8BHOM qaCTbD PaqHHCKoro xpe6Ta, aaHH

MaeT TeppHTOPHID nJioma'AbW 650 KM2 H8BeCTHHKOBOH IlOJIOCH 3ana.z(HOM rpy-

3HH. C ceaepa paMOH orpaHHqHaaeTCH y�eJibeM P• PHOHH. PatlHHCKHH xpe

oeT aCHMM9TpHtlHOro CTpoeHHH. Ero IDEHHM CKJIOH MeCTaMH npe'ACTaaJieH OT

aecH�MH oop&BaMH, BHCOTOM 200-400 MeTpoa. BoJiee OOllIHpHHH·ceaepH&i 

CKJIOH BKJIDtlaeT a ceoe HeCKOJibKO HeOOJibIIIHX )l;HarOH8JlbHHX xpe6TOB (Ilo�

xspeBH, XHxaTa, HaKepaJia). 

TioaepXHOCTHHH CTOK paioHa OTHOCHTeJibHO He8HStlHTeJieH. rH.z:i;porpa

�HqecKa�;�eTb, B CBH8H C CH�bHOH aaKapCTOBaHHOCTbD paioaa, He rycTaa, 

peKH HeMHOrOBO)l;HHe. �eaae npHTOKH p. PHO�H (Xeopa, BapyJia, KpHxyJia, 

IllapayJia) oepyT HaqaJIO Ha PatlHHCKOM xpe6Te H MeCTaMH oopaayDT �Jiyoo-
• 

KHe KaHbOH006paaa&e ymeJibH. 

B KJI�MaTHqeCKOM OTHOllieHHH paioH pacnoJIOEeH B cy6TpOllHtleCKOH no-

JIOCe 3ana)l;HOH rpyaHH,. XOTH CJIO�HHe oporpa�HqeCKHe ycJIOBHH BH8HBSIDT 

aaaqHTeJibHYID pa3HH�Y Me�.zzy KJIHMSTHqecKHMH noKaaaTeJIHMH (M.O. Kop.z:i;aa

XHa, 1960). Ocooo BHCOKOM BJiaEHOCTbD H OOJibWHM KOJIHtl8CTBOM OCS'AKOB 
• 

OTJIHqaeTCH HaxepaJibCKHH xpeoeT BHCOTOH 1300-1400 M aa.z:i; y.M. (2000 

MM/ro.z:i;). 

B reOJIOrHqecKOM CTpoeHHH paioHa npHHHMaDT yt1aCTHe MeCTaMH OOHa-

EaIDmHeC� cpe,z:i;HeIDpCKHe OTJIOE8HHH - 6aioccKaH nop�HpHTOBaH CBHTa H 

oaTCKHe rJIHH& H nect1aHHKH. Bsme no paapesy cJie,z:cyeT aepxHeropcKaa (KH-

MepH.z:i;ECK_asi) necTpO�BeTHSH CBHTa' Ha KOTOpOH pacnOJIOEeHH H�HeMeJIOBHe 

OTJIOE8HHH. HHa& aaJiaHEHH-rOTepHBa npe,z:i;cTaBJieHli KBap�eBo-apK080B&MH 

necqaHHKSMH, nepexo.z:i;amHMH aawe B cpe.z:i;HeCJIOHCT&e 'AOJIOMHTH8HpoBaHHHe 

H3BeCTHHKK. Ha 0TK OTJIOE8HHH aaJieraIDT oappeMCKHe TOJICTOCJIOMCT�e H8-

BeCTHfiKK, aaHHMaIDmHe OOJibIIIYID qaCTb HCCJie�yeMOH TeppHTOpHH. 3a oap

peMCKHMH H3BeCTHHKSMH CJie�yIDT MepreJIHCT�e H8BeCTHHKH anTa, Mepre-

JIHCTble I'JIHHbl 11 MepreJIH aJib6a K rJiayKOHHTOBHe necqaHHKH ceHOMaHa. BNIIre 

no paapeay H,IC'T TypoH-CeHOH-�aTCKHe H naJieo�eHOBHe HaBeCTHHKH. �aJiee 
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cJie.n;yroT TeppHreHHhle OTJioJKeHHH aepxHero naJieoreHa-HeoreHa H OTJIOJKeHHH 
qeTaepTHqHQM CHCTeMhl. 

Ilo cxeMe reoTeKTOHHqecKoro paMOHHpOBaHHSI rpy8HH, paapa6oTaHHOH 
rr;·,n;. raMKpeJIH,D;Se (1964), HCCJie.n;yeMhIH paioH BXO)J;HT a no.n;aoHy PaqJllHCKO-

.. u u ReqxyMCKOH CHHKJIHHaJIH rarpcKo-,IJ;JKaBCKOH 80Hhl, OTHOCHmeHCSI K CKJia.n;qaTOH 
cncTeMe IOlKHoro CKJIOHa BoJibworo Kaaxaaa. PaioH npe.n;cTaBJieH, B OCHOBHOM, 
IlOJIOrOCKJia.n;qaThIMH CTpyKTypaMH, OCJIOJKHeHHhIMH qaCThIMH ,D;H8bIDHKTHBHhIMH Ha
pyweH.HSIMH' npH.n;a.IO�MH pc:lHOHY OJIOKOBO� CTpoeHHe. 

H�BeCTHHKOBaH qacTb PaqHHCKoro xpe6Ta npe.n;cTaBJISleT COOOH KJiaCCJll-
qecKHM paHOH ropHoro KdpCTa. HaaeCTHSIKOBhle ToJimH, SIBJIHIDmHeCfl apeaJIOM 
paaBHTHSI xapcTOBhIX-SIBJieHHH, xapaKTepH8y.IOTCSI rocno.n;cTBy.IOmHMH na.n;eHHSIMH 
Ha ceaep no.n; yrJioM 10-40°. 

IIoaepxHOCTHl>IMH Jl1 no.n;aeMHhIMH xapCTOBhIMH qlOpMaMH oco6eHHO H800HJiy
eT illaopcxas KOTJIOBHHa (1160 M OT y.M.) H OKpeCTHOCTH rop - Ilo�xapeaH 
(2405 M), XHxaTa (2243 M), Ca�aJIHKe (1997 M), HaxepaJia (1570 M). Ha
xepaJibCKOe nJiaTO cqHTaeTCSI paHOHOM HaHOOJiee JllHTeHCHBHOro pa3BHTHSI 
xapcTa a CCCP (H.A. raoa.n;e�KHi, 1965). 

KapCTOBhle ¢opMhl npe.n;cTaBJieHhl .n;enpeCCHSIMH, nemepaMH, KOJlO)J;�aMH, 
waxTaMH, BOpOHXaMH (.n;HaMeTpOM .n;o 150 M H 6oJiee, rJiyOHHOH .n;o 60-80 M), 
KappaMH. rJiyOHHa MHoroqHCJleHHhIX KapCTOBhIX KOJIO.n;�eB BapbHpyeT OT 10 .n;o 
20 MeTpOB npH .n;HaMeTpe 0,5-1,5 M. Ilemephl B OCHOBHOM ropH80HTaJibHhle H 
OOBO'AHeHHHe. Ha .IOEHOM OTBeCHOM KphIJie HaKepaJibCKoro xpe6Ta, Ha aoc. 
BhIC. 1300 H 1435 M OTKpl>IBa.IOTCSI Uxpa.n;JKBapCKHe nemephl. 06maH ,D;JIHHa nep
BOM HS HHX, Bl>Ipa6oTaHHOM B oappeMCKHX TOJICTOCJIOMCThIX H8BeCTHSIKax--(yp
roHCKaSI qla�HH), COCTaBJIHeT 468 M (ll.H. KHnHaHH, B.M. ,lJ;XHWKapHaHH, 
1973). II Hill nemepl>I Bhlpa6oTaHl>I Ha KOHTaKTe 6appeMCKHX H HHEHeHeOKOM
CKHX HSBeCTHSIKOB •. CeaepHee' B ymeJibe p. IllapayJia HYJKHO OTMeTHTb Uax-

. cxyID nemepy, ooraTyro HaTeqHl>IMH o6paaoaaHHHMH H nemepl>I illapayJia H �HB
�KaJia. Pexoi, Bl>ITeKa.IOmei H8 nemephl UHB�KaJia, IlHTbeBOH BO,D;OH CHa6JKaeT
CH ( ,nyTeM OTKaqxH) . r. TKHOYJIH. 

Y ceaepHhIX OTporoB PaqJllHCKOrO xpe6Ta, B BOCToqHOM qacTH illaopCKOH 
KOTJIOBHHl>I, noqTJll Ha O,D;HHaKOBOM rHilCOMeTpHqecxoM YPOBHe OTKphIBa.IOTCSI 
ropHSOHTaJibHl>Ie nemephl C HeOOJiblllHMH oaepaMH B KOH�e H BhITeKaIDIIU1MH Jll8 
HHX KapCTOBhIMJll HCToqHJl1K8MJl1 (nemephl Ca�HWOpe, KH.n;ooaHa, ,IJ;oJiaOHCTaBH). 
B BOCTOqHQH qaCTJll TeppHTOpHH, Ha llIKMepCKOM n�aTO HaXO,IJ;HTCSI JllHTepec-
Hafl, Jl1800HJIY.IOmaH HaTeqHhIMH o6paaoBaHHSIMJl1 ropH80HTaJibHaSI nemepa YwoJI-
Ta, no .n;Hy KOTopoi: npoTexaeJ no'AaeMHaa pexa qepyJia. 

B KapCTOBOH BOpOHKe OKOJIO c. illKMepH, npe.n;cTaBJieHo oaepo ,D;HaMeT-
-
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PHc. 1. CxeMaT-HqecKHe r*,n;poreoJior1,1t1eCK1,ie pa3pea.bI no Mep*,n;HaHaM rop 
Ilo�xape8H (a) H CaqaJIHKe (6): 1. HJ,i�H.bIH BO'AOynopH.bI� ropH30HT, rJIHH.bI, 
necqaHHKJ,i, Ty¢o6peKtII,1I,1 KHMepH,D;�a (necTpO��eTHaH CBHTa), a TaK�e OTJIO
�eHJ,ifi cpe,n;HeH ropM. 2. HH�H.bI� BO'AOHOCHO-KapcTyrom1,1ica ropH80HT, cpe'A
He- H TOJICTOCJIOiCT.bie I,18BeCTHHKH, ,IJ;OJIOMHT.bI H ,IJ;OJIOMHTHaHpoaaHH.bie H Mep
reJIHCT.bie 1,1aaecTHHKH aaJiaH�HH-6appeM-anTa. 3. BepxHHH ao,n;oynopH.bIH ro-,
pH80HT, rJIHHHCT.bie MepreJIH I,1 necqaHHKH dJibOa I,1 ceHOMaHa •. 4. BepXHHH 

u u 

BO'AOHOCHO-Kapc�yIDmHHCg ropH30HT, CJIOHCT.bie I,18BeCTHHKH T.bipOH-CeHOHa. 
5. HanpdBJieHHe IlO'A3eMH.bIX BO'AOTOKOB. 6. Paap.bIB.
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poM 15 M, BO,Il;N KOTOporo ,n;amT HaqaJIO peKe Xeopa. B 400 M OT oaepa, Ha 
. 

... 

IDEHOM CKJIOHe xpe6Ta no�xspeBH BHXO,IJ;HT ,Il;OBOJibHO MOmHHH ... KapCTOBNH HCToq-

HHK ''KJI,n;HC�Kapo". 

HyEHO OTMeTHTb TaK�e BepTHKSJlbHHe Jie,n;HHlie nemepH c���Jie H Cxsa-
. 

Ba, .KOTOplie KpeCTbHHSMH HCilOJlb80BaJIHCb ,IJ;JIH xpaHeHHH npo,n;yKTOB. 

�8 00Jlbllll1HCTBa H8BeCTHliX Ha HCCJie'AYeMOH TeppHTOpHH nemep (,n;o 20) 

B�XO,Il;HT· KapCTOBNe HCToqHHKH. 

PaHOH xapaKTepHayeTCH CJIOEHliMH rH,n;poreoJIOrHqeCKHMH ycJIOBHHMH. Ha 

OCHOBaHHH aHaJIH8a JlHTOJIOrHH H TeKTOHHqecxoro CTpOeHHH OT,IJ;eJibHliX yqacT

KOB TeppHTOPHH, HSMH...,Bli,IJ;eJIHID��jl CJie,n;yromHe Bo,n;oynopHlie H BO,Il;OHOCHO-Kap-

CTyromHeCH ropH80HTH (CM. pHCYHOK): 

1. HHEHNH Bo,n;oynopHNH ropH80HT - npe,n;cTaBJieH, B OCHOBHOM, rJIHHa

MH, necqaHHKaMH H
0

Ty�o6peKqH.HMH KHMepH,n;Ea (necTpO�BeTHaH CBHTa), Mom

HOCTb KOTOpOH a �eHTpaJibHOH qaCTH COCTaBJI.SieT 500-800 MeTpoB, a a KpaA

He BOCTOqHOH qacTH' (IIIKMepCKOe nJiaTo) - 100-200 M. 

2. BepXHNH BO,n;oynopHliH ropH80HT - npe,n;cTaBJieH rJIHHHCTNMH MepreJIH-

MH H necqaHHKaMH aJib6a H ceHoMaaa, 

HOH nepH�epHH HCCJie,n;yeMoro paHOHa. 

,Il;O 150 M. 

Bo,n;OHOCHlie ropH80HTN: 

WHpOTHO npoCTHpaIDIIU1MHCH no ceBep

MomaoCTb ropH80HTa BapbHpyeT OT 20 
• 

1. HHEHNH BO,Il;OHOCHO-KapcTyromHHCH ropH80HT - npe,n;cTaBJieH BaJiaHEHH-

-oappeM-anTCKHMH cpe,n;He- H TOJICTOCJIOHCTNMH H8BeCTHHKSMH, ,Il;OJIOMHTaMH H

,Il;OJIOMHTH8HpOBSHHNMH H MepreJIHCTHMH H8BeCTHHKaMH. Oomaa MO�OCTb ropH

_80HTa BapbHpyeT OT 200.,n;o 1000 M, HBJIHe�C.Si OCHOBHNM KapcTyromHMC.Si ropH-

80HTOM H COCTaBJIHeT OKOJIO 70% HCCJie,n;yeMOH TeppHTOpHH. 

2. BepxHHH 'BO,Il;OHOCHO-KapcTyrom:i;1tic.H ropH80HT - npe,n;cTaBJieH BepxHe

MeJIOBNMH ( TypoH-CeHOH) CJIOtiCTNMH H8BeCTH.HKaM·H H pacnpocTp_aHeH B ceae

poaana,n;Hoti qacTH TeppHTopHH - a oaccetiHe p. illapayJia, a �eHTpaJibHOH 

qaCTH - MeE,n;y ceJieHH.SiMH 3HaKB8. H CxaaBa, a Taxxe a KpaHHe BOCTOqHOH 

qacTH - Ha IilKMepCKOM nJiaTo. MOII.\HOCTb ropH80HTa 50-150 M • 

BTOpHqHlie TeKTOHHqeCKHe ,Il;HCJIOKa�HH curpaJIH BaEHyro POJib B ¢opMHpo

BaHHH o6oco6JieHHNX KapCTOB�X BO,Il;OTOKOB. HarJI.H,Il;HhlM npHMepoM 8TOro IlOJIO

EeHHH CJiyEaT Haxo,n;amviec.H He,n;aJieKO ,n;pyr OT ,n;pyra BNXO,IJ;N MOmHNX no,n;eeM

HNX peK UHB�KaJia H illapayJia (K ceaepo-aana,n;y OT c. HHKOp�MHH,n;a), peEHM 

H XHMH8M KOTopux pa8JIHqHN. 
B OTJIHqHH OT MaCCHBa Apa�HKa B A6xa8HH (T.3. KHKHa,n;aa, 1972),

--

.. ,IJ;JI.Si HCC�e,n;yeMOH TeppHTOpHH copocu curpaJIH OCHOBHYID POJib B Me�oacceA-
HOM pacnpe,n;eJieHHH aTMoc¢epHHX oca,n;KOB. HaWHMH HCCJie,n;oBaHH.HMH no,n;Taep� 

E,n;aeTC.Si IlOJIOEeHHe O �OM, qTo �OpMHpoBaHHe, nepeMemeHHe H paarpyaxa 

KapCTOBhlX BO,II; B ropHHX o6JiaCTb.HX npOHCXO,IJ;HT a rpaHH�ax onpe,n;eJieHHNX 
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MaCCHBOB, HMeDIIU1X OOOCOOJleHHHe rH'APOreo.11orHqecKHe BOAOCOOpH (r.H. rH

rHHeHWBHJlH, 1973). 

MH¢J1Da�HpOBaHHHe BO MHOroqHCJleHHbIX noBepXHOCTHHX KapCTOBHX ¢op� 

Max aTMoc¢epHbie OCS'AKH noc.11e IlO'A8eMHOH �HPKYJlSI�HH paarpyJJCaDTCSI B BH'Ae 

KapcTOBbIX HCToqHHKOB rH'APO'AHH8MHqeCKHX 80H ropH80HTaJlbHOH (HCTOqHHKH 

nemep UHB�Ka.11a, CaKHmope, KH'AOOaHa, �o.11a6HcTaBH H 'AP•) H cH¢OHHOH 

(HCToqHHKH Ha 'AHe llaopCKOH KOTJlOBHHbI, oa. XapHCTBaiH Ha illKMepCKOM n.11a

TO, BOKJ1D 8 OKOJlO nemepbI CaKHmope H 'AP•) �HPKYJlSI�HH. B KJ18CCH¢HKS�HH 

KapCTOBbIX HCToqHHKOB r.A. MaKCHMOBHqa (1963) BH'AeJleH THn IlO'ABeWeHHHX 

KapCTOBbIX BO'A, npHMepoM KOTOporo MOJICeT CJlYJJCHTb HC!l'OqHHK ''KJl'AHC�KaJlH" 
' 

Ha llIKMepCKOM nJlaTo. 

Paarpyaxa KapCTOBbIX BO� npHypoqeHa . K SOHSM TeKTOHHqecKHX Hapyme

HHH H K  KOHTSKTaM M8BeCTHSIKOBbIX TOJlll{ C BO'AOynopH:bIMH ropH80HTSMH, 

B MeCTaX 0p08 HOHHOI'O pacqJleHeHHSl nocJle'AHHX, a TaKJJCe K AHHII\SM 'AOJlHH. 

KapCTOBble BO'Abl Ha HCCJle'AYeMOH TeppHTOpHH I'H'APOKapOOHSTHO-K8Jlb�He-
. . 

BOI'O-HaTpMesoro-MaI'HHeBoro THria c OOII.{eH MHHepaJ1H88�HeH 200-500 Mr/.11, 

npH pH 7-8, TeMnepaTypa KOJ1e6.11KeTCSI a npeAeJlaX OT 5 'AO 8 °c. �eOHT 

KpynHclX HCTOqHHKOB aapbHpyeT OT 50 .11/cex 'AO 0,5 M8/cex. 

B MeJJC6acceiHOM pacnpe'AeJleHHH aTMoc¢epH�X BO'A H HX IlOA8eMHOH �Hp

KYJlSI�HH H8PSl'AY C TeKTOHHqecKHMH HapyweHHSlMH BSJICHOe aHaqeHHe HMeeT Ha

JlHqHe r1-1Aporeo.11orHqecx1-1x BOAopaa'Ae.11oa, qacTo He cosna..n;aDIJ.lHX c Tonorpa-
. 

¢HqeCKHMH. BbISIBJleHHe H yToqHeHHe pacnpocTpaHeHHSl IlOCJleAHHX HeOOXOAHMO 
u

'AJlSl 'AaJlbHetimero HayqeHHSI rHAporeoJlO!'HqecKHX ycJlOBHH pa8BHTHSI KapcTa 

HCCJle'AYeMOH TeppHTOPHH. 

ON THE KARST PHENOMENA OF THE RACHA RANGE 
(WESTERN GEORGIA) 

K Rakviashvili 
' 

...

. SUMMARY · 

Karst phenomena of the Bacha range {Central Caucasus) beints developed in Barremian lime

stones represent the classical type of mountain karst. The numerous sink holes, wells
. 

and depressions are located in the area. The caves are mostly horizontal and waterJd• 

On the basis of analysis of lithology and tectonic fram�work of various s�ctions 

of the investigated territory th� author singles out two impenneable and water-bearing 

karstic horizonts. ·,



·�

Thickness of the principal water-bearing karstic horizont is up to 1000 m. 

The secondary tectonic dislocations are of the main importance in the distribution 

of underground-water. This thesis is confirmed with the existence of underground rivers 

with different regimes and chemism with neighbouring outlets at the same hip sometric 

levels. 
I 

'•• 

. 
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BEMERKUNGEN ZU SENKUNGS

UND ERDFALLERSCHEINUNGEN 

IN SALZKARSTGEBIETEN DER DOR 

F. Reuter

Bergakademie 
Freiberg, DOR 

I ' 

A b s tr a c t. Nach Darlegung der allgemeinen ingenieurgeologischen Problematik in 

Salzauslaugungsgebieten wird eine Deutung uber die Moglichkeit des Auftretens von Erd-
•• •• 

fallen uber Salzkarst diskutiert • 
•• 

Grosse Erdfalle treten in den Senkungsgebieten des Salzka.rstes der DDR in der 

Zerrungszone am Rande von Senkungsmulden auf. Eine Grundvoraussetzung fur den weiteren

Ausbau der ingenieur-geologisch-geomechanischen Modellvorstellungen ist die Durchfuh-
. . 

rung und Auswertung von Senlrungsmessungen und die Entwicklung weiterer Messverfahren 

zur Beobachtung der Entwicklung von Senkungsforn,en. 

1. PROBLEMSTELLUNG

Eine Hauptau.fgabe der Ingenieurgeologie in den Siidwestbezirken der 
DDR · besteht in der Er:forsc4ung der Gips- und Salzkarstersch�i n1mgen 
mit der Zielstellung Kriterien fur die ingenieurgeologische Ein-

• • • • • • • schatztmg der Karstgebiete fur das Bauwesen 11nd den Bergbau zu erar-
bei ten. Der Gegenstand der Betrachtungen soll bier nur der Salzkarst
sein. Im Bereich des Salzkarstes tritt eine grosse Formenfulle au:f,
und es sind viele wirkende Faktoren zu berucksichtigen. Als die
wichtigsten den Prozess beejnflussenden Faktoren wurden von von
Hoyningen-Huene und Reuter (1963) genannt: Gesteinsart, geologisch
-tektonische Verhaltnisse, hydrogeologische Verhaltnisse, Loslichkeit, 

Zeit und Klima. Wenn auch die wichtigsten Losungs- tmd Bewegungsvor-
·-- gange prjnzipiell bekannt sind, so wird doch durch das Hangende des

Karstgebirges, insbesondere jn:folge seiner Inhomogenitat imd Aniso
tropie, der Senkungsvorgang derart modifiziert, dass nicht sicher 



vorausgesagt werden kann, wann und ob ein Ereignis als quasiplastische 
Verformung oder als katastrophaler Einbruch ablauf'en wird. Die Er
scheinungsformen des Salzkarstes, wie Randspalten, Schollenverkippun
gen, grabenbruchartige Einsenkungen, Dolinenbildungen u.a., sind 
grundsatzlich geomechanisch erklarbar; allerdings sind bis heute fast 
in allen Fallen noch kejne geeigneten Messmethoden und -programme ent
wickelt warden, urn die Bewegungsvorgange jn diesen Formen ·exakt erfas-

•• • 

sen zu konnen.

, 

2. 1ST DIE VORHERSAGE VON EINBROCHEN
OBER SALZKARST MOGLICH?,,

Nach TGL 168 - 1002 sind GeJ.andeschaden in Salzka;r-stgebieten so zu be
urteilen, dass_ein wenig oder noch gar nicht beanspruchtes Deckgebirge 
nach der ''Unterlaugung'' grosse Spannungen au:fnehmen kann, ehe es zu 

., 

einem Bruch kornmt. Dadurch ist die Entstehung von grossen Hohlraumen 
moglich, die sich zu Erdfallen entwickeln konnen. Bei einem vielfaqh 
abgesenkten und demzu:folge stark beanspruchten Deckgebirge, wo das 
Hangende des Salzes infolge der Senkungen zerbrochen ist rmd als 
Schollenmosaik vorliegt, ereignen sich demgegeniiber mehr oder weniger 
gleichmassige Senkungen als Folge yon lau:fend stattfindenden Partial
bewegungen �n den Grenzen der Teilschollen der hangenden Schichten. 
Diese Vorstellungen sind geomecbanisch gesehen durchaus real unn sie 
werden durch die geologische Geschichte der Senkungsgebiete scheinbar 
auch gestiitzt, indem in alten Senk:ungsgebieten, in denen machtige jun
gere Schichten abgelagert wurden, Einbruche nicht bekannt geworden 
sind. 

Fur die akuten Auslaugungsgebiete der DDR (z.B. im Senlamgskes
sel von Rollsdorf und im Bereich der Senkungskessel von Volkstedt/ 
Eisleben) ist eine solche Aussage nach den bisherigen Erfahrungen ent
weder. gar nicht oder nur mit Toleranzen von mehreren Kilometern mog-

• 

lich gewesen. Fur die praktische Ingenieu.rgeologie und das Bauwesen 
.

.
. 

bedeutet dies, dass die Aussage damit bedeutungslos wurde. Nach 
neueren Unte�suchungsergebnissen bieten sich gewisse, auch geomecha
nisch begrundete Kriterien uber das Einschatzen der Erdfallgefahr uber 
Salzkarstgebieten an. 

In der Bergschadenslehre werden die Senkungen uber bergmannischen
Abbauen au:f der Grundlage der sogenannten Trogtheorie beurteilt. 'Ganz

-
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abnlich wie bei den bergbaulichen Senkungsmulden werden auch bei den 

Senkungsmulden j n Auslaugungsgebieten Pressungs- 1rod Ze:rTi1ngszonen 

beobachtet, die im Gelande und vor allem bei geschlossener Bebauung 

mit ihren Schaden gute Demonstrationsobjekte· fur die Bewegnngsvorgan

ge darstellen. Im unbebauten Gelande lassen sich die Bander von Sen

kungsmulden durch konzentrische oder Randspalten gut verfolgen. In 

Auslaugim.gsgebieten haben diese Spalten in hydrogeologischer Hjnsicht 

eine grosse Bedeutung. Auf' ibnen fjndet eine Wasserzirku.lation statt, 

und es kann in ihrem Bereich zu ejner verstarkten Au:flos1mg der Sa.lze

kommAn. Die Folge der hoheren Auslaugl1ngsi.ntensitate� sjnd grossere 
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' 
--

I 

, .. -----,.... 
,

• 

• 
'
•
' • 

\ • 
\ • 

\ 
• 
\• 
I • 

• 

' 
• 
\ • 
'
•
\ 
• 

I 

\, 
\•
I 
• 
I 

349 



Profit C-0-E 
E 

• 

{mJ ii.Nii. 

C 

SW 

• 

I 

I 
I 
I 

' 

Erdfall 

Bindersee 

D 
11£ S 

/ 

/ 
/ 

Einbruch auf Spalt 

Spa.lten vermutet 
If 

StraJJe. : 1:
,, .... V' 
. . ... . 
... •• I 

I 
I 

I 

fJS 

100 

95 

90 

85 

80 

75 

70 

Abb. 2. Schnitt durch den Bindersee bis zum Hang ostlich der F 80. 

[ml 
ii.NJ£ F 

If 

95 

. 90 

85 I/ 

80/\/ 
'15 • 

-- 70 / : / 
➔ 7L__/

Bindersee 

/ 
7 I 0 

f 
I 

I 

/ / 

Profit F-G-H 

G 

E #NW 

Abb. 3. Schnitt durch den Bindersee bis zum Erdfall Teufelsspitze. 

I 

I 

H 

SSE 

Senkungsgeschwindigkeiten. Offensichtlich stellen im Salzkarstgebiet 

der Mansfelder Mulde solche Gebiete mit starkeren Senkungen verschie

denedene junge Seen dar (Abb. l); aber auch an anderen Stellen lassen 

sich Senkungsmulden in diesem Sinne deuten. Wenn man die Schnitte im 

Bereich einer dieser Seen (Abb. 2 bis 4) betrachtet, erkennt man., 

dass das Seegebiet tatsachlich eine gegenuber der Umgebung schneller 

sinkende Teilmuld� darstellt. Nach der Trogtheorie tretren an den Ran

dern jeder Senkungsmulde Zugspannungen auf, als deren Folgeerschei

nungen sich Zerrungsrisse bilden. Mit Zunahme der Senkur1gsintensitat 

werden die Zerrungen grosser, und die entstehenden Risse gewinnen als 

hydrogeologischer Faktor an Bedeutung. Dies bedeutet, dass neben der
•• •• •• 

verstarkten Losungstatigkeit im Bereich der 

Gebirgsfestigkeit erfolgt (Verringerung der 
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Risse eine Schwachung der 
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Seen, wo reichlich Wasser vorhanden ist, werden diese Faktoren be

sonders wirksam, so dass es in einem bereits vielfach abgesenkten 

Deckgebirge in den Bereichen mit den grossten Zugspannungen Erdfalle 

entstehen. Diese Art der Entstehung der Erdfalle lasst sich an mehre

ren Beispielen einde�tig belegen. 

Wenn man eine Senkungsmulde an einer anderen Stelle betrachtet, 

lassen sich die dort stattfj.ndenden Senkungsvorgange, die an den Ran

dern der Mulde als grabenbruchartige Senkungen vor sich gehen, zwang

los in das dargelegte Modell einfugen. 

Alle bruchartig verlaufenden Erscheinungen im Salzkarst treten 

offensichtlich im Berich der grossten Zugspannungen, d.h. in de.r 

Zerrungszone nach der Trogtheorie, auf. Ob sich der Prozess als Spal-

te, als ''Grabenbruch'' oder als Erdfall abgespiel t, hangt au9ser von 

der Senkungsintensitat im wesentlichen von den geologisch-tektonischen 

und hydrogeologischen Bedingungen ab. 
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·OBSERVATIONS ON SOME GREAT SOLUTION

RUNNELS WITH NESTED SOLUTION PANS 

OF THE VENETIAN PREALPS 
.. 

U. Sauro
lnstitut of Geography,

Padova, Italy 

Numerous solution forms h�ve been imposed during the Postglacial age 

on rock-cut terraces, modelled by the Wurm Ice Sheet, in the South 

of the Adige valley (Val Lagarina); 

k e 

These were 

r k a r s t 

the starting poir1t for a study . of 

type landscapes as a whole (Sauro 

Ru n d hoc -

1973). Of the 

forms examined, two deep rectilinear runnels stand out because of 
\ 

their peculiarities. They begin with a solution pan (kamenitza) fed 

by one or two minor tributary runnels and continue as alternating 

runnel and encJ.osed pan tracts as far as an engulfing cavity. Beyond 

tb.e lip of pra.ctically eve1---y pan follows a slightly inclined runnel 

wr1ich ends, suspended above the back edge of the next pan. The run-
. 

nel pans are situa·ted in the central zone of the eros�onal terrace 

in ·the rock near Canale. This zone, sloping approximately 15 ° towards
south 30° west and slightly undulating with clear signs of glacial 

moulding, is, in contrast with the surrounding areas, almost com

pletely lacking in vegetation of any type having only little pioneer 

t·urf' and a few rare busches. 

The most westerly runnel (more central on the terrace = runnel 

A) is also the one which, being nearer the area totally covered by

vegetation f'ound uphill (about 10 m from the lower margin of the
talus heaps), appears to be mostly exposed to. the influence of this
( the bringing of various organic and i11organic 1--esidues). It COilsists

of a 8 metre long runnel, 20-40 cm wide, 15-40 cm deep and with a

direction f'ror1 N 30 E to S 30 W, which collects the waters of a 22 m2

1i) 
Research carried out under a programme financed by the Consiglio Nazionale delle

Ricerche. 
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runnels from the first pan are left sharply suspended on the back edge

of this. Five pans in all are found in the main runnel (lA, 2A, 3A, 4A,

5A) of which 3A appears directly suspended over 4A.. The runnel ends in

a rather wide grike with an east-west trend.

The sum of the lengths of the pans represents about 38% of the

total length of the runnel • 
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Runnel B is situated about 4 metres further to the east of runnel 
A, in relation to which it is subparallel but more southerly. Infact, 
the highest part of the drainage basin of runnel A borders on the low 
part of the one of r'Wlllel B. Uphill from the basin of runnel B, which 
measures about 30 m2 and is also dissymmetrical (the right slope being 
muc� wider than the left), a 15 metre long depression can be seen 
which is anactive because drained by numerous holes and crossed by 
grikes and which contains traces of old pans. Runnel B contains 7 pans 
(lB, 2B, 3B, 4B, 5B, 6B, 7B) the first of which receives only one 
tributary. The Slllll of the lengths of the pans represents over 45% of 
the total length of the runnel (8,5 m) which ends in a solution·pipe. 
A small elliptical basin (4 m2) is found enclosed below between the two 

. basins of runnels A and B, dependent on a great solution cup. 
Ledges are to be found on the side of every pan. They are at dif

ferent heights and-correspond to old levels of the lip, that is, to the 
various levels assumed by the surface of the water -at the start of suc
cessive periods of deepening and widening of the pan as a semi-free · 
form (with water). 

In the above mentioned note I have maintained that: 
' 

1) The two great pan runnels can, in their complex, be considered as
the result of the particular development of the initial pans. This
development would have been conditioned both by the relatively
large dimensions of the drainage basins and by their morphological
positions such as to reduce the bringing of extraneous materials.

Such conditions fav9u.r the formation of an important effluent from
the initial kamenitza and in.general the individualization of solu
tion pans. Therefore the long runnels with their nested pans, which
continue the initial kamenitza would along with these, represent,
also genetically, a 1Jnj.que form made up of a ''mother'' pan with the
relative effluent containing several '' offspring'' pans.

2) The superimposed ledges represent cyclic factors. From top to base,
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every new ledge testifies to ·a preceding phase of infilling of the
great runnel by soil'. The soil would, in fact, have accelerated the
deepening of the lips, tending to tr�nsform the infilled cavity
into a single great runnel. After the washing away, the stagnant
water in the pans would have determined the development of a new
ledge below the proceding one, up to heights corresponding with
those of the new levels of ;the lip. A.concave notch found between
two ledges would therefore, always :from the top to bottom, corres
pond to an evolutionary period of the pan as a semi-free form (with



Fig. 3. The initial pan of 
tuated 

runnel A. The 
at different 

suspended 
levels can 

tributary 
pe seen • 

runnels and ledges Sl.-

• 

water) followed by a period of infilling with soil (a covered form) 

until its washing away. 

For such hypotheses to be confirmed, I have considered the fol-

lowing to be necessary: 

a) a more accurate analysis of the two forms;

b) research on similar forms 
• 

in other are'3,s and a comparison between 

them 
• 

in the light of the different local morphological and, even-

tually, micro-climatic conditions. 
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At the time of this study the two solution pans, both of runnel 
A (2A and 5A) and runnel B (2B and 6B) were filled in with soil cove 
red by turf. The�e are the only pans to exhibit crevices of a certain 
importance on their bottoms, which do not, however, appear open but 
are probably already absorbent (certainly in pan 6A). The height of 
the lips of the solution pans appears in general to be very low 
(about 2-4 cm in pans lA, 4A, lB, 6B) with the exception of pan 2B 
whose lip (over 10 cm high) probably constitutes a relict tract of 
the runnel suspended over the successive pan, now inactive. All the 
other pans are practically without a lip and are clearly suspended 
above the successive pans (eg.·3A, 3B and 4B). 

, 

Besides an upper ledge, only slightly lower than the drainage 
basin level, the pans may show 1 or 2 lower ledges, the lowest of 
which is only s.lightly higher than the levels of the lip. The dis
tance between the upper and in·termediate ledges (about 20 cm) is, 
with the exception of pan 2B, clearly greater than the distances bet
ween the inter�ediate ledge and the lowest one (4 cm) or between the 
lowest and the pan base (2-4 cm). 

In general, in both runnels, the first and last pans appear dee-
per and with clearJy distinguishable ledges in comparison with the 
intermediate pans. As is shown on the appended graphs a correla_tion 
is possible between the various ledges belonging not only·to the pans 
of one runnel but also of the other. This indicates that, indepen
dently of localized factors, the two runnels have, on the whole, been 
subjected to the same type of evolution with corresponding episodes 
of infilling by and washing away of the soil. 

After all, even in the light of the data discussed in my pre
vious note (Sauro 1973), the comprehensive evolution of these SOLU

tion forms could be conjectured in this way: 
1) An older principle phase, particularly favourable to the f'ormation

and development of the great solution pans of the pavement and
also some great solution pan I'lllmels ( x•unnel B must have been
notably more extensive uphill). An episode· of expansion of the
vegetation layer with infilling of most of the depressions would
have closed this phase.

2) An intermediate phase beginning with an episode of washing away of
the soil contained in the pans. In those still active, there is
development of new ledges corresponding with the new levels of the
lips. A new episode of infilling follows.
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3) A recent phase beginning with an episode of outwash of soil and
continuing as semi-free erosion in the kamenitza.

The presence of soil in 4 pans could perhaps be explained, other 
than on the basis of the local microclimatic situation, by considering 
the depth attained by these depressions. I have noticed how, in normal 
conditions, rainwater which runs in the pan runnel forms a small 

. 

cascade inside every kamenitza helping to clean it of detritic frag-
ments. This could also in part, explain the greater depth and morpho-
logical individuality of the first and last pans compared with the 
intermediate ones. 

In fact, the first pans receive little detritus and residue of 
dissolution, possessing a relatively small drainage basin whilst the 
cleaning action of rainwater is more active, or was more so in the 
past when the runnels were less deep, in the last pans. 

In the karst of Trieste, in the locality Grotta del Gigante 
studied bys. Belloni and G. Oromb�lli (19?0), I have been able to 
observe numerous kamenitza with superimposed ledges. Here, in general, 
the uppermost ledge is not clearly distinguishable whilst an inter
mediate and lower ledge often appear clearly. None of the pans present 
supplementary ledges. The ledges can be joined in 3 groups for the 
distances in relation to the base: 1st group wit� distances of 2-3-5

cm; 2nd group with distances of 6-12 cm (with a prevalence of 8); 3rd 
group with distances of over 15 cm. 

The values of the three groups lend themselves to be 
. 

with those of the lower, intermediate and upper ledges of 
tion pan runnels of the southern Adige Valley. 

correlated 
the solu-

In the light of s_uch facts and considerations it does not appear 
improbable, therefore, that these solution forms have been conditioned 
in their development by the climatic vicissitudes of the Postglacial 
and can also be used in future as useful morphoclimatic and morpho-
chronological indicators. 

RESUME 

On dec��t soigneusement des microfo:hnes de corrosion creusees sur des roches moutonnees. 

Chaque forme se canpose d'une profonde rigole ou de nombreux nids de poul·e (kame

ni tza) se sont niches. 
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On examine les fonnes et sourtout les profils trasversaux des nids de poule, qui 

montrent des corniches a des niveaux differents. 

On essaie de reconstituer le developpement de ces fonnes. 

I 
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Ba 040 

International Speleology 1973, II, sub-section Ba: 

Geomorphology of the karst surface 

DIE EIGENSCHAFTEN DES KARSTES 
IN DEM ANINAGEBIRGE 

, (RUMANIEN) 

V. Sencu

lnstitut fur Geologie und Geographie 
Bucuresti, Rumanien 

An der sudlichen Extremitat der Westkarpaten befindet sich das gros
ste und dichteste Karstgebiet von Rumanien. Dieses Gebiet erstreckt 
sich von der Stadt Reii�a in Norden bis zu der Donauschlucht in Suden 
auf eine Flache von 807 qlan. 600 qkm aus dieser Kalkoberflache gehort 
den Aninagebirgen. Diese Gebirge erreichen eine hochste Erhebuug von 
1 160 m mit der Leordiispitze. Auf diesen Kalksteinen entwickelt sich 
die ganze Mannigfaltigkeit der Karstformen, die in verschiedenen 
Entwicklungsetappen sich befinden. 

Die Kalksteine der Aninagebirge haben sowohl eine Jura- als auch 
eine Kreidezeitalter und sind in Synklinalen und Antiklinalen geord-· 
net, die ungefahr parallel, fest gefaltet und tektonisiert sind. 

Der Jurateil wird von einem Kalkpacket gebildet, in dem zwei 
Mergeleir.Llagerungen sich befinden ( Oberdogger und Obercallovi.an und 
Unteroxfordian). Die Kreide hat auch in seinem Fundament ein Mergel
packet (Berriasian - Valanginian) Die Machtigkeit dieser Kalksteinen 
erreicht eine Grosse von 1 200 m. 

Als eine Folge dieser ge�logischen Struktur wird·das Relief von 
einer Aufeinanderfolge von parallelen Riicken und Talern gebildet. 
Unter diesen sind langgestreckte Kalkhochebenen wie z.B. die Hochebe-

,, 

nen Iabalcea, Colonovat, Bradet, Cirneala, Poiana Florii u.s.w. ein-
gelagert, die eine Rohe von 400 bis 800 m besitzen. 

Weil das Relief in seiner Gesamtheit der Struktur sich nicht an
passt, gibt es haufig Falle von Reliefumkehrungen. Trotzdem ka:nn man 
±'eststellen, dass die Haupttaler ( oder gross·e Abschnitte deren) die 
Richtung der Synklinalen und die hervorragenden Riicken die Richtung 
der ./l...ntiklinale·n oder der Antiklinalflugel folgen. 

Alle Kallrnochebenen werden aber auf die Synklinalflachen ge-

pf'ropft. 
Der wichtigste Karstprozess erfuhren die Kalksteine der Kreide-

zeit. Auf diesen Kalksteinen entwickelt sich die·ganze Mannigfaltig-
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keit der Karsttypen. In diesen Kalksteinen wurde sich 70% der Gesamt-
•• zahl der Hohlen, die 67% der Gesamt]ange des Streckennetzes enthalt.

Im Vergleich dazu enthalten die KaJ.kstejne der Jurazeit den Rest der
•• 

Hohlen und des Streckennetzes. Diese Tatsache erklart sich dadurch 
'

dass wit er gleicl1artigen Bedingungen was den · Karstprozess ·betrefft,
die Kalksteine der Kreidezeit Ajnen grosseren Inbalt vom Kalzium-Kar
bonat (90-94%) im Vergleich zu den Kalksteinen der Jurazeit (79-93%)

besitzt. Es darf auch beriicksichtigt werd.en, dass die Oberf'lache der 
Kalksteinen der Kreidezeit grosser sei und dass die Entwicklung der 
Hochebenen auf diesen Kalksteinen die Wasserinfiltrierung begiinstige. 

Was die Hohlenstrecken betrifft, es wird festgestellt dass 
diese zum grosster1 Teile "'&u.:f Faltungen 11nd zwar in deren Richtung 
erschienen. In derselben Art 1md Weise werden einige Karsttypen der 
Oberflache, insbesonders die Doljnen 11nd die Dolinentaler, was ihre 
Entstehung 11nd Richt1.lng betrifft sehr stark ·von den tekt;onischen 
Linien beei11flusst. Un·terirdisch entsprechen die Strecken und Ra11m� 
der Hohlen den Dolinen der Oberflache. 

Die Kalkoberflache der Aninagebirge ist von Cara�fluss mit 
seinen Nebenfliissen Buhui, Jitin 1md Girli�te, von Mini�fluss roit 
seinen Nebenfliissen Ponor lm.d Valea Morii und von Valea Rea Fl11ss 
entwassert. Alle diese Fliisse sind autochton 1md werden von den 
Karstgewasser versorgt. Nur Nerafluss, der den Kalksteinstreifen 
guerscheidet, ist allochton. 

Wegen den Kalksteinen wurde das Gewassernetz desorganisiert. 
Die Gewasser verlieren sich i:ri ihrem Bett, auf der Basis einer·Kalk
wand oder unter dem Gewolbe einer Hohle. Deswegen haben drei grosse 
Kalkha·ttiggebiete ( die Hochebenen Iabalcea, Bradet 1md Poiana 

. . 

Ro�chii) kejnen Oberflachenabflu$$. Gleicbfalls entstanden durch 
die Reorganisation des Gewassernetzes in der Tiefe unterirdische 
Flusse (Ponicova, Ponor, Buhui), die durch Hohlen auf ibre ganze 
Lange gefolgt werden konnen. 

Die Karstfliisse sjnd ju den KalksteinAn der Jura- und Kreide-
zeit eingelagert u.nd werden aus den atmospharischen Niederschlagen 

•• 

versorgt. Der Mittelwert der jabrlichen Nied�rschlagmengen betragt 
1000 bit 1200 mm. Diese Karstfliisse·werden in der Industrie und als 
trinkbares Wasser verwendet. Sie uoen einen negativen Ein:fluss auf 

die Bergwerke. 
In der feitspanne 1958-1969 ·wurden 11 Faroungen mit Fluoreszein 

durchgefubrt, um die Wasserzirkulation des Karstgewasser der Aninage
. birge kennenzulernen. Zusatzlich wurden alle Angaben genutzt, die auf 

, 
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der Grundlage_ der Grubenarbeiten und der Bohrungen sich ergaben. 

Als durch die Verbreitung des Fluoreszeines keine Wasserverluste 

au:f der Oberflache stattfanden, wurde das Wasser mit Fahrezengen ab-

gefordert und in Dolinen beschuttet. Au£ dieser Art und Weuse wurden 

positive Ergebnisse erzielt. 

Die Angabenanalyse hebt hervor, dass in Aninagebirge die drei 

hydrologischen Zonen aus dem Karst sich befinden (Aerationzone, die 

Zone der standigen Zirkulation und die Zone der allgemeinen Trankung). 

In den Kalksteinen der Jura- und Kreidezeit befinden sich drei 

Mergellagerungen, die sich als undurchlassiges Gestein sich verhalten. 

Ungeachtet dieser Tatsache konnen nicht diese Mergellagerungen den 

Wabberdurchtritt bis zur Basis der Kalksteinilt•verhindern, weil die 

zahlreichen Verwerfungen eine Verschiebung der Schichten in Senkrich

tung bewirkte. Das schliesst aber nicht die Anwesenheit suspendierten 
• • 

�ewassers aus, das sich auf der Sohle einiger durch Mergel abgedichte-

ten Synklinale sich befindet. 

Der Wasserdurchbruch aus der Kohlengrube Anina in Kalksteinen 

bei einer Tiefe von 700 m als wahrend 17 Tage 150 000 Kubikmeter Was

ser mit einem Druck uber 50 at abfloss, und der Verlust der Bohr

schlammes in den Karsthohlungen heben den Karstprozess in der Tiefe 

hervor, der bis 900 m unter dem Schwarz Meeresniveau erreicht. 

-

i 

• 
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PErHOHAllbHblE OC06EHHOCTM nOBEPXHOCTHOro 
H nO.Q3EMHOro KAPCTA B CPEJlHEM nOBOfl)llbE 

A. B. CTynMWMH, H.H. nanTeaa 
KapaHCHMM yHMBePCMTeT,

KaaaH, CCCP 

, 

B rrpe'AeJiax o6rnMpHOM nJiaT¢opMhl, aaHHMaro�eM esponeMcKyro qacTb CCCP -

PyCCKOM paBHHHhl, TeppHTOpHH Cpe'AHero IlOBOJIEbH B�'AeJIHeTCH rnwpOKHM 

paaBHTHeM COBpeMeHHhlX w 'APeBH�X (norpe6eHHliX) KapCTOBhlX �opM, npe

KpaCHO BhlpaEeHHhlX B peJibe�e IlOJIHMH Bila'AHH paanoo6pd8HOH BeJIHqHHhl,_ 

rJiy6HHbl, saqacTyro OKpyrJIOM H 3JIJIHITTH4eCKO� �OpMhl. 

Cpe'AHee nosoJI�be IlJI0�8'AbID 'AO 400 TblC. KB. KM HBJIHeTCH IlOJieM WM-

poKoro 

CKOH H 

nJiaTo, 

.... 
pa3BHTHH 'APeBHHX nepMCKHX OTJIOEeHHH, CJiararo�HX TeJia IlpHBOJI�-

BHTCKo-KaMCKOW B03BblllieHHOCTei, ByryJibMHHCKo-BeJie6eeBCKOro 

nJiaTO BbICOKOro 3aBOJI�bH w nJiaTO CaMapCKOH JlyKH. PacCMaTpHBae-

MaH TeppHTOpHH TeKTOHHqecK� npe'ACTaBJIHeT BoJiro-YpaJibCKYID aHTeKJIHay 

c OOlliHpHbIMH IlOJIHMH KapCTd ('AO 120 sopOHOK Ha JI KB. KM), .JIHHeMHO Bhl

THHYThlMH B'AOJ!b peqHhlX 'AOJIHH HJIH B HX sepxOBbHX, B npe'AeJiaX TeKTOHH

qecKHX CTPYKTYP TpeTbero nopH'AKa (6pdXHdHTHKJIHHaJibHhle w KynOJIOBH'A

Hble CKJia'AKH), CJIO�eHHblX KapcTyronµ1MHCH nopO'AaMH KaaaHCKOro Hpyca 

nepMCKOi CHCTeMhl. 

AHaJIH8 npocTpaHqTBeHHOro pacnpocTpaHeHHH KapcTOBbIX HBJieHHW no-

Kd.3bIBa.eT, qTQ cospeMeHHhle KapCTOBble cpopMbl npwypoqeHhl K IlOJIOEHTeJib

HblM MOp�OCTpyKTypaM IlJiaT¢opMeHHOrO THna, BaJiaM, CBO'AOBHM IlO'AHHTHHM 

(OKcKo-UHMHCKHM, rophKOBCKo-AJiaTNpcKwe, BflTCKwe, CoKo-illemMHHCKMe 

�HCJIOKa�HH, XwryJieBCKo-IlyraqeBCKHM BaJI). Oco6eHHO HCHO nosepxHOCT

HN� Kd�CT BNpa�eH B npe�e�ax yc�O�HeHHH KpynHhlX TeKTOHwqeCKHX

CTpyKTYP (BaJioB, CBO�OB) MdJiblMH CTpyKTypaMH, OTHOCHMblMH no paHry

K CTpyKTypaM TpeTbero nop��Ka. B npe'Ae�ax IlOJIOEHTeJibHliX MOp¢ocTpyK

TYP, npe'ACTaBJiflIDmwx o6HqHQ CTyneHqaTNe no pe�be¢y nJiaTo, KapCTOBHe

HBJieHME o6yc�oB�eHH B AOJIHHaX peK 6�H3KHM aaJieraHMeM K 'AHeBHOH no-
,

/ 

sepXHOCTM HJ!¾ BNXOAaMH Ha nosepxHOCTb TpemHHOBaTNX Kap6oHaTHliX no

PO'A (H3BeCTHHKOB, 'AO�OMHTOB H HX pd3HOCTe�), w�eromwx npoc�OH H �HH-

3bl rwncos. HoMnJieKC KdpCTYID�XCH IlOPO'A AOCTaTQqHQ MomeH, OH �OCTH

raeT 'AO 40-60 M, npwqeM HaH6o�ee aKTHBHO npoTexaroT npo�eccbl cospeMeH

Horo xapCTOBdHHfl B 80He ceaOHHOrO KO�e6aHH� IlO'A3eMHHX BO'A, CBH88HHhlX
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c so,n;oToKaMM - peKaMM. B npe,n;e�ax peqahlx ,n;o�ItlH KapcT aaqacTyro pacno

�ozeH acitlMMeTpJtlqHo, TO-eCTb OH HBRHeTCH npitlHa,n;�eEHOCTbro �eBo6epeEbH 

peK, np�'ACTaa�srommx KOMnReKC aKKYMY�HTJtlBHhlX TeppacOBhlX To�m, �OKO�eM 

KOTOphlX HB�HIDTCH CIII�bHO 3aKapcToBaHHhle Jt1 0pO,D;It1pOBBHHhle ,D;O�OMMTOBO-Jt13-

BeCTHHKOBhle, rMilCOBO-aHrM,D;pMTOBhle nopo,D;hl nepMCKOro aoapacTa. RpKMM 

np�MepoM HB�HDTCH 'AO�JtlHhl Bo�rM, OxM. r�y6Jt1Ha apeaa pex onpe'AeRHeT 

COBpeMeHHhlM 0Taz 3aKapCTOBdHHhlX nopo,n;. 3aaqmTe�bHO r�y6ze 0p03IIIOHHhlX 

speaoa aaKapcToBaHHhle 0TaE.Jt1 ropHhlX nopo,n; nepMCKoro, xaMeHHoyro�bHoro, 

,n;eBOHCKOro BOapacTa OTMeqaroTCH 6ypeHJtleM (no�OCTM, B0,D;006Jtl�bHOCTb C ,n;e-
6Jt1TOM CKBaE.JtlH ,D;O 200 R/CeK). 0,n;HaKO 0TaEM r�y6Jt1HHoro xapcTa, HeOTpa

�eflHhle B pe�be�e HB�HIDTCH no ,D;ItlHaMMKe KapCTOBhlX npoQeCCOB B OCHOBHOM 

11 MepTBhlMJt1 11 • OHitl nopO)K,D;eHhl ,n;peBHMM.Jtl GIIOXaMIII 1-capCTOBd.HJtl.H, npowcxo,n;JtlBlliJtl

MM B IIIHhlX na�eoreoMop¢o�ormqecKJt1X M na.Aeoreorpa¢mqecKMX yc�oBMHX. 

�apCTOBhle HBR8HJtlH OTpazaroT He6TeKTOfIJt1qeCKOe ,n;m¢¢epeHUit1POBaHHOe 

paaa�Twe TeppwTopmm Cpe,n;Hero IloBO�EbH. CoapeMeHHhlH KapcT ae tta6�ro

,n;aeTCH B o6RaCTHX OTHOC�Te�bHO�O T0KTOHJtlqecKoro onycKaHMH, BhlpazeHHhlX 

e pe�be¢e HJt18M8HHhlMJtl paBHM}[BMH (c a6c. BhlCOTSMH . 120-180 M) 3aBOAEbH. 

KapcT aKTVlBHO paaBJtlBa�CH B npe,n;eAaX IlO)];HHMaIDWHXCn 6AOKOB n�aT¢0pMbI 

(ITpitlBOAECKaH B03BhlllieHHOCTb, EitlryAeBCKHi MaCCHB, ByryAbMHHCKo-BeAe-

6eeBCKaH BOBBhlWeHHOCTb, Coxo-CaMapCKOe n�aTo). 

/ Oco6eHHOCTH npo�eccos KapcTOBaHHH aaBMCHT OT �.JtlTO�OrHqeCKoro 

COCTaBa xapcTyromwxcn nopo,n;, nepeKpbITbIX pbIXAhlMIII OT�o�eH�HMH qeTBepTmq

HOro B03pacTa H HeKapcTyro�HMJtlCH KOpeHHbIMJtl nopo�dMH. �AH" TeppMTOpMH 

Cpe,n;Hero ilOBO�Ebff BaEHO OTMeTMTb AHTOAorwqecKOe pa8H006paame Kapc•ryro

mmxcs nopo,n; Jt1 qeTK08 npOHB�eHHe 0Toro ¢aKTOpa B Mop¢0AOrH40CKOM H 

rw,n;porpa¢Jt1qecKOM paaH006paaJt1Jt1 noaepxHOOTHoro It1 no,n;aeMHoro_ KapcTa. 

11peo6Ra,n;ae•r Ha 75-80% Kap6oHaTHhlti KapcT, HO I1£1IlC08bI.W Ka!)C'r nponB�Sie'l1 -

CH Hpqe. PHilCOBhli KapCT Bhlpa�eH B rremepax, B saKapCTOBaHHOCTJtl ,n;Hwm 

KpynHbIX pel:!HbIX ,n;o�JtlH, a coa,n;a·HJtlJtl oaep, s qaCTHOCTH "roAy6bIX oaep" 

(ropbKOBCKaH o6RaCTb - ,D;O�HHa p. IlbHHhl It1 TaTapcKaH ACCP � ,n;o�HHa p. 

KasaHKJtl). Ilo,n;aeMHhli KapCT BhlHB�HeTCH aHOMaAHHMH MO,n;yAH no,n;aeMHoro 

CTOKa Jt1 peKaMJtl, JtlMeIOmMMH no,n;aeMHOe IlHTaHwe npM npopeaaHHH aaiapCTO

B8.HHhlX ropHbIX nop�,n;. 4>0pMbI no,n;aeMHOro KdpCTa It!t-.1e10•rc.11 B np e,n;e�ax ,D;O-

A¾H Bo�r�, MKa, IlbHHhl (rremepbI). Ilemephl rrpwypoqeHcl K KOHTdKTaM cyAb-

�aTHO-Kap6oHaTHhlX ToAm w �OpMmpyroTCH a OCHOBHOM a pesy�bTaTe BhlmeAa

qJtlBaHWH rHilCOBO-aHrH�PWTOBOi TOA�H. 

��H Cpe,n;Hero IlOBOAEbH THilHQHO coqeTaH�e Kap6oHaTHoro w rwncoBo

-aHrM�PMTOBOro KapcTa (rsoa'Ae�KHI, 1954; Po�HOHOB, 1963; CTynHWJtlH, 

1967, 1972). rHnChl It1 aHrM�pMTbI o6paayroT HitlEHMA 0TaE coepeMeHHOro.

KapcTa, KOTOpbii BCKpblsaeTCH r�y60KJtlMJtl peqHbIMH Bpe3aMH OKH H Bonrw. 
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rHnCbI H aHrH,D;pHTbI c�araDT apTHHCKHH H CaKMapCKHH apycH HmtHei nepMH, 

a TaKEe H KyHrypCKHH apyc, CH�bHO apO,D;HpOBaHHbIH Ha pyoexe HWltHeH H 

aepxHeH nepMH. PeKH, ,D;OCTHraID�He rHUCOBO-aHrH,D;PHTOBOH nosepXHOCTH, 

COS,D;aIDT 00Dll1pHbie Blla'AHHH - oaepa, q>e'ACTaB�SlIDII{He BaEHyD H l.\eHHYD oco-

6eHHOCTb reorpa�HqecKoro �aH,D;mawTa (RanTeBa, CTynHI1IHH, 1968). Bepx-
u 

HHH 0TaE COBpeMeHHOro KapcTa SlB�SleTCSl 0TaEOM 'AO�OMHTOB H ·HaBeCTHSlKOB.

HaAHqHe rHnCOBbIX npocAoeB 'AO 10 M_ H oo�ee a Kap6oHaTHOM paapeae cos-

. ,n;aeT CBOeO'OpaaHe H HanpaB�eHHOCTb KapCTOBOro npo�ecca, npOSlB�SlDII{eeca 

B Bbipa60TKe DO,D;aeMHbIX llOAOCTei B KOHTaKTOBOH 80He 'AO�OMHTOB H rHncoa 

( CIDKeeBCKHe nell{epbI, IOpbeBCKaSl nemepa· - B )J;O�HHe p. Bo�rH). 

'A�Sl BepxHero KapooHaTHoro aTaEa KapcTa B Cpe,D;HeM IlOBOAEbe CAe-

'Aye·T Bbl,ZJ;eAHTb 'ABa AHTO�OrHqecKHX BapHaHTa KapcTa, a HMeHHO KapcT 

B O)J;HOPO'AHOM Kap6oHaTHOM paapeae H KapCT B HeO,D;HOpO,D;HOM KapooHaTHOM 

paapeae (CTyllHWHH, 1967, 1972). B nepBOM CAyt1ae paapea COCTOHT HS 

H8BeCTHSlKOB HAH ,D;O�OMHTOB H KapCTOBliIH npo�ecc npo·aBASleTCSl H86HpaTe�b

HO, npHypat1HBaS1Cb K onpe'AeAeHHOMY nAaCTY HaHOO�ee llO,ZJ;aT�HBOMY K pac

TBopeHHD. ��a HeO,D;Hopo.i:i;Horo KapooHaTHoro paapeaa THnHqHo nepecAaHBa

HHe ,D;O�OMHTa H HSBeCTHSlKa, np11qeM KapCTOBOMY npOI..\eccy 00,D;BepraeTCSl 

KpynHOKpHCTa��HqeCKHH HSBeCTHSlK (CTynHmHH, 1972), a oopaaoBaHHe .Mez

CAOeBbIX Ka pCTOBbIX no�ocTei npHBO)J;HT K o6pyweHHID C�OHCTHX H CH�bHO 

TpemvtHOBaT:bIX ,D;OAOMHTOB C oopaa OBa_HHeM opeKtlHH, KOTOpaa aaTeM tte.MeHTH

pyeTCH BTOpHqHbIM Ka�bl.\HTOM, nocTynHBIDHM aa cqeT paCTBOpeHHSl BHOieaaAe

raIDII{HX npoc�oeB KpynHOKpHCTa�AHqecxoro H8BeCTHS1Ka. 

BaEHOe 8HaqeHHe B npocTpaHCTB8HHOH opMeHTHpOBKe �enei KapCTOBHX 

npoaa�bHbIX �OpM HMeeT opHeHTHpOBKa Tpell{HH B KapCTYDIItHXCSl nopo,D;ax KaK 

H a 'APYrHx paioaax CoaeTcKoro Coroaa_ (raoa,D;el.\KHH, 1954). C rocno,D;cTBy-
� 

DII{eH opMeHTMpOBKOH Tpell{HH B KapooHaTHbIX nopo,D;ax CBS188Ha opHeHTHpOBKa 

Ma�bIX apoaHOHHbIX �opM: oaparoa, 6a�oK, MaAHX ,D;O�HH, a c HHMH H apHeH

THpOBKa KapCTOBliIX �opM. B oco6eHHOCTH TaKaSl aaBHCHMOCTb qeTKO np�SlB-
• 

�SleTCSl B pe�be�e IlpMBO�ECKOH H BSlTCKO-KaMCKOH B08BbUJJeHHOCTei, r''Ae 

op�eHTHpOBKa Tpell{HH B aaKapCTOBaHH�X nopO'AaX OTpaxeHa B opHeHTHpOBKe 

Ma�bIX 0p08HOHH�X ¢opM H �eneA KapCTOBbIX noaepxHOCTHmX npoBaJIOB. Ha-· 

OJIID'ASIDTCH CJiytlaH KOr,D;a 0p08HOHHaH �OpMa, 6aAK� HJIH �OAHHa, BbI8BSBWa� 

llOSlBJieHHe nosepXHOCTHoro KapcTa B peay�bTaTe pa8BHTHS1 KapcTa nepe

pO�'AaeTCSl B KapCTOBOe nO�be. 

Cpe�Hee IlOBOJI�be B CBOHX He,D;pax xpaHHT norpe6eHHHe 3TSEH ,D;peBHe-

ro KapcTa. IlpH rJiy6oKOM oypeHHH BCKpbIBaDTCSl aaKapcTOB8HHlile rJiy6HH�He 

TOJIII{Ill Kap6oHaTHo-cyJibq>aTHbIX nopo,D;. 8Ta�H ,D;peBHero KapcTa B _oT�OEeHHSlX

aepxHero )J;8BOHa, HH�Hero Kap6oHa, HH�HeH nepMH OTpaxaIDT KOHTHH8HTa�b

Hbie anoxH, B�8BaHHlie TeKTOHHtl8CKHMH llO,D;HSlTHSlMH, KOTOpHe BH,D;HMO OHJIH 
'• 
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CBaaaH.bl C npo�eccaMM B npe'Ae�ax YpaJibCKOH reOCHHK�MHaJIM. IlaJieOKJIMMa-
1 

• 

TMqeCKMe H JiaH'Ama¢TH.ble ycJIOBHR naJieoaoH 8HaqMTe�bHO OTJIHqa�HCb OT 

COBpeMeHH.blX. TeppHTOPMR Cpe'AHero IlOBOJIEbH B HIDICHeM H cpe'AHeM naJieoaoe 

He npe'ACTaBJia�a e'AHHOH cyIIIH, a pacna'AaJiaCb Ha ocTpoaa, oxpyxeHH.ble 

MeJIKHMH TenJI.blMH BO,ztH.blMH npo_cTpaHCTBaMH. OcTpoBa c�araJIMCb H8BeCTHaxa

MM, aaqacTyIO 'APeBHHMH xopaJIJIOB:bIMH PH¢aMH. B ycJIOBHRX TenJIOI'O H BJiaE

HOI'O KJI�MaTa npo�eccbl noaepXHOCTHOI'O B.blmeJiaq11BaHHR npOHCXOAHJIH B WH

POKHX MaCWTa6ax. Cy'AH no 'AaHHHM rJiy6oxoro 6ypeHHH xapCTOB.ble npo�eCC.bl 

aaxBaT.blBaJIH TOJIIIzy pacTBOpHM�X nopO'A 'AO 100 M H 6o�ee. Ha· cymecTBOBa

HHe aHa�orHqHblX �aH'AWa�TOB xapcTa K BOCTOKY OT Cpe'AHero IlOBOJIEbR yKa-

8.blBaeT r.A. MaKCHMOBHq (1963), KOTOp.bIH B.blHBJieHH.blM 6ypeHMeM OCTaH�OB.blM 

peJibe� B 'AeBOHCKMX nopO'AaX xapaKTep11ayeT KaK �OpM.bI pe�be�a TpOnMqec

Koro xapcTa. 

AHaJIOrHqH.ble �aHiwa�T.bl C naJie080HCKHM KapcTOM HMe�H MeCTO B HHE

HeMeaoaoicxoe apeMSi a Cpe'AHeM IlOBO�Ebe (ror CaMapCKOH .JJyKH). 3TOT 

xapCT 0.blJI HayqeH no MaTepHaJiaM 6ypeHHR H OilHCaH A.B. CTynHWHH.blM 

(1960, 1967). ITorpeoeHHaSi IlO'A ·oTJIOEeHHSiMH M88080HCKHX ToJim noBepx

HOCTb xap6oHaTH.blX nopO'A - .ztOJIOMHTOB HMeeT- C�OEH.blH THnHqH.blH KapCTOB.blH 

peJibe� c rocno.ztCTBOM KOTJIOBHH 'AO 1-2 KM npoTREeHHOCTbIO npH I'JIYOHHe 'AO 
' 

20 M. KpoMe aopOHOK - npoaaJIOB oopyweHHH HMeIOTCH BOpOHKH B.bl�eJiaqHBa

HHSi. KapCTOB.ble BOpOHKH OCJIOEHHIOT CKJIOH.bl KapCTOB.blX KOTJIOBHH. OHH ¢HK

CHpyIOTCSi_ Ha noaepXHOCTH KapooHaTHblX QC TaH�OB. OTHOCHTe�bH.ble nepena.ztbl 

B.blCOT a npe.zteJiaX aaxapCTOBaHHOI'O yqacTKa 'AOCTHraIOT 53 M. 06JIHK 

KapCTOBoro JiaH.ztma¢Ta C�H,zteTe�bCTByeT O pa8BHTHH ¢opM OOH�EeHHoro, aa

'AepHoBaHHOro KapcTa, np.HqeM aaxapCTOBaHHOCTb KapooHaTHOM TOJimH npOHC

XO.ztHJia KaK C noaepXHOCTH (caepxy), TclK H H8HYTPH npH CO,zteHCTBHH npo

�eccoa oopyweHHH nopo.zt.bl B IlO'A8eMHhle no�OCTH. Y!MeJIHCb H 'APeBHHe 

KapCTOBhle oaepa' KOT�OBHHhl KOTOpbIX BblilOJIHeH.bl oaepHbIMH I'Jil1HaMH .< II nepe

BOJIOKC.KHMH'') MOmHoCTbJ() ,ltO 20 M. 

B npHKJia.ztHOM OTHOmeHHH COBpeMeHH.ble KapCTOBble SiB�eHHH npe,ztCTaB-
. 

. 

JIHIDT cepbe8HYIO onaCHOCTb npH xoa.aMCTBeHHOM HCilOJib80BaHHH TeppHTOPHH 

H B oco6eHHOCTH C.Kp.bIT.ble no.ztaeMH�e IlOJIOCTH B paCTBOpHM.blX Kap6oHaTH.blX 

rropo,ztax • Ile�ep.bl H8CMOTpSi Ha He60JibWYIO se�11qr1Hy HHTepeCHbl B HayqHo

-noaHaBaTeJibH.blX H TypHCTHqec.KHX �eJIHX • 

• 
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REGIONAL SINGULARiTIES OF SURFACE AND SUBSURFACE
KARST IN MIDDLE VOLGA REGION

A. V. Stupiahin, N. N. Lapteva

SUMMARY 

The Middle Volga. region which covers the area of 400,000 sq. km is situated within the 

boundaris of the Volga - Ural anteclino. The &1cient rock o�. the Pennian systsn is d·e
fonned due to the differential tectonic development. Contemporary karat is confined to 

positive morphostructures·repre�ented-by elevations or plateaus. Karst tends towards 

river valleys dissecting positife morphostructures. Contemporary karat ccmprises dol<r . 

mites, limestones, gypsums, anhydrites and chalk sediments of the upper chak� Two 

levels are distinguished in karat: the upper - carbonate and the lower - gypsum-an-
, 

hydrite. Ancient buried karat (paleokarst) belonging to Paleozoic and lower Mezozoic 

era has been uncovered. Ancient karst developed under wann· and humid clirnatic con�i

tions. The study of the Middle Volga region karat is of great practical and theoretical 
value. 
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GEOMORPHOLOGICAL CHARACTERISTICS 

OF THE KARST REGIONS 

IN THE CZECH SOCIALIST REPUBLIC 

. 

0. $telcl
lnstitut of Geograpby CSAV, 

Brno, CSSR 

The karst regions on the territory of the 9zech Socialist Republic 

cover a total area of 240 square kilometres (J. Michovska, 1957). 
,, 

They formd in small, but numerous districts surrounded by non�car-

• 

bonaceous rock of various types. Every region possesses its typical 

features, being the result of the action of a whole number of factors. 

The basic relief differences between the individual _karst regions are 

given by their appurtenance to several morphostructural systems with 

a different geological composition and geomorphological development. 
l 

Karstifying rocks are on th.e one hand Prepaleozoic crystalline 

limestones and marbles of varying chemical composition, in places 

with a considerable silicate ad.mixture. They are deposited in differ

ently th1ck layers and lenticles reaching a thickness ranging frqm 
. . 

several centimetres to one metre, exceptionally even to 100 metres. 

_ They are complecately and minutely folded, the thicker layers being 

strongly jointed./ On the other hand-these are Odrovician to Lower 

Devonian Limestones, more poorly metamorphosed, reaching in place 
a ·high chemical purity and c.onsiderable thickness. The yormger De

vonian Limestones usually occupy a larger area, are poorly meta-
, 

., 
. .

morphosed to non-metamorphosed, very poor, . and reach considerab_le 

thicknesses. They easily are subject to karsti•f�cation. The Western 

Carpathians include cliff limestones of the klippen zone • .-They occupy 

a small area, reaching great thiclmesses. 
Limestones occur in altitudes �rom 200 

. . . 

to. 1000 metres. Their 
. 

. 

major part falls into the temperate zone. Only in the higher border 

mountain land they fall into the cold zone (E. Quitt, 1970). Pre-
• 

cipitation varies about 600 mm, only in the mountainous regions it 

rises to 850-900 mm. It is evenly distributed with an jn,conspicuous 

maximum in the summer months. The average annual temperature lies 
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between 7 and 8 °c, in the uplands and the mountainous regions it 
drops below 5 °c.

The morphostru.ctural properties of the territory together with 
the geomorphological processes and whole number of other conditions 
are the causes of differentiation of the individual karst regions. 
Their typological division is at present problematic, because there 
does not exist a uniform, generally accepted classification of karst 
regions. This is due to the fact that at present there does not 
exist any uniform view on the very essence of karstification. Dis-

• 

agreement of view reflects itself also in the below listed clas-
sification which, in fact, respects the modern views on the genesis 
of the karst, but cannot set the general acceptance of the proposed 
classification as its aim. It shows only one o·f the v1ays how to solve
this problems. It proceeds from a whole number of criteria, through 
the observation of which we have arrived in the territory of the 
Czech Socialist Republic, at the div.ision of the following types and 
subtypes of karst: 

.., 

A. Central European karst of the temperate zone
I. Karst of plains
II. Scatt�red karst

1. Fold-fault structures
a) in the region of linear megafolds
b) in the region of domes strongly affected by tectonics

I 

c) • in the • region of block and horst structures 
isolated blocksd) • the regio11 of in 

2. Complicately folded structures (Barrandien)
3. Klippen structures

I. KARST OF PLAINS

This type included karst regions where almost all surface and under
ground karst phenomena are ,.�,ell developed ( lapies, sink-holes, 
grab ens, uvalas, blind and serni-blind valleys, karst rand polj e, 
karst valleys - canyons, cave�levels developed in several horizons 
interconnected by precipices and chimneys with rich dripstone decor) 
characteristic karst hydrography and typical soils. Present are kars� 
forms of several generations, including fossil conical karst. The 
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perfect development of lcarst forms was made among others, also by a 
relatively large range of· thick, very pure non-metamorphosed lime
stones of Devonian age, their great tectonic disruption and the high 
position of the karst surface over the local erosi�n base level. 

Only the Moravian Karst belongs among this type in the territory 
of the Czech Socialist Republic (R. Kettner, 1960; V. Panos, 1962; 
O. Stelcl, 1964).

I 

• 

II. SCATTERED KARST

This category comprises karst regions of a small area separated !from 
one another by non-carbonaceous rocks. They have less favourable con
ditions for karstification (smaller area, in places strongly meta
morphosed limestones, lesser thickness, frequent impurification of 
limestones and the like) for the development of karst forms and karst 
hydrography. They are scattered over a considerable area of the ter-

1 

ritory of Czechoslovakia. The scattered karst is developed in several 
geological structures,, in various geomorphological units from which

a v1hole nwn�er of subtypes result. The overv1helming part of karst 
regions belongs among it. 

1. THE KARST OF FOLD-FAULT STRUCTURES

subtypes differing from one· another: Forms 4 
a) 

m e g a 
K a r � t i n t h e r e g i o n o f 1 i n e a r 

f o 1 d s. This karst arose on Prepaleozoic crystalline 
limestones, forming a whole number of occurences considerably limited 
in area. The limestones f'orrn an integral par·t of several geomorpho
logical systems and subsystems ( the Bohemian-Ivlo.ravian Highlands, the 
Swnava,Mts., the Stredoceska pahorkatina, the �elezne hory Mts.), 
mostly of an upland character. In the relief they do not come into 
play in a n1ore conspicuous manner. Usually they form roillld elevations, 
or rocky valley sides. Surface karst.phenomena are very few in number. 
Most frequent are.grikes, lapies, corroded fissures, while sink-holes 
occure less frequently. Undergroillld karst formations, inasmuch they 
occur at all, reach small sizes and are poor in dripstone decor. 
Usually they are filled with sediments, some with limonite. The karst 
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hydrography is insufficently developed. Karst phenomena are con

centrated in the Sumava region and its foot-hills, in the draingge

areas of the rivers Horni Otava and Berounka (M. Prosova, 1950; J.

Kukla, P. Batik, 1959), in the Bohemian-Moravian Highlands they are

well developed in the surroundings of Chynov (J. Kunsky, J. Hlavka,

1948), Ledec nad Sazavou and near Vapenny Podol in the Zelezne hory 

Mts. (F. Sk:riyanek, 1957). 

b) K a r s t  i n  t h e  J. o n 0 f d o m e s 

s t r o µ g 1 y a f f e c t e d 
r e  g 
b y  t e c t o n i c s. 

This karst is developed in several domes geological structures, which 
were jointed py younger tectonic movements and geomorphological de
velopment to such an extent that today they form two geomorphological 
regions of a higher order - the Eastern Sudeten and the northeastern 
part of the Bohemian-moravian Highlands. Odrovician to Lower Devonian 
carbonates are found in many places. Generally they occupy a small 
area, in places they are strongly karstified. For their small area 
they do not play a major role in the relief. V. Kral (1958) divided 

. 

t h e r e g i o n o f t h e e a s t e r n S u d e t e n 
into the following four groups: 

• 

T h e  .S n e z n i k - Ja v o r  n i k Re g i o n  is 
characterized by poorly karstified Jjmestones, forming narrow strips, 
geomorphologically little pronounced. Surface karst phenomena are few 
in number, usually they are covered with solifluction material and 
debris of non-carbonaceous origin. ·rn the underground, small, narrow. 
caves very poor in dripstone decor have been found. Several abundant 
springs point to the existence of karst hydrography. 

T h e B r a n n a Z o n e. Surface and 11nderground karst 
formations of several generations are richly developed in.limestones 
belts running from the valley of the Upper Morava near Hanusovi·ce to 

_Vapenna. The most prominent locality is Na Pomezi. In the sur
roundings of Supiko,rice, remains of a fosil conical karst were found 
under the accumulations of the continental glacier (T. Czudek, J. De
mek, 1960; V. Panos, 1964). 

T h e  V r b n o  Re g i o n. This region occupies the 
area between Zlate Hory and Vrbno. It is very poor in karst phenomena. 
Surface karst phenomena are almost missing, in the underground small 
fissure caves poor in dripston� decor have arisen. The karst hydro
grapby too, is i1nperf ectly developed. 
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· further li1nestone occurences
processes (V. Kral, 1958).

T h e r e g i o n 

only insignificantly affected by karst 

0 f ·t h e n o r t h e a s t e r n 
p a r t  o f  t h e  B o h e m i a n  - M. o r  a v  i-a n 
Hi g h  1 a n d. s is very poor in kar�t phenomena. The latter occur 
on long limestone strips, running in the structural directions of the 

' 

Svratka and Dyje dome. Geomorphologically they are little distinct. 
They usually form the highest parts of flat elevations, or short, 
rocky ridges with imperfectly d�veloped lapies and corroded fissures. 
In places the limes ·tones are covered with a differently thick layer 
of weathering products and sediments, altogether veiling karst 
phenomena •. The underground karst formations too, are imperfectly de
veloped (P. Rysavy, 1950; J. Turnovec, 1967).

c) K a r s t i n t h e r e g i o n o f b 1 o c ·k 
a n d  h o r s  t s t r u c t u r e s. This subtypes included 
karst areas considerably limited in size on crystalline limestones in 
the regions of the Krkonose (Giant· Mts.), the Jizerske hory Mts. and. 
the Krusne hory (Ore Mts.), as well as on limestones·of the younger 
Devonian ih the Podkrkonosska pahorkat�na. The karst regions form an 
integral part of several geomorphological units with a gently·un-

.

dualated relief. The latter was str�n�ly affected by Sa.xonian radial 
. 

� 

tectonics and divided into a system of blocks assurojng different po
sitions. The surface karst phenomena are few in num�er. They ar� re-

. 

presented only by lapies and isolated rocks. Caves of small size 
arose only in places. The karst fonnations were described at Bozkov 
(F. Skrivanek, K. Valasek, 1960), Ponikla. and at Jitrava .·(J. Rubin, 
F. Skriva.nek, 1963). In the region of the Krusne hory (Ore Mts.) no
karst phenomena have been described as yet.

d) K a r s t  i n  t h e  r e g� i o n  o f  i_s o -
1 a t e  d b 1 o c k  s. This subtype is found in a whole nurooer 
of mutually isolated blocks of Devonian limestones in Central Mo
ravia. The variety of karst forms strongly resembles the karst of 
plains. The only differences resiaing in that the individual karst 
regions are much smaller in size, developed independently of one 
another, and therefore, are characterized by various groups of karst 
phenomena. 

The limestone blocks have gone through a long and complicated 
' 

. 

geomorphological development, ranking them into several geomorpho
logical units, mostly of a highland character. Usually they form 
more or less distinct elevations, representing structural forms -
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monadnocks, stripted of the surrounding, less resistai1t non-carbona

ceous rocks. Their karstification proceeded in several stages under 

varying conditions. The karstified limestones were fossilized in 

places by weathered products and marine or terrestrial sediments, 

concealing their karst cl1aracter, e.g. the lcarst in the surroundings

of Hranice na Morave (J. Tyracek, 1962), of Marsov (J. Skacel, 1954), 

of Vratikov (V. Panow, 1962). The most outstanding karst formations 

are found in the env·irons of Tisnov, Javoricko (J. Louckova- Micl1ov

ska, 1964), fvlladec, Celechovice, Grygov (J. �rot, 1950; J. Janasel<:, 

1954), e ·l;d. In n1-1mber of caves, importa..11t archaeological and paleonto

logical finds have been made. 

2. KARST OF COMPLICATELY FOLDED STRUCTURES

The described type of karst has arisen on con�licately folded Bar

randian lin1est;ones. Silurian and Devonian limestones possess the 

character of' outstanding lithofacial in"t;ercalations, placed into 

layers of another type. In the relief, the influence of geological 

structures of different resistance of the individual layers to 
' 

weathering and denudation is reflected. The relief is gently un

dt1lated v1it.l1 lo\v roUi."l.ded ridges a.nd. ele·vations, running in the 

direction of the geological structure. The river Berounka cuts 

a.cross them and forms a deep cru1yo11-like ·valley. On ·the steep slopes

there are numerous caves. Karstificatior1 proceeded in the individual

limes·tone strips isolately (J. Michovska, 1957). Therefore, no dif

ferentiated development of karst forms occured. The odlest expres

sion of karstification are depressions (sand pipes) filled with

remains of paleogene fossil tropic soils (V. Hon1ola, 1950). Tl1e

overwhelming part of surface (lapies, sinks, karst canyons, etc.)

and underground karst forro.ations ( caves) are of a younger date.

3. KARST OF KLIPPEN STRUCTURES

Tl1e l<:ars·t of this t:;ipe depends on small occurrei1ces o:f carbor.1aceous 

rocks projecting prominently over the surrounding relief in the 

form of monadnocks. The carbonates are of Jurassic age and rise in 

the blocks of the nappes of the flysch zone of the 01:tter Car

pathians. They form the Pavlovske vrchy, a group of isolated 
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cupola-shaped hills in the Stra1nberska. vrchovina, and isolated hills 

near 110\,y Jicin, Valasske IVIezirici, Kurovice and Cetechovice. Some 

occurrences like Skalicka and Jasenice are only exotic blocks.· 

Tl1e intensity of' l{arstification is the reflection of the paleo

geograpl1ical position of ·the ir1dividual klippes. Tl1e surface forms 

are usually represen·ted by lapies, sinks, while the caves formed 

ux1derground are mos·tly of fiss1:1.re character. The dripstone decor is 

missing or very poor. Only in the �tramberska vrchovina the limestones 

have reached a higher degree of karstification (M. Prosova, 1952). 
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International Speleology 1973, II, sub-section Ba: 

Geomorphology of the karst surface 

ABOUT KARST IN GENERAL AND SWEDISH 
KARST IN PARTICULAR 

L. Te 11

Archives of Swedish Speleology 
Norrkoping - Sweden 

Almost from the beginning of speleology it has been unual to describe 
the character of a cavernous landscape by the term Karst, and the 
author jntroducing this term was the Ju.goslavian researcher Jovan 
Cvij ic ( 1865-1927) who j n his work ''Das Karstphanomen'' ( Wie� 1893) 

.. 

transferred this common national expression jnto jnternational 

termjnology. Sjnce antiquity Karst has been the name of the manifold 
broken Dinaric plateau of limestone which gives a spec.ial character 
to the Slovenian_, Kroatian and Macedonian landscape. The word is 
certajnly ·of Celtic or pre-Celtic origin; the Celtic ''kare'' being the 
same as the Grecian ''Chalis'' and the Latin ''calx'' or simply chalk or 
limestone. 

.

In the literature Karst signifies a ljmestone territory with 
fissures, doJines and other depressions, caves, and swallows, w�th 

• 

majnly subterranean waters - or in other words a typical erosional 

landscape but where the prjncipal work of erosion has been corrosive. 

An abundance o� different papers have been written about the clas

sical term Karst, treating e.g. the eternal question of how_lime$tone 

is progressively dissolved, both on the surface and in tmderlyjng 

layers. Karstology and its problems present�more and more interest�ng 

goals to among others geogr_aphers, who many years ago created a 

special commission of their international tmion in order t9 follow 
.

the study of karstic phenomena·, the commission remaini.ng active 11n-
till jn the year 1965 this task was overtaken by a commission of UIS, 
the International Union of Speleology. 

This special commi.ssion has·directly or indirectly arranged 
attractive symposia, from which some detailed proceedings have be,en 
published: ''Phenomenes karstiques'', Paris 1967, ''Problems of Karst 
Denudation'', Brno 1969, ''Karst Denudation'', CRG Ledbu.ry 1972, ''Kars-f? ., 

. 

in Carbonatic Rocks'', Moscow 1972, and ''Papers of the Symposi'Qlll. of

Karst-Morphogenesis IGU'', Szeged 1973, among others. Karst problems 
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are being even more :intensively studied by geographers, ge·ologists, 
mineralogists, meteoro- and climatologists, students of chemistry and 
physics, entomo- and bacteriologists and indirectly also by archeo
logists �nd paleontologists and other specialists. This ever-spreadjng 
research has already result�d in such a huge quantity of different 

- _. theses that sjmply enumerating them here would be an overwhelIDjng 

task. As such studies are beyone.-the purpose ·of the present paper, 
those jnterested are referred to the special literature of each 

category. Nor it is the purpose of this paper to deal with the 

. ·chemical-physical aspects of karstology. The �ole intenti.on here is 
to give a descriptive accolmt of the different characteristics, a sort 

of typology of karat, with special reference to Sweden. 

The assumption of karstology by the UIS (the International Union 

of Speleology) has been �entioned apove, and a subcommission of this 

organization has proposed the following terminology for dealjng with 

a karst: 

1. (real) KARST is a type of 
. 

. 

landscape where subterranean drajnage

occlµ's through solidified soluble rocks, i.e. karstifiable minerals,

and where characteristic subaerial and subterranean features, 

karstic phenomena can appear.

• i.e.

2. PARAKARST is a term origina�ed in Italy, referring to the appear

ance of wea�ly-developed karstic forms in badly karstifiable rocks.
3. PSEUDOKARST is the term for a landscape with forms similar to a

karst, but developed jn, non-karstifiable, non-soluble rocks.

... . ·-
If one applies the term (real) karst strictly, Sweden however has 

very little to demonstrate. Aside from the ljmited limestone rocks of 

Gotland and Oeland, small occurences of chalk in Scania and some 

solitary limes�one and marble deposits in Middle Sweden, and some 

winding pre-C_amhrian limestone streaks in Northern Sweden, only a few 

phenomena similar to karat occur in rare sandstone beds. On the other 

hand, there is an abundance of features similar to karst in other 

uon-karstic ro9ks. Therefore, some researchers consider that karst-

-like features in this sandstone, a conglomerate of small siliferous

grai.ns, generally very poor in calci1.1m, don't belong to karst pheno

mena but should be assigned to a group· of their own. A well-known

Italian speleologist, Professor Franco Anelli at the University of

Bari, previously chief for tlie caves of Postt1mia-Postojna durj_ng the

Italian occupation, and nowadays chief for the Castellana Caves in
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Apulia, some years ago proposed a wider usage for the term karst. 

On the basis of contributions by two world-renowned researchers, 

M. Gortani: ''Per lo studio idrologica e morfologico delle regione car

siche e semicarsiche italiane'', Trieste 1933, and O. Lehmann� ''Die

Hydrographie des Karstes'', Leipzig & Vienna 1932, Anelli attentively

followed the development of the question and the world-wide discus�
. .

sion which it soon aroused. In 1963 he published an epoch-making work:
,

.

''Phenomeni carsici, paracarsici e pseudocarsici '' in Annali del Mu.seo

Geologico di Bologna Ser. 2 Vol. XXXI, a theme which he developed

more clearly afterwards by oral and written commlinication. But up to

now only a few researchers have expressed their agreement with his

ideas, while the majority of speleologists still cling to the classic

conception of the terni karst and believe, that one absolutely cannot

speak about a karst in any other sense than that of Cvijic.

But even such non-corrosive phenomena as abrasion, evorsion, and 

not less, elastic downfall in caves ( ''incasion'' in the use of Bogli 

and others) are features of real karst. Inasmuch as such phenomena 

occur regularly in other rocks than limestone, some researchers 

conclude that many karstic features are by no means limited to lime

stone regions. Anelli, in a lecture at the 3rd International Congress 

of Speleology i Vienna 1961, pointed out that such features can 

app'ear i e.g. solitary limestone cliffs, in many coarsegrajned, 

poorly soluble sorts of limestone, in firmly-banked, stratified or 

slate-like limestones, in several· kinds of sandstone, in g:yps1lm ano. 

in tu.fa a:nd si�ilar rocks. Therefore, with agreement from French 

researchers among others, he proposed jncluding such karstic pheno

mena in the subdivision called P a r  a k a  r s  t. 

. In an earlier paper: ''Nomenclatura italianR dei fenomeni car

sici'' in Le Grotte d'Italia Vol. II Castellana Grotte 1957-58, Anelli 

also used the term P s e u d o  k a r s  t for a third group of 

karstic features. Some students, for example G. Cramer, F.P. Savaren-

skij, C.B. Floridia and W.R. Halliday had already tackled this 

question, especially the latter in an article ''Pseudokarst in the US''

in Bulletin of the NSS Vol. XXII 1960, and p·rogress of the matter was 

considered very urgent, even after Anelli's very helpful lecture. 
Many examples of karst-like forms had been found in solidified lava, 

especially in the USA and in Iceland. Certain •phenomena in gneisses., 

granites and other such non-limestone rocks, caused by geologic move

ments, heat, frost-wedging, weathering, chemical influences an<;l other 

agents, were namely impressively similar to results of karstic 
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procedures jn soluble stone. Here I would also mention the Swedish 

geographer Dr G1.1nn�r Rasmusson, who, besides his explorations of a 

real karst in Lappland and one on Lofoten in Norway,· also published 

the study ''Karstformen im Granit des Fichtelgebirges'' in Die Hohle 
Nr 1 1959, based upon similar observations in H. Wilhelmy: ''Klima

morphologie des Massengesteines", Braunschweig 1958, pointing out 

features of corrosion jn Archean, non-soluble rocks due to" the coveE 
\ 

of vegetation. 
In spite of the fact that many speleologists still keep the 

original meaning for the term of karst, more and more intensified in
ternational cave-research has forced acceptance of a wider sense of 
the term, and nowadays many students also·agree upon the necessity 
of usjng the terms Parakarst and Pseudokarst for phenomena outside 
the limits of the classical conception. This was evident from dis
cussions at the conference about terminology held jn the Austrian 
town of Obertraun in the autumn of 1971, arranged by UIS. 

The cause of reluctance to deviate from the original usage of 
• 

the term ''karst'' sure;I.y lies . j n Cvij ic' s development of his own con-
ception, especially as it appears ; n his work ''La geograph�.e des 
terrains calcaires'', Beograd 1969, published after his death. In 
this book he deviates from the original term, which he now calls 
''holokarst'' (from the Greek ''holos'' = whole or complete) and dis-
tj nguished this holokarst from '' merokarst'' ( from the Greek ''meros'' 
= defective, incomplete). In this system a karst must be a real, 
complete karst or a defective one. This terminology was further de
veloped afterwards by several authors, for exemple a well-known 
Spanish spe·leologist, Professor Noel Llopis Llado ( 1911-1968) who
introduced the terms '' holofossil'' and ''merofossil'' and thus clas
sified karst regions to their age.

According to this system a real karst, i.e. a paleokarst must 
be the result of long erosion of a limestone landscape, which has 
passed through all the different forms of development possible, and 
now is f�nished, complete or fossil. It may still be lying open, or 
it may b� covered ?Yother forms. A merokarst, on the contrary, is 
only rudimentary and mostly still in development. The two types are 
distinguished by different types of sediments, which Llopis classi
fied with the precise terms ''allochtonous'' or ''autotochtonous'' '
i.e. substances from the outside or solutional deposits from the
place itself. However, faced with an increasing number of different
features, he also was forced to accept certain transitions, for
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example a feature which he called ''karst rajeuni'' .or ''rejuvenated 

karst", whereby the process of solution can reappear either jn a 

holo- or merokarst. 

In the gradual progress of research the literature has been en

riched with other distinctions: it has been found urgently necessary 

to distinguish between a nude and a covered karst (Llopis), an arctic 

and a subarctic (Corbel), a thermal and a glacial (Ermoelev & Svens

son), a tropical and a subtropical (Lehmann), a coastal and other 

regional karst (Panos & St�lcl) and so on. Despite these ann other 

terms, many conscientious researchers feel that the proposal by 

Anelli signifies· a basic, rational classification of different 

karstic regions, which many be further divided or defined ad infini

tum in order to cover the meaning of any author. It is always easier 

to subdivide the clear system of karst, parakarst and pseudokarst 

into special parts, than to have to search for the right expression 

for somethii-1g o·ut of a chaos of individual terms. 

For Sweden, I have especially pointed out this fact in an ear

lier study: ''Urbergsgrottor - Caves in Archean Rocks'', in Archives of 

Svvedish Speleology Nr. 9, No:r·rkoping 1969, wherein I also mentioned 

some foreign papers, e.g. Bouqtlet-Mar·ti-�Jiichel: ''Cevi tes en terrain 

non calcaire'', Chil<:ishev: ''Types of lcarst in URSS'' and Starka: 

''Jeslcyne Drapova''. However, it is also a v1ell�known fact that the 

far-norther11 clim.ate has an evider1·t effec·b upon ·the development of a 
' 

normal karst. On the Norwegian side of the Scandinavian peninsula it 

v,as early understood that ·the multitude of young phenomena of ero

sion, particularly caves, depend partly upon forms originated during 

the glacial time and from resting glaciers and derive partly from 

active and rapid postglacial erosion. This understanding led to the 

sugges·tion of a special ty-.f)e of karst, namely the arctic or sub:... 

arctic ka.rst. Norv1egian 1lesec:1.rcl1ers like G. Horn, L.Natvig, J. Oxaal 

and others have described and discussed this very form in many 

publications. 

:!:n regions of permafros·t or ''tjale'' occi,lri:r1g in the far-northern 

count1 .. ies, son1e karst-lili::e forrns can appear,. where by erosior1 the 

tjale plays the same role as a solid rock or e'arth layer, but with 

t�e important exception that tjale and permafrost can tha¥1 v1ith in

creasiiig temperature, and the botto1n frozen layer thereby became.s

subject to rapid erosion. H. Svensson has related in a study: ''Ther

mokarst'' in the s�vedish GeogI•aphical Yearbook 1970, that the Russian 

M. Ermolaev introduced this term as early as 1932 for ''those f'orms

• 
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of terrain and land which appear by melting of the land-ice''. To those 
forms belong above all the collapse of earthy layers, but also the de
velopment of niches, karren and similar effects of erosion. In this 
connection I must mention the theory by R. Ciry: ''Des grottes cuta
nees'' in Annales ·de Speleologie Vol. XIV Part 1-2 1959, which is also 
based upon the appearance of erosional phenomena under certain con
ditions in tjale. This theme is further developed in another paper by 
H. Svensson: ''Glaciation and Morphology'' in the Communicatior1s from
the Geographical Institution at the University of Lund 1959.

But one researcher has never spared any labour in penetrating 
problems cor1cer11ing the arctic and subarctic karst landscape, nair1ely 
the well-lmown French glaciologist and speleologist Dr Jean Corbel 
(1920-1971), active in the CNRS (Comite National de Recherches Sci
entifiques). Hj.s foremost work is his voluminous doctorate ·thesis at 
the University of Lyon: ''The Karsts du Nord-Ouest de l 'Europe et de 
quelques Regions de Comparaison - Et1:1de sur le Role du Climat'', Lyon 
1957: 539 pages of densely�printed text with 100 photographs of his 
own and innumerable.sketches designed to demonstrat� landscapes and 
details. 

After many months stay on the Spizbergen Islands and on the is
lands of the northern Norwegian archipelago, and in the napplandian 
region of Norway, Sweden and Finland, very often in terrain not vi
sited nor even described earlier, by means of a detailed study of the 
landscape during different local meteor9logical and climatic con
ditions, giving himself time to penetrate also the most minute 
karstic details, Corbel produced his extensive work of research which 
has been esteemed as every karstologist's New Testament. In this 
paper only his general conclusions as to the development of the 
arctic landscape can be mentioned. For Sweden, however, we must 
regret that this very sharpsighted observer - maybe for lack of time 
- has not even skimmed the particularities of the Swedish topography

in question, and has almost completely overlooked the results of
recent Swedish karst studies.

To summarize the above-mentioned conclusions of Corbel, firstly 
he demonstrates the importance of differences in temperature between 
the arctic and tenLperate zones. At o0 the qua.ntity of dissolved CaCO 

is no less than six times the_amount dissolved at a temperature + 40
3 

centigrades. Secondly, the bacterial flora of the severe northern 
climate has far less capacity to dissolve rock than in the warm 
zones, Thirdly, he demonstrate·s the inf'luence of the sour water from 



peat beds in the numerous moors. Fourthly, the sea water in the North 

is far more aggressive against the coastal limestone cliffs than in 
ternperate and warm zones, and, fifthly, the limestone beds have been 
protected from denudation by huge morainic covers in certain regions. 
Finally, he presumes a very early process of karstification, perhaps 
as early as Oligocene, of the mother-stone, from which the greatest 
part was eroded however before the appearance of the inland ice in 
the Pliocene, Pleistocene and Quaternary Epochs. Below the mighty 
ice-cover very little happ�ned, and the actual karstic phenomena are 
therefore very young but have developed rapidly owing to the cold 
climatic circ111nstances. Corbel gives proofs for this quick erosional 

procedure in trie l1ollowing-out of the morainic cover and in the small 
and quickly changing, mostly superficial caves. He also discusses a 
sort of relict, for exemple of earlier limestone plains, but here he 
makes the 111istake of confounding in text and photograph· the porphyric 
hill of Hoverberg in southern Jemtland with a limestone relict. 

After some short notes about a sir1gle small Swedish cave ''Guld
halet" in Nerike and the big limestone beds on the islands Oeland and 
Gotland, for which he usually describes the climatic circumstances, 
he compares Oeland with the plains on Spitzbergen and other Norwegian 
islands. His great book gives indeed no proof at all that he even 
wished to study the few Swedish caves known at that time with the 
same interest and ardour as he had devoted to Norwegian caves. One 
cause for this omission could be that he had encountered many Nor
wegian researchers also interested in speleology, whereas his Swedish 
colleagues were more meteorologists, geographers and geologists
-morphologists, dealing with other things than caves. 

As I have written in a study: ''Some Remarks on Swedish Speleo
logy'' in Geograf. Anr1aler 47 Ser. A 1965:1, however, nowadays there 
are so many Swedish geographers and geologists also interested in 

speleology, arid so many scientific papers appearing from our uni
versities, that Sweden is by no means to be c�nsidered a Terra in
cognita, in spite of the impression given bY. Corbel. And, on this oc
casion I v,ould direct attention upon two recent Swedish papers: ''The 
Problems of Karst Topography'' by Professor Sten Rudberg in Ovre 
Altsvaten Expedition published by SSF the Swedish Speleological 
Society, Stockholm 1970, and ''Preliminar svensk Grottbibliografi'' by 
Rabbe Sjoberg, published in 1972 by the.same society. 

Personally, I found it curious that Corbel, at the same time as 
he praised the work by the scientific team Gislen-Brinck in Gotland, 
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did not himself penetrate this or other Swedish ka:r:•sts, and, af'ter 
asking him, I got the impression, that he had in some sense over
strained himself in Spitzbergen, Norway and Great Britain, so that 
there was very little energy left over foi .. Sweden. I wou].d just 
point out that against 40 pp. about Spitzbergen and Bjornoya, more 
than· 150 pp. about ''La haute Laponie'' and 20 pp. about ''No:r-vege 
meridionale'' ,, only 16 pages are written about 11orther·n Sweden and 
Finland ·altogether, with 7 pp. about the rest of Sweden. 

Nevertheless I regret tl1at Corbel did riot spend a li,ttle more 
of his time, forces and attention on Swedisl1 Karst phenomena, and I 
am quite sure. it would have contributed to a broader and 111ore detai
led work. In any case he would have had a better baclrgrund for l1is 
somewhat hasty study:_ ''Les phenomenes l{arstiques en Suede'' in Geogr. 
Annal. Nr 3-4 1952. In the same year, hov1ever, he had v1ritten a be·t
ter paper: ''Karst et Glaciers en Laponie'' in Revue de Geograpl1ie de 
Lyon Vol. XXVII, wher� he described Swedish climatology in the North 
very well, along with the well-known geological three broad landsca
pe ''steps'' from the high mountain range Koelen down to the northern 
Baltic sea. 

However, it is a fact, even with the limited idea of arctic and

subarctic karsts covered by Corbel, that Sweden does indeed possess 
many interesting karstic phenomena. And, if one widens the term to 
include Parakarst and Pseudokarst, many opportunities will be found 
to observe curious formations in our northern country. In an earlier 
paper: ''Karstic occurences in Sweden'' in Archives f'o1. .. Swedish Speleo
logy Nr. 4, Norrkoping 1964, I have already dealt with this theme. 
Here I would just describe shortly some essential features in each 
Swedish province, classified according to the three for1ns. of karst 
just discussed. 

• 

1. SCANIA

a} Re a 1 K a r s t. The 200 m long Balsberg cave near the
town of Christianstad is the biggest cave in Southern Sweden, and
its surroundings show all the 9lassical marks of karst, such as
dolines; depressions, holes and corroded stone l1.1mps in a thin
morainic layer above the cave on the top a the wooded hill of Bals
Berg. Those interested are referred to one detailed study of this

. 
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cave: ''Balsbergsgrottan'' in Archives of Swedish Speleology Nr 7, Norr
koping 1967. Here I will just mention that the cave is eroded in a 
cliff of Danian formation and should properly be classified together 

-with karstic phenomena in such young
gypsum. The comp_licated hydrology of
studied during the few last years by 
of Llind. 

sedimentary rocks as chalk and 
the cave has been thoroughly 
J. Akerman from the university

• 

Ever since the area was first settled, building stones and ma
terial for an excellent mortar have been extracted from Balsberg. 
A multitude of quarries exist jn the numerous finds of chalk in the 
province, and it is still possible to find some karst features in 
and around quarries, in spite of the fact that nowadays most of the 
chalk lies deep under buildings, village communities, towns and 
cultivated fields. 
b) P a r  a ka r s  t. On the island of Ivo in the lake of the same 
name kaolin has long been worked in big quarries, and t�ere one can 
study a sort of Paleokarst, formed out of the broken-up and crushed 
Fenno-Scandian Archean granitic shield, in which the feldspar has 
been gro1.1nd to tl;l.e fine-st kaolin powder. More evident parakarst 
phenomena occ�r in sandstone, schists and slates in places e.g. 
Ovedskloster, Bjarsjolagard, Frualid in Torpaklint, Andrarum etc. 
Perhaps some forms in the Cambrian sandstone in Torekov could also 

be put into the sarnP. class. 
c) P s e u d o  k a r s  t. Many other phenomena of karst character
exist in the province of Scania, which are neither real Karst, nor
of Parakarst nature, but are formed in other, crystalline, non-lime
stone, not even limestone-like minerals. The peninsula Kullaberg

north of the city of Helsingborg consists principally of gneiss with
fragments of other, mostly eruptive roi nerals. Th_e coarse-grained
gneiss is easily broken.up by weathering and frost-wedging and is
further subject to considerable abrasion by waves at the water-line.
The water from rain and melting snow disappears quickly in small
fissures an d rec1Jrnulates slowly in caves or big.ger fissures. In

winter-time it freezes in the neighbourhood of the outer cliff-walls.
The ice forces the gneiss to burst into pieces, which fall down in

to the sea ·or land on the bottom floor of coastal caves. By this
procedure and material, some n?rrow strips of shore are created and

many caves widened yearly. Some parts of the rocky peninsula give 
the impression of a real karst, but are typical exponents of pseudo

karst. 
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Similar forms appear j� Skaralid and in Klova Hallar, i.e. in the 

powerful Precambrian shield of basalt, and in other places still 

mightier features appear in e.g. Hovs Hallar at the northwestern end 

of the hill of Hallandsas. 

2. BLEKINGE

a) R e  a 1 K a r s t. Possessjng the same character as the north

eastern Scani�, this province shows some small karsts of chalk i 

Broaryd, Morby, Istaby and on the penjnsula of Listerlandet, where 

among other phenomena there is a little cave at the bottom of a well, 

in surro11ndings of typical karst forms. 

b) P a r a k a r s t. Some phenomena 

bjorke are of this type.

in the kaolin finds at Molle-

c) P s e u d o  k a r s  t. But, on the other hand, several narrow

canyons foI'lD.ed from fissures in the great Archean granitic rock shield
•

are of pseudokarst type. There are 

among blocks and in burst rocks at 

also 

e.g.

many caves and cave systems 

Ronneby and Lyckeby, where the 

labyrinths Skafteskar and Ravaskar have very karst-like appearances. 

3. HALLAND

a) R e  a 1 K a r s t. In this province - a landscape without

open limestone or chalk layers - the only existing layer of chalk lies

at considerable depth at the town of Laholm, there are consequently no
• •• 

karst phenomena. The weathered Archean rocks and schists at Knared

show only some slight occurrences of parakarst type.
' 

b) p s e u d O k a·r s t. Phenomena of this type are more frequent. 

In the granitic cliffs at Tylosand exhibit th� sarnA for�s as jn Hovs 

Hallar, and there .are some small caves in Ostra ·Krarup, Sibbarp a.nd 

Kvibille. A karst-like landscape also exists in and· around a big 

cavernous cleft ''Borsas 'hal'' at Hallesaker. 
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4. BOHUSLAEN

As in the above province the Archean landscape of this district 

offers no exampl�s of real karst forms, and only a few of parakarst 

type .• Nevertheless, it is possible to find some parakarst phenomena 

in the Cambrian sandstone of Brefjallet at Ljungskile and in some 
I 

finds of quartzite. 

valla, which may be 

marks of parakarst. 

•• 

The considerable shell banks j_n Bracke at Udde-

the biggest in the world, might also show some 
' . 

P s e u d o k a r s t. However, some forms of t11·is third type of 
• • 

karst appeare jn much-fractured and weathered granites and gneisses, 

especially in the usual ''klovor'' in the coastal cliffs, which .are 

clefts into which huge blocks are squeezed. There are some cleft 

caves in Jorlanda, H1.1nnebostrand, Veddeberg, Froland, Kviberg and 

other places, and several examples of giant's cauldrons or marmites 

are known in the province. 

. 5. DALSLAND 

This small province doesn't differ much from the foregoing one. Its 

rocks are mainly granites and gne\isses, many of them greatly 

weathered. Archean lime.stones and Ca.mbrian sandstones are ·rare and 

a�e often found together with fragments of eruptive rocks. Some 

caves are known in Steneby, Mon and Fjallbo, and also some giant's 

cauldrons. 

,..-

6. WESTGOTLAND

a) R e  a 1 K a r s t. This province holds rocks capables of

developing karst forms, and along a little brook at Karstorp, 5 km

north of the town of Skovde, six s1nall caves wi tl1 dripstones have

been found in a typical bit of karstic territory. In quarrying the

Ordovician limestone in the mountain Billingen, some karst forms

have also been found.

b) P a r  a k a  r s  t� The frequent occurrence of old sandstones, 

slates, schists and diabase beds speaks for the possibility of 

392 

--.. 
\ 



finding small para- and pseudokarsts, and the famous caves in Kjnne
kulle, such as Brattefors and Morkklev and Apostle Cave at Raback 
show some clear karst forms, as does also the srn�ll cave of Skanshal 
at Gravsnas. An interesting phenomenon appears jn the huge relicts of 
Halleberg and Hunneberg, where very old sedimentary layers have been 
protected - as-in KinnP.kulle - from erosion and weatherjng by means 
of a thick, firm cap of diorite. Tectonic movements bave caused 
clefts in this upper shield, an� guided atmospheric waters, and 
therefore weathering and erosion jnto the underlyjng layers of Ordo
vician limestone and alum schists, and now there is a·net of deep and 
narrow ''devil's holes'' in these hills. 
c) P s e·u d o  k a r s  ·t. The biggest cave jn the province is that 
of Oglunda at Varnbem, a karst-like feature formed in diabasic rock. 
S:i.milar forms appear jn the hill of Mosseberg, and jn the Archean 
rocks of Tiveden there is a multitude of caves and clefts of pseudo
karst nature. Some of the country's biggest giant's cauldrons are to 
be found in the valley between the lakes Anten and Mjo:rn, and-at Mar-

•• 

back and Knutstorp. 

7. SMAOLAND AND OELAND.

·a) R e a 1 K a r s t. The island of Oeland is a place where one 
would have high expectations of finding some sort of_karst, because 
of the isla.nd' s mighty beds of Cambro-Siluria.n lime�tone. But in this 
very hard, banked Orthoceratite chalk only some small and slight 
superficial karstic marks exist. Since ancient times it has been 
lmown that two or three springs discharge their water in the coastal 
cliffs, and these suggest the existence of subterranea� drainage for 

Alvaret and other parts of the.high inland plain of the island. Of' 
these I will just mention the well-known spring in Lundkalla and the 
rich water vein in Resmo, Morbylanga, which was noted and described 

already by von Linne in 1741.

In a paper about Oelandi� dolines Dr H. Svensson from Lund 
published in the Swedish Geographical Yearbook 1963 the suggestion 
that in the surroundings of Resmo, a system of·subterranean cavities 
may be hidden, even I>erhaps an analogy to the famous caves of Lumme
lunda on the island of Gptland. But hitherto it has not been possible 
to enter the rocky, narrow water tunnel. Corbel has expressed the 

'-
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opinion that there must exist an ancient, preglacial karst on the 

island. 

Other parts of the provinces j_n question present a landscape so

lely of Archean rocks with one curious exception: an occurence of 

Cambre-Silurian limestone on the border of the lake of Hummeln bet

ween Kristdala and the town of Oscarshamn, with no marks of karst 

character at all. 

b) P a r  a k a  r s· t. In the geologically well-known sandstone

beds of the ViBingso formation on the island of this name in lake

Vetter, there are some caves and small karst features, and jn the

same class are the j nterestj ng More Kastell in Foge,lfors and the cave
••

of Svaltorp at Forsastrom.

c) P s e u d o  k a r s  t. Much larger jn scope, however, are the

clefts and fissure-caves together with small caves among erratic

blocks, and the many giant's c�uldr·ons which characterize vecy big
• 

areas of the provincial districts of Jonkoping and Calmar. The long

canyon of Skurugata at Eksjo, and similar wide fissures in the

granitic basic shield, such as Vaggeberg, Halleberg_ann. Sigge kista 

are of izopressive size. Glacial blocks formed numerous caves, e.g. 

Vista Kulle, Fli$hult, Pelarne, Goljhult and many others, which are 
•• 

all pseudokarst forms, as are the marmites ju Marback, Huskvarna, 

Stockatorp, Wenzelholm etc • 

8. GOTLAND

This mighty old relict of principally Silurian limestone of great 

thickness, which covers the Fenno-Scandjan Archean rockshield, de

monstrates, in contrast to other Swedish provinces, many big exau,ples 
.of erosional phenomena. Thi� peculiar character of Gotland has been 

pointed out by all Swedish and foreign authors dealing with the well

-known il?land in the Baltic sea. ·As early as 1741 von Linne noted the 

subterranean strea� jn Lumrnelunda, together with relict formations 

called ''raukar'', caves, springs and different sedimentary mj nArals in 

several parts of the island. Professor H. Lundqv�sy has expressed 

these features best in his official description for the geological 

maps of Visby and Lurornelunda (SGU Ser. Aa Nr 183 Stockholm 1940) 
• 

where he wri tos: ''The cause for the remarkable conditions of drainage 

in Got land is the fact that the rock carries many J i.nes of .fissure� 
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which are widened by solution of the ljmestone. We have here an 
evident parallel to the karst territories of Southern Europe. Those 
fissures and holes meet jn the depth lposer horizontal layers. The 
water rushes down in the fissures and clefts and follow the 
horizontal layer to the outflow, where it appears either as real 
brooks ( as j n .Lumme 11.1nn.a au_d Ko lens kvarn) or as springs e.g. in 

Lully Hill.'' 
Another famous geologist, H. Munthe, had earlier published a 

paper entitled ''Coastal caves a.n,d nearly related geological phenomena 
i Sweden", Stockholm 1920, but had overestimated the significance of 

the caves there due to coastal abrasion. Describjng the cave.of 
Lllzo,oelunda, he declares: ''That cave is to be considered as a combi
nation of a coastal cave and a cave of solution'' but completely 
fails to mention the remarkable subterranean water passage from the 

lake of Martebomyr o'TJ"'er 1300 m to the subaerial brook in L1Jmmelunda . 
hi.md. However, this subterranean water-course has been known for • 
many reds of. years, and there are many reports about it before and 

after that of von Ljnne. 
Professor T. Gislen from the University of Lund jnaugurated, in 

1924, a long series of investigations of the subterranean waters on 
Gotland. He returned to the island in 1933 for.the same purpose and 
agajn in company wit� his colleague P. Brinck for several periods 
during the years 1945-1947. Their researches resulted in two papers: 
''Subterranean waters on Gotland, with special regard to the L1Jmme
lunda current I-II'', Ll1nd 1948 and 1950. This is the first detailed 
scientific report of undeniable karst-like phenomena on the island • 

In the years 1920-1940 I came into contact personally with the 
curious landscape around the lake of Martebomyr and the mill of 
Lummelunda and soon became aware that here was an object of interest 
for Sweden and even for other countries. Most people, however, 
didn't_believe me, among them certain geologists and directors of 
tourism, in spite of the fact that the lmown outer cave with the 
reappearing current clearly showed not only perfect marks of erosion 
but also some remarkable dripstones. I therefore dedicated time, 

forces and money to pursuit of the matter. From the very beginnjng, 
I was enthusiastically aided by the miller, Captain T. Hermansson, 

·-

and the owners of the terrain, the brothers Rolf and Thor Odjn, who
when they were schoolboys, had entered the cave f�rther than people 
thought possible,. 

Such personal exploration, such penetrating, of course, rmveils 
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more about a hidden subterranean landscape, and especially about the 
nature· of karst, than any investigation from the surface. I was sur
prised at the often incorrect and superficial conclusions stated by 

other Swedish and foreign researchers. For instance, jn the year 
1943, a French geologist, Georges Chabot, published a report about 

' 

Lummelunda, apparently based on a superficial examination at the end 

of a trip, devoted to describing karstic phenomena in Estonia. He 
wrltes in this paper: ''Naissance d"un karst: l"ile de Gotland _dans 
la mer Bal tique'' in Annales de Geographie Vol. LII Nr 289, that dee

per karstic marks are lackjng, because he found only some slight sub

aerial crevices, and was convinced that the sole exception were a 
small preglacial karst. 

Before Corbel's great work about the Karsts of North-Western 
Europe, Corbel has published a little study: ''Les phenomenes karst
iques en Suede'' dans Geogr. Annal-. Nr 3-4 1952 where he lightly tou-

. 

ches on speleology in Sweden. In this paper he concentrates himself 
only on some superficial phenomena and contents himself with mentio-

.

ning an insignificant little spring at Kolens kv�rn, instead of-stu-

dying the karst terrain of Lummelunda more carefully. It �s rather 

incomprehensible that scientific research has passed over the clear 

signs of sinkholes and the doline landscape in that place for such a 
long time, and that so few have taken the chance to investigate �he 

i 

subterranean drainage through the mighty current, especially after 
the above-mentioned success!ul analytic work by the t�am Gislen
Brinck. 

In the very latest years, however, the picture has changed con
siderably. Guided by Dr Gert Knutsson, two students from Chalmer"s 

Technological Institute at Gothenburg, N. Andersson and A. Gusting, 
made a thoroughgoing investigation of the subterranean drainage, the 

result of which was published in 1962. Another native researcher, 

Dr Carl-Fredrik Lundevall of the National Museum of Sweden in Stoc

kholm, used to work as a journalist, and in this capacity had seve
ral times visited my work in Lummelunda. Among other things he had 

written_ a great article ''350 millions of years deeper in the rock'', 

ill us tra ted by .excellent photographs by the world-famous artist 

Lennc3:rt Nilsson, in the popular weekly ''Vecko-Journalen'' Nr 29 1955. 
Since than Lundevall has pursued scientific investigations of the 

terrain in question, published in several papers, among them: ''Karst

morphological investigations· in the district of L1.1mmelunda'', ''Karst 

phenomena in the L\1mmel1.1nda area'' and ''A newly-discovered cave sy-s-
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te1n at Lu.m.rnelur1da'', the last two appearing in Geogr. Annal. Vol. 47 

1965 and Vol. 48 A 1965. 

It is to be hoped that this inexha1.:i.stible landscape will of:fer 

many more objects for furtl1er investigations by yowig students. The 

students of the gymnasiurn of' ·visby ha·ve alv,ays sho\vn interest in the 

ca·ves of t11e islai1d, ai1d in 1954 three boys from the gymnasiwn fom1d 

a creep-passage i11to parts of t}1e Lummelunda cave, which I and my 

assistants l1ad so far bee11 able to reach 01'lly by diving in deep and 

narrow water-tunnels. The passage of these boys opened a better, 

though still difficult route to inner parts of the cave, which were 

eventually opened to tourists in 1959, through an artificial tunnel • 

. The above-mentioned work ·by Gislen-Brinck includes some other 

subterranean v1at;ers on the island: f\[uske myr in Sundre, the brook of 

l\1olnare i11 Klj_nte, springs in Etelhe1n ai1d Ustergarn, another brook 

in the castle garden of Visby and a similar one from Hastnas to 

Kolens kvarn, and finally sorne sink-holes in Bro. Bl1t there are 

still ma...lly other pl.1.enomena of this type all over Gotland to be in

vestigated. IVIy catalog1.1es of Sv1edish caves contai11 hunJ.reds of ca�es 

in Got land alor1e, ·b l1t only a few of tl1em can be classified und.er 

''karst''. The 1najority of these caves are in solitary li1nesto11e butts, 

and especially in the coastal cliffs, where not erosion but abrasion 

has gone to work. 

·b) P a r a k a r s t. In spite of the assertion by Corbel th�t

the li1nestone of Gotland is very propitious to karst forms, it is

advisable to be aware of the great difference between the limestone

layers. The limestone is very often in an impure form, which normal

erosion cannot conquer, and of which many stretches of coast show

proof in the form of ''rau.kar''; tl1e curious pillar-lil{e relicts of

impure li1nestone. Those raukar are most num�rous on the island Faro,

in Slite and on the little southern island of Heligholmen. There are

also parakarst features in the marble-hard Orthoceratite limestone,_

of the hills of Hoburg and Torsburg. More pronounced, however, are

the marks of parakarst nature in some sandstone beds at Sudret,

whicl1 von Linne studied in 1741 and observed --their unusual capacity

of absorbing water.

Aside from these ·the geological structure of Gotland doesn't 

allow any pseudokarst. 
' 
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9. OSTROGOTLAND

a) R e a 1 K a r s t. The landscape of this provir1ce on the

Swedish mainland is a typical Archean one, with principally granites

and gneisses. Either tl1e origin.al overlying sedi1r1ents have been

corJ.pletely planed off· by glaciers·, or the Archean �ocks have been

preserved high above ancient seas so that no sediments were ever laid
down. It is therefore difficult to imaging it containing real karst

forms. Ther-· .J.re some bands of Cambra-Silurian lin1estone situated

deep in the earth's crust under Ostrogotland, but they cover only

one-tenth of the ·total area and seldom appear at the surface. However,

the wide fertile plain in the middle of the province lies directly on

top of such layers. In Gistad, chalk has long been quarried for ag

ricultural purposes, and in Kolmarden the quarry of Marmorbruket has

delivered a famous green marble for rnany hundreds of years.

In this same place, in a narrow strip of chalk, lies the single 

real karst cave of the province. This small, winding cave has been 

eroded by a little br9ok, and demonstrates a miniature karst. 

b) P a r a k a r s t. There are several karst f 01.
"'
nts aI•ound the 

chalk- and sandstone quarries at the foot of the hill of Omberg, and 

the old sandstone beds in Lemunda, Norra Freberga, Tjallmo and Halle-

stad have been quarried for mill- and grindstones for a long time. 

But an outstanding example of parakarst is the famous Pelargrottan 

Malexander, where a thin bed of quartzite, super- and subposed by 

eruptive granite, has been curiously eroded into low holes between 

short thick pillars. 

in

c) P s e u d o  k a r s  t. Most karst phenomena in Ostrogotland

appear in crystalline rocks such as granites, gneisses, gneiss

-granites and different porphyries. Even if some geologists would

hesitate to call such features karst forms, anyone who sees them must

wonder about the character of such features as the famous Trollgatera

(Ogres's lanes) in Grythult, a subterranean labyrinth formed by

fissures and clefts in the Archean granite shield. In this landscape

there are severa� such subaerial and subterranean clefts, deep, even
, _

knife-cuts, in Swedish called '' skuror'' (scores), and the origins of

these phenomena are still discussed, some students suggesting glaciaJ

pressure, others suggesting tectonic movements.

Many caves show peri- and/or postglacial development, for ex-

ample Torekullakyrka in Ramninge and Rovarmon in Vanga, caves in the 

forest of Stjarnvik, in Stralsnas and in Hoversby. There are also 
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many giant's cauldrons, for example the 12 m deep, 3 m broad Devil's 

Cauldron in Tj�llmo. 

10. SUDERMAN LAND

a) R e  a 1 K a r s t. As in Ostrogotland, the bedrock in this 
province consists mainly of Archean rocks, especially gneisses. Some 
granites and leptites also occur, and some rare strips of limestone. 

In many places there are abundant finds of ores, e.g.· iron in Kan
tarp and in the island of_Uto, copper, cobalt and other minerals in 

Tunaberg. In the chalk q·uarry of Oaxen a big cave of erosion was 

destroyed a long time ago, but there is still an impressive cave of 

erosion on the peninsula of Horne, with a little real karst. 
b) P a r  a k a  r s  t. In the rare formation of sandstone on the 
island of Granholmen in the Melar lake, it is possible to study para
karst phenomena, which also appear in a curious little cave in the 
northern part of ·the town of Nykoping. 
c) P s e u d o  k a r s  t. Pseudokarst caves and clefts, however,
are ntrmerous in the Archean rocks, e.g. Smedtorp, Vingaker and Mello
sa as well as on the border of the lake of Baven and on the islands

•• • • • • •• •• 

of Hartse, Morko and Holo.

11. NERIKE

In this province - as the most of Sweden- being dominated .by Ar
c}1ean rocks, there are not so many karst-forms of any sort present. 

The bedrock consists principally of Cambra-Silurian limestones, 
sandstones and schists. Gneiss is a frequent mineral, togethe� with 

Porphyries, granites and leptites with many veins of ore. 

Here I must point out that the Swedes, b•eing accustomed to the 

hard Archean bedrock of their country, don't expect many own spele
ological phenomena in their rocks, even including limestones, beca
use these formations most often are of Archean.origin och nature, 
i.e. long before the formations of Devon, Carbon, Perm, Trias or
Jura were laid d·ow11, and whicl1 now carry more less famous karsts,
caves and cave systems in the world. To the geologist, however, the
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following enumeration of the minerals 
·1tey to understand the· diffic1.1lt;ies of

in each 
I 

Sv.,edish 
province will give a 
speleology and the 

rarity of its objects.
a) R e  a 1 K a r s t. Some s1nall liniestone occt1.r.1re11ces cqntain 

lake of Klvslangen, there are two erosional caves, for example at the
caves, Klingtjarn and Jacob-Jons. In and around the little cave named 
''Guldhalet'' ( == Hole of gold) in Garphyt·tar1, described by Corbel, is a 
small karst area, and in all three tl1ere is subterr•anean dI•ainage. 
b) P a r.· a k a r s t. In the Ort;l1oceratite cr1all< i11 Lannct and

other places as well c-1s ir1 tl1e schists of Yxhult and Kvarntorp, there
are some sligh·t parakarst pl1er1omer1a.
c) P s e ·u d o k a r s t. More evident are forms of this type,
especially in and along tl1e long faults i.vhich rur1 t11ro1.1gl1 tl1e v1hole
AI1chean r·oclc shield. Examples of p_seudokarst 1nay be seen in Kilsbergen 

· and Fellingsbro and other places, such e�s in t;he f·aul t' s breaking-up
zone in Stenlcalla and Garphyttelclint. l\Jlar1y giant's cauldrons of all
forms and sizes exis·t; in the ancient stream-red of Sveaal v ir1 Deger-
fors.

12. \VERMLAND

Although this province is geologically i11te:r•esting for its 1nany ar1d 
rich mines, it is aln1ost a·blanl< ·spot ·t;o speleologists. There are, 
however, several other interestir1g geological featur·es, for example 
the mighty belts of quartzite with much feldspar -together with 
Can1bric sandstone in the valley of the river Svartalve11. Some few 
caves are lmov1n in Amot, Swme, Sltillingsfors and Ekeb.arad. 

13. \VESTMANLAND

!laying almost the sa.me landscape as the fore going, thj,s province
, doesn t sl10,v any evident karst features. There are some cr1alk quar-

ries in Sala and Riddarhyttan, and some quartzite with feldspar in 
Kila, but no karst occurrenc�s, so far lmown. 
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Vaster·farnebo, Anclerbenning and on the little island of SkaI'Pan in
·the Melar lake.

14. UPLAND

In the considerable Arch.ean beds of this province, there are leptites 

with rich ore vei11s, porplr;y-ries, granites, schists and g_uartzites, 

which show some slight subaerial pseudokarst. It is possible that 

deep below the surface, a Camhrian paleokarst is hidden. Almost all 

of the valley of Fyris lies on mighty layers of Archean chalk. On the 

islands of Ekero in the Melar lake, and around the lake of Erken, are 

finds of Jotnian sandstone. A few pseudokarsts exist in some places, 

e.g. Gillberga gryt in Edebo, Pukebergs Cave i tr1e neigr.1bourhood of

Enkoping, and two ''Robber·" s caves'' on the border of the lake of

Vallen. There are also some giant's cauldrons, notably a big one

below the county 11all of Haga in Stockl1olm.
.. 

15. GESTRIKLAND

This province, also a typical Archean rock landscape with orecarrying 

leptites, granites and gneisses, with some veins of diabase, gabbro 

and amphibolites, presents only a few karst features, ·aro1111d small 

caves in Ockelbo and Jarbo. Underneath tl1_e surface layers lie beds of 

Jotnian chalk and sandstone. A little crystal cave is reported from 

the Storrede 1nines in Hof ors. 

1 6. DALECARLIA 

This province presents a varying geological pictu.re with all sorts of 
leptites, granites and gneisses, quartzite, 

Containing also considerable beds of 
minerals, such as ore-rj_ch 

conglomerates and schists. 
' 

several kinds of limestone and sandstone, tt shows some eviden·t karst 

features. 

a) R e  a 1 K a r s t. Around the lake of Siljan and in Sarna, 
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Boda, Skattungsbyn and Elvdalen there are many fjnds of limest�ne and

chalk. The existence of caves here has been known for many hundreds

of years, e.g. the famous cave of Jatturn with typical karst features

at Ramshyttan. A sor·t of karst exists around the lake of Ljugarn in

Bingsjo and some partly subterran�an brooks exist jn Tofsjngan at the
' 

. 

lake. of Grovelsjon and in Gravan in Skattungsby among other places.

b) P a r  a k a  r s  t. In the mighty 180 km-long layers of sand-
stone f�om Malung through Elvdalen and Sarna up to the Norwegjan
boundary there are numerous caves, e.g. Gwenn.a in Daraberg and Stygg
forsen in Boda.
c) P s e u d o  k a r s  t. Phenomena of this class can be studied
in Elandegraven in Idre and in many ravines and can.yous like Drag-

•• 

bergs gatu and Frostbrunna in Stora Tune, Studentrannan jn Hykleberg
••

·at Elvdalen and Trollgatorna at Gran.garde.

17. HELSINGLAND

This province, built upon Archea.:n. rocks such as granites, gneisses, 
leptites with ore-veins, porphyries, schists, quartzites and 
chlorites, has no cavities or karstic forms other than small clefts 
in the long, large faults, running across the landscape. e.g. Hallbo 
Vall at the lake of Dellen, and Solleberget, Laforsen and Sotegrottan 
in Hanebo. 

' 

18. MEDELPAD AND ANGERMANLAND

Here the previously described type of Archean Jandscape is st�ll 
valid. Beside granites, gneisses·and ore-bearing leptites, there are 
mighty moraines with stone-filled hills (dr11rnJ ins) and deeply 
incised river valleys. The well-lmown Sw�dish archipelago along all 
the coast exhibits also here many small and big islands, and in some 
islands Archean s�dstone still is preserved by a cover of diabase 
showing fissures and clefts. The mountain range at Holing and Tasjo 
contains rich layers of quartzite. The caves known "in Grano are 
hollowed out in Ordovician schists. 

The most remarkable �ave known in the provinces is in the 
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granitic hill of Skuleberg; and it is further another big cave named
•• 

Rackebergakyrkan at Torsbole. This cave has been hollowed out in
gran.ite by ice and shows erosional marks from glacial streams. In all 

the places showing the pseudokarst, the features are vecy like real 

karst, but are developed in insoluble rocks. 

19. JEMTLAND AND HERJEDAL

Given the foregoing descriptions, one must agree that real karst 

forms are rare in an old Archean. co1,1ntcy like Sweden. One must indeed 

pass over nearly all the country as far North as up to Jemtland jn 

order to meet such phenomena. However, in other respects., geo
graphically and geologically tl1e intervening provinces are interest-

. 

ing: the marks of the enormous uplift and overlapping during the 

Caledonian Era ca. 350 millions of years ago, described by professors 

Arvid Hogbom and Brar Asklund, are still visible. In many places, old 
layers are pushed up upon younger formations, and by descendjng into 

subaerial or subterranean clefts and fissures, one arrives at curious 

canyons with 

Between 

subterranean waters and innumerable marks of erosion. 
.

layers of limestone there appear Archea.n rocks: grani-

tes, schists, gabbros, syenites, diabase and other porpbyric rocks. 
In Herjedal there are mighty layers of quartzite. The limestones are 
built out of Cambrian and Silurian sediments, and in many places they 
are metamo:i;phizised into hard white or grey marble. �hey appear 
principally in the high mountain range forming the Norwegian boundary, 
in the river valleys, and around the lake of Storsjon. 

a) R e  a 1 K a r s t. An early studied karst region of the 
province Jemtland is the valley of Bjuralv�n, which extends down to 

the lake of Leipik. A little Norwegian river makes an abrupt turn and 

disappears below the divide of Kollen, continuing its subterranP.an 
flow into Sweden, where it has formed a karst with all the usual 

marks and forms, such as dolines, sinkholes, dead valleys, and caves. 
A similar but smaller karst area appears on the border of the 

lake of Gysen, where two brooks alternate subaerial with subterranean 
flow, formj ng water-filled t1Jnnels and low but long caves. Also, in 

Hackas there is a similar karst area, with long erosional caves be-

ginning on the bottoms of wells. 
b) p a r  a k a  r s  t. In the old quarries in Ange and Offerdal, as 
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well as in the surroundings 
karst features. 

of Tandsbyn and Rusa, there are some para-

c) P s e u d o  k a r s  t. In the Archean rocks there are many 

caves which show karstic phenomena. The well-lmown cave is Hoverberg 
in Berg is a big cleft, measuring 170 m, in porphyric rock, and there 

• • • 

a1.·e· similar caves at Rede, Bydalen, Pilgrimstad, Rammerdal, Ratansbyn, 

Hallsjo, Gorvik and other places. Glacial phenomena appear in such 
places as a famous Ice cave at Froson, Ostersund, in the brook of 
Labbas at Hammerdal, and between Runge and Bracke. Many giant's 
cauldrons can be seen in Ragunda, Hede and in the canyon of Hallingsa. 

I 
I 

20. WESTERBOTTEN AND NORRBOTTEN

As in the other far-northern coastal provinces, the bedrock is 
principally Archean, often of the oldest formations in the world, 
such as porphyries, grani.tes, gneisses, together wi·tJh orerich 
leptites. There ·are also several phyllite bands of conglomerates, 
schists and Archean Band- and limestones, all of them partly covered 
by huge moraines. On the borders of the Torne and Muonio Rivers are 
some finds of Archean limestone, which is quarried in Kolari on the 
Finnish side, and ought to carry some karst marks also on the Swedish 
side. A sort or parakarst appears in the hill. of Luppio at Over

tornea. 
P s e u d o  k a r s  t. The provinces in question are also rich 
pseudokarst phenomena, especially around Nordrnaling, where there 

many caves in the hills of Storris, Mossarotland and Lusberg. The 
are 

area aro12nd the town of Umea shows many considerable clefts and caves, 
' . 

recently discovered by the Swedish speleologist Rabbe Sjoberg, such 
as .Anna-Lotta and Gittstugugrottan. There are several giant's 

cauldrons on the shores of the nearby river of Umealv. 

21. LAPPLAND

Geologically this big province constitutes.the two or three broad 
upper steps, describ�d by Corbel and others, gradually sin.king in 
vast forest-belts from the mountain-range at the Norwegian boundary 
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down to the northern bay of the Baltic Sea. The bedrock consists of 

Archean rocks, the oldest parts of which seem to lie in the region 

of the river and town of Skelleftea, and consist of porphyri�s, 

characterized by rich ore-carrying le:ptj_tes and gab bros, which are 

particulary abundant in Kiruna. There are also several granites, 

especially a fine-grained beautiful one on the border of the lake of 

Hornavan. Relicts of pre-Cambrian limestones and quartzites appear 

as schists in narrow bands, which have be·en broken up many times by 

seismic and tectonic strongs movements, which have influenced the 

former morphology. In huge faults in the Archean rock shield, the 

narrow �ands of limestone and schists wind horizontally and up and 

down. 

a) R e  a 1 K a r s t. But these limestone bands, and even some 

quartzite bands, make i·t possible to i'ind the same karst and para

karst and pseudokarst forms as in the pro·vince of Jemtland. And in 

fact the karstic occurrences in the corner of Jemtland between 

Lappland and Norway continue further north. Professor G. Beskow did 

an early investigation of the subterranean brook and caves of 

Southern Storfjallet, which are similar to phenomena appearing in 

the region of Tarna. 

Following the mountain-range along the boundary with Norway, 

one finds typical karst-forms from the latitude of 65 ° until 68°30� 

north, beginning with the mountains of Roding and Ronas, and conti

nuing over the cave-rich territory of Artfjall with the newly dis

covered caves of Sotsba.ck ( 1600 m lone;), Mieskatjakko and Langf'jall, 

and numerous other real karst features, most of them only suspected 

but not yet fully investigated. Above the Polar Circle there were 
-

formerly some pretty· karst phenomena aro'lmd the mighty waterfalls 

of Stora Sjofallet, but these are now inundated by a big power dam. 

In the mountains around Kvikkjokk, Sulitelma and Stipok, some mem-

bers of ·the Swedish Society of Speleology have recently discovered 

numerous caves and karst forms. 
Further north, at the latitude of 68°, many discoveries have 

• •  
• 

been made around the lake of Tornetrask. In 1954, Dr Gunnar Rasmusson 
investigated the 1200 m long, and soon internationally-known cave of 

Lullihatjarro at Djupviken, .a11d since t�an there has been a long 

list of further discoveries of real karst nature in this same region. 

Contrary to the opinion of Corbel about ?he rarity of noticeabl�- ca

ves above the Polar Circle, several new expeditions have found more 

and more f'acts o:t .. considerable karstificatio11 in these regions. In 
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one recent paper, L.G. Hellgren of Chalmer's Technological Institute 

of Gothenburg has thoroughly described the results of geological-

hydrological investigations around Lullihatjarro. Other students (G. 

Knutsson, L. Carlsson, M. Nord, M. Lindstrom, A. & R. Linden and 

others) have mad� equal discoveries at Bjorkliden, in the same region 

around Abisko and the lake of Tornetrask. 

b) P a r  a k a  r s  t. It is too early to classify all new dis-
, 

coveries of parakarst nature, but there are some interesting pheno

mena, for example the ''Devil's Cleft'' in a canyon southeast of the 

iron mines of Koskullskulle, Altarliden Cave at Rusksele, and some 

caves in the region of Asele • 

c) P s e u d o  k a r s  t. Considering the fact that real karst and

parakarst phenomena appear in the rare occurrences of limestone,

quartzite and schists, there must be many other karst-like features

in the generally Archean rock shield of the la_ndscape. But little

about this is yet known, except for the existence of some caves at

Avasjo, some burial caves of the Lapps at western Abel-Water in Tarna,

many caves arotmd Asele, and caves in Kvikkjokk, Vuoskelvagge, and

Peripakte, in th� boundary mountain-range.

RESUME 

Avant relate l
1

histoire du terme KARST des ia publication de J. Cvijic en 1893, et les
contributions des autres auteurs, com.me p.e. N. Llopis Llado, dans le sens de Holo
karst, Merokarst e�c., on veut ici rappeler la discussion sur des fonnes karstique 
diverses, aussi dans des roches non-calcaires, particulierement par o. Lehmann, M. Gor
tani, W. Halliday e.a., synthetisee par F. Anelli dans les termes nouveaux de karst 

'

Parakarst et Pseudokarst. 

La canmission de terminologie de 1'Union Internationale de Speleologie vient de 

definir las phenomenas karstique comma suit: 

K a  ·r s  t (m), Region karstique (f): type de region constituee par des roches
compactes-et

_ 
solubles (roches ka.rstifiables) permeables en grand et dans laquelle

peuvent apparaitre des form.es superficielles et souterraines caracteristiques (pheno-
' 

. manes ka.rstique). 

P a r  a k
_
a r s  t (m): terme employ� surtout en·Italie pour designer une region dont 

les f<:>rmes karstiqu_es sont peu caracteristiques dans des roches peu karstifiables. 

P s 8 u d o k a r s t (m): region presentant des formes anal oques a cell es du Karst 
dans des roches non karstifiables. 
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Dans la Suede et autres contrees arctiques et subarctiques existe un karst special, 

un Karst arctique ou Thermokarst, mais la plupart des phenomenas se developpent dans 

des roches non-calcairas appartenant aux types de Parakarst et particulierement Pseudo-
karst. Dans la suite 1'auteur de'cr1.·t l h' ' d' d h es p enomenes 1.vers e c aque province suedoise. 

ZUSAMMENFASSUNG 

Die Geschichte der Begriffe Karst wird erzahlt und analysiert, wobei die verschiedenen 

Theorien mehre-rer Nachfolger von Cvijic, der den Ausdruck Karst im Jahre 1893 selbst 

introduzierte, weiter behandelt warden, z.B. die Diskusionen von o. Lehmann, M. Gortani, 

W. Halliday u.a., worin gewisse
•• 

neue Ausdrucke entstanden, die von F. Anelli 
•• 

spater aus-

geschieden 'und differenziert 
•• 

wurden, und zwar hauptsachlich als P a r a k a r s t 

und P s e u d o  k a r s  t. 

Die Subkommission fur Therminologie der Internationalen Union fur Spelaologie UIS 

hat folgende Definitionen aufgestellt: 

K a r s t (autentischer Karst) ist ein Landschaftstyp (Gebiet) in dem unterirdische 

Entwasserung in verfestigten loslichen Gesteinen (verkarstungsfahigen Gesteinen} er-
. 

folgt, und in dem kennzeichnende ober- und unterirdische Forman (Karsterscheinigungen) 
•• 

auftreten konnen. 

P a r a k a r s t ist ein ursprunglich im italienischen Sprachgebiet verwendeter Be-

griff fur den schwach_ausgepragten Karstformenschatz in schlecht verkarstungsfahigen 

Gesteinen. 

P s e u d o k a r s t bedeutet eine Landschaft mit karstahnlichen Forman in nicht 

verkarstungsfahigen Gesteinen. 

In Schweden und anderen arktischen und subarktischen La.ndern existiert ofters eine 
•• 

Spezialfonn des Karstes, nahmlich ein arktischer oder Thermokarst, aber grosstenteils 

erscheinen Karstphanomene in anderen Gesteinen als in den seltenen Vorkanmen von Kalk

steinen. Aus diesem Grund wird eine Beschreibung der _schwedischen Karsttypen vielfach 

andere Form als jene des klassischen Karstes behandeln, d.h. Parakarst und ganz beson

ders Pseudokarst. In der folgenden Aufzahlung erklart der Verfasser die diesbezuglichen 

speziellen Erscheinungen jeder einzelnen schwedischen Landschaft. 
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International Speleology 1973, II, sub-section Ba: 

Geomorphology of the karst surface 

Ba 044 

LIMESTONE EROSION UNDER SOIL 

S.T. Trudgill 
Dept. of Geography, University of Strathclyde 

Glasgow, Great Britain 

INTRODUCTION 

This paper attempts to relate the rate of limestone erosion under soil 

to soil type. It also attempts to relate bedrock-morphology to soil 

type and rate of erosion. The paper is concerned mainly with clint 

forn1 and not the formation of grikes nor limestone pavements in 

general. The data are largely drawn from fieldwork in Co. Clare, Eire. 

Five soil types covering limestone were studied: calcareous brown 

earth, humus rendzina, acid brown earth, limestone ranker and peat bog 

soil. Ultimately, if su:fficient data are gath�red to 

of these soil types in terms of erosion 

predict erosion loss within a limestone 

distribution of soil types. 

loss, it may 

basin from a 

characterise each 

be possible to 

study of the 

Erosion rates measured range from a mean value of 0.0003 mm/yr 

__ ..,. under calcareous soils and increase to O. 025 mm/yr under acid miner�l 

soils, rising to around 5.0 mm/yr under acid peat soils. There is a 

concomitant increase in bedrock dissection. 

THE LOCUS OF EROSION 

Solutional removal of calcium carbonate from the soil/bedrock profile 

cannot necessarily be equated with bedrock lowering. In the case of 

bedrock erosion it has been shown by Williams (1966), Trudgill (1972a) 

and Trudgill and Atkinson (in press) that calcareous soils act to 

protect the limestone bedrock. Active bedrock erosion only occurs 

under acid soils. However, it can be emphasised that while bedrock 

erosion is minimal under calcareous soils solution does occur at some 

position in the soil profile. 

It is also not necessarily possible .to equate solution loss in 

• 
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the soil with a contribution of calcium carbonate to percolation 

waters j_n the cave system. The calcium carbonate dissolved in the 
soil may be reprecipitated fur'l:;her down the soil profile or within 
the bedrock below the soil. The retention of calci1Jm .,in solution in 
percolation waters appears to depend·upon the concentration of carbon 

dioxide in the ground air in percolation cracks (Atkinson, 1971 and 

personal coinmtJnication; see also Trudgill and Atkinson, in press) • 

. It is therefore seen as important to differentiate between solu
tion with surface lowering under acid soils and solution without bed
rock lowering under calcareous soils. In either case the .entry of 

calcium into the cave percolation system may be influenced by other 

factors not discussed in this paper. 

A further complication under acid soils is that the bedrock sur

face may be attacked for some time without immediate surface lowering. 

The process of decalcification of the surface is evident in some sub

-soil limestones. A crumbly layer, over 2_roro and up to 1 cm thick is 

frequently visible. These crusts commonly have a�out 1/3 to 2/3 of 

their calcium carbonate removed (as compared to the sound .limestone 

below). Clearly, surface lowering will be taking place but the precise 

definition of the ''surface'' is not possible. The several different 
zones of solution and erosion are illustrated in fig. 1. 

THE AGGRESSIVENESS AND SOLUTION LOAD 

OF SOIL WATERS 

Data exist in the literature relatjng to the solution load and 

saturation status of waters from different soil types. Tab. 1 presen·ts 

some data (from the Mendip Hills, Somerset), from which principles of 

a general nature can be extracted . 

Of the soil waters sampled. it can be clearly seen that the water 
which �as percolated through acid soils has a low solution load and a 
high potential for further solut.ion. As a contrast water percolating
through calcareous soils, while having a variable sol�tion load was

. , 

mostly saturated on arrival at the soil/bedrock interface. Runoff
waters from areas covered by humus soils showed a high solution load
but the solution potential of the water was largely used up after pas
sage over limestone from the soil covered area. 
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RAINWATER 

( picks up.

PERCOLATION THROUGH 

ORGANIC 

(picks up

PERCOLATION THROUGH 

MINERAL SOIL 

CaC03 EQUILIBRIATION) 

SURFACE LOWERING 

BEDROCK DECALCI FICATION 

REPRECIPITATION 

PERCOLATION LOSS TO CAVE 

SYSTEM 

Fig. 1. Solution, deposition and transport in the soil profile. 

MORPHOLOGY AND EROSION REGIME 

The first step of the study l.D Co. Clare ' Eire, was to attempt 

identify any relationship 

rock (clint) form. Three 

that may exist between soil type ana.

factors were seen as j ruportant here ••

1. The history of glacial erosion.

2. The nature of the present erosion regilde •

Lithology.

to 

bed-

The flat scoured surfaces produced by glaciation have been sub-
' 

sequently modified by erosion under soil (and also by rajnwater and
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T a b. 1. Solution Load of Soil Waters (Figures in mg/L CaC0
3

) 

Soil Type 

A. Water samples from the soil profile

Acid brown earth

Acid brown earth

Calcareous brown earth 

Calcareous brown earth 

Calcareous brown earth 

B. Water samples from water draining from soil
.

over limestone

From acid humus soil

From humus rendzina soil

•Atkinson, 1970

CaC0
3 

Load 

53 

44 

265 

60

180-250

225 

120 

Potential 

195 

183 

270 

65 

180-250

270 

120 

Aggressiveness 

142 * 

139 * 

15 * 

5* 

0 ** 

45 *** 

0 *** 

**Newson, 1970 (See also Trudgill and Atkinson, in.press) 

***Author 

lichens on soil free sites). The land forms are thus glacio-karstic 

(Williams, 1966). The striated glacial surfaces are only completely 

preserved under thick calcareous drift. The bedrock forms have been 

classified firstly according to genetical interpretation. Secondly, 

lithological variations are seen to act within broader classes 

associated with erosion regime. The classification proposed is as 

follows (the morphology is illustrated in fig. 2). 

I Surfaces produced by glacial erosion and little modified by 

subsequent weathering 

II 
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a) Subaerial surfaces (soil free). Undulating/even surface of

clints. 
b) Surfaces under a protective

cover of a calcareous nature. Undulating/even/striated. 

Surfaces produced by glacial erosion but subsequently modified 

by weatherj_ng_ 

a) Surfaces under brown earths.

b) Surfaces under humus rendzinas.

c) Surfaces

earths.
under acid brown 

d) Surfaces under acid peaty
rankers.

e) Surfaces under peat bogs.
I 

Undulating/even. 

Undulating. 

Cuspate. 

Arcuate form. 

Rurmeled and arcuate forms. 

•



' 

• 

MORPHOLOGY 

SMOOTH (STRIATED) 

EVEN 

UNDULATING 

CUSPATE 

· ARCUATE

RUNNELED 

• 

PLATY or LAMELLAR 

AUBBLY 

Fig. 2. Morphology types. 

III. Variations in surface form produced by lithology

a) PJ_aty surfaces associated with stylolites.

b) Rubbly surfaces associated with weak, fossiliferous and ru.bQly

limestones.

These lithological forms can dominate the inf'luence of erosion 

regime on lithology and can account for many of the variations seen 

below one type of soil cover. 
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The above classification is a broad, intuitive one based on field 

observation. Further work is needed on variations under one soil type, 

especially jn terms of lithological variations, before a more complete 
jnterpretation of morphology is possible. 

SOIL TYPE AND .EROSION RATE 

In the literature there are few records on the rate of surface 

lowering under soil (see for jnstance Sweeting 1966). Such data that 
do exist tend to confirm that high erosion rates occur lmder peaty 

soils and acid soils jn general, as might be expected from a knowledge 
of solution processes. Micro-erosion mete�s (High and Hanna, 1970, 

Trudgill 1972b and Trudgill and High in press) have been us.ed by 

Newson (1970) to estimate subsoil erosion rates on the Durness 

magnesian limestone in Scotland. Some selected data are presented in 

tab. 2. 

T:.a b. 2. Erosion rates under a soil cover (surface lowering) 

Soil Type . Rate Comparable Swrce 
' 

Subaerial Rate 

Gravelly soil, pH 6.5 0.495 mm/yr 0.297 mm/yr Newson 1970 
: 

' 

do. 0.427 mm/yr 0.248 mm/yr (micro-erosion meter) 

(Scotland) 

Peat 5.0-8.2 Sweeting, 1966 

(Yorkshire) 

Erosion rates under non-calcareous soils thus appear to be over 

twice t�ose on a soil free area. In both cases pedological data are 

lacking.. In Co. c.�are, Eire, erosion rate was est:i mated and soil 

studies were made in an effort to relate erosion rate more specifically 

to soil characteristics. 

Erosion rates have b�en estimated by the insertion of limestone 

tablets in the soil 11nder field conditions. Before emplacement the 

tablets were weighed to six aecimal -places. After field insertion of 

18 months they were reweighed ann erosion rates were calculated on a 

weight loss basis. Since the surface area of the tablets and the 
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density of the limestone are knuwn it is possible to express the rate 

of erosion in terms of surface loss in millimetres. The weight lo�s 

is converted to a volume loss (Volume = weight divided by density) 

and the volume loss is distributed over the surface area of the 

cylindrical tablets. In this way an erosion rate equivalent to mm/yr 

can be estimated. (The method is also used and described in ·Garns, 

1969, Newson, 1970, Newson, 1971, Trudgill 1972b and c and Trudgill 

and High in press). 

At each site of tablet insertion the soil profile was studied. 

Samples of soil were taken and analysed for % calci11m carbonate and 

pH. Soil type, vegetation and depth of tablet jnaertion were also 
• 

noted. Water sanrples have also been collected from the study sites. 

These were analysed for solution load of calci11m carbonate. 

Aggressiveness was measured by pH cbange (Picknett, 1964) rather 

than by titration (Stenner, 1969) as the sample volumes were too 

small to be used for two titrations. The data on erosion rates and

soil characteristics are reported ju tab. 3 and are illustrated ju 

fig. 3. 

T a b. 3. Erosion rate and soil type (tablet erosion) 

(Samples for analyses immediately above active site of erosion -

see ·fig. 3 and tab. 4) 

Soil Type Vegetation* % Caco3 pH Depth••. Erosion rate ·(mm/yr) 

Acid brown earth Festuca- 0.02 6.0 15 cm 0.0004 - 0.02534 

Agrostis 

Humus rendzina (1) "Herb rich 2.0 1.0 4 cm 0.00473 - 0.005a? 

mat" 

Humus rendzina (2) Thymus 0.1 6.5 '5 cm 0.00269 - 0.0(1.558 

Calcareous brown Sesleria 11.0 7.9 12 cm 0.00012 - 0.00136 
• 

earth 
.

-

Peat Bog Calluna o.oo 4.5 35 cm 1.8372 - 5.2976 

Limestone ranker Cal.lune. o.oo - 7 .5 30 cm 2.9327 - 5.3268 

-·

•Nomenclature: Clapham, Tutin & Warburg, 1962.

**Depth of whole profile {see fig. 3 for erosion rate and depth). 

***Mixture of Sesleria, Helianthemum, Plantago, Thymus, B»iza and Hieracium. 

% CaCO on a Collin's Calcimeter (B&scomb 1961). 
3 

pH by electrometric laboratory analyi:i.s (stic19' point on air dried soil). 

... 
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E 

Bea 

L 

F 

H 

ORGANIC 

MATTER 

CALCAREOUS 

SOIL 

CALCAREOUS 

BROWN EARTH 

HUMUS 

RENDZINA ( 2) 

0 00136 

0·00021 

0-00012 

0-00558 

0-00269 

C '--,.__,�___."--....1......-J.1 

PEAT BOG 

5·2976 

1·8372 

L 

LIMESTONE 

HUMUS 

RENDZINA (1) 

F 0-00502 

H �e �� � 0·00473

C ...,._.,........ __ .,__,�.....-"""""'4

' 

C 

L 

F 

H 

ACID BROWN 

EARTH 

• 

• 

RANKER 

0-02534 

0-00987 

0·0084 

5·3268 

5-2372 

2·9327 

Fig. 3. Erosion rates in soil profiles (rate in mm/yr). 

MINERAL 

SOIL 



Erosion rate increases• from a calcareous brown earth to acid 

·brown earth. Of the organic soils, the rate increases from humus

rendzina to peat soil. Thus erosion rate is highest in those soils

with a low calcium carbonate content, a low pH and a high organic

matter. When it comes to explaining individual differences, rather

than overall trend, the matter is a little more difficult.

There is a relationship between erosion rate and percentage 

calcium carbonate in the soil (fig. 4) but this is mainly a gross 

difference between the calcareous brown earth and the others. How

ever, when the erosion rate is compared with the solution load and 

aggressiveness of the soil waters samples a clearer picture emerge·s. 

The erosion rate appears to be influenced by the aggressiveness of 

the water (fig. 6) and by the overall solution load (fig. 5), but 

there are jnsufficient data points to make a rigorous interpretation. 

If the erosion rates for erosion at the active site of solution 

are studied (tab. 4 and as indicated in fig. 3) a·more consistent 

overall trend may be seen. The active si·te of solution is defined as 

the upper limit of carbonate detectable on a Collin's Calcimeter 

(Bascomb, 1961). 

Tab. 4. Erosion rate at site of active solution 

Calcareous brown earth (soil profile) 

Humus rendzir1a ( 1) 

Humus rendzina (2) 

Acid brown earth 

Peat 

Ranker 

do. 

do. 

(soil/bedrock interface) 

do. 

do.

0.00136 mm/yr 

0.00502 mm/yr 

0.00558 min/yr 

0.0084 mm/yr 

1.8372 mm/yr 

2.9327 mm/yr 

These values show a better correlation with soil water aggres

siveness than the overall range of figures do (see fig. 6). 

CONCLUSIONS 

The following present day erosion regi1nes can be identified as far as 

bedrock erosion (surface lowering) is concerned. 

1. Protective.- calcareous cover. Erosion rates .0001 to .001 mm/yr.
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10·0 

..J 1·0 

o·

� 

0·1 

, 

·0001

.EROSION 

DATA SPREAD AND MEAN VALUE 

.. 

·001 ·01
RATE mm/yr 

·1

• 

CALCAREOUS BROWN 
.EARTH 

HUMUS RENOZINA ( 1) 

HUMUS R·ENOZINA (2)

•• 

ACID BROWN EARTH 
RANKER AND 

-- PEAT BOG SOILS 
1-0 10 

Fig. 4. Erosicn rate and soil calcium carbonate content • 

2. Pluvial - soil free limestone; erosion by raju water and lichens.

Erosion rates • 001 to O. 3 n1m/yr.
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3. Plu_·v·ial Er1rj_c:i:1ed - Aggressiveness of rain v,ater enrichec1 by

l1ydroge11 ions and carbor1 dioxid.e f1�orr1 the soil. Acid soils ( in

cJ.ud.i1ig ·tl1ose thinner soils v1ith lov1 \Vater reter1tion). Erosion

rates .001 ·to 1.0 IIDn/;y·r.

4. Corrosive Soaking - The limestone is soaked in permanently aggres

siv-e water. Acid peaty soils, including peat ·bogs. Rapid solution,

bedrock decalcification. Erosion rates 1.0 to 10 mm/yr.

F�om regimes 1 to 4 erosion rate and bedrock dissection increase. 

From this paper it is �rgued that clint morphology (degree of 

dissection) is adjusted to the present erosion regim,e and the rapidity 

of the erosion rate. The erosion rate is adjusted to ·the erosion 

potential. More work is needed 6n the role of soil type to elucidate 

the influence of the spatial variability of soil. Such work and de

tailed work on lithology would consolidate lmowledge of· the role 

lithology in explaining differences of' morphology wi·l;hin one soil 

type. , 

• 
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ERDFALL - FORM - UND VOLUMENBERECHNUNG 
ALS GRUNDLAGE ZUR ERFASSUNG DER ZUSAMMENHANGE 

ZWISCHEN ERDFALL UND GELANDE 

S. Wadewitz

Arbeitsgemeinschaft Geologie des DWBO 
Leipzig, DOR

' 

S. Pfeiffer

Arbeitsgemeinschaft Geologie des DWBO 
Leipzig, DOR

H. Sternisko
Arbeitsgemeinschaft Geologie des DWBO 

Leipzig, DDR 

Abs t r a c t. Die Anna.herung der Erdfallform durch die allgemeine Parabel ermog

licht eine einfache Kennzeichr1ung f·ur 1',onn und Volumen. Die dami t in einern bestimmten 

Gebiet erfassten Erdfalle werden statistisch und mit ihrer geologischen Umgebung ver-

glichen. 

1. KENNWERTE DER ERDFALL-FORMEN

In der Literatur ist es ublich die Form der Erdfalle (EF) zu beschrei-

ben, wie z.B. schussel- oder brunnenformig oder diese durch Hohenli-

nien bzw. Scbnitte zu charakterisieren [1 ... 4]. Fur bestiromte Unter

sucl1ungen ist es vorteilhafter die Erdfallform in Kennzahlen zu erfas

sen. Mit Hilfe dieser Kennzahlen lassen sich statistische Untersuchun

gen oder andere Vergleiche aussagekraftiger durchfuhren. 

Im folgenden wird die Form eines einzelnen EF aus seiner Hohe h 
und -d.em Radius r in einer senkrecht stehenden Schnit·tflache darge

stellt. Zur Veranschaulichung ist in Abb. 1 ein am Hang liegender EF 
•• 

mit seinen vertikalen Schnitten dargestellt. Bei ungestorten EF sind 
• • • • • 

die Halbschnitte, abgesehen ·von den Randnohen, annaherncl deckungs-

gleich, bilden also eine einheitliche Kurve. Es zeigt sich, dass sich 
• • • • 

diese Kurve gut durch die allgemeine Parabel annahern lasst:
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Abb. 1. Darstellung der Erdfall-Form durch Halbschnitte. 

a· r.b mit 1 h Rohe a - ---

R
b 

r Radius 

a 

r • 

b Durchbiegung der EF-V/ru1d --

a 
- nor:miere11de Konstante -

Ab'b. 2 zeigt diese J?unktion f'ur R = 20 rn dargestell t. Der· Parame

ter b d.h. die Durchbiegm1g zeigt deutlich f·ur den 'vvert 1 den trich

terformigen, meist akti ven EF, des sen Zent rum da.rm die f liessenden 

Lockerrr1assen abzieht. Grosse ·b-Vverte ( ·o . 4) v1eisen auf' junge EF �in, 

deren Einbruch noch nicht versch].iff'en wur(te. Die Mehrzal1l der EF 

liegt bei b = 1,5 ... 2,0. 

Abb. 3 zeigt als Beis1Jiel die Annaherung an ein i.ioer 20 111 hohes 

und 45 m la.11ges I1al bprofil e ine s Doppe lerdf alle s mi t }\.b·r.,ei chu..r1gen, die 

kaum uber 50 cm zv;ischen den gemesser1er1 ur1�1 den aus 2 i\llessdate11 ei•1.·ecl1-

ne·ter1 Werten liegen. 
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Abb o 2. 
• • • • • • 
fi11der·ur1g der· I)arabeli'crrnigen IJaheru11gsfunl<:tion durcl1 Variation der Durchbie-

gv.ng b a].B Pararn e·t er. 

2. VOLUMENBESTIMMUNG

Au.sse:r.· de:c Forin ist c1as 1Jolun1e11 cles EF eine vi1ich·tige Kenngrosse. 
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Abb. 3. Beispiel der gunstigen A1maherung an einen (Doppel-) Erdfall mi t 2 Messwerten 

(vom Ursprung gen1esser1). Ab,�1eichungen irn Durch:3chnitt kleiner als 0,5 01.

Kb ist der Korrekturfakt·or fur die Durchbieglmg:

3 b 
b+2 

K
8 

ist der Korrekturf'aktor fur die Scl1raglage: 

= kleir1ster E'F-Radius 
•• 

= grosster ,, ''

Da diese Fm1ktion v·iel Rechenaufwand erfordert, wurde sie als Tabelle 
zusammengestellt. 

Berucksichtigt man ausserdem das Volumen des abgerundeten I{ancJ.es 
aJ.s Ring, bestirrunt zu VR, so ergibt sj_cJ:1 die Volm11enformel

2 
V = r

0 
• h • 

0 • Kb • K s + VR

•
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Abb. 4. Beispiel 2ur Hohen- und Vollimenbereebmmg eines Erdfalls. 

: • or-

Al s Beispiel fur die zu erwartenden Grossen dient ein EF, dessen 

Halbschnitte in Abb. 4 mit den zwei Messpi.mkten und der Nab.erung auf'

getragen sind. Das Gesamtvol1men ergibt sich zu 

• 
Vk

V ::  140 

Kb
• 1,29 .

Ks
1,13 + 

Der Fehler der Vol11men,angabe kann zu 10 ••• 20 % :fur EF mit geringen 

Formstorungen abgeschatzt werden. 

Auf weitere Einzelheiten der.Form- und Voluroenberechnung wie 

Ablei tling der Be stj m·m11ngsgleichungen, der Korrekturen, Rechen

beispie len an besonderen Formen wie z.B. <lie Tiefe von Wasser

fullungen, die Anwendung auf Erdfalltaler (Scheibenzerlegung) 

sowie uber die praktische durchf'uhrung im Gelande u.a. 
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· S · ., · · d .. 11r 1Je r. o· ·1:•1-:-_en t 1 i· -1r1Ltss ar1 d_iesei"' Ste).le ,J'erzech·1;e·t; v,ercten. ie ,.'.)1.n. z _ . - -

cl1.lm.g an andeJ:ieI' Stelle vorgesehen. 

3. ERGEBNISSE VERGLEICHENDER BETRACHTUNGEN

Diese Berechnungen wurden in einem Teil des Siidharzen Gipskarstes 
praktisch eingesetzt. Die dabei e:r·hal tenen Aussagen konnen zu folgen
den Ergebnissen zusammengefasst werden. 

Die Form einzelner EF ist oft au.f wenige Dezimeter genau mit 
•• 

der Parabel anzunahern, d.h. sie ist mit guten Kenngrossen erfassbar. 
Abweichungen sind leicht zu erkennen lllld weise11 auf Storungen d11rch 
Nachbarn oder andere Besonderheiten wie Nachbruche hin. 

Der frische EF hat meist im Schnitt eckige Form, d.h. ·b-Werte 4. 
Mit der Alterl2ng bzw. dem Verschleiss runden sich die Wan.de· und 

•• 

fuhren zu b 2. __ 
-4,ktive EF, d.h. EF mit Bodenabzug sind trichterformig b = 1,0 

1, 2, mus sen aber r1icht j:i.1ng sein. 
• • •

Zeigt der EF eine grossere Steilheit im Unterteil, so er•folg·te 
meist ein Nachsetzen der liegenden Lockermassen oder eine neue Akti
vierung. Die Nachbruchverhaltnisse sind oft regional ahnlich, z.B. be
tragt im mittleren Teil der Mooskammer der Nachbruch um 3 % des Aus
gangsvolumens, im Ostteil des bewaldeten Gebietes herrschen dagegen 

25 % vor. 
EF im landwirtschaftlich genutzten Gebiet sind nach der angegebe-

nen Methode kaum erfassbar, da ihre Rander verfalscht sind. Sie 
chen stark von der Parabelform ab • 

. 

wei-

In unmittelbarer Nahe grosserer EF findet man oft kleinere (hier 
,, 

Satelli ten ge11annt). Diese sind wahrscheinlich durch. die Zerrspann·un-
gen am Rand relativ schnell entstanden, daher oft steil. Da das Spal
tenvol11men von R.a.ndkluften sehr bedeutend sein kann, wie im vorherge
henden Bericht von S. Pfeiffer bei der Barenhohle bzw. dem Pferdestall 
naher beschrieben.wurde, fuhrt deren Verfullung dabei zu EF bis mitt-

•• 

lere Grosse. Umgekehrt kann ein EF durch seinen Verbruch eine erhohte 
• • 

Laugaktivitat in unmittelbarer N·ahe hervorruf'en, die dann ebenfalls 

zur Satellitbildung fuhr�. Dieser Unterschied kann von grossem Inte
resse-fur die Ingenieurgeologie sein. Leider ist es nicht moglich an-

. 

hand der ausserlichen Satellitenform auf eine der beiden Entstehungs-
ursachen zu schliessen. 
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Abb. 5. Ausscbnitt aus der morphologischen Karten dEtr lk>oskamrnF)r (Sudhar�rand) mit 
Zuordnung von Erdfallen zu 2 Reihen. 

• 

Interessante Zusammenhange wu.rden mit Hilfe der Kenngro�sen �icht
bar, wenn man die Lage gleichartiger EF zu einander betrachtet. Abb. 5 
zeigt die relativ sichere Zuordnung mehrerer.EF zu 2 Reihen. Die ljnke 
Reihe ,mfasst mehrere offene aktive EF (b = 1), die· im untersuchten 
Gebiet sonst nicht hau:fig sind. Die rechte umfasst EF mit abnlichen 
Nachbruchverhaltnis, wie sonst in dieser Umgeblmg auch kaum vorbanden • 

• 

Eine Begrundi.mg fur diese Reihenbildung z.B. durch Aktivitatswanderung 
von Ost nach West ist nicht beweisbar. Zu..qammP.nhange mit tektonischen 
Storungen, ob uber- oder untertage konnten nicht gefunden werden. Da 
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Abb. 6. Schnitt durch den Westteil des aufgenanm.�nen Moosk:ammergelandes zur Erlaute-

rung der Ablaugung. 

die allgemeine Richtung der Storungep etwa um 45 ° nach links gedreht 
verlau:ft, ist kaum ein Zusamrnenhang zu erwarten, d.h. die tektoni
schen Storungen sind in diesem Gebiet zumindest fiir die EF-Bildung 
von 11ntergeordneter Bedeutung. 

4. ZUSAMMENHANGE MIT DER GEOLOGIE

Als Grundlage fur die 
geolog. Neukartierung 

•• 

Geologie des beschriebenen Gelandes diente die
von Kriebel, 1962. 

• 

Im konstrujerten Schnitt A (Abb. 6), durch den Westteil der 
Mooskammer gelegt, wird der Verlauf der losenden, den Nordhang her
abfliessenden Oberflachenwasser betrachtet. An der Grenze des Haupt
anhydrits (z3 y) zur Einsturzbreccie (EB: Gipsbrocken und Laugreste
des 3. und 4. Zyklus) versickert das Wasser bis zum Stinkschiefer 
(Z2 k). Auf' diese� wird das Wass�r weitergeleitet und lost Teile der
Einsturzbreccie und den Fuss des Hauptanhydrits auf. Die geringere 
Festigkeit der Einsturzbreccie kann zu EF an dieser Grenze fuhren. 
Da �ie EB aber gleichzeitig die Talsohle bildet, wurde� die EF von 
der Talseite bei Hochwasser mit Lockermassen eingeschwemmt. Es blie
ben die sichelformigen·Reste der Bergseitigen EF-Wande ubrig. Die EF 

•• 

mussen mittleres 
fullt, dass eine 
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bis grosses 
•• Abschatzung 

Volumen gehabt haben, sind aber so ver
nicht moglich ist. Da die nordlich lie-

•



genden_Gesteine kaum loslich sind, ist die Grenze Einaturzbreccie/An
hydrit etwa auch gleichzeitig die nordliche EF-Grenze. Im ostlichen 
Teil der MooskammP,r werden die auslau.fenden Anhydrit-Z1mgen vom Btmt
sandstejn uoerdeckt, damit liegt die nordliche Grenze der EF dort jm 
Buntsandstein. 

. 

. 

Die Front _auslaugung an der Grenze Einsturzbreccie/Hauptanbydrit 
au.:f dem wassersperrenden Stinkschie:fer fiihrt zu einer Unterhohl11ng 
lmd als Folge zu einem Absenken mi t Briichen parallel z11m Hang so-wie 
zu.r Uberkipp1mg. En.tsprechende Spal ten _sj nd fast i_rn gesamten Gelande 
des Hauptanhydrits zu finden. Die allgemein mit etwa 10° gegen Suden 
einfallenden Schichten fallen an der Nord-Hangkante bis zu 4° nach 
Nord ein.-Es ist zu vermuten, dass anfangs das Wasser eines klejnen 

Erosionstales in einen an der Rangkaute liegenden Spalt (u.U. hervor
geru:fen du.rch ainen Band-EF) verschwand und einen neuen EF provozier
te. Durch Abziehen von Lockermassen und damjt seitliche Erweiterung 
seines Ein7iugsgebietes verhinderte er die Ausbild11ng eines Nachbar-EF. 

Der durch das Tal aktiv gehaltene EF trug zur Ablos,mg der Front ver
starkt bei, d.h. schaffte neue Spannungen, Abbriiche bzw. Spalten, die 
zu einer Ruckverlegung des Tales durch einen neuen EF in sudlicher 
Richtung fuhrte. Durch diesen sich mehr:fach wiederholenden Vorgang 
ist die eigenartige Erdfalltal-Bilcrnng erklarb�r. Die obersten EF der 

Erdf'alltaler liegen nur wenige Meter im Bt1ntsandstein. 
Die EF ziehen sich in der Hauptsache als ein Band von e�a 200 m 

Breite (Ausreisser bis auf' das 4fache) durch das uritersu.chte Gebiet. 
Die EF-Dichte liegt bei etwa 5b • . • 150 EF /m2 • Dabei ist die Di'chte
der mittleren l1Dd grosseren EF im Hauptanhydrit etwas grosser als jm 

Bl1ntsandst�j n. 
Addiert man streifenweise das Massendefizit durch die EF so er-

gibt sich ein durchgehender Querscbnitt von etwa 30 m2 im ostlicben
Teil, 20 m2 im mittleren Teil lmd bis zu 400 m2 im westlichen Teil.
Setzt wan die durchscbnittliche Breite des EF-Bendea zu 200 m 
(knapp!), so ergibt sich ein durchachnittlicher Jlassenentzug von.nur

15 cm im ostlichen, 10 cm j m m:i ttleren 1md maximal 2 m im westlichen 
Teil Bei P-iner Schichtdicke des Hauptanhydrlts von uoer 50 m sind 

• 

diese Werte ,mbedeutend, auch wenn die vielen Erdf'alle in der Natur

sehr beeindri�ckend sind. 
Durch diese Abschatzrmg ist zu vermuten, dass die Ablaugung des 

.Anbydrits von unten in der gesamten Frontbreite und die darauf erfol
gende Senkung des Haupta.nhydrits u.U. in vielen Stu:fenbruchen die 
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Abb. 7. Haufigkeitsverteilung der Erdfalle in Abhangigkeit vom Volumen bzw. dem Ver-
•• 

haltnis der mittleren Durchmesser zur Rohe. 
Verteilung der Erdfa.lle im Volumen-Steilheits-Diagramrn unter Berucksichtigung .. der geo
logischen Bedingungen: SU = Buntsandstein: I landwirtschaftl�ch genutzt�s Gelande, II 
planes Gelande im Wald, III einzelne Erdfalle am Hang, IV grossere Erdfalle am Hang 
und A = Satellitenhaufung, EB Erdfalle im Gebiet der Einsturzbreccie, z

3 
y Erdfalle im

Gebiet des Hauptanhydrits. 

Hauptursache fur die Herausbildung des Laugtales ist. Die Erdfalle 

haben zur Formung dieses Laugtales wenig beigetragen. 

In einer Auswertung (Abb. 7) wu.rde die Steilheit der EF 

Volumen eingetragen, unter Beriicksichtigung der Lage und des 

uber ihn 
•• Oberfla-

. 

chengesteins. Als Ergebnis kann zusammengefasst werden: 
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I. Die mittleren und grossen EF im landwirtschaftlich 
. 

• 

ten Gelande (Buntsandstein) sind eindeutig flacher 

genutz

(im

Durchscfinitt etwa 4x breiter bei gleichem Volumen) als die

des Waldes. Kleiner� EF im genutzten Gelande•sind nicht vor

handen bzw. '' zugeackert''.

II. Eine Gruppe mittelgrosser EF im Buntsandstein hebt sich vom

Hauptanteil ab. Es. sind f'lache EF, die e·l;wf� 2;'3 c:.E�r EF im
•• 

planen Gelande des Waldes ausmachen.

III. Einzelne kleine EF im Buntsandstein haben einen mittleren

, 

•

• 



relativen Durcb.messer. Die EF in der Nahe grosser EF (Sa

telliten), die etwa gleiches Volumen haben, sind wesentlich 

steiler: A. 

Vergleicht roan mit den umgebenden (Oberflachen-!) Gesteinen, 

so sind die Durchmesser-Volumen-Verhaltnisse d.h. das EF

Aussehen ahnlich. Die EF in der Einsturzbreccie sind durch

schnittlich nur wenig steiler, die im Hauptanhydrit durch

schnittlich etwas flacher als die Hauptmenge der EF, die 
. . 

den Buntsandstein (IV) durchbrochen haben. 
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.THE METAMORPHOSIS OF KARREN 
IN THE NORTH OF ENGLAND 

G. T. Warwick 

Department of Geography, University of Binningham 
Great Britain 

Ab s t r a c t. This paper examines some of the evidence for sub-aerial modification 

of karren, especially of those generally assumed to have been formed beneath a cover 

of soil and/or glacial deposits. Special attention is paid to the modification of 

r u n  d k a r r  e n  by the development of k a m e n  i t  z a s, sane of which have 

dissolv�d alternative outlets, provisionally termed p 1 ug h o l e s, and leaving 

small "natural bridges". A shorter treatment is given to the modification of k l u f t

k a r r  e n  and r i l 1 e n  k a r r  e n  (which are much less common). 

The basic problem in geomorphology recognized by early workers 
.

such as Hutton and Lyell j_s that one must work backwards from the 

present to interpret the past. This is most difficult when one seeks 

an explanatio� of landforms which do not appear to be produced to-day. 

In examining modified landforms it is even more difficult to determine 
.

which are original features. The task is somewhat easier where changes 

that have occured during the late Pleistocene and Holocene can be 

directly associated with datable deposits. Compar�tive studies may 

also throw light upon such problems. It is also important tha·t an 

agreed terminology should be used and one that does not group together 

forms of dissimilar detailed form and possibly origin. In the case of 

k a r r  e n  the author will follow the terminology of Bogli (1960) 

and Bauer (1962) and only use English equivalents where they may be 
.

directly related. The main types of karren to be examined will be 

r u n  d k a r r  e n, h o  h 1 k a r r  e n  and k 1 u f t  k a r-

r e n  for which there is now widespread agreement that they were 

formed beneath a vegetated soil and/or glacial drift cover. This is 

the major premise fro1n which most of the discussion flown. It is the 

m o d i  f i c a t i o n  of these forms.after exposure which is the 

author's�main concern. 



/ 

I 

The study of karren was carried out mainly within three areas of 

the Pennines and adjacent hills, namely the Peak District. N.W. York

shire and the low hills of North Lancashire adjoining Morecambe Bay. 

All three areas were glaciated, but much of the Peak District remained 

free of ice 4uripg·the Last Glaciation and probably during the 

Penultimate Glaciation, using the termjnology of Zeuner (1959), apart 

from minor invasions from the northwest. Much of the Peak District is 

blanketed with an aeolian deposit derived from the surrounding 

Namurian rocks up to depths of 70 cm or more (Pigott, 1965). Sheet 

glaciers were active in the Yorkshire Dales and in North Lancashire 

during the Last Glaciation, removing complete beds of limestone. Many 

workers however consider that the action was not jntense, though 

Waltham (1970) has advanced the view that the valley floors were ex

tensively excavated during this period. The Peak District forms a 

plateau rangjng between 250-350 min height and with some hills up to 

c. 500 m, but the plateau is deeply dissected by river valleys up to

. 150 m deep and by a network of dry valleys� The general vegetation is 

cultivated grass for hay and pasture, with little bare limestone ex-

cept on the vall�y sides and isolated karren blocks, e.g. at the head

of Back Dale (south of Buxton) and Dowel Dale near the headwaters of 

the Dove. These show modified r u n d k a r r e n, k a m e -

n i t z a s and. relict r i 1 1 e n k a r r e n. Deep f l u f t

k a r r  e n associated with curved joints in reef !molls are to be 

fo1md on the east bank of lower Dovedale resembJjng b o g  a z, but 

these ar·e probably much older forms than are discussed in this paper. 

The precipitation of this. area is on average about 1000-1500 men per 

ann1Jm. In North-West Yorkshire, on the other hand, occur some of the 

best k a r r  e n  f e 1 d e  r, especially upon the flat surfaces 

flanking the inner valleys. These are usually called c 1 i n t  s 

in English when they stand up proud, with either flat surfaces of 
.. 

' 

dendritic systems of r u n  d k a r r  e n, bounded by k l  u f t-

k a r r  e n, known as g r  i k e s. These rectangular, flat blocks 

are generally referred to as pavements, though it is better if this 

term is confined to the flat topped forms. Intermediate forms are 

h o  h 1 k a r r  e n with flat spaces between the k a r r  e n. 

These plateaux at bout 400 m above sea level are partly covered by 

till and much of the latter is overlain by peat. Over much of the 

latter is an E r  i o p  h o  r u m  - Sp h a g n u m bog fringed 

with N a r d  u s s t r i c t  a, with fescues, closely cropped 

by sheep, on thin soils, irn1nediately over the limestone. During the 
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past century there has also_ been a decline in the amount of juniper 
scrub growing in the grikes '(Sweeting, 1966). This area experiences 
over 1500 mm of precipitation in the form of rain and snow on average. 
Westwards from this area there are isolated low hills rising up to 
300 m such as Hutton Roof Crag� near Kirkby Lonsdale and surrounded 
by.drift-covered Triassic deposits. Even further west and close to 
zhe coast are lower hills only some 150 m high surrounding small 
basins, some of which are true p o  1 j a. Hutton Roof Crag is 
unusual in possessing steeply dipping limestones which have been 
scoured by ice and reveal the best collection of r i 1 1 e n  k a r
r e n in B:;r-i tain. The other north of Carnf orth is covered by woo·d
land, much of it of a scrubby or coppied character, growing from the 
exposed k 1 u f t  k a r r  e n, and between these the surface of 

bare pavements and pavements 
and h o.h 1 k a r r  en. 

dis
In 

the limestone is e-xposed in both 
sected by r u n  d k a r r  e n  
addition there are large grooves 
sight appear to be minor folds in 
Ashmead, who first introduced the 

cut across the beds which at first 
the cleared beds, which Mr. Peter 
author to this area, considers to 

be of glacial origin. 
. 

I 

In North Lancashire the r u n  d k a r r  e n  are typically 
rounded in cross-section, both across the grooves and the inter
fluves. Some are part of complex dendritic systems drainjng towards 
the margi�al k 1 u f t  k a r r  e n, but these are in the minority, 

' 

simply branching systems are the norm and often there is a flat top 
between the rounded shoulders of successive karren. Where they appear 
to be little modified by exposure their long profiles are generally 
smooth and continuous downwards and they drain freely after rain with 
no pools remaining. Usually there is only a minor incision wherE the 
k a r r  e passes into a grike; but where there is a parallel series 
with a short overland flow the interfluves change from round shoulder$ 
into sharp divides like r i 1 1 e n k a r r � n, whi'lst retaining 
the rounded channel, e.g. at Throng End, north-west of Yealand Red
mayne (see also fig. 1). However few of the r u n  d k a r r  e n  
retain the simple form which is taken to be the· origin�l one and which 
is revealed by removing turf and the associated soil. The main dif
ference is that on immediate exposure the runnel is stained brown with 
humid acids. 

The main modification is the formation of pools or k a m  e -
n i t  z a s  at the base of the groove, usually roughly oval in form, 
sometimes with pointed ends, though in once case a triangular shape 
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Fig. 1. 
fication 

Rundkarren, 
other than 

near Hale Moss, N orth Lancashire, 
sharpening of the ridges. Faint 

sides of some of the 

little modiEngland, showing 
rillenkarren appear 

karren. 
on the 

was seen where a minor crack had been exploited by solution, and this 
crack formed the base of 

_..,,,. 

the triangle, with the apex pointing cownslope.
Frequently the edge of the pool is crenelated and0 undercut and 
''·strandlines'' are to be found marking stages in drying out. Flat-bot-
tomed pools are 11ncommon, such as Sweeting and Williams have reported
from Ireland and Yorkshire. - pools Often the appear to have exploited 
a narrow crack along the axis of the groove and produced a V-shaped
cross-section. In some cases this had proceeded suf'ficiently far to
provide an exit either into the next pool in the karre (fig. 2) or by
a more direct route to an adjacent grik�, sometimes even reversing
the direction of drainage. The first type produces a small natural
bridge a few centimetres wide, whilst the other forms a type of·

plug-hole for the basin (fig 3). These 

was badly pitted 

drained pools were often found 
on blocks whose surface in an _irregular fashi0n (see 
fig. 3) • Some pools were found with water in them, others had dried
organic deposits filling them upon in one case to a depth of 3-4 cm.
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Fig. 2. fig. 1. showing modification by the of kame-R1:1.ndkarren, 
nitzas, as 

near 
well as 11 

plu:..hol es" and small-scale
development 

11 natural bridges" • 

-

Yet others had vegetation growing 

no doubt active once more, helping 

on 

to 

soil, beneath which corrosion 

increase the 
- . 

depression. Miss 

was 

Sweeting reports depressions 
• 

in some of the Yorkshire r u n d k a r-

r e n and infers that they were original. It will be interesting to 

test this on newly exposed forms. Even if slight depressiond do occur, 

there is little doubt that they are extended by-later modificat�on by 

pool action. This l.S comparable to the effect of doline formation in 

a dry valley such as occurs 
• 

l.ll Jugoslavia • 

R u n d k a r r e n are even comrJ.oner in.Yorkshire, where R.J.

Jones (1966) confirmed the close connexion between their formation and 

vegetated areas underlain by soils and glacial driftand showed con-

elusively that r u n d k a r r e n and k 1 u f t k a r r e n 

both passed under the drift from adjacent cleared areas. Miss Sweeting 

has also confirmed this. A more casual inspection by the author re-

vealed a much less frequer1t occurrenc of k a m e n t z a pools 

and where ·they were found, they were much smoother in outline, a 

though often showing solutiona-1 undercutting. It would be o:f interest

'+39 
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' 

close to Fig. 3. Rundkarren, 
kluftkarre. The general 

fig. 3, 
shows surface 

with a 
considerable 

complex "plug-hole" 
ro ughening by 

draining 
solution 

to 
and 

a nearby 
frost 

action. 

to determine whether r u n d k a r r e n show any slope limits; 

such forms have been noted on slopes estimated to be of at least 15
°

' 

but most are on blocks with only a few degrees of inclination. In the 

Peak District r u n d k a r r e n are much rarer and only to be 

found on isolated blocks and these appear to be yery degraded. In one 

case at the head of Back Dale they appeared to have a slope of C 

but were interrupted by marked basins filled with acidic vegetation. 

The adjacent interfluves were also pitted. The clearance of over-

burden on the edges of quarries does not usually produce much beyond 

a general roughening, a though one old Geological Survey photograph 
shows marked ''piping'' developed 

• 

in deep grikes 
• 

1.n. 
.. 

Millers Dale •
Modification of r u Il d k a r r e n and h o h :,1' k a r r e

by water is more difficult to establish except on tb.e edges 
and even here some authors 

' su'ch as Bauer, suggest that such forms
resembling r 1 1 e n k a r r e n, but with rounded grooves may 
t" __ orn1 beneath soils OI'. by water draining from soil 

• 

in rundkarren. Some 
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of the hohlkarren show sharp edges�where they intersect the pavement 

surface instead of the normal rounded shoulders and this may be due 

to u..�dercutting and retreat of the karre wall by lateral corrosion. 

Such forms usually have rather flatter floors as well. Dr Sweeting 

has also described runnels which appear to be formed by running water 
which cut diagonally across clint blocks. They are 50-100 cm wide, 
and up to 50 cm deep and may be up to 10-15 m long and examples occur 
near Borrins Moor Rocks near Alum Pot. 

It is generally assumed that the original form of k 1 u f t -
k a r r e n walls forn1ed beneath a soil cover was smooth, though 
there �re few reports of direct observations from freshly excavated 
sections •. Most of the exposed sides show fretted features, roughly 
horizontal and etched out by solution. In other cases the slight de
pressions are slightly polygonal and are described as '' cockling'' 
(Sweeting 1966). These two forms are very common in Yorkshire on the 
sides of clint blocks standing pround above the surface. More clearly 
defined cockles have been found covering the roof and walls of Plas 
Heaton Cave, Denbighshire and these may be due to the action of water 
films condensing on the rock surface. Frost act�on is often mentioned 
in the literature but there is little angular debris below them, 
though the surface may be flaked by such action (Sweeting, 1972). In 
wintry conditions the lodging of snow in the grikes will tend to 
reduce the effects of frost. 
times be seen on the sides of 
only very faint. 

R i 1 1 e n k a r r e n can some-

grikes, but these are rare and usually 

I\ 

The rarest karren in Britain are rillenkarren and trittkarren ·, 
the latter only being reported from Ireland. R i 1 1 e n  k a r r  e n  
are best exposed on Hutton Roof Crag, Lancashire, on steeply dipping 
slabs, crossed by a diamond pattern of gr�kes. WilliaroR (1966) has 
pointed to the apparently·newer irregular grikes that cut across 
these karren and which indicate that they were formed after the 
grooves had been cut by running water since the sharp rills continue 
below the lip of the opening. Also the sides of the rillenkarren have 
been etched by solution, though on a smaller scale than on the sides 
of the clints. This seems hardly compatible with active use, again 
suggesting that these are fossil forms. An·even more degraded form 
of r i 1 l e  n k a r r  e n  was found on an.isolated limestone 
block near Moscar Farm, Parsley Hay, Derbyshire, where the surface is 
covered by lichen, t·hough the angular ridges and V:'shaped rills 

remain distinct. 

' 
; 

. . 

, 
• 

• 
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• 

Perhaps the most difficult matter to resolve is whether the 
various karren attributed to solution below a soil and drift cover 
are still being exposed or covered over. R.J. Jones (1966) marshalls 
considerable botanical evidence to support progressive removal of 
the cover and Clayton (1966) puts forward a theoretical scheme, with 
supporting evidence for the entrainment of fine material in the 
grikes leading to localised surface lowering in the form of dolines 
or shake-holes and incipient grikes. Certainly examples can be found 
ranging from narrow fissures grass-floored passages wider than the 
clint blocks. In some of the latter cases the outlines of the grikes 

' 

have be�ome distinctly sinuous, or have become circular basins (R.J. 
Jones, 1966). Against this Dr Sweeting (1966) can produce direct 
evidence of grass creeping over pavements and of turf levels rising 
substantially in certain grikes around Ingleborough. Some of the 
r u n  d k a r r  e n  adjoining drift are bounded, on the side away 
from the drift, by a selvage of flat-topped pavements as can· be seen 
above·Malham Tarn. Jones considers this to ·be the normal pattern, 
and suggests that the flat·areas have remained uncovered for a long 
period. If this is accepted the one must ask why these flat su1·faces 
are so little alt.ered by sub-aerial erosion. Probably the flatness 

' 

of these blocks, especially if they are almost horizontal, militates 
against concentrated flow and the production of rlmnels by water of 
low agressivity. A further complication is that in some of the York
shire areas such flat surfaces occur close to thin patches of drift 
which appear to be retreating. However, Marjorie Sweeting has 

• 

evidence of such areas actually being recolonised by grasses. There 
is general .. agreement that they are relict features. In North Lanca
shire they are also common in an area where one gains the impression 
that the · soil has been erode� in relatively rec·ent times. That area
also has a lot of angular limestone debris in the k 1 u f t  -
k a r r  e n  which passes into areas where the surface is composed 
largely of such material and in a few cases, as shown in fig. 1 this 
material also occupies some of the r u n d k a r r  e n. 

The· author ha_s attempted to review the evidence for the 
existence of fossil or relict karren in the Pennines an� to indic;�e 
some of the features. which may.be taken to be modifications to the 
original forms. Of these, the most obvious is the development of 
k a m e n  i t  z a s  in the floors of gently sloping r u n  d -
k a r r  e n  which may proceed sufficiently far to cause wholesale 
disruption of the ·grooves, a.nd tending towards a much greater 
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roughness and diversity of the micro-relief. Modification by running 

water is also present to some degree, though in the case of relict 

r i 1 1 e n  k a r r  e n, these appear to be little used for surface 

run-off and are being modified but at a much slower rate than the 

I' u n d k a r r  e n. The writer would like to acknowledge his debt 

to Dr Marjorie Sweeting for her work in the Pennines, and above all 

for her quantitative contributions. He also wishes to thank Mr Peter 

Ashmead for introducing him to the Moreqarnbe Bay sites and Miss Helen 

Warwick for help with translations from German literature. 
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Ab s t r a c t. Pseudo-karst features of the Klutlan Glacier are the result 

primarily of the down•NB.sting and removal of ice by melting. This development is 

contrasted to that of true karst on limestone by solution. The evolution of specific 

glacial pseudo-karst landforms is described, and it is concluded in general that the 

similarity of morphological forms of down·Nasting glaciers and downwasting limestone 

karst is the result of converging effects of the two different processes of melting 

and solution. 

The Klutlan Glacier is located at the northern edge of the Ice

field Ranges near the Yukon/Alaska bo1.1ndary (Rarnpton,. 1970). The 

terrninal debouchment described here lies in an east-trending valley, 

the glacier and morainal debris occupyin.g an area about 9.5 kilo

meters wide and 24 kilometers long. The elevation at the upper end 

of the area is about 1500 meters and at the terminous about 1000 

meters. Maximwn ice thickness in this area probably exceeds 100 

meters·. The upper one-third o� the glacial debouchment has a free 

ice surface, while the lower two-thirds is covered with morainal 

debris represer1ting at least six major periods of glacial surge 

marked by six arcuate .morainal deposits differentiated by lineations, 

landform texture, lithology, limnology, and plant cover. The most·: 

recent glacial surge occured within the last 10 years, while the 

oldest represented by the moraines was probably more than 550 years 
ago. In tl1e terwinal a.eboucl1Inent area the free ice surface and each 

o:r: tl1e six n1ajor moraines have distinctive suites of pseudo-karst 

landforms. This pseudo-karst landscape evolves on the ice and the 

1s10I·ai11al de-bris through processes of 1) ice-rnel t by sunlight, v1arm 

i..,air1, r;.nd. \'!ar•YJ1 stream v1aters that flo\'1 into the glacier from the 
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valley walls, 2) the erosive action of flowjng water, and 3) 
gravitational collapse. 

Clayton ( 1964) describes ''Karst Topography on Stagnant Glaciers'' 
jn the general area under investigation as though it is formed by 
general karat processes, i.e., by the solution of ice. However, study 
of the K.lutlan glacier shows that these landforms evolve under the 

' 

action of processes quite different from the solutional activity that 
is defjnitive of karst. The meltjng of glacial ice combined with the 
erosional activity of water flowing on and through the ice and 
morajnal debris forms a pseudo-karat landscape that in morphological 
form greatly resembles true karst landscapes formed by the solution 
of limestone. IR this paper I give brief descriptions of the evo
lution of some specific pseudo-karst features of the Klutlan Glacier, 
and conclude with the generalization that all similar landscapes on 
stagnant glaciers are pseudo-karst· formed by ice-melt and erosional 

processes as described here. 
In most general terms, glacial pseudo-karst landscapes evolve 

under the actions of processes that 1) remove all of the ice from 
the area, 2) remove large quantities, particularly the fi�e 

fractions, of morainal rock debris from the area, and 3) lower, 

transport, redistribute, and redeposit the morainal debris remaining 
' 

withjn the area� The landscape change thus effected is spectacular. 

A mass 100 or more meters thick consisting of ice with a relatively 

smooth surface containing a scatter of as little as 0.5% or rock 

debris is reduced to a mantle of rock debris seldom as thick as 10 

meters. In gross, therefore·, there is a distinct analogy between an 

ice mass that downwastes to its bedrock floor to deposit there that 

portion of enclosed rock debris that does not melt and wash away, to 

a limestone mass that duwnwastes to a lower contact with impermeable 

beds or a base level to deposit at that level t�� portion of the 
jnsoluable fraction that does not dissolve and wash away. In karst 

• • 

landscapes near to or carried to completion, the most impressive 
landfor� is the vast plain or gently closed depression resulting 

from regional downvasting as the limestone beds dissolve almost 

completely away. ·such a planar landform is also the greatest result 

of ·the melting away of glacier ice. It is therefore instructive for 
a:--1:vone studying morainal features left by valley ( or continental) 

glaciers to imagine how the valley (or region) was once filled with 

ice, and then to think how the enclosed rock debris would belowered, 

sorted, transported, and some if it finally deposited on the valley 
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floor as the ice duwn�astes by meltjng. Du.ring the Klutlan Glacier 
' 

studies, such thought experjments (Watson, 1965) �ould be checked in 
the terminal debouchment area of the glacier where at least six 
stages of development are exhibited from that part of the glacier 
with a free ice surface in the upper regi_ons to morai nal debris 
resting on bedrock in the lower regions. 

J,imestone dissolves in water that comes from outside 
stone mass and that flt.,ws on beyond it, ear.eying af/18:3 the solute. 
The most obvio11s difference between down,,asting limestone 
wasting ice is that ice does not req11i� an in.flow of· water either 
for reduction or transportation.·under the application of the s1m's 

.

heat alone, �O jn the form of ice will melt and flow away in the 
form of water. The first glacial pseudo lrarst forms, then, are those 
formed by the melting of bare glacial ice. Ice meltjng differential
ly on the lmeven surface of a glacier gathers in low areas where the 
water itself contributes to further melting down of the bas3n. 
Because the volume of ice is greater tban that of the water derived 
from it, the basin.can hold more water than is contributed by the 
ice melted out to form the basjn. Such lake ba�jns on the glacier 

. 

surface have vertical walls and often greatly resemble collapse 
sjnkboles. They enlarge laterally by tmnercutting the walls which

collapse. In this way the basjns coalesce ann sometimes break 
• • 

through valley or crevice walls to drain. Most, however, appear to· 
have drajns into the ice out of their bottoms. They have flat :floors, 
ann when drajned sometimes resemble karat winnows or p o  1 j e s. 

Water enters the ice mass from the surface through vertical 
sha:ft$ or g o  u ff' r e s  •. These are often called m o  u 1 i n s. 
jn the literatln-e of glaciology, which is an incorrect desjg,,ation 
to the extent that it· iioplies that the grindjng or milling action of 
loose rocks formed the openjng. These shafts generally originate 
from the jnitial vertical flow of water duwn fracture jntersections 
or other zones of weakness. All 

.......... 
have horizontal drajns at the bottom 

which convey water into extensive cave syste,s that form along 
fracture and jojnt planes jn the ice. Some shafts remain nearly 
circular jn.shape while o�hers elongate into waterfall canyons. They 
attain depths of as much as 50 meters on the Klutlan Glacier. Great 
q11antities o.f rock debris are swept j uto sha.ft·s to form cones of 
debris as

1 
high as 20 meters on their .floors. As the general ice 

surface downwastes aro11nd such cones, they eventually stand as 
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towers over the surface, the former ice walls that surrounded them 

having been melted away. 

Surface streams on ice flow in deep, inset canyons, often with 

highly meandering courses because of initial sinuosities on the ice 

surface. The water slides around smooth curves, leaving symmetrical 

ice cones and cutting deep under the outer ice walls. Such streams 

sometimes cut beneath meander necks to for1n natural bridges, and 

some sink into the ice mass itself to become subsurface streams. In 

the upper region of the Klutlan debouchment where·morainal debris is 

seldom thicker than 10 or 20 centimeters, a valley over 30 meters 

deep �erminates.abruptly in a wall of ice in which two large cave 

passages are exposed. The upper is about 6 meters in diameter, and 

the lower is some 6 meters wide and over 12 meters high. Both are 

floored with a pavement of semi-rounded gravel and cobbles. These 

cave passages are exposed from above 100 meters farther down glacier 

by downwasting. These exposed passages are probably typical of large 

cave systems enclosed in the Klutlan Glacier·. 

Wate:r· .from two 111ajor tributaries, one flowing from each valley 

wall, flows down to the Klutlan Glacie1· and plunges into and under 

the ice. The swallow hole of the tributary front the south wall v,as 

investigated and found to narrow dovm to 3 meters wide and 0.5 meters 

high about 30 meters into the ice. The cave entrance is about 5 

meters high and 10 meters wide, v,i·th ice collapsing actively all 

along the passage · i11vestigated. 

Warm rainwater and tributary vvater rnust melt a consider.•ab]_e 

amount of ice. As it is channeled along cave passages in the ice, it 

must cut downward rapidly, forming canyon passages. Any vertical 

access to lower regions would be quickly utilized, so that a major 

amount of flow would soon reach the bedrock floor under the ice. 

Peposition of rock debris in cave passages with bedrock floors and 

ice walls and ceilings ren1ain as e s k e r s af'ter all the ice 

has been removed • 

. There are major v1ater inputs into the Klutla11 Glacier along the 

south side, but tlie major rise from the glacier is on the nort11 

· side, which means that there is extensi·ve flov, under the glacier

from south to--north. The Generic River that drains the Klutlan

Glacier is fed by several rises on the north side of the glacier,

the largest being about 10 meters wide with an ice ceiling at water

level ( in July, 1971 )·.

Where morainal debris is up to several meters thick on the 
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Klutlan Glacier, suI·face streams often sink into the ice as the val

leys fill with sliding·rock debris and the water course melts down 

deeper and deeper under the outer ice walls. One such cave passage 

was investigated to a depth of about 5 meters below the surface 

stream valley floor, and was observed to have an extremely unstable 

rock debris and iceblock wall along one side. 
On the lower portions of the Klutlan Glacier where morainal rock• 

debris reaches several meters in thickness, there are large numoers
of dry closed depressions on hill tops that are formed as the ice
melts away from under the mantle. Linear collapses occur because of

-

water flow on the ice under the mantle or the intersection of cave 

passages by the downwasting of ice. Many lake basins are funnel 

shaped as their bottoms fall out through the melting of the 1mner-

-

lying ice, causing the debris-mantled margins of the lake to collapse 

into the water. The undersurface outlets of lakes in the morainal 

debris of the lower portions of the Klutlan Glacier can often be 

traced along dry. valley beds with many sinkholes along their 

courses. As the ice melts rapidly, some lakes fill and drain rapidly 

because of the vagaries of undersurface flow and debris co·11apse. 

Al though man.y of these collapse and 11ndersurface drainage features 

seem exactly to resemble true karst forms, it is perhaps worth re

marking once more that they are primarily the result of the melting 

of a rock matrix (ice), not of its solution. 

Ubiquitous topographic reversal is present in downwasting and 

depositional detail at every stage of ice melting until the ice is 

completely gone. In a gross sense, the gently concave morainal 

surface remaining on the bedrock floor is the result of a grand topo

graphic reversal from the original gently convex glacier ice surface 

100 or more meters above. Towers of morainal debris were originally 

deposited in the bottoms of vertical shafts in ice, and some linear 

mounds of debris were deposited on the floor·s o:f cave passages in 

ice. 
• 

As long as some ice core remains beneath,the morainal rock 

debris, pseudo-karst landforms continue to develop. This is because 

it is easier for water to flow along and through .ice than it is for 

it to flow over a.nd through the rock debris. Water melts channels 

and caves rapidly in ice, disrupting surface drainage lines through 

undersurface capture and collapse. Only wlien all the ice has melted 

away do surface lines of drainage begin to be integrated, after 

which erosion destroys most of the pseudo�karst landform features. 

' ' 

4-4-9 



In conclusion, the evolution of the pseudo-karst landforms on 

the Klutlan Glacier has been shown to be the result primarily of the 

melting of ice, a process quite different from solution which results 

jn true karst landscapes. The similarity of the morphological forms 

of downwasting glaciers and downwastjng limestone karst, therefore, 

is the result of converging effects of the two different processes 

of melting and solution. 

NOTE 

This study was supported by a National Science Foundation grant to 

Professor H.E. Wright, Jr., Li.mnological Research Center, University 

of Mjnnesota. The thesis presented here was refined in the field by 

discussions with Professor Wright and Fletcher Driscoll. 
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The Gros Ventre Mountains are an east-west range measuring about 

30 km by 10 lan located in central western Wyoming. Elevations range up to 4000 m. 

Several areas of intensive karst development occur in the alpine and s�b-alpine en

vironments of this area. Solutional areas are of two distinct types: (a( flat or 

gentle sloping areas of nearly horizontal 

forms, and (b) areas of cavern development 

steeply dipping limestone borders· a fault. 

limestone with well-developed surface karat 

in steep, youthful valleys, usually where 

', 

The Tosi Creek Basin, near the eastern end of the mountains, is a very well 

developed area of the first type. The bedrock is the Mississippian Madison formation 

consisting of pure limestone with a few thin, interbedded, impure limestone layers. 

Denudation is by solution except for frost shattering and me�hanical transport of the 

impure layers. Karren develop on all exposed surfaces in forms which are dependent on 
.. 

slope and snow cover. They range in size up to K 1 u f t  k a r r  e n  12 m deep and 

over 1 m wide. No large caves are found to develop in this terrain. 

The second type of area is represented where faults extend aoross valleys 

containing steeply bedded limestone immediately downslope frcm the fault. At the 

fault, the bedding is vertical. Cave passages are developed along joints parallel to 

the fault and are greatly modified by running water. 

\ 

The Gros Ventre Range is located in the west-central part of 
• I 

the state of Wyoming within the Middle Rocky Mountain Physiographic 

Province. T�e range is centered near 43°30' N, 110°30' W and trends 

N6o0
w. The better-known Teton Range lies some 50 km to the northwest 

and the Wind River Range stretches to the southeast. The Hoback 

River forms the southwest boundary and tne Gros Ventre River the 

northeast boundary of the Gros Ventre Range (fig. 1) •. The base of 
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Fig. 1. Map of the study area. Heavy lines indicate faults, light lines indicate 
drainage. Tosi Creek Basin and the small basin near Hodges Peak are shown by diagonal 

shading. 

of the Gros Ventre Range is at an elevation of 1800 m and its peaks 

rise to 3500 m. 

The entire Gros Ventre Range is about 55 km long by'25 lan wide; 

the central peaks p�rtion, where the Precambrian and Paleozoic rocks 

are. exposed is 10 by 30 km. Almost the entire area is national 

forest land, part of which is used for stock grazing. Rainfall 

(between 30 and 60 cm annually) is insufficient for cultivation 

without extensive irrigation. 

Structurally, the Gros Ventre Range is part of an asy1nrnetric 

anticline with one limb dipping gently to the northeast. The south-
. 

.

western front of the range is bordered by major faults and is broken 

into. tll,ree blocks by ''trapdoor'' faults (Nelson and Church, 194,3; 

Horberg, Nelson, and Church, 1949)./The locations discussed in this 

paper are near the boundary between the western (Skyline Trail) and 
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the center (Shoal Creek) fault blocks, and on the eastern (Elbow 
Mountain) fault block (fig. 1). 

Numerous studies have been made of the structural and strati
graphic geology of, the range and its vicinity, but only one paper on 
its karst development is known to the authors. This paper (Keefer, 
1963) discussing the Tosi Creek Basin prompted the present study. The 
only other paper discussing karst in western Wyoming is that by 
Stellmack (1968).

Karst development has occurred in several areas of the Gros 
Ventre Fange, all of which may be classed as alpine or sub-alpine 
environments. Snow persists -.in sinkholes at least 1.1ntil late Au.gust. 
Solutional areas are o� two distjnct types: (a) flat or gently 
sloping basjns of nearly horizontal limestones with well-developed 

' 

surface karst forms, and (b) cavern development in steep,.youthful 
valleys, where steeply dippjng limestone bord�rs a fault. _ 

The Tosi Creek Basj n, near the eastern end of the mo1]nta.j ns, is 
a well-developed exaruple of tb:e first type. The basj n slopes gently 
from an altitude of 3200 � at its southwest corner (near Tosi Peak) 

' . 

to 2800 m at its northeast·corner where tosi Creek leaves the basjn. 
. . 

The exposure_ of the limestone (�ississippian Madison group) covers 
about 3 by·5 km. The horizon found here is at the base of a paleo
karst or solut-ion-brecciated zone, indicating the top of the Lodge
pole formation. (See Houlik, 1973, for a summary of the stratigraphy 

' 

of this area.) The slope of the basj_n follows the dip of the lime
st·one which is about a

0 to the northeast. Superi1nposed on this slope 
is a local relief of usually 10 to 20 m (fig. 2). 

The limestone consists of two types: (a) dark br�wn, medium to 
thick bedded, very pure (except for chert nodules and layers) (the 
''dark unit''), and (b) bu:ff, very thjn bedded, impure ( the ''bu.ff 

' 

unit''). Analysis of the dark tinit shows only a trace amolJDt of in
solubl·es and about 2% doloroi te. The buff llllit contains on the order 
of 5% clays and quartz and a like amo1.lnt of dolomite. Effervescence 
jn HCl of the dark rmit is very strong, that of the buff unit .is 
slight and very slow ·'to start. Bulk permeab:i:lit.y and porosity of the 
buff uni.t is significantly greater than·that ·of the dark tmit. 
Denudation and surface expression of the two rock types also differ. 

The buff- unit weathers principally by mechanical means, no 
solution feat�es being present. Judging from the character of the 
accumulations o� broken �ragmente of this rock and the angularity of 

•

• 
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Fig. 2. Oblique aerial photograph of part of Tosi Creek Basin, looking east. 

• 

the fragments, frost action appears to be the dominant weathering 

mechanism of this unit. 

The principal denudational agent of the dark lllli t is solution. 

All the surface karst features (karren and ''sinkholes'') in the basin 

are on this rock type. The sinkholes are chiefly dolines with only a

few collapse sinks in evidence. The dolines average 30 to 50 m in 
diameter and 5 to 10 m deep, and cover nearly the entire basi-n. 

are soil-filled and can be clearly seen as circuler grassy 
areas from the air. 

The karren found on the dark unit are the best developed the 
authors have seen in ,the United States. All of the f r e e n 
K a r r e n of Bogli (1960) are represented. The most common for·ms
are· R i n n e n k a r r e n, with M 

•• 

a a n d e r k a r r e n
and 1 u f t  k a r r e n also well represented. These features, 
as well as the sinkholes, are illustrated and described greater 
detail elsewhere (Werner, J.n preparation) •
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Only two small caves were found in the basins. One was a solution· 
tube 2 m long connecting two ponors in Tosi Basin. The benesis of this 
tube is unclear sjnce there has been much collapse. The other cave is 
located in the basin north of Hodges Peak (see fig. 1). The cave en
trance is directly beneath a layer which is unaffected by solution 

.. 

(its composition is not lmown). Passages extend downward about 3 m and 
horizontally for about 10 m. 

A distinctly different type of karst devel.opment has been f o'\.Uld 
. . 

in two �laces along faults: {a) on the northwest-trending Pyramid Peak 
Fault, and (b) on the west-trending branch of the Shoal Creek Fault. 
In both cases, the Madison limestone is exposed downslope of the fault 
with only non-carbonate rocks upslope. The limestone has been upturned 
to the vertical at the fault, but soon attains the regional attitude 
of 15° from the horizontal within half a kilometer of the/fault. In at 
least two locations where these conditions occur caves have developed 
(fig. 2). 

. 

The southwest flowing branches of Swift Creek cross the Pyramid 
Peak Fault at an elevation of 3000 m and flow off the crystalline 
rocks onto the Madison lime�tone. The limestone forms a scarp 60 m 
high along the fault line. As streams cross the fault, short canyons 
are cut through the limestone (see fig. 3). 

The easternmost stream sinks entirely into two caves. The lower 
cave is at the base of a pit 5 m wide and 15 m deep. The cave 
terminates immediately in frost-spalled breakdown. In the wall of the 
canyon 30 m upstream from this cave are three e_ntrances lea.ding to a 
second cave, which follows a set of joints trending Nl8°W (parallel to 
the fault). The cave is rather small, having a length of 100 m and a 
depth of 32 m. Passages are chiefly joints enlarged to 1 to 2 m wide 
and 10 to 15 m high. The passage is deljneated by a series of sn�w-
filled sinkholes (fig. 3) .. 

Five km east.of Swift Creek Valley is Shoal Creek. The Shoal
' 

' 

Creek Fault (trend= N72 °W, displacement= 800-1000 m) crosses the 
valley at approximately right angles. Here a cave has formed in the 
Madison limestone downslope of the fault. The cave entrance (at 2960 

.. 

m) is at the base of a sinkhole 15 m deep and 20 m wide. A side.branch
of Shoal Creek· flows into the cave. A considerable amount of frost-

. 

shattered limestone in fist-size pieces lies on the first 10 m of cave
floor. Beyond this, the cave consists of a single passage 10 to 15 m
high and 1 to 3 m wide. This passage contains the stream and ca.n be
followed downstream for 200 m to a breakdown termination. The cave is
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Fig. 3. Oblique 
indicated by the 

developed 
• 

1.n 
,,. 

joj_nts which 
• 

', 

• 

aerial photograph of the Swift Creek Caves area. 
arrow at the upper right, the heavy black line 

Pyramid Peak Fault. North is to the left • 

The cave 
the is 

entrance 
of the tr-ace 

•• 

the upper part of the Madison limestone on a set of 

are perpendicular to the Shoal Creek Fault. The joints 
are closely spaced and the cave passage occasionally switches from '--
one joint to the next. The cave stream has been traced to a sp�ing 

• 

is 

1250 m away from "and 250 m lower than the entrance. Further descrip-
tions and maps of the caves may be found in Medville and Plantz 
( 1973) •

• 

,, 

CONCLUSION 

There al:'e two distinct sets of conditions which produce distinct
types of karstification in the Gros Ventre Mountains of central
western Wyoming. In uhe first 

' exemplified by Tosi Creek Basin,

.. 
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nearly horizontal limestone is exposed on a topographic surface with

essentially the same attitude as the rocks. There are no streams 
ente�jng the terrain; the principal water source is melting snow. 
This fairly even distribution of water onto the surface has produced 
a considerable amount of solution to create an impressive. display of 

I 
• 

surface karst forms. Subterranean solution is probably equally widely
. . 

distributed so that many small channels form, but none of cave di-
• 

mensions. A notable-exception occurs ben�ath less soluble layers, 
which may have the effect of directing. a concentration of flow jnto 
on.e subsurface channel. 

The second set ·of conditions is exempl�fied by Shoal and Swift. 
Creek Caves. Because of drag-folding and the proximity of a fault, 
fracturing and jointj.ng are more intense ( and more significant hydro---· 
logically) than in the basins. Water flown onto the limestone as 
streams (about 1/2 m3/s). Since t�ere is no carbonate up�ill from the 
fault, the water is still agressive and, upon reaching the highly 
fractured limestone, solution occurs- in a relatively small area 
forming caves. 

., 

. 

The orientation of cave passages is controlled by a combination 
. 

of primary fracture direction and hydraulic gradient. At Swift Creek 
Cave, the major orientation is along· fractures parallel to the fault, 
rather than downdip and downslope along the·pr�mary hydraulic 
gradient. Sjnce water travelling either'towards the west or the south 
is following a component of the hydraulic gradient, �he preferential 

• 

direction would be that which offers greater permeability and thus 
a cave would develop along the more prominent frac��res. In this 
case, that is parallel to the fault. 

. . 

A·Shoal Creek Cave, the major passage orientation appears to be 
downdip (at right angles to the Sho�l Creek Fault)�·. even though 

. . 

present top�graphy in4icates that the primau:-y hydraulic gradient 
•

should be parallel to the f.ault. However, inspection of aerial 
photog�aphs shows a distinct Jjnearnent over 19 km long·which pas�es 

. 

through the cave entrance and follows the passage trend. This was not 
• • 

• • • 

field-checked, but, since scarps can be seen along-some segments, it 
is probably a fault. In that case, the cave_may be formed along-· 
fractures parallel to a fault. • • 

· The two cave eYamples indicate that passage development occurs
along fractures associated with faults because of higher permeabi�ity 

. . 

there. This is not necessarily the di��ction of gr�atest hyd�au.lic 
gradient. 

• 

. 

• 

' • . 457 

-



Thus, two examples of karst less than 15 km apart illustrate 

differences which can occur because of topographic and structural 

conditions 1.mder similar climatic conditions on the same rocks. In 

Tosi Cre.ek Basin there is primarily surface development, at Swift 

and Shoal Creeks there is primarily subterranean development. 

LE D�VELOPPEMENT DU KARST ET DES CAVERNES 
DANS LA CHAINE DU GROS VENTRE, WYOMING, E. U. A. 

E Werner, D. Medville 

' 

RESUME 

La chaine du Gros Ventre est orientee d�est en ouest. Elle fait JO kilometres de long 

sur 10 kilometres de large et est situee dans le centre-ouest de l'etat du Wyoming. 
. ' 

Certains pies s'elevent jusqu'a 4000 metres d'altitude. Il existe plusiers regions, 

situees dans les part_ies �lpines et sous-alpines de cette contree ou le developpement 

du karst est intense. Les regions favorables a la dissolution du materiel sous-jacent 
' 

comportent deux groupes distincts: (a) des regions plates ou legerement en pente com-
. 

. 

posees de calcaires de surface presque. plate et canportant en surface des formations 
. ,  

bien developpees de karst; (b) des regions propices au developpement de cavernes dans 

des vallees jeunes et de forte pente, 

�a pie le long d'une faille. 

' ' 

genera�ement situees la ou des calcaires tanbent 

Le bassin du Tosi Creek, situe pres de l'extremite orientale de la cha1ne, est 

une region tres bien developpee du premier groupe. La·roche de fond est de formation 

dite de "Mississippian .Madison", qui consiste en calcaire pur larde de quelques minces 
• 

couches de· calcaires impurs. L'erosion se fait par solution sauf lorsqu'il y a  de-

struction par le gel et par le transport mecanique des ccuches impures. La formation 

de lapies se produit sur toutes les surfaces exposees sous des fonnes qui dependent 

de 1' incliI].aison et de la quantite de nei·ge. Leurs dimensions peuvent atteindre 

jusqu'a 12·metres de pr9fondeur et un metre de largeur (IQ.uftkarren). Aucune grande 

caverne ne peut se fonner sur ce terrain. 
' ' 

On-trouve le second groupe la ou les failles traversent des vallees contenant des 

assises escarpees de calcaires en abord immediat avec une faille. L'assise est 

verticale devant la faille. Les passages, ·situes le long de cassures orientees 

parallelement a la faille, ont subi de grandes modifications sous l'action de 1'eau 

courante. 

' 
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RELICTS OF TERTIARY KARST FORMS 

IN LATER RELIEF OF THE LANDSCAPE 

Z. W6jcik
Muzeum Ziemi,Polish Academy of Sciences, 

Warsaw, Poland 

Attempts to determine karst denudation withjn climatic zones of 

temperate geographic latitudes generally meet a number of dicculties. 
The limestones there are undergoing recent corrosion and the jn-· 

tensity of denudation has been fairly accurately defined by various 

authors (comp. I. Gams 1966; O. Stelcl 1969). The strength of these 

processes is, however, but low, as compared wit4 those jn cool or 
even frigid zones. 

Even preli.n,j nary observations of fossil karst f·orrus indicate 
.
•
.

. ,· 

that jn some mountainous regions with a temperate climate, the 

Yol1nger Tertiary karst processes occurred on a large scale. Big caves 

and other structures were built jn the same a�eas during the Pleisto

cene, reasona�ly suggesting that in a moderately cool .climate the 

limestones were also strongly corroded. 

The karst areas jn Poland (in the lowlands, highlands and 
• 

• 

mountains) permit a more exact determination of the scale of karst 
. 

processes hoth during the Tertiary (under a temperate warm, inter-

mittently even a sub-tropical climate) and durin.g the Quaternary 

(under a temperately cool, intermittently even a frigid climate). 

During the Pleistocene, nearly all of Central �nd Northern Poland was 
. . 

covered by Scandinavian glaciers, or mountain ice fields. It is, 

therefore, possibl� to determine the scale of karst processes durang 

the glacial and jnterglacial periods. 

Recent karst in the temperate climatic zones is that most inade

quately lmown. This is due to various causes: Our interpretation of 
the intensity of corrosive processes is based foremost on the chemical 

. 

analysis of karst waters. Under definite conditions these data are 

sufficient but fail in·age determination of earlier forms. Here� the 

criterion of time must be taken into acco1Jnt along with climatic 

variability, intensity of surface erosion due to vertical movements, 

•



etc. Putting it shortly, results of recent water chemical analyses 
should be treated with greatest caution in geological interpretations. 

Geologically dated fossil forms are of much greater importa.nce 
for the interpretation of karst events. It must be stressed, however, 
that classical forms of this t:ype have been preserved very sporadic
ally. Hence, they may only be an index of the intensity of karst 
processes du.ring early geological periods. The scale of the corrosive 
processes may be more accurately determined by diverse geological in
vestigations. 

The karst forms of Poland are known from various areas: from the 
Paleozoic to the Cenozoic (R. Gradzinski, Z. Wojcik 1966). Pre
Tertiary forms are practically without signifi�ance in recent morpho
logy. Theironly major concentration is known from the Silesian High
land (S. Gilewska 1961), but the karst Liassic pits there persist 
under classical sediments jn the Tertiary made subordinate to younger 
relief. 

Nearly all major fossil karst forms knuwn in Poland came into 
existence durjng the Tertiary. The Paleogene ones are not �o well 
fully documented as the Neogene forms. About 80 per.cent of the in
vestigated classical fossil karst ·structures (pits with deposits, 
caves) are of Miocene and Pliocene age. These structures have been 
only very slightly modified even within areas penetrated by glacial 

. � .

thaw waters. 
An analysis of the fossil karst forms from the Miocene (inter-

mittently with a sub-tropical climate) and from the Pliocene 
(temperat� warm climate). indicate optimally favourable conditions 
prevailing then for the development of karst forms. Big caves (the 
Czarna Cave in the Tatra Mts. is 6 kln long) and karst pits and uvala_s 
etc. of considerable size formed at that time. Since yot1ng Tertiary 
karst forms play an jmportant role in the present relief it may be 
reasonably supposed that the most favourable cljmatic conditions 
for karst development were those. of a warm climate. 

Q�ternary karst structures are known from various regions of 
Poland. No caves have been reported from the Polish Lowland (absence 
of ma�or ups and downs). But in many places there are small '-karst 
pits filled with residual clays and moraines (R. Gradzinski, Z. Woj
cik op. cit.). An examination of these forms has shown that they did 
not come into existence under conditions of a cool glacial climate 

favouring corrosion but under the temperate climate during the 
inter-glacial periods. On the other hand, caves formed (the Kasprowa 

• 
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Ni�nia cave, 2 km long) is mountajnous areas (in the Sudetes and 
particularly in the Tatras) at the close of the glacial periods. ·This 
was connected with the penetration of waters flowjng out of crevices 
in glaciers on limestones at the level of valley bottoms (Z. Wojcik

1969). However, caves associated with conditions of corrosion jn the 
Tatra Mts. du.rjng the glacial periods are not so well developed as 

' 

those formed during the warm cljmate of the Pliocene. 
To supplement·the above remarks it should be added that the 

karst highland areas modeled du.ring the Quaternary have many features 
in common with the development of the relief in lowlying regions 
(uvalas, karst pits) as well as in mountajnous places (caves, but 
distinctly smaller' than those in the Tatras). Karst foru,s of greater 

. size have formed here also during the Neogene. 
Thus, it may be concluded that karst relief in Poland �eveloped 

mostly during the younger Tertiary to be slightly re-modeled in later 
times. The most important changes this relief has suffered are 
abservable in moi..mtainous areas. Hence, the for.ms that are of im
portance in the recent karst i-elief are mainly relict forms (_tho11gh 
re-modeled in IDany cases). They developed in a different climate, the 
conditions most favourable for the development of major karst 
structures being those prevailing in a temperate climate of the Neo
gene. 

Time was the factor which significantly influenced the forn�tion 
. 

of major karst for.ms during the Tertiary. The rate of·the corrosion 
• • 

processes in the Tertiary was much slower than in mo11ntai nous areas 
when crevices in limestone rocks were being penetrated by glacial 
thaw waters. In the latter case, processes of corrosion did not last 
longer than a maxim11m of several thousands of years while during the 
Tertiary the slow corrosive action, even of: isolated forois, may have 
been at work over a million years. In a warm climate, with inter-
mittent low humidity periods, major structures may slowly form, even 

' 

1.1nder weak denudation ( it being accepted that other agents, eg • 
. 

hum�s acids, did not accelerate the action of corrosion). 
Observations which the wirter was able t'o make in many coimtries 

of Central Europe indicate the existence there in the Tertiary of 
optjmnm developmental coditions of major karst structures. In many 
cases the karst relief of these regions is an �ssemblage of relict 
forms, but slightly re-modeled durjng �he Quaternary. Karst relief jn 

high-mo1Jntain areas was the only one to suffer more important mo
difications. For in�tance� the Tertiary karst forms that have 

. .

463 



' 

persisted in the Alps are sporadically encountered. Generally they 

represent fragments of old, horizontally developed caves. 

The disappearance of older structures in many highmountain 

regions (particularly in the Alps) is connected not only with the 

penetration of aggressive thaw waters in limestone massifs. Vertical 

movements of great intenstty are noted in the youngest Tertiary. The 

uplifting of high.mountain massifs resulted in stronger erosion 

during the Quaternary. The yo1mg Tertiary·vertical movements also 

led �o a growth in the energy of corrosive action (subsurface and 

above the surface) in many highland areas, eg. in the karst regions 

of Slovakia, Mor.avia and Czechoslovakia. 

\ 
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