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Jacek Motyka 
Zbigniew Wilk*

H y d r a u lic  S tr u c tu r e  o f  K a r s t -F is s u r e d  
T r ia s s ic  R o c k s  in  th e  V ic in ity  o f  O lk u sz  (P o la n d )

A b s t r a c t :  H y d rau lic  m odel of th e
T ria ss ic  k a rs t-f is su re d  lim estones an d  do
lom ites occuring  in  th e  O lkusz zinc an d  lead  
m in ing  d is tr ic t is p resen ted . T he re su lts  of 
observa tions a n d  m easu rm e n ts  of th e  geo
m etric  p a ra m e te rs  of th e  f issu res  an d  k a rs t 
fo rm s exposed  in  m in ing  w o rk in g s an d  on 
th e  su rface  a re  d iscussed . F o r th e  co n v en ie 
nce of m in ing  p rac tic e  a c lassif ica tio n  of 
open k a rs t channe ls  is p roposed .

Introduction

K a rs t fo rm atio n s  a re , fo r d iffe ren t rea  
sons, th e  su b jec t of in te re s t of re sea rch es  
re p re sen tin g  v a rio u s b ran ch es  of geological 
sciences. In  th e  cou rse  of th e  la s t tw o  d e 
cades th e  in te re s t in  hydrogeo logy  of k a r s t - 
- ty p e  aq u ife rs  has in c reased  v e ry  d is tinc tly , 
since as a  ru le  th ese  aq u ife rs  can  y ield  la r 
ge q u a n titie s  of h igh  q u a lity  w a te r. The 
in creasing  w o rld -w id e  w a te r  crisis  en co u 
rages m u lti-d ire c tio n a l inv es tig a tio n s in to  
th is ty p e  of rocks. A ra tio n a l deve lopm en t 
of g ro u n d -w a te r  re so u rces o ccu rring  in  
k a rs t-f is su re d  aq u ife rs  req u ire s  a stu d y  of 
th e  dynam ics of g ro u n d -w a te r  flow  a n d  due 
to  g re a t su scep tib ility  of th is  k in d  of 
g ro u n d -w a te r  re se rv o irs  to su rface  o rig in a 
te d  p o llu tio n  th e  p ro b lem  of m ass m ig ra 
tio n  w ith in  these  rocks also  dem ands so lu 
tion .

T he  m in ing  in d u s try  is s tro n g ly  in te res ted  
in  th e  s tu d ies  of g ro u n d -w a te r  m ovem ent 
w ith in  k a rs t- f is s u re d  fo rm ations. T he e x 
p lo ita tio n  of k a rs t- ty p e  m in e ra l deposits  is

* A cadem y of M in ing  a n d  M eta lu rg y , 
In s titu t of H ydro logy  an d  E ngeneering  of 
S . S tasz ic , u l. M ick iew icza 30, 30-059 K ra 
ków , P o land .

usua lly  accom pan ied  by  heav y  g ro u n d -w a 
te r  in ru sh es  in to  m ine w o rk in g s  (P la te  1, 
W i l k  e t al., 1977). T h ey  o ften  c rea te  g rea t 
hazard s fo r b o th  th e  m in in g  op era tio n s and  
th e  crew s. T he  in ev itab le  d ra in in g  of k a r s t - 
-f is su red  rocks around th e  m ines re su lts  in 
d if fe re n t disadvantageous and even  disas
tro u s processes and phenom ena som etim es 
o ccu rrin g  in  sites located far aw ay  from  the  
m ines w h e re  g ro u n d -w a te r  e x tra c tio n  tak es  
place. T he im p ro v em en t of fo recas tin g  m e t
hods of d if fe re n t h aza rd s  fo r bo th  th e  m ine 
w ork ings a n d  fo r th e  ob jects on the  su r 
face belongs to  th e  m ost u rg e n t task s of 
m odern  k a rs t  hydrogeology  w ith  re sp ec t to  
m in ing  in d u s try .

A ccord ing  to  th e  a u th o rs ’ opinion th e  ac 
cu racy  of th e  re sp ec tiv e  prognoses cou ld  be 
im proved  th a n k s  to  b e tte r  know ledge of th e  
h y d rau lic  s tru c tu re  p a ra m e te rs  of th e  o re- 
-b e a r in g  fo rm atio n s  a n d  su rro u n d in g  rocks.

T he a u th o rs ’ in v es tig a tio n s  w ere  in i t ia 
ted  in  u n d e rg ro u n d  w o rk in g s  of th e  zinc- 
-lead  o re  m ines in  th e  O lkusz m in ing  d is
tr ic t . W ith  re sp ec t to  th e  vo lum e of w a te r  
pu m p ed  ou t fro m  th e se  m ines th e y  belong 
to th e  top  ones in  E urope. T he re su lts  of 
the a u th o rs ’ in v es tig a tio n s  a re  p re sen ted  in 
th is  paper.

The Hydraulic Model of the Carbonate 
Rocks under Investigation

T he k a rs t- f is s u re d  rocks re p re se n t a  sp e 
cific ty p e  of g ro u n d -w a te r  co llecto r. T h e ir  
specific ity  is m ain ly  connected  w ith  th e  
s t ru c tu re  of th is  k in d  of m ed ium , w ith in  
w h ich  fo u r  basic  h y d rau lic  system s can  be



d is tin g u ish ed , n am ely : po res, fissu res , open 
k a rs t ch an n e ls  a n d  seco n d ary  filled  k a rs t 
fo rm s (Fig. 1).
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Fig. 1. H y d rau lic  m odel of th e  T riassic  
k a rs t- f is s u re d  w a te rb e a r in g  horizon : 
l — s c h e m e  o f a f r a g m e n t  o f  th e  ro c k  m a s s if ;  
Î — h y d r a u l ic  s c h e m e  o f  g r o u n d - w a te r  c i r c u la 
tio n ; P  — p o r e  s p a c e , F  — f is s u re s ,  C — o p en  
k a r s t  c h a n n e ls ,  F F  — f i l le d  k a r s t  c h a n n e ls

tu re  of th e  rocks u n d e r  d iscussion . B oth  
m en tio n ed  s tru c tu re s  a re  co n n ec ted  w ith  
each  o th e r a n d  a n y  change w ith in  one of 
th em  causes th e  reb u ild in g  of th e  o th e r

T he q u a li ta t iv e  m odels of th e  in te r re la 
tions b e tw e e n  geological an d  h y d rogeo log ica l 
fac to rs  a n d  of th e  p ro p e r tie s  of a k a rs tic  
a q u ife r  h av e  b een  p ro p o sed  am ong  o th e rs  
by  L. K i r a  1 y  (1975) o r A. M a n g i n  (1976), 
a n d  a  se m iq u a n tita tiv e  m odel in  th e  fo rm  
of a n  a lg o rith m  en ab lin g  to  so lve  th e  w a te r  
b a lance  e q u a tio n s  h as b een  p ro p o sed  by  C , 
D r o g u e  a nd  A.  G u i l b o t  (1977).

T he  m a in  e lem en t of th e  e x te rn a l h y d 
rau lic  s t ru c tu re  of th e  in v es tig a ted  T r ia s 
sic a q u ife r  a re  th e  n u m ero u s  d is ju n c tiv e  
d is locations, d iv id ing  th e  ro ck  fo rm a tio n s  in 
to sep a ra te , iso la ted  hyd rogeo log ica l u n its . 
Of g re a t im p o rtan ce  is a lso  th e  re c h a rg e  
an d /o r d isch a rg e  of th e  T ria ss ic  a q u ife r  by 
o th e r  w a te r-b e a r in g  horizons w h ich  o ccu rr 
in  th e  zones of h y d rau lic  co n tac ts  ( W i l k ,  
M o t y k a ,  1977) an d  by  su rface  s tre a m s 
(Fig. 1).

T he e lem en ts  of th e  in te rn a l h y d rau lic  
s t ru c tu re  of th e  d iscussed  m ed iu m  d iffe r 
fro m  each  o th e r  m a in ly  w ith  re sp ec t to  th e  
v a lu e  of h y d rau lic  re s is tan ce . N ev erth e le ss  
th e re  e x is t ran g es  of re s is tan ce  v a lu es  co m 
m on  to  d if fe re n t k in d s of open spaces. F is 
su re  a n d  k a r s t  ch an n e l system s c h a ra c te r i
zed by  th e  le a s t h y d rau lic  re s is tan ce  a re  
th e  p riv ileg ed  w ays of g ro u n d -w a te r  c irc u 
la tion .

Fissures

T he m en tio n ed  system s fo rm  th e  in te r 
n a l s t ru c tu re  of th e  k a rs t-f is s u re d  rock. T his 
s tru c tu re  ho w ev er is in te rn a lly  u n s tab le  as 
i t  m ay  u n d erg o  changes re su ltin g  from  c h e 
m ical and  m ech an ica l ac tio n  of th e  m oving 
g ro u n d -w a te r  ( L i s z k o w s k i ,  1977) as w ell 
as fro m  th e  sed im en ta tio n  an d  from  th e  
m ovem en t of th e  m a te r ia l filling  th e  fissu 
res an d  k a rs t fo rm s.

G ro u n d -w a te r  c ircu la tio n  w ith in  k a rs t-  
- f is su re d  rocks a lso  depends on th e ir  m ac 
ro h e te ro g en e ity  cau sed  by  th e  sp a tia l a r r a n 
g em en t of th e  s t r a ta  an d  by  th e  local as 
w ell as reg io n a l hydrogeo log ica l conditions. 
T hey  a ll to g e th e r c rea te  th e  e x te rn a l s tru c -

U n til now  tn e  pore  space of th e  c a rb o 
n a te  T ria ssic  rocks has n o t b een  in v e s tig a 
ted  from  th e  p o in t of v iew  of its  h y d rau lic  
p ro p e rtie s . T he m e a su re m e n ts  of th e  m ain  
g eom etric  e lem en ts  of th e  fissu res , i.e. w i
dth , len g th  an d  sp a tia l o rien ta tio n  h ave  
een  c a rr ie d  o u t in  th e  u n d e rg ro u n d  m ine  

w o rk in g s an d  in  su rface  ex p o su res. As a  r e 
su lt i t  has b een  fo u n d  th a t  th e  m ost f r e 
qu en t v a lu e  of th e  fissu re  w id th  eq u a ls  ca
0.2 m m . T he m ax im u m  v a lu es  re a c h  up  to  
35 m m  w ith in  th e  sha llow  h ipergen ic  zone, 
up  to  5 m m  a t th e  dep th  of 100 m a n d  up  
to 2.5 m m  a t th e  d ep th  of 150 m , re s p e c ti
vely.



T he v a lu es of su rface  f is su r ity  indices 
( Kw s )  a n d  of th e  su rface  density  of jo in ts  
(.TV) w ere  ca lc u la ted  using  th e  fo rm u lae  
g iv en  below  ( L i s z k o w s k i ,  S t o c h l a k ,  
1976).

K u
X  U ■ bi 

=  1
F

n

v - - v -

(1)

(2)

w here:
K ujs —
rF -  

u  —
hi — 
F —

su rface  f is su r ity  index , 
su rface  den sity  of fissu res  (m _1), 
len g th  of a re sp ec tiv e  f is su re  (m), 
w id th  of a re sp ec tiv e  fissu re  (m), 
th e  cro ss-sec tion  a re a  of a f i s s u 
red  rock  fra g m e n t (m 2).

T he m easu rem en t re su lts  w ere  also  used  
fo r th e  ca lcu la tio n  of th e  h y d rau lica lly  e q u i
v a le n t f issu re  w id th  of th e  in v es tig a ted  rock

fe rr in g  to  th e  id e n tity  of h y d rau lic  g ra d ie n t 
w ith in  a ll  fissu res . As a re su lt th e  fo llow ing  
fo rm u la  h as b een  d e riv ed

bm —V X  b i 3 - l i
1________

n

X u

(3)

w here : b m — h y d ra u lic a ly  e q u iv a le n t fissu re  
w id th  (m).

T he c h a ra c te r is tic  va lues c a lc u la ted  using  
fo rm u lae  (1), (2) a n d  (3) can  be  seen  in  
T ab le  1.

O ne of th e  basic  e lem en ts  of th e  in te r 
n a l h y d rau lic  s tru c tu re  is th e  sp a tia l o r ie n 
ta tio n  of fissu res  since it  fo rces th e  g ro u n d  
w a te r  to  flow  in  th is  an d  n o t in  th e  o th e r 
d irec tion .

The m easu rem en ts  h ave  show n th a t a p a r t  
fro m  th e  d iffe ren ces in  d if fe re n t m e a su re 
m e n t sites th e re  ex is t tw o  m a in  fissu re  d i 
rec tions, n am e ly  20— 60« a n d  320— 360®. T hey  
a re  in  acco rdance  w ith  the  ones observed

■■£_____  T a b l e  1
E x tr e m e  v a lu e s  o f h y d r a u l ic  p ro p e r t i e s "  o f th e  f is s u re s  o b s e rv e d  w i th in  th e  c a r b o n a te

T r ia s s ic  o f  t h e  O lk u s z  re g io n

D e p th  b e lo w  
th e  s u r f a c e  

(m )

S u r fa c e  f i s s u r i ty  in d e x  
Kws (%)

S u r fa c e  d e n s i ty  of 
f is s u re s  
r F (m - i)

H y d ra u l ic a l ly  
e q u iv a le n t  w id th  

o f  f is s u re s  
bm (m m )

T e r r a in  s u r f a c e 0.13—4.40 3.95—15.98 0.23—14.0
10? 0.0046—0.30 0.21—3.58 0.60—4.48
150 0.070—0.66 2.46—14.68 0.56—1.03

m assif frag m en t. T h e re fo re  th e  assu m p tio n  
has b een  m ad e  th a t  th e  vo lum e of g ro u n d - 
-w a te r  flow ing  th ro u g h  th e  cro ss-sec tion  of 
a  re a l rock  m ass if f ra g m e n t fo r  a c e rta in  
tim e p e rio d  eq u a ls  th e  vo lum e of g round  
w a te r  flow ing  d u rin g  th e  sam e tim e  p e 
riod  th ro u g h  th e  c ro ss-sec tion  of th e  sam e 
size of a fra g m e n t of a  f ic titio u s  m assif. T he 
a u th o rs  also  assum e th a t  th is  m assif is cu t 
w ith  f issu res  of id en tica l rep re se n ta tiv e  
w id th  (bm} a n d  th a t  th e i r  to ta l len g th  e q u 
a ls th e  sum  of th e  leng th s of sep a ra te  f is 
su res of a re a l rock  m assif.

T he eq u iv a le n t f is su re  w id th  w as c a lc u 
la ted  app ly ing  th e  e x p lic it B ussinesq ’s e q u a 
tio n  inc lu d in g  th e  s im p lify ing  assu m p tio n  r e 

in  o th e r  localities of th e  sam e rock  m assif 
( N g u e n - K h a c - A n ,  1971; K r o k o w s k i ,  
1974; G ó r e c k i ,  1977). In  som e p laces an  
u n ifo rm  d is tr ib u tio n  of f ra c tu re s  o rien ta tio n  
has been  fo u n d  (fig. 2, s ite  No 2), w h a t is 
ch a ra c te r is tic  of th e  co llapse b recc ia  s tru c 
tu res , in  th is  reg io n  f i r s t  described  by  M. 
S a s s - G u s t k i e w i c z  (1974).

Karst C hannels

T he h y d rau lic  re s is tan ce  of a k a rs t  c h a n 
ne l depends m ain ly  on th e  size, shape  and  
th e  v a ria tio n  in  th e  size of th e  c ro ss-sec tion  
of th e  k a rs t ch an n e l p e rp e n d ic u la r  to  th e  d i
rec tio n  of g ro u n d  w a te r  m ovem ent. O b se r



Fig. 2. F ra c tu re  o r ie n ta tio n  d iag ram  — P o m o rzan y  ore m ine:
1 — d ia g r a m  o f f r a c tu r e  o r ie n ta t io n ,  2 — m in e  w o rk in g s ,  3 — m e a s u r e m e n t  s i te  a n d  i ts  c u r r e n t  n u m 
b e r ;  D K  — o r e b e a r in g  d o lo m ite  W G  — G o g o lin  b e d s , l im e s to n e

v a tio n s  h av e  show n th a t  th e  sh ap es of th e  
k a rs t  ch a n n e l cross-sec tions a re  v e ry  i r r e 
g u la r  as a ru le  (fig. 3). S p o rad ica lly  one can  
observe  k a r s t  chan n e ls  w ith  sm oo th  in t e r 
n a l w alls , b ee in g  ex am p les  of ty p ica l k a rs t 
p ipes (PI. 2). Som e ch an n e ls  a re  d is tin c tly  
b o rd e re d  fro m  one o r tw o  sides w ith  b e d 
d ing  p lan es . S im ila r  ex am p les  of cave  cross- 
-sec tio n  shapes h av e  b een  re p o r te d  by  R. L. 
P o w e l l  (1977).

T he  o bserved  k a r s t  ch an n e l c ro ss-sec tions 
of d if fe re n t shapes w ere  tra n sfo rm e d  b y  th e  
a u th o rs  in to  ellip ses of th e  sam e size. T he 
ra t io  of th e  len g th  of th e  h o rizo n ta l (x) an d  
v e r tic a l (y ) h a lf -a x e s  of th e  e llip se  w as as 
su m ed  as th e  m easu re  of th e  re g u la r i ty  of 
th is  shape . T a k in g  in to  acco u n t th e  n u m e ri
ca l v a lu es  o f th ese  ra tio s  th re e  m a in  types 
of k a rs t  ch an n e ls  c ro ss-sec tions h av e  b een  
d is tin g u ish ed :

1. V ertica lly  e lo n g a ted  (V): x / y  below  0.8
2. R e g u la r (R): x / y  — 0.8 to  1.25
3. H orizo n ta lly  e lo n g a ted  (H): x / y  ab o v e  

1.25
T h e  k a r s t  channe ls  ch a ra c te r iz e d  by th e  

v e rtic a lly  e lo n g a ted  sh ap e  of th e  c ro ss -sec 
tio n  p a r tic ip a te  in  40%, b y  th e  re g u la r  one 
— in  23%, an d  w ith  th e  h o rizo n ta lly  e lo n 
ga ted  c ro ss-sec tio n  in  37% in  th e  w hole po
p u la tio n  u n d e r  co n sid e ra tio n . T he ra tio s  of 
th e  e q u iv a le n t e llip ses a re  b e tw een  0.09 an d  
10.6 .

T he sizes of th e  k a rs t-c h a n n e ls  c ro ss-sec 
tions (Fk) a re  lo ca ted  w ith in  a  co n sid e rab le  
ran g e  of va lues , b e tw een  0.002 a n d  3 m 2. 
W ith  re sp ec t to size th e y  h av e  b een  d iv i
ded  in to  fo u r  fo llow ing  g ro u p s  (Fig. 4):

1. S m all Fk below  0.25 m 2
2. M edium  Fk b e tw een  0.25 a n d  0.5 m*
3. L arg e  Fk b e tw een  0.5 a n d  1.0 m 2
4. V ery  la rg e  Fk above 1.0 m 1
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Fig. 3. E xam ples of k a r s t  ch an n e ls  c ro ss-sections to  be o b se rv ed  in  th e  O lkusz o re -r

A m ong th e  o bserved  k a rs t ch an n e ls  th e re  
p rev a il fo rm s w ith  sm all c ro ss-sec tio n  sizes' 
(69%). T he  freq u en cy  of th e  rem a in in g  groups 
is as fo llow s: m ed ium  — 17.7; la rg e  — 4.9%, 
v e ry  la rg e  — 8.0%.

T he  o rie n ta tio n  of k a rs t  chan n e ls  is 
various, w h a t is c h a ra c te r is tic  of m a tu re  
n e tw o rk  of th is  k in d  of k a r s t  fo rm s. N e v e r
the less th e  d irec tio n  of 40—80s is th e  m ost 
fre q u e n t. I t  co rresponds to  th e  m ost f r e q u 
e n t d irec tio n  of f ra c tu re s  an d  d is ju n c tiv e  
d is locations o f second  ran g e  (Fig. 5).

Filled K arst Form s

O n th e  b asis  of up  to  d a te  o bserva tions 
in  m ine  w ork ings an d  in  co re  d rillin g s as 
w ell as in  su rface  exposu res one m ay  c o n 

clude th a t  th e  secondary  filled  k a rs t fo rm s 
re p re se n t a  co n sid e rab le  p o rtio n  of th e  
T riassic  rock  m assif u n d e r  con sid e ra tio n . In  
th e  ore  m ine  w o rk in g s  ex ten s iv e  seco n d ary  
filled  k a r s t  fo rm s zones sev era l h u n d re d s  of 
m e te rs  long a re  to  be  seen  ( W i l k  e t al., 
1973). F ro m  th e  o b serv a tio n s of m ine w o r 
kings an d  in  su rface  exposu res  i t  ap p e a rs  
th a t  th e re  occu r a ll k in d s  of k a rs t  fo rm  f i l
lings d is tingu ished  b y  M. P a l o c  (1977), i.e. 
th e  d e tr itic , chem ical, o rgan ic  a n d  m ixed  
ones (Photo 4).

T he d e tr itic  filling  consists  m a in ly  of 
c layey  su b s tan ce  an d  of ca lca reous g ra in s 
( S a s s - G u s t k i e w i c z ,  1977) in  w hich  
th e re  s tick  sh a rp ly  a n g u la r  f ra g m e n ts  o f 
m o th e r rock (dolom ite) of d if fe re n t size 
( S a s s - G u s t k i e w i c z ,  1971) (Fig. 6). T he-
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Fig . 4. P o in t d iag ram  of th e  re la tio n sh ip  
b e tw een  th e  e llip se  h a lf -a x e s  ra tio  x j y  of 
th e  k a r s t  chan n e ls  cro ss-sec tions an d  th e ir  
size (F)

re  e x is ts  c e r ta in  re g u la r i ty  in  th e  d is tr ib u 
tio n  of th e  ro ck  frag m en ts  of d if fe re n t size. 
T he la rg e r  ones p re v a il in  th e  u p p e r p a r t 
of th e  filled  so lu tio n  openings, w h a t c h a ra c 
te rizes  th e  ty p ic a l co llap se -b recc ia  s tru c tu re s

Fig . 5. O rie n ta tio n  of k a r s t  ch an n e ls  as 
observed  in  m in e  w o rk in g s  of th e  O lkusz 
o re -m in in g  d is tr ic t:
1 — P e r m ia n ,  2 — T r ia s s ic ,  3 — J u r a s s ic ,  4 — 
f a u l t s ,  5 — k a r s t  c h a n n e ls  o r ie n ta t io n  d ia g ra m s

( S a s s - G u s t k i e w i c z ,  1974). S im ila r r e 
g u la r ity  h as  a lso  b een  re p o r te d  fro m  o th e r 
k a r s t  reg ions in  P o lan d  ( G r a d z i ń s k i .  
1962; G ł a z e k  e t  al., 1977). Som e k a rs t  
open ings a re  filled  w ith  w h ite  co llo idal zinc 
su lph ide  (b runck ite ). T he in te rfra g m e n ta l 
filling  is v e ry  o ften  re p re se n te d  by  zinc- 
lead - o r iro n -su lp h id e  an d  ca lc ite  ( S a s s  • 
- G u s t k i e w i c z ,  1974) o r even  b a r ite  
( N i e ć ,  1980). If  th is  is th e  case w e  can 
define  it  as a  d e tr itic -c h e m ic a l ty p e  of f i l
ling. P u re  chem ica l ty p e  of filling  occurs 
v ery  seldom . In  such  case i t  is rep re se n te d  
by h y d ra tiz e d  iro n  oxides accom pan ied  by 
h em atitic  p izo lites. Som e, u su a lly  sm ali, 
so lu tion  openings a re  filled  w ith  o rgan ic  
m a tte r , in  w h ich  I. L i p i a r s k i  (1977) fo 
und  n u m ero u s  A r th rop od a  frag m en ts .

o.i 0.2m

Fig. 6. E x am p le  of a filled  k a r s t  ch an n e l 
(O lkusz ore-m ine):
1 — lim e s to n e ,  2 — c la y e y  m a t t e r  w ih  s a n d  a d 
m ix tu r e ,  3 — s h a r p ly  a n g u la r  f r a g m e n ts  o f  l im e 
s to n e , 4 — b lu e  w e a th e r e d  c la y , 5 — c la y  w ith  
b r u n c k i te

k l u c z e  r ± i
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Impact of Hydraulic System s Upon the 
Formation of Ground-W ater 
Flow w ithin K arst-fissured Rock 
Massif

T he ro le  of th e  m en tio n ed  ty p es  of voids 
in  th e  process of co llec ting  an d  tran sm issio n  
of g ro u n d -w a te r  w ith in  th e  d iscussed  k ind  
of ro ck  m assif depends m a in ly  on th e ir  to 
ta l vo lum e as w ell as on th e i r  h y d rau lic  
re s is tan ce . T he d iscussion  of th is  p ro b lem  
la s tin g  fo r y ea rs  in  th e  hydrogeo log ica l l i te 
ra tu re  is s til l v e ry  f a r  fro m  its  com pletion . 
As f a r  as th e  po re  space is concerned  m ost 
a u th o rs  be lieve  th a t  th is  k in d  of voids is 
responsib le  only  fo r th e  co llec to ry  p ro p e r
ties of th e  rock  m assif. T he h y d rau lic  r e s i 
stan ces w ith in  th e  p o res  a re  v e ry  g re a t in 
com parison  w ith  those  w ith in  th e  fissu res  
or so lu tio n  ch anne ls . F o r th is  reason  w hile  
co n stru c tin g  th e  m a th em a tica l m odel of a 
fissu red  rock  m assif G. I. B a r e n b l a t t  and  
J .P .  Z h e l t o v  (1960) m ad e  th e  s im plified  
assu m p tio n  th a t  th e  p o re  space does no t 
p a r tic ip a te  in  th e  g ro u n d -w a te r  tr a n s m is 
sion, an d  rep re sen ts  only a c e r ta in  h y d ra u 
lic cap ac ity . H ow ever, T. D. S t r e l t s o v a  
(1976) does n o t ag ree  w ith  souch  a  s im p li
fica tion , an d  b elieves th a t  th e  p o re  space 
shou ld  n o t be  neg lec ted  in  th e  g en e ra l 
m a th e m a tic a l m odel of g ro u n d -w a te r  flow  
th ro u g h  th e  d iscussed  ro ck  m assif.

A ccord ing  to  th e  au th o rs  th e  po re  sp a c j 
has a  co n sid e rab le  sh a re  in  th e  vo lum e of 
w a te r  s to re d  w ith in  th e  rock  m assif, h o w e
v e r  w ith in  th e  d e tr itic  an d  oolitic  ca rb o n a te  
rocks, w h e re  th e  size of po res is c o m p a ra ti
v e ly  large , th e  s ign ificance  of the po re  
space in  th e  p rocess of g ro u n d -w a te r  t r a n s 
m ission  increases.

C onsidering  th e  co m p ara tiv e ly  sm all h y 
d rau lic  re s is tan ces  an d  th e  p a r t  th e y  tak e  
in  th e  to ta l vo lum e of rock  m assif vo ids th e  
fissu res  re p re se n t th e  m ost im p o rta n t w ays 
of g ro u n d -w a te r  tran sm iss io n  w ith in  f is su 
red  an d  k a rs t- f is s u re d  rocks. T he fissu re  
n e tw o rk  can  be co m p ared  to  th e  m esoporo- 
s ity  of th e  m assif, w h e re  th e  b locks of rock  
se p a ra te d  b y  jo in ts  p la y  th e  ro le  of g ra in s 
w ithin- a ty p ica l po re  m ed ium . T he space 
volum e occupied  by  th e  fissu res  w ith in  the 
m assif is v e ry  sm all as a ru le  an d  usua lly  
does no t exceed  1%. H ence th e  conclusion

has b een  d ra w n  th a t  f i r s t  of a ll th e  f issu res  
p la y  th e  ro le  of co n d u c to rs  c h a ra c te r iz e d  by 
g re a t h y d rau lic  tra n sm iss iv ity  a n d  m in u te  
( S t r e l t s o v a ,  1976) o r  p ra c tic a lly  no  h y 
d rau lic  cap ac ity  ( B a r e n b l a t t ,  Z h e l 
t o v ,  1960).

In  com parison  w ith  o th e r  k in d s  of voids 
th e  open k a r s t  ch an n e ls  a re  c h a rac te riz ed  
by  m in u te  h y d rau lic  re s is tan ces, a n d  due to 
th e ir  sm a ll to ta l  vo lum e a lso  by  re sp e c ti
v e ly  sm a ll h y d rau lic  capac ity . As a re s u lt 
th e  k a rs t  channels a re  th e  p riv ileg ed  w ays 
of g ro u n d -w a te r  c irc u la tio n  ( B a k a l o w i e  z, 
1977) w h ich  m ay  be  com pared  w ith  th e  s u r 
face s tre a m  system . In  u n d is tu rb e d  co n d i
tions a w e ll developed  sy s tem  of k a r s t  c h a n 
nels re p re se n ts  a  local, in te rn a l d ra in ag e  b a 
sis fo r th e  su rro u n d in g  rocks (e.g. H a ! a -  
d u  s e t al., 1978). T he s ign ificance  of th e  
open k a r s t  ch an n e ls  becom es d is tin c tly  e v i
den t in  cases of n a tu ra l  g ro u n d -w a te r  r e 
g im e d is tu rb an ces . F o r  ex am p le  in  case of 
d is tu rb an ce s  re su ltin g  fro m  m in in g  o p e ra 
tions th e  k a r s t  fo rm s m ay  b e  th e  sou rce  of 
sudden , d isastro u s g ro u n d -w a te r  in ru sh es  in 
to  th e  m in e  w o rk in g s  (e.g. W i l k  e t al., 
1977) an d  on th e  o th e r  h a n d  th e y  en fo rce  
the  sh ap e  a n d  e x te n t of th e  cone of d e 
p ression  a ro u n d  m ines a n d  g re a t g ro u n d - 
-w a te r  su p p ly  p lan ts .

T he  filled  k a rs t  fo rm s posses th e  p ro p e r 
ties of a ll of th e  above d iscussed  k in d s  of 
voids. D epend ing  on th e  k in d  an d  th e  s ta 
ge of d iagenesis of th e  m a te r ia l f illin g  th e  
fo rm s u n d e r  d iscussion  th e i r  h y d ra u lic  
tra n sm iss iv ity  can  be  s im ila r to  th a t  of th e  
p o re  space, of th e  f is su re s  o r even  of th e  
open so lu tion  ch an n e ls . T he  im p o rtan ce  of 
th is  ty p e  of h y d rau lic  system s in c reases  e s 
p ec ia lly  w h en  th e  n a tu r a l  reg im e is a b ru p t
ly  a n d  se r io u sly  d is tu rb ed . T he  a r t if ic ia l  lo 
w e rin g  o r ra is in g  of th e  g ro u n d  w a te r  ta b le  
causes th e  in c rease  of th e  h y d rau lic  g r a 
d ien ts  a n d  of th e  v e lo c ity  o f g ro u n d -w a te r  
flow , re sp ec tiv e ly . T h is m ay  re s u lt in  th e  
rem oval of loose m a te r ia l f illin g  th e  la rg e  
sized  voids an d  in  th e  re co n s tru c tio n  of th e  
in te rn a l h y d rau lic  s tru c tu re  of th e  k a rs t- f is 
su red  rock  m assif. A p o rtio n  of th e  loose 
m a te r ia l is be ing  p u m p ed  out to g e th e r w ith  
th e  in flo w in g  g ro u n d -w a te r . As a re s u lt of 
the  d isp lacem en t of th e  sed im en ts filling
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P h o to  1. E x am p le  of g ro u n d -w a te r  in ru sh  in to  a m ine g a lle ry , y ie ld ing  ca 50 m 3/m in

(A ll  photographs  are Ja cek  M otyka 's)



P h o to  2. E xam ple  of g ro u n d -w a te r  ou tflow s fro m  a f ra c tu re d  zone



i-hoto  3. E x am p le  of a  k a r s t  p ipe



P h o to  4. E xam ple  of a  filled  sink  in  R o e th ian  dolom ite



th e  k a rs t fo rm s an d  w ide fissu re s  new  w ays 
cf g ro u n d -w a te r  c ircu la tio n  a re  c rea ted .

T he d ra in ag e  of the  k a rs t-f is s u re d  rock 
m assif re su ltin g  in  th e  rep lacem en t of the  
m a te ria l fillin g  la rg e  voids o ften  causes u n 
fav o u rab le  o r even  d isastro u s e n g in e e r in g - 
-geo log ical processes on th e  e a r th  surface  
(e.g. G ł a z e k ,  S z y n k i e w i c z ,  1979). Th< 
m ost com m on phenom ena  p ro d u ced  by  them  
are  th e  sin k -h o les , som etim es causing  g reat. 
d am ages of b u ild ings , in d u s tr ia l objects, 
co m m u n ica tio n  lines etc. w ith in  th e  range 
of in ten siv e  d ra in a g e  of k a rs t- f is s u re d  rock  
fo rm ations.
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Ja c e k  M otyka, Z b ign iew  W ilk

ST R U K TU R A  H Y D R A U L IC Z N A  SK R A SO W IA Ł Y C H  
I U SZC Z EL IN IO N Y C H  S K A Ł  TR IA SO W Y C H  W O K O LIC A C H  

O LK U SZA  (PO LSK A )

S t r e s z c z e n i e

P rzed s taw io n o  m odel h y d rau lic zn y  tr ia so w y ch , uszczelin ionych  
w ap ien i i do lom itów  w y stęp u jący ch  w  obręb ie  o lk u sk ich  k o p a lń  
cy n k u  i ołow iu. P rzed y sk u to w an o  w y n ik i o b se rw ac ji i p o m ia 
ró w  g eom etrycznych  p a ra m e tró w  szczelin  o raz  fo rm  k raso w y ch  
w y stęp u jący ch  n a  pow ierzchn i, a tak że  odsłon ię tych  w  trak c ie  
p ro w ad zen ia  p ra c  górniczych . Z ap ro p o n o w an o  k la sy fik a c ję  o tw a r
tych  k an a łó w  k raso w y ch  n a  p o trzeb y  p ra k ty k i gó rn iczej.

Ja c e k  M otyka, Z b ign iew  W ilk

ST R U C TU R E  H Y D R A U L IT IQ U E  DES ROCH ES K A R S T IF IÉ E S  
ET F IS SU R É E S DU T R IA SSIQ U E  DANS LA  R ÉG IO N  DE 

O LK U SZ (PO LO G N E)

R é s u m é

O n a p ré s e n té  le  m odèle  h y d ra u lit iq u e  des ca lca ire s  e t do ■ 
lom ies tr ia ss iq u e s  a p p a ra is sa n t dans la  zone de m ines de zinc e t 
de p lo m b  à  O lkusz. O n a d iscu té  les ré s u lta ts  des o b se rv a tio n s  
e t les m esu res  des p a ra m è tre s  géo m étriq u es des fissu res  e t des 
fo rm es k a rs tiq u e s  a p p a ra is sa n t en su rface , e t celles découvertes  
au  cours des tr a v a u x  m in ie rs . U ne c la ss if ica tio n  de c a n a u x  k a r 
s tiques o u v e rts  a  é té p roposée  a u x  beso ins de la  p ra tiq u e  m i
n iè re .
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G śbor Izśpy 

Lśszlo Maucha*

P r o b le m s  o f  W a te r  C h em istry  
o f  J ô s v a fô  T e r r a in  (H u n g a r y )

Fig. 1. T he m ap  of th e  re p re se n ta tiv e  a rea :
J  — J ô s v a fô ,  A  — A g g te le k , S — S z in , S P  — S z in p e tr i ,  K  — K e co v o , SI — S ilic e , S J  -  
S i l ic k â  J a b lo n ic a  (v ilag e s ). N u m b e rs  in d ic a te  c a v e s  s p r in g s  a n d  s in k -h o le s  r e f e r r e d  in  th e  
t e x t

A b s t r a c t :  C hem ical an a ly ses a n d  the 
d ischarges of w a te rs  of f iv e  sp rings a t  th e  
Jô svafô  te r r a in  a re  g iven  as se rie s  of daily  
m easu rem en ts . T he chem ical com position  of 
w a te rs  is p ra c tic a lly  c o n stan t in  th e  w hole 
y e a r  of 1980 ex cep t th e  flood  p eriods in

sp rin g tim e . T h en  th e  ch em ica l com position  
of th e  w a te rs  of th e  V ass Im re  cav e  d iffe rs

* R esea rch  C e n te r  fo r  W a te r R esou rces 
D ev e lo p m en t V IT U K I, H  —  1059 B u d ap est. 
IX , K v assay  Je n ô  û t. 1, H u n g ary



s ig n ifican tly  fro m  th a t  of th e  cav e -sp rin g  
K istohonya. T he  re su lts  a re  in te rp re te d  ac
co rd ing  to  th e  m a th e m a tic a l m odel of the  
k a rs tic  sp rings. T he use  of th e  e q u a tio n  of 
R. J . F a g u n d o  a n d  J.  J.  V a l d e s  (1975) 
gave n o n  rea so n ab le  s a tu ra tio n  ind ices of the 
w a te rs . T h is lead s to  th e  conclusion  th a t  
so lub ility  c o n s ta n t of th e  local rock  is n e 
cessary  to be  k n o w n  fo r th e  ca lc u la tio n  of 
th e  s a tu ra tio n  index .

A ccord ing  to  th e  L ąd ek  Z d ró j reco m 
m en d a tio n  of th e  U IS  C om m itee  of K a rs t 
P h y sico ch em istry  a n d  H ydrogeo logy  th e  Jó s- 
vafô  a re a  w as d es ig n a ted  as th e  H u n g a rian  
re p re se n ta tiv e  te r r a in  fo r  th e  p h y sico -ch em i
cal an d  hydrogeo log ica l in v es tig a tio n s  in  th e  
k a rs t. T h is  a re a  m a in ta in s  th e  m ost in te n s i
ve in v es tig a tio n s  h ave  b een  c a rr ie d  ou t also  
h e re  in  th e  la s t decades.

Characterization of the Area

T he M esosoic b asem en t of th e  stu d ied  
a rea  is com posed  of T rias  age fo rm a tio n s  
(B a 1 o g h, 1950). T he o ldest su rface  sed i
m en ts  a re  S e is ian  sandstones. T he  n e x t ones 
above it  a re  C am pilian , m arly  lim estones in 
th in  la y e rs  w h a t h av e  a  re s t of so lu tion  
of 0,15—0,20 p /p . L im estones an d  do lom ites 
are  th e  fu r th e r  s tages of T ria s  w ith  a  re s t

of so lu tio n  of som e p e rcen ts  only. F ro m  th e  
m idd le  C retaceous age th e  T ria ssic  sed im en ts  
w ere  re p e a te d ly  c reased  fo rm in g  ou t th e  
an tic lin  of th e  Jô sv a  valley . In  th e  N o rth  - 
- W este rn  side of th e  a n tic lin  is th e  r e p r e 
s e n ta tiv e  te r ra in  (on th e  sy n c lin a ry  h ig h lan d ) 
w h ere  th e re  w as no tra n sg re s s io n  since th e  
U pper T ria ssic  age (B i d 1 Ó, M  a u  c h  a, 1964). 
T he  ac tiv e  k a rs tif ic a tio n  of th e  a re a  is in  
p ro g ress  w ith  sh o r te r  pauses fro m  th e  U p p er 
C re taceous. T he  a re a  is re p re se n te d  on 
F ig. 1.

B esides m an y  of sm a ll caves as P o rly u k  
(Fig. 1, No 14), T ü scô k ly u k  (No 16), S za r-  
vaso l (No 14), S eh o v a-p o th o le  (No 35), N agy  
o ld a li-p o th o le  (No 28), K u ris z la n  (No 18), an d  
s inkho les  th e  25 k m  long B a ra d la -c a v e  (No 
10, 11, 8, 9), th e  5 k m  long B ék e-cav e  (No 
12, 31), th e  1 k m  long V ass Im re -c a v e  (No 6) 
and  K o ssu th -cav e  (No 7) a re  s itu a tin g  here .

T he a re a  is  n o t closed in  th e  sense of 
hydrogeology . I t  has no  n a tu r a l  b o u n d arie s , 
i t  is jo in ed  to  its  E a s te rn  p a r t . T he in f i l
tr a tio n  a re a  of th e  n u m ero u s  sp rin g s  can  
n o t be  defined  uneq u iv o ca lly . T he g re a te s t 
sp rin g s  belong  to caves. T w o of th em : Jô sv a

Fig. 2. P h y sica l m odel of a k a rs tic  sp rin g  in d ica tin g  d if fe re n t ch an n e ls  fro m  w h e re  
th e  to ta l d isch arg e  is consisted  up



(No 3) an d  L o w er-cav e  sp rin g  (No 4) belong 
to  th e  B arad la -cav e . T he N ag y tohonya-sp ring  
(No 2) is d ren ag in g  of th e  K o ssu th -cave , th e  
seaso n a l K isto h o n y a-sp rin g  (No 1) w as found  
to  be connected  w ith  th e  V ass Im re-cave . 
T he K om lós-sp ring  (No 5) is th e  o u tp u t fo r 
th e  w a te rs  of th e  B éke-cave . T he  L ó fe j-sp ring  
(No 15) m u s t a lso  belong  to  a cave b u t th is  
possib le  cave has n o t been  d iscovered  a t 
p resen t.

Characterization of the Spring

T w o of th e  sp rin g s h ave  ac lim atic  ou t
b u rs ts  (N agytohonya a n d  Lófej). T he in v e s 
t ig a tio n  of th e ir  d ischarge  cu rv es  re g is tra te d  
by  th e  V IT U K I led  to  th e  th eo rem  of th e  
t id a l  e ffec ts  in  rocks ( M a u c h a ,  1968). T he 
in v es tig a tio n s  of th e  d isch arg e  cu rv es  as 
m a th e m a tic a l fu n c tio n s using  th e  o p e ra to r 
te ch n ic  led  to  th e  physica l m odel of the  
k a rs tic  sp rin g s as re p re se n te d  on Fig. 2. 
A ccord ing  to  th is  m odel th e  d ischarge  c u r 
ves can  b e  d iv ided  in to  d if fe re n t co n secu ti
v e  e x p o n en tia l p a r ts  w h ich  belong  to  d if

fe re n t stages of s to red  w a te r  in  th e  a q u i
fe ro u s rock.

T he in f il tra t io n  a rea  of th e  sp rings a re  
s itu a tin g  m ostly  on th e  in v es tig a ted  a rea , 
b u t th ey  h ave  som e sm all p a r ts  ou t of th e  
b o rd e r . T he  sp rin g s a re  m ostly  fed  by  in 
filtra tio n , som e of th e  sp rings: N agy tohonya, 
Jô sva , K om lós, K ecsk és-k u t (No 22) etc., 
h ave  w e ll defined  s ink -ho les . N agy tohonya 
h av e  connection  w ith  th e  deep  confined  k a r 
stic  a re a  (G a d o r  o s, 1971).

T he d ischarge  of th e  sp rings, K istohonya, 
N agy tohonya, K om lós, Jô sv a  an d  L ófej have  
a lre a d y  b een  re g is tra te d  fo r  m an y  y ea rs  by 
th e  Jô sv a fô  R esea rch  S ta tio n  of V IT U K I. T he 
m odel g iven  in  Fig. 2.. m akes us possib le  
to  d isc rim in a te  th e  o rig in  of Jhe  w a te r  co
m ing  ou t a t  d if fe re n t s tage  of th e  d is c h a r 
ge process. T he a im  of th e  chem ical a n a ly 
sis of th e  w a te r  a t  th is  re p re se n ta tiv e  'a re a  
is to  d e tec t th e  e ffec ts  of th e  d if fe re n t o r i
g in  on th e  chem ica l com position  of th e  
w a te r  an d  to  d e tec t th e  dependence  of th e  
dynam ics of th e  k a rs tif ic a tio n  on th e  m oving  
„ fo rces” in  th e  k a rs tic  c ircu la tio n  (M a n- 
g i n ,  1976).



N agy tohonya

Fig. 4. C hem ical com position  a n d  d is
ch a rg e  of th e  N agy tohonva  sp rin g
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Fig . 5. C hem ica l com position  an d  d is 
ch a rg e  of th e  Jo sv a  sp rin g
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Fig . 6. C hem ical com position  an d  d is - F ig . 7. C hem ical com position  of th e  L o w er 
ch a rg e  of th e  K om lós sp rin g  B a ra d la  cave sp rin g



Fig. 8. M ap of th e  Vass Im re -cav e  p re se n tin g  th e  p lace  fro m  w h ere  sam ples w ere  tak en  
a n d  th e  specific re s is tiv ity  of th e  w a te r  of th e  s tre a m

Method

T he p re sen t p a p e r  is going to give som e 
of th e  re su lts  o b ta in ed  from  th e  re p re se n 
ta t iv e  a re a  in  1979— 1980 years . T he C a+ + , 
M g+ + , H C 0 3-  and  H + co n ten ts  of th e  w a 
te r s  of K istohonya, N agy tohonya, K om lós, 
Jo sv a  an d  L o w er-cav e  sp rings resp . as w ell 
as th e i r  specific re s is tiv ity , te m p e ra tu re  w ere  
m easu red  by  th e  use  co n v en tiona l m ethods: 
ta k in g  one sam ple p e r  w eek , an d  in  flood 
periods. T he com position  of th e  w a te rs  w as 
p rac tic a lly  unch an g ed  in  th e  périodes b e t
w een floods. R ep re sen ta tiv e  p a r ts  of th e  r e 
su lts  a re  show n in  Fig. 3—8.

Results

T he tw o  groups of sp rin g s d iffe r from  
each  o th e r in  th e ir  to ta l m in e ra liza tio n  and  
in  th e ir  M g+ +  co n ten t. T he sp rin g s a t  th e  
h ead  of th e  Jo sv a  v a ley  h ave  g re a te r  M gA4 
co n ten t an d  low er C a+ +  co n ten t th a n  the 
sp rings in  th e  T ohonya valey . A ll of the  
sp rin g s h av e  litt le  v a ria tio n s  in  th e ir  ch e
m ical com position  in  th e  non -floody  periods, 
b u t th e  chem ical com position  v a rie s  in  a 
g re a t e x te n t b efo re  an d  d u ring  th e  floods. 
B oth  of th e  a re a  w e re  covered  by  snow  
in  th is  w in te r  fro m  th e  e n d  of D ecem ber 
u p  to  th e  m idd le  of F e b ru a ry . T he m elting  
of th e  snow  occured  in  tw o  steps in itia tin g  
a flood  w ith  tw o  peaks. In  g en e ra l one can  
observe  a  g re a t d ecrease  in  th e  m in e ra liz a 
tio n  som e days b e fo re  th e  floods a n d  an  
increase  in  th e  fa llin g  p a r t  of th em . T he 

■ five  sp rin g s h ave  five  d if fe re n t an sw er 
reac tio n s  to  th e  change  of th e  in p u t. T he 
g rea te s t change can  be observed  in  th e  C a +4 
a n d  H CO a~  co n ten ts  of th e  w a te rs  w ith  an  
ex cep tio n  of the  K isto h o n y a-sp rin g , w h ere  
th e  changes a re  b asica lly  slow . T he tw o

T ohonya sp rings have  n o n co n stan t M g'- + 
co n ten t. T he decrease  of th e  M g+ +  in th e  
w a te r  beg ins m an y  w eeks b e fo re  th e  fioods 
and  it h as  a g re a t o sc illa ting  tendency  d u 
ring  th e  floods. I t  has to  be m en tioned , th a t  
th e  v a lu e  of H C 0 3~ overcom es th e  to ta l 
co n cen tra tio n  of th e  b iv a len t cations.

Waters of the Vass Imre-Cave

Fig. 8 show s the m ap  of th e  V ass Im re  
-cave  in d ica tin g  th re e  p o in ts  from  w h ere  
sam ples w e re  ta k e n  fo r chem ica l analyses. 
T he re su lts  of th e  an a ly ses a re  g iven  in  
T ab le  1. S am ples w ere  ta k e n  also  fro m  bo th  
of th e  sp rin g s  supposed  to  be belong ing  to 
th e  cave . T he seasona l sp rin g  h av e  a d is 
charge  v a rie d  fro m  0 to  15 m ’m in --1 th e  
u n seaso n a l sp r in g  h av e  a d isch a rg e  v a ried  
fro m  0.1 to  0.5 m 3m in -1. U nc irc led  figu res  
in d ica te  th e  re s is tan ce  of the  w a te r  a t  a  g i
ven  tim e  w h en  th e  sam ples w ere  ta k e n  
(A pril 14, 1979). S am ple  1 w as ta k e n  fro m  
a syphone ca lled  L agunas. H ere  th e  cave 
tu rn s  to  be n a rro w  reach ing  dolom ite . T h e re  
is a s ta n d a rd  w a te r  level h e re  cca 6 m  
above th e  co rr id o r. T he w a te r  does no t 
c irc u la te  in  th e  syphone, a  th in  la y e r  of 
ca lc ite  covered  th e  w a te r  su rface  w h en  th e  
sam p le  w as tak en . T his m eans , th e  w a te r  
h ad  to  be  sa tu ra te d  a t  th a t  m om en t. S am ple 
2 w as ta k e n  fro m  th e  slow ly  flow ing  w a te r  
of a co rr id o r ca lled  C id ri (trem ble). T he 
w a te r  flow ed  in  d irec tio n  of a  „sink  hole" 
fro m  w h e re  sam p le  3 w as tak en . T h is w as 
a sh a f t fro m  w h e re  w a te r  com es ou t in 
floods. A sm all s tre e m  w as going from  h ere  
to  th e  d irec tio n  of th e  cave  en tran ce .

A t th e  sh a f t tw o  ty p e  of w a te rs  w ere  
m ixed . T he  specific re s is tiv ity  of th e  w a te r  
in d ica ted  g re a te r  m in e ra liz a tio n  a f te r  being  
m ix ed  th a n  a con tinous dec rease  of it.



T a b l e  1
C h e m ic a l c o m p o s i t io n  o f d i f f e r e n t  w a te r s  o f th e  V ass  Im r e  c a v e  w i th  r e s p e c t  to  th e  

c o m p o s i t io n  o f th e  s p r in g  K is to h o n y a

D a te S o u rc e C.a + + 
[m v a lj

Mg+ + 
[m v a li

H C O j-
[m v a lj pH

C a + + 
'+ M g fT 
[m v a lj

t
[°Cj

A p ril 11 S e a s o n a l 5.46 2.15 7.28 7.12 7.61 9.5
N o n s e a s o n a l 5.99 1.74 7.28 7.22 7.73 9.8

A p ril  12 S e a s o n a l 5.46 2.17 7.03 7.14 7.68 9.2
N o n se a so n a l 5.70 2.00 7.08 7.10 7.70 9.2

A p ril  13 S e a s o n a l 5.46 1.90 7.04 6.63 7.36 9.4
N o n s e a s o n a l 5.66 1.54 7.04 6.63 7.19 9.3

A p ril  14 S e a s o n a l 6.21 1.94 7.00 6.66 8.14 9.6
N o n se a so n a l 6.30 1.79 6.92 6.63 8.10 9.4
L a g u n a s  1 7.50 0.60 7.04 6.80 8.10 9.9
C id r i  2 8.05 0.83 7.92 6.80 8.88 9.9
N a ra n c s  3 8.79 1.94 9.12 6.80 10.72 9.9

A p ril  15 S e a s o n a l 5.28 1.44 6.96 6.5? 6.7? 9.4
N o n s e a s o n a l 5.50 1.70 7.11 6.70 7.20 9.3
L a g u n a s  1 6.78 0.52 7.08 7.02 6.94 9.5
C id r i  2 7.70 0.70 8.32 6.80 8.41 9.9
N a ra n c s  3 7.74 1.96 9.0(1 6.48 9.68 9.9

1 2  3 — see  fig . 8.

Interpretation of Results

As th e  T ab le  1 show s, th e  chem ica l com 
position  of th e  w a te rs  in  d if fe re n t p a r ts  of 
th e  cave being  n o t f a r  fro m  each  o th er d if
fe r  basica lly . T he te m p e ra tu re  of th e  w a te rs  
in  th e  cave is g re a te r  th a n  th a t  of th e  
sp rings. T he m in e ra liz a tio n  of th e  w a te rs  in  
th e  cave is also  g re a te r  th a n  th a t of the 
sp rings a n d  is in c rea s in g  in  th e  d irec tio n  of 
the  en tran ce  in  a good acco rdance  w ith  th e  
re su lts  of I. C z â j l i k  (1961). T he co n ten t 
of M g+ +  in  th e  w a te r  in  th e  f i rs t tw o po in ts 
is m uch  lo w er th a n  in  th e  th ird  cne  as 
w ell as in  th e  sp rings. T he pH  va lu e  of the 
w a te rs  in  th e  cave is e x tre m a ly  low  b u t 
decreased  a lso  in  th e  sp r in g w a te r  from  
A pril 11 to  A p ril 15.

T he sa tu ra tio n  in d ex  fo r ca lc ite  w as c a l
cu la ted  fo r each  sam p le  using  th e  eq u a tio n  
of R. J . F  a  g u  n  d o and  J . J . V a l d e s  
(1975):

log CSc =  log [C a+ + ]+ log  [H C O -]+ p K c +  
+ p H - p K 2 (1)

Log CSc <  0 w as calculated for each  
case. M any of other data o f . chem ical ana
lyses obtained from  sam ples of m any di f 

fe re n t sp rin g s of th is a re a  g iven  in  Fig. 1, 
w ere  th e n  te s te d  fo r sa tu ra tio n . M ost of 
th em  w ere  found  to  be  a lso  u n sa tu ra te d . 
T he sam ples m en tio n ed  above w ere  an a ly sed  
m an y  days a f te r  th e  sam p le  h ad  b een  co l
lected . T he  d a ta  g iv en  by R. M a u c h  a 
(1930) re su lte d  m ostly  fro m  u n sa tu ra te d  w a 
te rs , too. T he w a te r  fro m  sam p le  1 w as 
u n sa tu ra te d  a lth o u g h  it  w as covered  by 
th in  la y e r  of ca lc ite  in d ica tin g  a sa tu ra te d  
or o v e rs a tu ra te d  c h a ra c te r  of th e  w a te r. T his 
is a  co n trad ic tio n .

L e t us stu d y  eq. (1). I t  co n ta in s  th re e
m easu red  d a ta  and  tw o  co n stan ts . O ne of 
the  co n stan ts  is in d ep en d e n t of th e  p lace
an d  tim e  w h e re  i t  is u sed  (pK 2) b u t pK c 
m ay  dep en d  on th e  n a tu re  of th e  stone.
T he so lu b ility  co n s tan t of th e  C a rra r ie n  
m arb le  can  n o t be  u sed  w ith o u t c ritic ism  
fo r ev e ry  case. N a tu ra lly , th is  v a lu e  d e te r 
m ines th e  so lu b ility  of th e  ca lc ite  itse lf,
b u t th e  rocks a re  n o t p u re  an d  p re c ip ita te d  
ca lc ite . T h e ir  so lu b ility  m ay  d iffe r  fro m  th e  
so lu b ility  of a n  id ea l c ry s ta llin e  su b s tan ce . 
W e suggest to  use  a n  in d iv id u a l v a lu e  of 
pKc w h a t is m e a su re d  fo r th e  stone  of th e  
in v es tig a ted  a rea .

The stones in our representative area  
contain a lot of M g+ +  ( B i d l ó ,  M a u c h a ,



1964). W e ca lcu la ted , th e re fo re , th e  s a tu r a 
tion  in d ex  fo r do lom ite  as w ell (CSD). The 
re su lts  o b ta in ed  h e re  a re  even  m ore  irre a l, 
since re liab le  p K D d a ta  can  no t be found  
in th e  re le v a n t li te ra tu re . T he so lub ility  da 
ta  fo r  th e  do lom ite  a re  also  v e ry  co n trad ic  
tio n a ry . M any m easu rem en ts  in d ica te  dolo
m ite  as m ore  so lub le  th a n  lim estone  (B a • 
1 à z s, 1965; H o d g e m a n ,  1960). In  co n tras t, 
th e re  is a n  ex p e rien ce  of th e  cavers , th a t 
a cave  gets to be n a rro w  reach in g  dolom ite 
a f te r  lim estone . A ccord ing  to  th e  m easu re 
m en ts  of T. M à n d y  (1954) c a rr ie d  ou t on 
d if fe re n t lim estones a n d  dolom ites am ong 
th e  sam e cond itions a t  15°C, lim estone  gave 
a m in e ra liz a tio n  of 157 mg/1 C a+ +  a n d  d o 
lom ite  gave a  m in e ra liz a tio n  of 132 mg/1 
C a+ +  w h e re  th e  M g+ + w as m easu red  as 
C a + + . H ere  K D «  K c can  be concluded . The 
p rob lem  is m ore  v iv id  in  a rea  w h ere  lim e
s tone  co n ta in in g  a g re a t p o rtio n  of M g+ F 
is ex sisting . T his is ou r case. O ur conclu 
sion ag a in  is, w e h av e  to in v es tig a te  the 
so lub ility  of ou r rocks.

T he w o rk  c a rr ie d  ou t recen tly  in  our r e 
p re sen ta tiv e  te r ra in  did no t d im in ish  the 
n u m b e r of th e  p rob lem s to be solved, the  
n u m b e r of th e  open questions w ere  in c re a 
sed. W e can  conclude, th a t  th e  w a te rs  of 
sp rings s i tu a te d  very  n e a r  to each  o th e r 
m ay  d iffe r basica lly . T he sp rin g  of th e  
L o w e r-E a ra d la -c a v e  seem s to  co llect in f il
tra tin g  w a te is  only. T h is re su lt ob ta ined  by 
the  m an y  y e a r  chem ical an a ly s is  of th e  
sp rin g  w as recen tly  p ro v ed  by  th e  exp loa- 
ta tio n  w o rk  c a rr ie d  ou t w ith  v e ry  g re a t 
d ifficu lties . T he Jo sv a -sp rin g , w h a t is 3 m 
fa r  fro m  th e  p rev ious one h av e  m ore c h a n 
ne ls  in c lu d in g  the  ch an n e l of th e  sink -ho les . 
D iffe ren t ty p e  of w a te rs  w ere  a lso  in d ica ted  
in  th e  K isto h o n y a-sp rin g  an d  of th e  V ass 
Im re -cav e . T he sp ring  w as de tec ted  as a 
flocd  sp rin g  of th e  s in k -h o le  and  cave M i- 
ladu  (Fig. 1, No 27) in  C zechoslovakia . T he 
p e rm a n e n t sp ring  of th is  sinkho le  is the 
K eôovo-spring  (No 26) w h ich  a lso  has a 
cave. T he s tre a m  in  th e  V ass Im re -cav e  
c a rry  in f il tra tin g  w a te rs  only. In  flood p e 
riods th e  low er cave system , w h a t is v e ry  
narre •/, is flooded  h in d e rin g  th e  flow  of 
th e  in f il tra tin g  w a te r  to  th e  low er stages of 
the cave. The spring show s th e  chem ica l

com position  of w a te rs  com ing fro m  the  
o th e r a rea  w ith  d if fe re n t stones on it. T he  
w a te r  co llected  in  th e  chane ls  of th e  V ass 
Im re -cav e  com es in  th e  sp rin g  on ly  a f te r  
ru n n in g  ou t of th e  flo o d -w a te r. T h is type  
of m odel w as g iven  in  F ig u re  2.

T he second conclusion  of th e  p re s e n t pa 
p e r  is th a t  th e  a c tu a l so lu b ility  d a ta  of 
th e  rocks in  th e  g iven  a re a  m u s t be u sed  
fo r th e  ca lcu la tio n s of th e  s a tu ra tio n  of th e  
w a te rs . A t least, w e conclude  ag a in , th a t 
chem ical ana ly ses shou ld  be c a rr ie d  ou t 
daily , p a rt ic u la r ly  w h en  th e  flood is p re 
sen t. T he chem ical com position  of a k a rs tic  
w a te r  d id  no t change m ark ed ly  w h en  th e  
sp rin g s led  ou t in f i l tra te d  w a te rs  in  th e  
su m m er an d  a u tu m n  periods. A b ro u p t c h a n 
ges m ay  be ex p ec ted  in  th e  sp rin g  periods, 
w h en  a so ft w a te r  is in f il tra tin g  and  being  
s to red  in  the  rock. M ore th a n  one an a ly se  in  
a day  m ig h t be n ecessary  in  th is  periods.
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F e ren c  C ser, G âbo r Iz śp y , L śsz lo  M aucha

PROBLEM Y  C H EM IZM U  W ÛD W R E JO N IE  JÔ SV A FO  
(W ĘGRY)

S t r e s z c z e n i e

W  a rty k u le  p rzed s taw io n o  w y n ik i an a liz  chem icznych  w ód 
i pom iaró w  p rzep ły w u  w  p ięc iu  ź ród łach  w  re jo n ie  Jô sv a fô . 
S k ład  chem iczny  b ad an y ch  w ód  okazał się  p rak ty czn ie  n iezm ien 
n y  w  całym  o k res ie  p o m iarow ym , z w y ją tk ie m  o k resu  w io s e n 
nych  w ezb rań , k ied y  to  chem izm  w ód z ja s k in i V ass Im re  
różn ił się znaczn ie  od chem izm u źród ła  K istohonya. W ynik i z in 
te rp re to w a n o  n a  p o d staw ie  m atem aty czn eg o  m odelu  źródeł k r a 
sow ych. Z astosow an ie  ró w n an ia  R. J . F  a g u  n  d o i J . J . V a 1- 
d e s a  (1075) p rzy n io sło  n iem ożliw e do p rzy jęc ia  w sk aźn ik i n a 
sycenia  w ód; w yprow adzono  s tą d  w niosek , że do znajom ości 
tego  w sk aźn ik a  kon ieczne  je s t poznan ie  w spó łczynn ika  ro z 
puszczalności d la  sk a ł lokalnych .

F e ren c  C ser, G abo r Izśpy , L śsz lo  M aucha

PR O B LÈM ES DU C H IM ISM E  DES EA U X  DANS LA  R ÉG IO N  
DE JÔ SV A FO  (H O N G RIE)

R é s u m é

D ans l ’a r tic le  so n t 'p ré sen tés  les ré s u lta ts  des an a ly ses ch i
m iques des e a u x  e t les m esu res  de l ’éco u lem en t dans 5 sources 
dans la  rég io n  de Jô sv a fô . L a  com position  ch im iq u e  des e au x  
é tu d iées s ’est rév é lée  p ra tiq u e m e n t in v a riab le , c e p en d an t le  ch i
m ism e des eau x  dans la  g ro tte  V ass Im re  a co n sid é rab lem en t 
d iffé ré  de ce lu i de la  source  K isto h o n y a . L ’in te rp ré ta tio n  des 
ré s u lta ts  s ’a p p u y a it s u r  le  m odèle  m a th é m a tiq u e  des sources 
k a rs tiq u e s . L ’u tilisa tio n  de l ’éq u a tio n  de R. J . F  a g u  n  d o e t  J . J . 
V a l d e s  (1975) a  a p p o rté  des indices de sa tu ra tio n  d’eau  im 
possib les à  ad m e ttre . O n en  es t a r r iv é  ś  la  conclusion , que 
p o u r c o n n a ître  ce t ind ice  i l  e s t nécessa ire  de c o n n a ître  le  co
e ff ic ie n t de so lu b ilité  p o u r les roches locales.
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C h e m ic a l D e n u d a t io n  in  th e  K a r s t  A r e a s  
o f  th e  U k r a in ia n  C a r p a th ia n s , 

C r im e a  a n d  t h e  C a u c a s u s

A b s t r a c t :  T he p a p e r  p re se n ts  th e  f in 
dings o f th e  s tu d y  of th e  chem ical d enu - 
d ia tio n  degree  in  th e  a reas  b u ilt of th e  
U p p er Ju ra s s ic  (the U k ra in ia n  C a rp a th ia n s  
an d  C rim ea), a n d  th e  Ju ra ss ic  an d  C re ta 
ceous lim estones (the C ausasus) — T ab le  2. 
T he  in v es tig a tiv e  m ethods w ere  h e re  d e sc ri
bed  (T ab le  1). B asing  on th e  re su lts  of th e  
re se a rc h  e ffec ted  in  th e  y ea rs  1958—1979, and  
ap p lin g  th e  hyd ro ch em ica l m ethod , th e  a u 
th o r  o b ta in e d  th e  v a lu es  fa llin g  be tw een  
21.8— 81,3 m 3/y e a r . T he low est v a lu e  re p o r te d  
re fe rs  to  th e  C a rp a th ia n s , a n d  th e  h ighes t 
one to  th e  A k h tsu  ridge  in  th e  C aucasus.

Introduction

T he m o u n ta in  chain s of th e  U k ra in ia n  
C a rp a th ian s , a s  w ell as those  of C rim ea and  
C aucasus, a re  c la ssif ied  as A lp ine-fo lded  
b e lts . A ccord ing  to  M aksim ov ich ’s reg io n a li
z a tio n  of k a r s t  in  th e  S o v ie t U n ion  (M a k- 
s i m o v i c h ,  1962), th e  fo llow ing  k a rs t  a reas  
m a y  be  d is tin g u ish ed : th e  C a rp a th ia n  k a rs t, 
th e  k a r s t  of m o u n ta in o u s  C rim ea  (re fe rred  
to  as C rim ean  k a rs t)  an d  th e  k a rs t  reg ions 
of th e  G re a t C aucasus.

A ty p ica l f e a tu re  of th e  C a rp a th ia n  k a r s t  
reg io n  is th e  deve lo p m en t of b a re  m o u n ta i
nous k a r s t  on U pper Ju ra ss ic  lim estones,
w h ich  fo rm  sm a ll k lip p -b lu ffs  (up to  0.5X 
X0.2X0.1 km ). T h is a re a  receives* y ea rly  
ab o u t 1300 m m  of p re c ip ita tio n  w ith  an  a v e 
rag e  ev ap o ra tio n  of 500 m m . W hile  th e
C rim ean  k a rs t  a re a  is ch a rac te riz ed  by  th e  
deve lo p m en t of b a re  an d  g rass-co v e red  k a rs t, 
in  th e  n o r th e rn  p e rip h e ry  th e re  occurs co 
v e re d  k a r s t  on U p p er Ju ra ss ic  lim estones.

* C h a ir  of E a r th  Science, S im feropo l
S ta te  U n iv e rs ity , 333 000 S im feropo l, Y a ltin - 
sk a  4, USSR.

A n n u a l p re c ip ita tio n  m easu red  in  th is  reg ion  
am o u n ts  to  ab o u t 960 m m  in  th e  w est, an d  
565 m m  in  th e  east, th e  e v a p o ra tio n  being  
b e tw een  480 a n d  200 m m . T he k a rs t reg ion  
of th e  G re a t C aucasus inc ludes som e a re a s  
w h ich  e x h ib it lo w land , u p la n d  an d  m o u n 
ta in o u s  k a rs t  (bo th  covered  an d  b are) on 
Ju ra ss ic  a n d  C re taceous lim estones. T he a n 
n u a l p re c ip ita tio n  v a rie s  fro m  2500 m m  in  
th e  m o u n ta in o u s  reg ions to 500—600 m m  on 
th e  n o r th e rn  slopes, w ith  an  ev ap o ra tio n  of 
700 m m  an d  260 m m , resp ec tiv e ly . T he f e a 
tu re s  of su rfa c e  a n d  u n d e rg ro u n d  k a r s t  a re  
d iscussed  in  d e ta il in  th e  l i te r a tu re  ( G v o z 
d e t s k i y ,  1954; M a s i m o v i c h ,  1962; K  i- 
k n  a d  s e, 1972; D u b l y a n s k i y ,  1977).

T he s tu d y  of chem ica l d en u d a tio n s  is 
am ongst th e  m ost e ff ic ien t m ethods of e x 
am in in g  k a r s t  p rocesses ( D u b l y a n s k i y ,  
S h u t o v ,  1977). In  th a t  k in d  of in v es tig a 
tions it  is n ecessa ry  to  h av e  a g re a t n u m 
b e r  of d a ta  on th e  chem ica l d e n u d a tio n  o b 
ta in e d  by  co m p arab le  m ethods.

T he  m ethods of hyd ro ch em ica l in v e s tig a 
tio n s  in  k a rs t  reg ions w e re  developed  in  th e  
p e rio d  of 1960 to  1065 a t  th e  In s ti tu te  of 
M in era l R esources, M in is try  of G eology of 
U k ra in e  (S im feropol) a n d  pu b lish ed  in  th e  
sev en tie s  ( S h u t o v ,  P o n o m a r e v ,  1976, 
D u b l y a n s k i y ,  1977). T he  in v es tig a tio n s  
w e re  c a rr ie d  ou t in  v a rio u s  k a rs t  a rea s , 
u sing  d if fe re n t m ethods. T he re su lts  re p o r 
ted  b y  N. V. R o d i o n o v  (1949), I. G. G 1 u -  
k  h  o v  (1963), P . A. K o s t i n  (1967), N. M. 
Y e r e m e n k o  (1971), a n d  T . Z. K  i k  n  a  d - 
s e  (1972) w e re  o b ta in ed  fro m  th e  a n a ly s is  
of w a te r  m in e ra liz a tio n  a n d  d isch a rg e  of 
k a rs t  sp rings. N. I. K o c h e t o v  (1976) m ad e



use  of th e  d isch a rg e  m odu lus and  of the 
r iv e r  w a te rs  o rig in a tin g  in, o r flow ing  
th ro u g h , k a rs t  reg ions. D. Sh. G a b e c h a -  
v a  (1977) took  in to  accoun t the  re su lts  
ob ta in ed  fro m  ana lyz ing  the  h y d ro g rap h s  of 
r iv e rs  fed  by  k a rs t w a te rs . M. P  u l i n a  
(1966, 1974) an d  V. P . Z v e r e v  ( M a k a r e n 
k o ,  Z v e r e v ,  1970) em ployed  em p irica l fo r 
m u lae  w h ich  h ad  been  deriv ed  fro m  g e n e ra 
lized o b se rv a tio n  d a ta  ob ta in ed  in  d iffe ren t 
reg ions.

T he ap p lica tio n  of d if fe re n t app roaches 
to  th e  ca lcu la tio n  of th e  chem ical d en uda tion  
y ields d if fe re n t v a lu es fo r th is sam e k a rs t 
region.

T hus, in  th e  U k ra in ia n  C a rp a th ian s  th e  
an n u a l chem ica l d en u d a tio n  v a lu es rep o rted  
by  F. A. M a k a r e n k o  a nd  V.  P.  Z v e r e v  
(1970) v a ry  from  10 do 20 m 3, w h ereas those 
pub lish ed  by M. P  u 1 i n  a (1974) fa ll b e tw een  
30 an d  40 m 3.

T he chem ica l d en u d a tio n  va lues re p o r
te d  fo r C rim ean  k a rs t v a ry  from  one in 
v e s tig a to r  to  an o th e r . W hile  N. V. R o d i o 
n o v  (1949) g ives an  a n n u a l d en u d a tio n  v a 
lue of a t m ost 35.5 m 3, I. G. G l u k h o v  
(1963), F . A. M a k a r e n k o  an d  V. P . Z v e- 
r e v  (1970) say  th a t  it m ay  be even  as high 
as 50 m 3. In  the  w e s te rn  p a rt, accord ing  to 
G l u k h o v  (1:963), chem ical d en uda tion  does 
no t exceed  22.3 m V year, and  accord ing  to 
S h u t o v  (1969) 31.6 m Vyear.

T he g re a te s t n u m b e r of rep o rts  has been 
pub lished  on th e  chem ica l d en u d a tio n  in  the 
C aucasus. A fte r K o s t i n  (1967) th e  d en u 
d a tio n  v a lu es  fo r P astb ish ch n y i, S kalisty i 
and  PeredoY oe ridges a re  50.2. m 3/y ea r, 99.7 
m V year an d  220.6 m 3/year, resp ec tiv e ly . A c
co rd ing  to  Y e r e m e n k o  (1971), th e  ch em i
cal d en u d a tio n  of th e  A nd iisk ii rid g e  a m o u n 
ts to 199.5 m V year. T hese  d a ta , how ever, a re  
inco n s is ten t w ith  those  ob ta in ed  by K o c h e 
t o v  (1976) a n d  a n u m b er of o th e r in v e s ti
ga to rs. A ccording to  him , th e  degree of c h e 
m ical d en u d a tio n  on th e  n o r th e rn  slopes of 
the  G re a t C aucasus is 46 to  67 m 3/year, 
124 m V year and  32 to  72 m V year in  low 
lan d , u p la n d  an d  h igh  m o un ta in s , re sp e c ti
vely. Z v erev  ( M a k a r e n k o ,  Z v e r e v ,  
1970) gives a  d en u d a tio n  v a lu e  of 10 to  50 
m V year fo r th is  a rea . T he so u th e rn  slopes 
of C aucasus ex h ib it d if fe re n t degrees of che
m ical den u d a tio n  w hich  v a ry  fro m  18.2 m 3/

/’y e a r  in  th e  b as in  of th e  T sk h e n is tsk h a li 
r iv e r  to  148.4m3/y e a r  in  th e  b a s in  of th e  
R echkh i r iv e r  ( G a b e c h a v a ,  1977). T he 
values rep o r ted  by K i k n a d s e  (1972) v a ry  
from  36 m 3/y e a r  fo r th e  A ra b ik a  m a ss if  
(B lack S ea slope) to 103 m V year (S h ab ash k - 
ha). T he re p o r t by P u l  i n  a  (1966) includes 
th e  v a lu e  of 55.8 m V year fo r th e  li to ra l p a r t  
of th e  G ag rin sk ii ran g e , an d  th e  va lu e  of
137.7 m V year fo r th e  ftig h -m o u n ta in  p a r t .  
T he d en u d a tio n  va lues fo r u p la n d  an d  th e  
h ig h -m o u n ta in  p a r t  p u b lish ed  by N. I. K  o - 
c h  e t  o v  (1976) a re  121 m V year a n d  68 m 3/ 
'y ear, respec tive ly .

F rom  th is  d e ta iled  accoun t it  can  easily  
be seen th a t  th e  p ro b lem  of chem ica l denu - 
d a tio n  is s till f a r  fro m  being  so lved  u n iv o - 
cally .

Sam pling Methods and Analytical 
Procedures

T he m ain  ob jec tives d ea lt w ith  in  c la ss i
cal hydrogeo logy  a re  the  sam ples of su r fa c e  
w a te r  from  th e  a re a  of feed ing  an d  th e  
sam ples of sp rin g  w a te r  from  th e  a re a  o f  
d ischarge . T he hydrogeology  of k a rs t in v o l
ves speleological m ethods in  w h ich  sam p les 
a re  co llected  fo r a tm o sp h eric  p re c ip ita tio n  
(ra in  an d  snow  sam ples a re  ta k e n  a t  d if
fè re n t p o in ts  of th e  k a rs t re lie f), in f i l t r a 
tion  w a te r  in  g rass-co v e red  k a rs t  (w ith  th e  
use of a lysim eter), in f il tra t io n  w a te r  in  b a 
re  k a r s t  (sam ples a re  ta k e n  in  so lu tion  ru n 
nels an d  sha llow  sinkholes), w a te r  of sp rings 
en te r in g  th e  k a rs t  re lie f (w ith  sam p lin g  p o 
in ts a t  s tream sin k s) con d en sa tio n  w a te r  
(sam ples a re  co llected  fro m  th e  w alls  a n d  
ceilings of k a rs t  cav ern s w ith  th e  use o f 
a b ru sh  an d  a ru b b e r  bu lb  o r by  th e  in 
s ta lla tio n  of w a te r  rece iv e rs  in  th e  zone o f 
d rap le t condensation ), snow  a n d  ice p re s e n t 
in the  cav e rn s  (sam pling  is c a rr ie d  ou t a long  
the  len g th  of th e  section ; in  th is  p ro c e d u re  
it  is n ecessary  to  a d ju s t th e  re su lts  to  h e  
th ickness a n d  th e  d en sity  of p a r t ic u la r  la 
yer), p a n  w a te r  (sam ples a re  ta k e n  fron», 
a ll of th e  re se rv o irs ; co n sid e ra tio n  is g iven  
to  th e ir  d im ensions an d  origin), u n d e rg ro u n d  
s tre a m s (d o w n stream  sam p ling  a t  a  d is ta n c e  
of 20, 50 o r 100 m, w h ich  depends on th e  
aim  of th e  inves tiga tion ), k a rs t  sp rin g s (sam 
p ling  is com bined  w ith  d ischarge  an d  te m 
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p e ra tu re  d e te rm in a tio n s), a n d  w a te rs  from  
fre a tic  zones (sam ples a re  co llec ted  from  
boreholes).

D uring  th e  ex p ed ition , in  a reas  w ith  d if
f ic u lt access se lec ted  w e re  p o in ts  (caves, 
sh a f ts , sp rings) fo r p e rm a n e n t o b serv a tio n  
w h ich  w as c a rr ie d  ou t fo r m an y  y e a rs ’ 
p e rio d s  o r fo r  d if fe re n t seasons.

T he  m eth o d s em ployed  in th is  stu d y  a re  
co n v en tio n a l sam p lin g  m ethods (Spravock-  
nik... ,  1962) w h ich  have  b een  so m ew h a t m o
d if ied  to  m ak e  th em  w o rk ab le  u n d e r  co n d i
tio n s  of a k a r s t  c av e rn . M easu rem en ts  w ere  
ca rr ie d  ou t fo r a ir  an d  w a te r  te m p e ra tu re s , 
w a te r  d isch arg e , a tm o sp h eric  p re s su re  an d  
C 0 2 co n cen tra tio n  in  th e  am b ie n t a ir ; pH  
w a s  m easu red  in  situ  (w ith  th e  use  of a pH - 
-m e te r )  a n d  so w e re  th e  co n cen tra tio n s  of 
la b ile  com pounds (HCO^~, C O ,- , a n d  fre e  '' 
C 0 2). C hem ical an a ly ses  of th e  w a te r  sa m 
p le s  w e re  u su a lly  c a rr ie d  ou t in  a s ta tio 
n a ry  la b o ra to ry  to  d e te rm in e  th e  c o n c e n tra 
tions of 8 to  12 com ponen ts ( R e z n i k o v  
e t  al., 1963). T he n u m b er of sam p les has 
n e v e r  been  less th a n  10, so as to  p rov ide  
su ffic ien t d a ta  fo r s ta tis tic a l ca lcu la tio n s

M ethods of Interpretation

T he re su lts  of chem ica l an a ly ses  w ere  
■converted in to  g ra m -e q u iv a le n ts  a n d  pe rcen  - 
ta g e  of g ram -eq u iv a len ts , an d  th e n  th e  to 
ta l  m in e ra liz a tio n  (sum  of a ll ions m inus 
■0.5 H C O —) w as ca lcu la ted . T he  eq u ilib r iu m  
o f  th e  sum s of an ions an d  ca tions w as ta 
k e n  as a  m easu re  of an a ly tic a l accu racy  
(w ith  a 3 -p e rcen t e rro r). T he re su lts  of a n a 
ly ses  w ere  show n in  tr ia n g u la r  an d  sq u are  
d ia g ra m s  ( D u r o v  1961). U sing K u rn a k o v ’s 
ru le , th e  vo lum es of w a te r  of d if fe re n t o ri
g in  a t  th e  d ischarge  po in t, w ere  ca lcu la ted . 
T h e  d a ta  o b ta in ed  fo rm  ch em ica l an a ly ses  
w e re  su b jec t to  s ta tis tic a l p rocessing  (cf. 
K o m a r o v ,  1972).

In d iv id u a l s itu a tio n s  (v a ria tio n s in  the 
ch em ica l com position  of th e  w a te r  a long  
th e  s tream , w a ria tio n  in  th e  chem ica l com po
s itio n  of w a te r  w ith  tim e  a t  a  g iven  poin t) 
w e re  an a ly zed  in  te rm s  of th e  B rodsky  d ia 
g ra m  to g e th e r w ith  k a rs to lo g ica l a n d  geolo
g ic a l p ro file s . To es tab lish  th e  m e ta m o r
p h ism  of k a r s t  w a te rs  an d  th e  deg ree  of

sa tu ra tio n  w ith  ca lc ium  ca rb o n a te , th e  T il- 
lm an s-T ro m b e  d iag ram  w as u sed  (cf. R  o- 
q u  e s, 1967; P u  l i n a ,  1974).

T a b l e  1 
F o r m u la e  f o r  th e  C a lc u la t io n  o f K a r s t

D e n u d a t io n ,  K  (m ’/y e a r)

>
R e fe re n c e F o r m u la K

K r u b e r , G =  D Q (30)
1915

R o d i o 
n o v ,  1949

V
U — ——- X 100X1000

V 1
(30)

C o r b e l ,
1959 K  =

100
32.0

W i l l i a m s ,
1963

_  E  (D ca+D w g) 
10X2.7

33.2

G r o o m ,
e

d S X  10®
W i l l i a m s ,
1965

29.6

P  u  1 i n  a, K  =  0,0126 AM q 31.6
1966, 1974

G a m s ,  1968 „  _  (6.6Na+4.7Mfi) 31.5K  — q m  -----------------------------
H 10< 31.0

H  a  b i ć , 
1968

_  4 q D  31.5 
10* 32.1

C h  i k  i s -  
h  e v , 1973

1000 V
' “ - s r (3.0)

C h  i  k  i  s -  
h  e v , 1973 1 =  0.0000126q D (32.0)

C h  i  k  i s* 
h  e v, 1973

K  =  0.0126q D 32.6

K  i k  n  a  d - 
s  e ? 1977 K  =  0.63q AM 31.0

M a r i n i n ,  
A b y  s h  e v, K  =  0.255 M q  m 33.5
1977

G a b e c h a -  
v  a , 1977 K  =  0.011 q AM 27.3

8  =  a n n u a l  d is c h a rg e  o f  C aC O s, k g /y e a r ;  I  =  
=  r a te  o f k a r s t i f i c a t io n ,  porcen t/1000  y e a r s ,  in  b r a c 
k e ts :  m 2/y e a r ;  K  =  k a r s t  d e n u d a t io n ,  m 2 k m V y e a r ; 
D — c o n c e n t r a t io n  o f C a C 0 3 in  t h e  w a te r ,  170 m g/1; 
M “  m in e r a l iz a t io n  o f s p r in g s ,  210.0 m g/1; M i “= 
=  m in e r a l iz a t io n  o f p r e c ip i t a t io n ,  43.0 m g/1; AM  — 
■-= d e f f e re n c e  in  t o t a l  m in e r a l iz a t io n  b e tw e e n  th e  
in v e s t ig a te d  w a te r  a n d  p r e c ip i t a t io n  167.0 m g/1; 
C a, M g =  h a rd n e s s ,  9.36 +  0.78°; Q  =  d is c h a rg e  o f 
w a te r ,  150 1/s; q  =  m o d u lu s  o f  d is c h a rg e ,  15.0 l/s  X 
X k m 2; X  =  q u a n t i t y  o f  p r e c ip i ta t io n ,  800 m m ; 
Z =  e v a p o r a t io n ,  330 m m ; E =  r u n o f f  (X —Z ), 470 
m m ; S =  c a t c h m e n t  a r e a ,  10 k m 2; S i =  k a r s t  a r e a ,  
10 k m 2; V =  v o lu m e  o f le a c h e d  ro c k s ,  k m 2; V , =  
=  v o lu m e  o f k a r s t  m a s s if ,  1.7 k m 2; m  — c o e f f ic ie n t  
d e s c r ib in g  th e  d e g re e  o f  k a r s t i f i c a t io n ;  d  — d e n 
s i ty  o f l im e s to n e , 2.7 t /m 2.



Methods of Calculating the Chem:cal 
Denudation Value

M any fo rm u lae  a re  av a ilab le  fo r ca lc u la 
ting  th e  ch em ica l d en u d a tio n  of k a rs t. M ost 
of th em  a re  k now n  by  th e  nam e of th e ir  
au th o rs . As th ese  fo rm u lae  invo lve  a v a r ie 
ty  of sym bols a n d  un its , th e ir  u n ifica tio n  
has becom e re a lly  u rg en t. Som e of th e  fo r
m u lae  in  q u es tio n  w ere  v e rif ie d  d u rin g  our 
stu d y  of th e  k a rs t  reg io n  of th e  K ra sn ay a  
C ave ( D u b l y a n s k i y ,  1977), an d  th e  r e 
su lts  a re  su m m arized  in  T ab le  1.

T he f i r s t  R u ss ian  in v es tig a to r w ho a n a 
lyzed  (and ca lcu la ted ) th e  o ccu rren ce  (and 
q u an tity ) of C a C 0 3 ou tside  th e  b o rd e rs  of 
th e  k a rs t  m ass if w as A. A. K r u b e r  (1915). 
H is ca lcu la tions w e re  based  on th e  th eo ry  
of ionic ru n o ff  (w h ich  is w ell k n o w n 'in  h y 
drogeology) an d  y ie lded  a n  a n n u a l v a lu e  of 
0.9X103 kg, co rre sp o n d in g  w ith  th e  la y e r  of 
d isso lved  rock  in  th e  a re a  of th e  in v e s ti
ga ted  basin , w h ich  is 30 m 3/y ea r. L a te r, 
N. V. R o d i o n o v  (1949) pub lish ed  a fo r
m u la  fo r c a lc u la tin g  th e  r a te  of k a rs tif ic a 
tion  (percent/1000 y ears). T hus, a r a te  of 0.017 
percent/1000 y ea rs  co rresponds w ith  an a n 
n u a l d isso lved -rock  la y e r  of 30 m 3. In  1959, 
J . C o r b e l  deriv ed  h is c lim atic  fo rm u lae , 
an d  fo u r  y ea rs  la te r  P . S. W i l l i a m s  su g 
g ested  th a t  th e  co n cen tra tio n s  of C a2f and  
Mg2+ in  th e  w a te r  shou ld  be  co nsidered  se 
p a ra te ly . A  ca lc u la tio n  fo rm u la  w h ich  in 
co rp o ra te s  th e  q u a n ti ty  of C a C 0 3 c a rr ie d  by 
th e  s tre a m  d u rin g  12 m on ths in  a g iven a rea  
w as p roposed  by  G. G r o o m  a nd  P.  S. 
W i l l i a m s  in  1965. I. G a m s  (1968) d e r i
ved  an  ex p rsesio n  in c lud ing  w a te r  h a rd n ess  
(in G e rm an  degrees) a n d  m odu lus of d is
charge , w h e rea s  P . H  a b i ë (1968) em ployed 
a fo rm u la  w h ich  invo lves th e  m odu lus of 
d ischarge , as w ell as th e  q u a n ti ty  of C a C 0 3 
c a rr ie d  by  th e  s tream .

As show n b y  T ab le  1, a ll of th e  fo rm u lae  
listed  th e re  g ive s im ila r re su lts . I t  should, 
how ever, be no ted  th a t  in  a ll of th em  th e  
assu m p tio n  has b een  m ad e  th a t  it  is only 
the  ca rb o n a te  com ponen t w h ich  leaves the 
m o u n ta in  m assif; Cl, S 0 4 an d  N a ions being 
neg lec ted . N eglected  a re  a lso  th e  m in e ra l 
com ponents of p rec ip ita tio n  w a te r. T hese 
d isad v an tag es w e re  e lim in a ted  by  M. P u l  i- 
n a  (1966, 1974) w ho p re se n te d  a fo rm u la  and

a nom o g rap h  w h ich  in co rp o ra te  th e  m in e ra 
liza tio n  of b o th  th e  sp rin g s a n d  th e  p re c i
p ita tio n  w a te r.

A. C h i k i s h e v  (1973) p roposed  th r e e  
m od ifica tions to  R od ionov’s an d  P u lin a ’s f o r 
m u lae  by in c lu d in g  (in R od ionov’s ex p re s  
sion) th e  coeffic ien t 0.1 w h ich  shou ld , in  th e  
opin ion of th e  a u th o r  of th is  p ap e r, p ro v i
de a co m p arab ility  of th e  d a ta  o b ta ined  fo r  
m o u n ta in  m assifs w ith  v a rio u s  th ick n esse s  
of k a r s t  rocks. In  fac t, he  has only  d ec rea 
sed th e  c a lc u la ted  v a lu e  of chem ica l d e n u 
d a tio n  by  a fa c to r  of 10. T. Z. K i k n a d s e  
(1972) suggested  to  m ak e  a d is tin c tio n  b e tw e 
en th e  d en u d a tio n  of su rface  k a r s t  an d  th a t  
of u n d e rg ro u n d  k a rs t. S uch  a  d is tin c tio n  re 
q u ire s  know ledge  of th e  u n d e rg ro u n d  c a t
ch m en t a rea . P . M. M a r i n i n  a n d  M. N. 
A b  y s h  e v  (1977) m od ified  th is  e x p re ss io n  
by in tro d u c in g  th e  p a ra m e te r  of c a rb o n a te  
h a rd n ess  (in G e rm an  degrees). D. S. G a b e -  
c h  a  v  a  (1977) p o s tu la te d  th a t  th e  chem ica l 
d en u d a tio n  of k a rs t  be  m easu red  in  te rm s  
of HCO ^ c o n c e n t r a t io n ,  and  no t in  te rm s  
of th e  co n cen tra tio n  of C a2+ an d  M g2+, a s  
it h ad  b een  p rac tic ed  so fa r . T h is p o s tu la te  
is su b s ta n tia te d  by the  fac t th a t , w ith  th e  
accu m u la tio n  of N a+  ions in  a g iven  co m 
p lex  of rocks, som e of th e  C az+ ions p a r t i 
c ip a te  in  th e  re ac tio n  of exchange . H o w e
ver, G abechava  d id  n o t ta k e  in to  ac c o u n t 
th a t  th e  reac tio n

h 2o + c o 2 =  h 2c o 3 ^ H + + H C O “

yields excess H C 0 3~ ions w h ich  a re  n o t 
eq u iv a len t to  th e  q u a n ti ty  of d isso lved  c a l-  
cite. T h is p ro b lem  w as considered  fo r th e  
k a rs t w a te rs  of P o lan d  by  M. M a r k o -  
w i c z - Ł o h i n o w i c z  (1972). In  m o u n ta i
nous C rim ea a n d  C aucasus, 60 p e rc e n t o f 
even ts ex h ib it a c a rb o n a te  h a rd n ess  w h ich  
is h ig h e r  th a n  to ta l h a rd n ess . In  such  cases 
w e ta k e  in to  accoun t to ta l h a rd n ess  (S p ra - 
vochnik.. . ,  1962). G ab ech av a’s fo rm u la  d if
fe rs  f ro m  th e  above ex p ress io n  in  th a t  i t  
inc ludes th e  v a lu es  of th e  w e ig h t-b y -v o lu -  
m e of ca lc ite  an d  dolom ite.

A ll th e  ex p ressions fo r th e  ca lcu la tio n  
of th e  chem ical d en u d a tio n  v a lu e , w h ich  
have  b een  .discussed in  th is  S ection , seem  
to be d e riv ed  from  th e  w e ll k n o w n  fo rm u la  
of ionic ru n o ff. In  w h a t th ese  ex p ressio n s



d if fe r  fro m  one an o th e r , is th e  n u m b er of 
te rm s  inc luded  in  them , so th ey  y ield  a lm ost 
id en tica l re su lts  (y ea rly  average  of 31.2 n r \ 
a =  ±1.7, C v  =  0.05). A ssum ing  th a t  th e  cal 
cu la tio n s of to ta l m in e ra liza tio n  (includ ing  
p re c ip ita tio n  w a te rs ) a re  co rrec t, it  is con 
v en ien t to  use th e  exp ression  p roposed  by 
M . P u  l i n a  (1966, 1974):

K =  0.0126 AM q,

in  w h ich  th e  m odu lus of d ischarge  should  
be d e te rm in ed  from  b a lan ce  in v es tiga tions, 
a n d  th e  degree  of m in e ra liz a tio n  shou ld  be 
ca lc u la ted  s ta tis tic a lly , on th e  basis of long- 
- te rm  fie ld  o r s ta tio n a ry  observations.

In  th e  p e rio d  of 1958 to  1979 hyd roche- 
ro ica l in v es tig a tio n s w ere  c a rr ie d  ou t in  the 
k a rs t reg io n  of th e  C a rp a th ian s , C rim ea, 
W este rn  C aucasus a n d  A bkhasia  by  a sp e 
c ia l k a rs t  exp ed itio n . T he in v es tig a tio n s  w e 
re  sponso red  b y  th e  U k ra in ia n  A cadem y of 
Sciences, th e  In s titu te  of M in era l R esources 
of th e  U k ra in ia n  M in istry  of G eology, and  
th e  U n iv e rs ity  of S im feropo l. A bou t 2500 w a
te r  sam ples w e re  co llected  a n d  an a ly zed  (of 
th e m  1342 w ere  u sed  fo r ca lcu la tin g  the 
v a lu e  of ch em ica l d en u d a tio n ; T ab le  2.). M o
du li of d ischarge  w ere  d e te rm in ed  from  the 
re su lts  of 20 -year b a lan ce  in v es tig a tio n s  fo r 
m oun ta inous C rim ea ( G l u k h o v ,  1963: 
P  r i b 1 u d a e t al., 1077), an d  on th e  basis 
of p re lim in a ry  ca lcu la tio n s of th e  w a te r  
b a lan c e  fo r o th e r  reg ions (w hile  p re c ip ita tio n

and  d ischarge  w e re  d e te rm in ed  fro m  lo n g 
te rm  observa tions , ev ap o ra tio n  w as c a lc u la t
ed w ith  th e  use  of em p irica l fo rm u lae , 
T ab le  2).

T he re su lts  lis ted  in  T ab le  2 a re  in  good 
ag reem en t. T he v a lu e  of chem ica l d e n u d a 
tion  in c reases as a fu n c tio n  of th e  m odulus 
of d ischarge  an d  th e  a lt itu d e  of th e  m o u n 
ta in  m assif (A i-P e trin sk ij an d  D o igo rukov - 
sk ij m assifs, A lek -A kh tsu ). T he d en u d a tio n  
v a lu e  is a lso  in flu en ced  by  th e  cond itions 
u n d e r  w h ich  k a r s t  w as develop ing , as w ell 
as by th e  ty p e  a n d  c h a ra c te r  of th e  k a rs t  
rock. E.g., th e  chem ica l d en u d a tio n  v a lu es  
fo r C rim ea an d  th e  n o r th e rn  slope of C en 
tr a l  C aucasus in  th e  v ic in ity  of M in era ln y e  
Vody (28.8 an d  24.7, respective ly ) seem  to  be 
an  ind ica tion  th a t  th e  evo lu tio n  of k a rs t  m  
b o th  a re a s  p ro ced ed  u n d e r s im ila r co n d i
tions. In  fac t, th is  w as n o t so. In  C rim ea, 
in th e  reg ion  of b a re  k a rs t, th e  m in e ra l i
za tion  of u n d e rg ro u n d  w a te r  is n o t very 
h igh  (210 to  270 mg/1), w h ich  m ay  be  an 
ev idence  of th e  g re a t k a rs tif ic a tio n  p o te n 
tia l in  th is  a rea . In  th e  reg io n  of M in e ra ln y e  
Vody, u n d e r  cond itions of g ra ss-co v e red  
k a rs t occurrence , u n d e rg ro u n d  w a te rs  show  
in creased  m in e ra liz a tio n  leve ls (up to 390 
mg/1), a p p ro ach in g  th e  s ta te  of sa tu ra tio n . 
T hus, th e  s im ila rity  of th e  chem ica l d e n u 
da tion  v a lu es fo r  th e  m assifs  of A lek, A k h tsu  
and  G u m ish k h in sk ij c an n o t be con sid e red  as 
in d ica ting  th a t  th e  k a rs tif ic a tio n  p rocess has 
developed  w ith  a  s im ila r  in ten s ity . As w ill

T a b l e  2
c a l c u l a t i o n  o f c h e m ic a l  d e n u d a t io n  (K ) fo r  so m e  k a r s t  a r e a s  in  th e  S o u th  o f th e  S o v ie t  

U n io n  w ith  f o r m u la  K  =  0.0126 AM  • q  (P  u  1 i n  a, 1974)*

K a r s t  a r e a ,  M o u n 
ta in  m a s s if

N u m b e r  of 
a n a ly s e s

M in e r a l iz a t io n  o f w a te r  
[m g /ll AM

M o d u lu s  of 
d is c h a rg e  

[1/s q  k m 8]
K

[m */yearj
s p r in g s p re c ip i ta t io n

C a r p a th ia n s 43 198.0 32.0 166.0 10.4 21.8
M o u n ta in o u s

C rim e a 470 270.6 38.0 232.0 9.8 28.8
A i- P e tr i 260 233.0 33.0 200.0 24.9 62.8
D o lg o ru k o v s k ii 126 210.0 43.0 167.0 15.0 31.6
N o r th  C a u c a su s 92 390.0 12.7 377.3 5.2 24.7
A b k h a s ia

A le k 83 140.0 34.0 106.0 59.7 79.7
A k h ts u 133 140.0 35.9 104.1 62.0 81.3

G u m is h k h in s k i i 150 556.0 35.5 520.5 11.9 78.0

* T h e re  a r e  th r e e  d i f f e r e n t  m e th o d s  o f  f o r m u la t in g  th e  d e g re e  o f c h e m ic a l  d e n u d a t io n .  m 5/km * y e a r ;  
mm/1000 y e a r ,  a n d  m 8/y e a r ,  o f w h ic h  th e  l a t t e r  s e e m s  to  be  t h e  m o s t c o n v e n ie n t  fo r  o u r  p u rp o s e .



be show n la te r , th e  k a rs t of th e  G um ishk- 
h in sk ij m assif is in flu en ced  by cold and  
th e rm a l w a te rs .

In  th is  w ay, m ak in g  use of the chem ical 
d en u d a tio n  w hich  is an  e ssen tia l fe a tu re  ox 
a  k a r s t  region, w e lose an  im p o rta n t p a r t 
of in fo rm ation . To b ridge  th is gap, w e have  
to  look fo r a n o th e r  tool, th e  d iffe ren tia l 
an a ly s is  of hydrochem ica l data .

Metamorphosis of Karst Water

B ased on th e  a v a ilab le  da ta , th e  m e ta 
m orphosis p ro b lem  w ill be d iscussed  fo r five 
k a rs t reg ions. In  th e  U k ra in ia n  C a rp a th ian s  
th e  o rig in  of k a rs t w a te rs  is in flu en ced  by 
th e  in f il tra t io n  of p rec ip ita tio n  w a te r. The 
cen tres  of th e  geochem ical fie ld s of in f i l tra 
tion  w a te rs , w a te rs  of u n d e rg ro u n d  s tream s 
a n d  sp rin g s a re  p laced  'perpend icu lar*  to  the 
d irec tio n  of th e  pH  versus C a C 0 3 concen 
tra tio n  eq u ilib r iu m  cu rves of th e  T illm rn s- 
-T rom be d iag ram  (P u 1 i n  a, 1974). This is 
th e  sim p lest exam p le  of m e tam o rp h ism  w it
h o u t an y  secondary  in fluence . A ll of the 
sam ples a re  p laced  in th e  zone of u n s a tu ra 
ted  w a te rs . Even w a te rs  of k a rs t sp rings 
p re se rv e  th e ir  aggressiveness a t th e  po in ts 
of d ischarge.

In  m o u n ta in o u s C rim ea th e  o rig in  of 
k a rs t w a te rs  is also  in flu en ced  by a tm o sp h e 
ric  p réc ip ita tio n , and  th is in fluence  is p re 
d om inan t. Ij'i those  reg ions w h e re  covered  
k a rs t developes, k a rs t  w a te rs  a re  tr a n s fo r 
m ed  b y  m o u n ta in o u s m eadow  soils; they  <* 
m ix  w ith  w a te r  from  snow  an d  ice m elting  
in  k a rs t cav ern s an d  w ith  condensa tion  w a 
te r . W ate rs  from  ca tch m en t a rea s  b u il t  of 
n o n -k à rs tif ie d  (or poorly  k a rs tif ied ) rocks 
e x h ib it increased  m in e ra liz a tio n  levels. T h e 
se w a te rs  m ix  w ith  one a n o th e r  in  various 
p rop o rtio n s to fo rm  an  u n d e rg ro u n d  c a tc h 
m en t a rea , and  they  ap p e a r  on th e  g round  
su rface  in  th e  fo rm  of sp rings. A lm ost ali 
of th e  k a rs t sp rin g s o ccu rring  in  m o u n ta i
nous C rim ea a re  ch a rac te rized  by  a very  
h igh  aggressiveness. T he e x p an sio n  of the 
geochem ical a re a  covered  by sp rin g  w a te rs  
su b s tan tia te s  th e  necessity  of se p a ra te  in 
vestiga tions. I t  w as J . I. S h u t o v  (196.9) 
w ho s tu d ied  th is  p ro b lem  in de ta il. 
T he cen tre s  of th e  geochem ical a re a s  of 
v a rio u s k a rs t  w a te r  types o ccu rring  in  C ri

m ea lie on the  b ro k en  line  w h ich  in te rcep ts  
th e  e q u ilib r iu m  cu rv e  a t  an  ang le  of SO0.

K a rs t w a te rs  in th e  A lek  an d  A kh tsu  
m assifs  o rig in a te  u n d e r  com p lica ted  cond i
tions. W hile in  th e  a rea s  w ith  b a re  an d  
g rass-co v ered  k a rs t  th e ir  o rig in  is in f lu e n 
ced by p re c ip ita tio n  w a te r, in  beech  fo rests  
an d  b ro w n  fo re s t soils k a rs t w a te rs  u n d e r 
go considerab le  tran sfo rm a tio n s . In  e ith e r  
of th e  tw o  cases, pH  decreases  to  a level 
of 0.2 to 0.5, th u s  co n tr ib u tin g  to  an  increase  
in aggressiveness. In  a reas  b u ilt of c layey  
an d  sandy  rocks of th e  P a laeogene  age, u n 
d erg ro u n d  stream s a re  fed  w ith  s tro n g ly  m i
nera lized  w a te r  (w ith  m in e ra liz a tio n  levels 
ran g in g  fro m  160 to  180 mg/1). T hey  m ix 
w ith  co n d en sa tio n  w a te rs  to  g ive o rig in  to  
cave w a te rs  w h ich  ap p e a r  on th e  g round  
su rface  in th e  fo rm  of la rg e  sp rings. T he m i
n e ra liz a tio n  of ru n n e ls  is an  im p o rta n t fa c 
to r  w h ich  in d ica te s  th a t  co rro sive  p ro ces
ses a re  p a rticu la rly ' p ro n o u n ced  in  th e  u p p e r 
p a r t of th e  a e ra tio n  zone a n d  th a t th e  m i
ne ra liza tio n  of w a te rs  in  th e  u n d e rg ro u n d  
ca tc h m en t a re a  is inc reased . In  lo w -w a te r 
periods, only  th o se  w a te rs  ap p ro ach  th e  s ta te  
of sa tu ra tio n . T he rem a in in g  ty p es  of k a rs t 
w a te rs  be longing  to  th e  A lek  a n d  A kh tsu  
m assifs a re  u n sa tu ra te d . T he c en tre s  of th e  
geochem ical fie ld s  tend  to  th e  s tra ig h t line 
w h ich  in te rcep ts  th e  eq u ilib riu m  cu rv e  a t  an 
ang le  of 70°.

In  C aucasus, in  th e  feed ing  a re a  in  th e  
v ic in ity  of M in e ra ln y e  V ody (S kalisty j and  
P o stb ish ch n y j ridges), Ju ra ss ic  an d  C re ta 
ceous k a rs tif ie d  rocks h av e  fo rm ed  a f la t 
m onocline. W hile  th e  o rig in  of th e  U pper 
C retaceous w a te rs  is p r im a rily  in fluenced  
by p rec ip ita tio n , th e  o rig in  of w a te rs  in  V a- 
lan g in ian  rocks shou ld  be  a t t r ib u te d  bo th  
to a tm o sp h eric  p re c ip ita tio n  a n d  to  th e  p a r 
tia l in flow  of in f il tra t io n  w a te r  fro m  th e  
n o n -k a rs tif ie d  rocks of th e  H a u te r iv a n -A l-  
b ian  age. T he w a te rs  of T ith o n ian  c a rb o n a 
te deposits a re  p red o m in an tly  g e n e ra ted  by 
p rec ip ita tio n , w h e rea s  those  o f th e  su lp h a te  
deposits o rig in a te  due  to  th e  in flo w  fro m  
th e  L ow er C re taceous d ep o sit series. In  the  
case of g rass-co v e red  k a rs t an d  a f la t  m o- 
noc lina l s tru c tu re  of th e  k a rs t  rocks in  th e  
u p p e r p a r t  of th e  a e ra tio n  zone, u n d e r 
g ro u n d  w a te rs  a re  p ro m p tly  s a tu ra te d  (in



U pper C re taceous deposits) and  even  su p e r
s a tu ra te d  (in L o w er C retaceous an d  U pper 
Ju ra ss ic  deposits). T h a t is w hy  th e  m in e ra 
liza tion  v a lu es  c a lc u la ted  fo r th e  w a te rs  of 
th is  reg io n  a re  v e ry  h igh, an d  th e  deposition  
of ca lca reo u s tu fa  n e a r  th e  k a rs t  sp rin g s is 
v e ry  fre q u e n t. T he  cen tre s  - of th e  geochem i
cal fie ld s te n d  to  th e  b ro k en  line, w h ich  in 
te rcep ts  th e  e q u ilib r iu m  cu rv e  a t  a n  ang le  
of 50°.

In  th e  G u m ish k h in sk ij m assif, th e  feed  
of k a rs t  w a te rs  w h ich  occur in  the  fo rm  
of sp rin g s in  th e  M a a n ik a v a ra  V alley  (in th e  
v ic in ity  of th e  fam ous N ovoafonskaya  C ave) 
is a ffe c te d  by  a n u m b e r of fac to rs . Some 
p a r t  of th e  ou tflo w  w a te r  o rig in a te s  fro m  
a tm o sp h eric  p re c ip ita tio n  b o th  in  th e  n e a re r  
(ad jacen t to  th e  cave) an d  in  th e  fa r th e r  (in 
th e  B zybskij ridge) feed ing  a reas . In  th e  
A psta , T sk v a ra , M sra  and  M aa n ik v a ra  v a l
leys a s in k in g  of th e  su rface  flow  is being 
observed , e sp ec ia lly  in  its  u p p e r a n d  low er 
flow age. In f il t ra t io n  an d  co n d en sa tio n  w a 
te rs , a s  w e ll a s  in f lu e n t s tre am s , m ix  
w ith  each  o th e r  in  d if fe re n t p ro p o rtio n s  to  
g e n e ra te  k a rs t-c a v e  w a te r  w h ich  leav es th e  
u n d e rg ro u n d  a re a  in  th e  fo rm  of sp rings. 
O w ing to  th e  s ink ing  p rocess  in  th e  
u p s tre a m  sec tion  of th e  r iv e r , p re c ip ita lio n  
a n d  in f il tra t io n  w a te rs  a lone  a re  n o t s a tu 
ra te d  w ith  ca lc iu m  ca rb o n a te . In f lu e n t 
s tre a m s w h ich  o rig in a te  due to  th e  s ink ing  
process in  th e  d o w n stream  p a r t  of th e  
r iv e r  v a lley s  a t  a  reg io n a  fa u lt, a re  su p e r - 
s a tu ra te d , w h e re a s  cave  w a te rs  an d  
k a rs t  sp rin g s  re p re s e n t th e  geochem ical fie 
lds, in  w h ich  occur b o th  s a tu ra te d  a n d  u n 
s a tu ra te d  w a te rs . T he  cen tre s  of th e  geo
ch em ica l fie ld s  a re  on th e  b ro k en  line 
w h ich  in te rc e p ts  th e  e q u ilib r iu m  cu rv e  a t 
a n  an g le  of 70°. T he  p o sitio n  of th e  k a r s t  
sp rin g  w a te rs  o u ts id e  th e  m e tag en esis  line 
is a n  in d ic a tio n  th a t  th e ir  o rig in  is in f lu e n 
ced  n o t only b y  th e  w a te rs  of th e  u p p e r 
p a r t  of th e  a e ra t io n  zone, b u t a lso  by  som e 
o th e r  types of w a te r . T hus, e x am in in g  th e  
p osition  of th e  hyd ro ch em ica l fie lds fo rm ed  
by  v a rio u s  types of k a r s t  w a te r  enab les  a 
b e tte r  u n d e rs ta n d in g  of th e  m echan ism  
w h ich  g overns th e  " o rig in  of u n d e rg ro u n d  
w a te rs  in  th is  reg io n  a n d  p e rm its  p red ic tio n  
of th e ir  fe a tu re s . F o r  th e  m a jo rity  of k a rs t

a rea s  belong ing  to  th e  A lp in e  b e lt in  th e  
S o u th  of th e  S ov ie t U nion , th e  p rocess of 
c a lc iu m -ca rb o n a te  sa tu ra tio n  does n o t ta k e  
th e  fo rm  of s tra ig h t- l in e  p e rp e n d ic u la r  e q u 
ilib r iu m  cu rv es  (cf. P  u  1 i n  a, 1974); it  fo l 
low s a  h ig h ly  co m p lica ted  b e h a v io ra l p a tte rn  
(cf. R o q u e s ,  1967).

Downstream  Changes in the 
M ineralization of Karst W aters

A syn ch ro n o u s co llec tion  of w a te r  sam p 
les in  k a rs t  caves a t  v a rio u s  d ep th s  from  
th e  e n tra n c e  m ak es i t  p o ss ib le  to  assess th e  
changes in  th e  ch em ica l com position  of 
k a rs t  w a te r  in s id e  th e  m o u n ta in  m assifs. 
T he m ost in ten s iv e  in v es tig a tio n s  w e re  c a r 
rie d  o u t in  th e  K ra sn a y a  C ave ( D u b l y a n -  
s k  i y e t al., 1967) a n d  in  th e  A lek  m assif 
(D u  b .l y a n  s k  i y, B r e l ,  1977).

T he in v es tig a tio n s  of th e  K ra sn a y a  C ave 
have  rev ea led  v a ria tio n s  in  th e  m in e ra liz a 
tio n  levels a t  a  d o w n stream  d is tan ce  of 4 
km . U n d er low  w a te r  cond itions, th e  K ra s -  
n o p esh ch e rn ay a  u n d e rg ro u n d  r iv e r  receives 
p re d o m in a n tly  in f il tra tio n  w a te r  feed . M ine
ra liz a tio n  b eh av es in  th e  fo llow ing  m an n e r: 
w h ile  a t  a  d is tace  of th e  f i r s t  400 m e te rs  
th e re  is an  in c rea se  up  to  a lev e l of 340 
mg/1, th e  v a lu e  m easu red  a t  a  d is tan ce  of 
4.5 km  app ro ach es 290 mg/1. T h is tendency  
to  decrease  pe rs is ts , u n ti l  th e  w a te r  leaves 
th e  u n d e rg ro u n d  a rea . H ow ever, th e re  a re  
fo u r  sec tions assoc ia ted  w ith  th e  zones of 
th e  fau lt, in  w h ich  th e  in c rease  of w a te r  
m in e ra liz a tio n  becom es v e ry  ra p id  (ab o u t 20 
to  40 mg/1). A f te r  reach in g  a m ax im u m  
va lue  (for u n d e rg ro u n d  w a te r)  a t  a d is tan ce  
of 100 m  from  th e  g ro u n d  su rface , th e  deg ree  
of m in e ra liz a tio n  a t  th e  d isch arg e  p o in t 
am o u n ts  to  on ly  79 p e rcen t. A s im ila r b e 
h a v io u r  has been  o bserved  in  som e o th e r 
w a te r  caves of C rim ea  (e.g., E n i-S a la -S h , 
Jo u r -J o u r , Z h e ltay a  a n d  U zuniya).

A s ta tis tic a l in te rp re ta tio n  of d a ta  o b ta i
ned  fro m  ch em ica l ana ly ses of k a rs t  w a 
te r  sam p les co llected  a t  th e  d ep th  of 0 to 
100 m ; 100 to  400 m, an d  400 to  500 m  
fro m  th e  g ro u n d  su rface  m ad e  it  p o ss ib le  to  
ca lc u la te  . th e  g rad ien ts  of v e r t ic a l  leac h in g . 
In  th e  u p p e r p a r t  of th e  zone of ep ih y d ro - 
g e n . sis ( M a k s i m o v i c h ,  1964) th e  g ra 
d ien t of v e rtic a l leach in g  is 167 m g /l X 100



m, w h ereas  th a t in  th e  lo w er p a r t  equals 
60 m g/l X 100 m . In  th e  zone of h y d ro g e 
nesis th is  g ra d ie n t am oun ts to  18 m g/l X 
100 m . I t  has o ften  b een  observed  th a t , u n 
der cond itions of low  w a te r, c a rb o n a te  d e 
positions w ith  g rad ien ts  b e tw een  —0.11 an d  
—14.5 m g/l X 100 m  a re  fo rm ed  in  th e  
zone of hyd rogenesis. In v es tig a tio n s  co n d u c
ted  fo r  th e  reg ion  of ’th e  K ra sn ay a  C ave 
show  th e  fo llow ing  p e rcen tag e  of leach ing  
cav ities w h ich  h av e  fo rm ed  in  in d iv id u a l zo 
nes: 57% an d  10% in  th e  u p p e r  p a r t  an d  
low er p a r t  of th e  ep ihyd rogenesis  zone, r e s 
pec tive ly , a n d  33% in  th e  h y d rogenesis  zone. 
I t  is w o rth  n o tin g  th a t  88 p e rc e n t of th ese  
cav ities ap p e a r  in  th e  p e rio d  of flood, an d  
only  12 p e rc e n t u n d e r  low  w a te r  condi
tions ( D u b l y a n s k i y ,  1977).

T he k a rs t  s tre a m s  of t h e . A lek  m assif 
a re  fo rm ed  by  th e  confluence  of w a te rs  
fro m  in d iv id u a l k a r s t  cav ities  be long ing  to  
one w a te r-b e a r in g  system . T hey  a re  p re d o 
m in a n tly  fed  w ith  in f lu e n t w a te r  fro m  the 
a re a  of n o n -k a rs tif ie d  rocks of th e  P a la e o 
gene age. T he g ra d ie n t of v e rtic a l leach ing  
in  th e  zone of ep ihyd rogenesis v a rie s  from  
25 to  34 m g /l X  100 m  an d  from  12 to  17 
m g/l X 100 m  in  th e  u p p e r  p a r t  an d  low er 
p a rt, resp ec tiv e ly . In  th e  zone of h y d roge
nesis, th e  g ra d ie n t ranges b e tw een  + 2  to  
—8 m g/l X 100 m  a n d  —5 to —45 m g/l X 
100 m . T he g ra d ie n t of h o rizo n ta l leach ing  
in  k a rs t w a te r-b e a rin g  system s is (on th e  
average) 10 m g/l X 100 m  an d  0.2 m g/l X 
100 m  of passage  len g th  fo r th e  u p p e r  an d  
lo w er p a r t , re sp ec tiv e ly  ( D u b l y a n s k i y ,  
B r e l ,  1977).

In  th e  reg ion  of the  N ovoafonskaya  Cave, 
k a rs t  w a te r  s tre am s a re  fo rm ed  due to the  
feed ing  w ith  in f il tra t io n  w a te rs  an d  in f lu 
e n t s tre a m s fro m  fa r th e r  a n d  n e a re r  areas . 
In  th e  f a r th e r  a re a  of feed ing , th e  m in e ra 
liza tion  of k a rs t  w a te rs  show s th e  fo llow ing  
p a tte rn  of beh av io u r: it in creases rap id ly  
w ith  a g ra d ie n t of 80 to  100 mg/1 X '100 rn 
an d  th e n  decreases to a level w h ich  accounts 
fo r som e 40 p e rc e n t of th e  in itia l v a lue ; a t 
th e  p o in t of d ischarge  th e re  is ag a in  a  rap id  
in c re a se  in  m in e ra liza tio n  (up to  214 p e r 
cent), a n d  a  tr a n s it io n  fro m  h y d ro ca rb o n a te - 
-ca lc ium  to  h y d ro ca rb o n a te -ch lo rid e  ca lc ium - 
-n a tr iu m  ty p e  of w a te r. B ased on these  data , 
the  hypo thes is is p u t fo rw a rd  th a t  th e  m in e 

ra l  su b th e rm a l w a te rs  of a c h lo r id e -n a tr iu m  
com position  h av e  a s ig n ific an t co n tr ib u tio n  
to  th e  genesis of k a r s t  w a te rs  in  th e  N ovo
a fo n sk ay a  C ave ( D u b l y n s k i y ,  1977). To 
su p p o r t th is  h y po thes is , th e  re su lts  of h y d ro - 
chem ical inv es tig a tio n s w e re  in te rp re te d  
w ith  th e  use  of -the D urov  d iag ram . As 
show n  by th is  d iag ram , k a r s t  sp rin g s a re  
s i tu a te d  on th e  s t ra ig h t lin e  fo r  th e  m ix ing  
of k a rs t  w a te r  s tre a m s w ith  m in e ra l w a 
te rs . T he p ro p o r tio n  v a rie s  fro m  26 : 1 in  
M arch  d u rin g  snow  m elting  to  5 :1 in  N o
v e m b e r w h en  low  w a te r  co nd itions occur. 
In  th is w ay, an a ly s is  of th e  seaso n a l d ow n
s tre a m  v a ria tio n s  in  th e  degree  of m in e ra 
liza tio n  of k a rs t  w a te rs  n o t only  g ives v a lu 
ab le  d a ta  on th e  occurrence  of co rro s iv e  
processes in  g iven  tim e  an d  space, b u t a lso  
fac ilita te s  e s tim a tin g  th e  genesis of k a rs t  
w a te rs .

Differential A nalysis of Chemical 
Denudation

T he re su lts  ob ta in ed  by  th e  a u th o r  of 
th is  re p o r t  d u rin g  h is in v es tig a tio n s  of th e  
hydrogeo log ica l an d  hyd ro ch em ica l reg im es 
in  C rim ea  (K ra sn ay a  C ave region), in  W es
te rn  C aucasus (K hostin sk ij r is in g  sp ring , a t  
th e  to e  of th e  A k h tsu  m assif) a n d  in  th e  
G u m ish k h in sk ij m assif (rising  sp rin g  of th e  
M aan ik v a ra  r iv e r  a t  th e  N ovoafonskaya  
Cave), en ab le d  a schem e to  be  e s tab lish ed  
fo r th e  c a lc u la tio n  of ch em ica l d en u d a tio n . 
T he  ca lc u la tio n  d iag ram  is b ased  on th e  ob 
se rv a tio n s  of th e  reg im es in  g iven  u n its  of 
tim e  (w eek, decade, fo r tn ig h t)  an d  inc ludes 
in fo rm a tio n  ab o u t th e  p re c ip ita tio n  re c e i
ved, ab o u t ev ap o ra tio n  (the  d if fe re n tia tio n  
of these  p a ra m e te rs  g ives th e  v a lu e  of d is
charge  in  th e  g iven  k a rs t m assif), a ir  tem 
p e ra tu re  (w hich is n ecessa ry  fo r d is tin g u is 
h ing  th e  types of feeding), d isch a rg e  of th e  
k a rs t sp ring , a n d  m in e ra liz a tio n  of th e  k a rs t  
sp rin g  w a te r . T he d iag ram  is co n s is ten t w ith  
th e  fo rm u la  fo r ionic ru n o ff  an d  tak e s  th e  
form :

R u =  Q M a,

w h ere  Ru deno tes ionic ru n o ff, g/'s; Q is 
d ischarge , m 3/s ; M  in d ica te s  m in e ra liz a tio n , 
mg/1, an d  a  is a  d im ensiona l coeffic ien t (p ro 



d u c t of Q an d  M  of th e  tw o d iag ram s 
p re sen ted  earlie r).

T he d iag ram  of ionic ru n o ff p rov ides in 
fo rm a tio n  on how  the  in ten s ity  of th e  c h e 
m ical d en u d a tio n  p rocess v a rie s  w ith  tim e. 
T ak ing  in to  accoun t th e  m ethod  of feed ing  
th e  u n d e rg ro u n d  w a te rs  of th e  K ra sn a y a  C a
ve region, w e m ay  d is tingu ish  fo u r c h a ra c 
te r is tic  periods: (1) consum ption  of reserves 
a ccu m u la ted  d u rin g  a u tu m n  floods (D ecem 
ber to F e b ru a ry , d u ra tio n  of 62 days); (2) 
sp rin g  snow  m eltin g  (F eb ru a ry  to M arch, 
d u ra tio n  of 44 days); (3) feed ing  by  in f il tra 
tion  w a te r  an d  in f lu e n t s tre am s (M arch to 
A pril and  O ctober to F e b ru a ry , d u ra tio n  of 
91 d ay s ', a n d  (4) feed ing  by  c o n d e n sa tio n - 
- in f il tra tio n  (d u ra tio n  of 168 days).

In  1972, th e  ionic ru n o ff  of th e  K rasn o  - 
p e sh ch e rn ay a  r iv e r  (includ ing  sa lt deposition  
due to p rec ip ita tio n ) a m o u n ted  to  26 g /day. 
T ak ing  in to  co n sid e ra tio n  th e  den sity  of 
lim estone, 2.7 t/’m 3, gives 304 m 3/y e a r . W hile 
73 p e rc e n t of th e  ionic ru n o ff tak es p lace 
in  th e  cold season  (from  O ctober to M arch;, 
the  re m a in d e r  occurs in  the  h o t period . K a rs t 
processes w e re  fo u n d  to  be th e  m ost in te n 
sive in  the  p e rio d s  of snow  an d  ra in  floods 
(28 p e rcen t of th e  an n u a l leach ing  of c a rb o 
n a te  ta k e s  p lace  d u rin g  40 days) an d  au tu m n  
ra in fa ll (32 p e rc e n t of th e  an n u a l leach ing  
occurs d u rin g  60 days). As th e  ionic ru n o ff 
follow s a seaso n a l p a tte rn , th e  v a lu es of 
k a rs t d en u d a tio n  o b ta in ed  frcm  fie ld  o b se r
va tions m ay  d iffe r  s ig n ifican tly  (by som e 
200 to 250 percen t). I t  is th e re fo re  n e c e s 
sa ry  to  m ak e  c a re fu l co m p ara tiv e  an a ly ses  
of p u b lish ed  d a ta . T he d ifferences be tw een  
chem ical d en u d a tio n  v a lu es  c a lc u la ted  from  
th e  d a ta  of lo n g - te rm  o b serv a tio n s of th e  
reg im e (30.3 m 3/y ea r) and  those  ca lc u la ted  
fro m  lo n g - te rm  fie ld  o b serv a tio n s (31.6 m 3/ 
/y ea r; T ab le  2) am o u n t to  4.2. p ercen t.

R o u tin e  an a ly ses  of th e  ionic ru n o ff d ia 
g ram  m ay  also  be u se fu l in  th e  in v e s tig a 
tions of o th e r reg ions. In  th e  case of g rass- 
-covered  an d  sed im en t-co v ered  k a rs t of the 
A lek  m assif it  w ou ld  be in te re s tin g  to  sep a 
ra te  fro m  th e  ionic ru n o ff som e o th e r  co m 
ponen ts of various- o rig in .

T he a tm ospheric  co m p o n en t is easy  to  
ca lc u la te  by  m u ltip ly in g  the  an n u a l am o u n t 
of p re c ip ita tio n  (2396 mm ) by  its m in e ra l i
za tion  (34 mg/1) an d  th e  ca tc h m en t a rea

w h ich  consists of lim estones (6.1 km*). T he 
in f lu e n t-s tre a m  com ponen t can  be  d e te rm i
n ed  by  m u ltip ly in g  th e  a n n u a l am o u n t of e f
fec tiv e  p re c ip ita tio n  (p rec ip ita tio n  m inus 
ev ap o ra tio n , 1823 m m ) by  th e  m in e ra liza tio n  
of in f lu e n t s tre a m s a n d  a to m sp h eric  w a te rs  
(143.8 mg/1) an d  by th e  c a tc h m e n t a rea  
w h ich  does n o t co n ta in  k a rs t  rocks (5.7 k m 3). 
T he to ta l ionic ru n o ff  m ay  lik ew ise  be 
ca lc u la te d  as a  p ro d u c t of th e  d ischarge  
fro m  th e  A lek  m assif (1885 m), of th e  a v e 
rage  m in e ra liz a tio n  of sp rin g  w a te rs  (140.0 
mg/1) an d  th e  o v e ra ll a re a  of th e  m assif 
(11.8 k m 2). T he to ta l ionic ru n o ff  fro m  th e  
A lek m assif am o u n ts  to  3108 tons p e r  year. 
Of th is  am o u n t, p re c ip ita tio n  acco u n ts  fo r 
64.2 p e rc e n t (496.4 t/y e a r)  an d  in f lu e n t w a te r  
fo r 48.2 p e rc e n t (1495.5 t/y ea r) . T hus, th e  c o n 
tr ib u tio n  of k a rs t  to  th e  to ta l ionic ru n o ff 
is 35.8 p e rc e n t (1116.1 t/y ea r) , th e  v a lu e  of 
k a rs t d en u d a tio n  being  35 m 3/y e a r  (and  no t
79.7 m tyyear, as show n  by T ab le  2). B ased 
on th e  a v a ilab le  v a lu es  of co n d en sa tio n  d is
charge  (62 m m ) an d  m in e ra liz a tio n  of c o n 
den sa tio n  w a te r  (108.3 mg/1), w e m ay  e s ti
m ate  the  in flu en ce  of chem ical d en u d a tio n  
as a  co n tr ib u tin g  fac to r. In  th e  w a rm  sea 
son, 41.2 tons of k a rs t  rocks (15.2 m 3) a re  
lost fo r th e  A lek  m assif as a re s u lt of con 
den sa tio n a l co rrosion . T h is accoun ts fo r 3.7 
p e rc e n t of th e  to ta l k a rs t co rrosion . T hus, 
th ę  ro le  of co n d en sa tio n a l co rro sion  is of 
less im portance .

T he ionic ru n o ff fro m  th e  G u m ish k h in s- 
kij m assif am o u n ts  to  795 g/s, w h ich  g ives 
a chem ica l d en u d a tio n  v a lu e  of 78 m 3/y e a r  
(Table 2). H ow ever, in  th e  low er p a r t  of 
k a rs t d ischarge  it  is only 45 p e rc e n t of th a t 
va lue , i.e. 35.1 m 3/y e a r . M ost of th e  m in e 
ra l m a tte r  p re s e n t th e re  is due to th e  sub- 
th e rm a l co m p o n en t of th e  u n d e rg ro u n d  
flow .

In  th is  w ay, th e  d if fe re n tia l ap p ro ach  to 
th e  p ro b lem  of chem ical d e n u d a tio n  p e rm its  
im p o rta n t conclusions to  be d ra w n  as to  
th e  o rig in  of k a rs t  w a te rs  in  th is  reg ion  
and  th e  seasona l changes in  th e  m in e ra l iz a 
tion  level. As yet, th e re  is no  p o ss ib ility  
to p e rfo rm  ca lcu la tio n s fo r o th e r p a r ts  of 
the A lp ine  b e lt in  th e  S o u th  of th e  Soviet 
U nion. To overcom e th is  d ifficu lty , s ta t io 
n a ry  hyd rogeo log ica l in v es tig a tio n s  a re  n e 
eded.
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V icto r N iko layev ich  D ub lyansk iy

D EN U D A C JA  CH EM ICZN A  W R E JO N A C H  K RA SOW Y CH  
U K R A IŃ SK IC H  K A R PA T , K RY M U  I K A U K A ZU

S t r e s z c z e n i e

W a r ty k u le  p rzed s taw io n o  w y n ik i b a d a ń  n ad  ro zm ia ram i d e 
nu d ac ji chem icznej w  obszarach  zbudow anych  z w ap ien i gó rne j 
ju ry  (K arp a ty  u k ra iń sk ie  i K rym ) oraz ju ry  i k re d y  (W ielki 
K aukaz) — tab . 2. D okonano  p rzeg ląd u  m etod  badaw czych  
(tab. 1). N a p o d staw ie  b a d a ń  te ren o w y ch  p rzep ro w ad zo n y ch  w  la 
tach  1958— 1979, p o sługu jąc  się m etodą  hyd rochem iczną, uzyskano  
w yn ik i m ieszczące się w  p rzed z ia le  21,8—81,3 m 3/ro k ; n a jn iższą  
w arto ść  u zyskano  w  odn iesien iu  do K a rp a t, a  n a jw yższą  dla 
g rzb ie tu  A k h tsu  w  SW K aukazie .

V ictor N iko layev ich  D ub lyansk iy

DÉNUD ATIO N  C H IM IQ U E D A N S LES R ÉG IO N S K A R ST IQ U E S 
DES CA R R A TES U K R A IN IE N N E S, DE LA  C RIM ÉE ET DU

CAUCASE

R é s u m é

D ans l ’a r tic le  o n t é té  p résen tés  les ré s u lta ts  des rech e rch es 
su r  l ’é ten d u e  de la d én u d a tio n  ch im iq u e  dans les rég ions f o r 
m ées de c a lc a ire  du Ju ra s s iq u e  su p é r ie u r  (C arp a tes  U k ra in ie n 
nes e t C rim ée), du Ju ra ss iq u e  e t du  C ré tacé  (G rand  C aucase) — 
T ab. 2. O n a fa it  la  rev u e  des m é th o d es de rech e rch es  (Tab. 1). 
A l ’a ide  des rech e rch es  su r  le te r ra in , m enées dans les années 
1958— 1979 e t  u ti lis a n t la  m éthode h y d roch im ique , on t é té  o b te 
nus les ré s u lta ts  se p la ç a n t dans l ’in te rv a lle  de 21,8—81,3 m-Van, 
où la v a le u r  la p lu s  p e tite  a é té  o b tenue  dans les C arp a tes , 
e t la  p lu s g ra n d e  p o u r la  c rê te  de A k h tsu  dans le C aucase
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S tu d y  o f  th e  K a r s t  a t  t h e  A lc o r lo  D a m  (S p a in )

A b s t r a c t :  T h is re p o r t is a  su m m ary  
o f th e  s tu d ies  c a rr ie d  o u t tr. the G roup  of 
S c ien tif ic  Speleology of th e  -al S pan ish  
S ocie ty  of N a tu ra l H isto ry , in  e .d e r  to  de
te rm in e  th e  p e rm eab ility  cond itions of th e  
k a r s t  d iscovered  in  th e  d am -site . T he s tu 
dies beg an  in  A ugust 1977, th e  d a te  in  
w h ich  th e  b u ild in g  w o rk  w as a t  its  fin a l 
p h ase  an d  p rim a rily  o rien ted  to  solve th e  
p rob lem s c rea ted  b y  a series o f caverns 
a p p e a re d  in  th e  dam -site , on th e  r ig h t b an k
a n d  below  th e  m ax im u m  w a te r  level.

\

Regional Geology

G eologically  speak ing  w e face an  a rea  
w h ic h  does n o t re p re se n t severe  d ifficu lties, 
ex cep t b u t th e  in h e re n t ones to  k a rs t.

T he d am  site  is lo ca ted  in  a  n a rro w  
v a lley  ex cav a ted  by  th e  r iv e r  B ornoba in  
a  m onoclina l C re taceous series of ca lcareous 
com position  basica lly , w h ich  th e  r iv e r  cuts 
o rtogona lly  lean ing  on b o th  b an k s  a t the 
fro n t of th e  slope of th ese  series.

T his slope leans d isco rd an tly  on a P a le o 
zoic m ass com posed  of sha les  and  m icasch i- 
sts, w h ich  is lim ited  a t th e  top  by  paleo- 
genous red  c lays u sed  to  b u ild  th e  im p e r
m eab le  nucleus of th e  dam :
—  T he im p erm eb le  fo u n d a tio n , fo rm ed  by  a 

se ries  of kao lin ife ro u s sands in  facies 
U trilla s  fro m  th e  S u p e rio r-  M edium  C re 
taceous.

—  A n in fe r io r  li t te d  series w ith  a lte rn a tiv e  
levels of m arls  an d  dolom itic lim estone 
in  w h ich  som e cav ern s a re  located , w ith  
a ten d en c y  to  rem a in  covered  b y  la n d 
slides, an d  in  som e cases th e  only ev i
dence w e can  ge t of th e ir  ex is tence  is

• G ro u p  o f S tu d y  o n  S c ie n t i f ic  S p e le o lo g y  
•of th e  R o y a l  S p a n is h  S o c ie ty  o f  N a tu r a l  H is to -y

th e  d rop  of th e  d rill p ipes  d u rin g  th e  
su rv ey  bore-ho les.

— A th ick  series of dolom itic  T o u ro n ian  li - 
m estones on w h ich  slopes th e re  ap p e a r  
n um erous pipes.

— A n u p p e r se ries  fo rm ed  by  li tte d  d o lo 
m itic  lim estones w ith  a h ig h e r d en sity  of 
cav e rn s  in  w h ich  th e  m ost im p o rta n t 
p ipes sy s tem  is located .
T he ensem ble is fo lded  s tru c tu ra lly  spea-, 

k ing, d ipp ing  m onoclinally  so u th w ard s  
a n d  cu t by  th e  B ornoba r iv e r  w h ich  crosses 
th e  b u n d le  in  N -S  d irec tion  g iv ing  p lace  to  
an  ex ce llen t d am -site  as f a r  as th e  to p o 
g rap h ica l cond itions a re  concerned .

Concrete Problems found in the Karst

T hey  a re  focussed  on th e  fo llow ing  
aspects:
—- A ppearence  of sev e ra l caves in  th e  dam - 

-s ite  a rea , a t  dolom itic  m a rly -c a lca reo u s  
level, be low  th e  p o in t of m ax im u m  w a 
te r  level.

—■ E x isten ce  of o th e r  cav ern s no ticed  d u rin g  
th e  su rv ey  holes.

—• P resen ce  of fillings of k a rs tic  o rig in  a t 
d if fe re n t p o in ts  w ith in  th e  a rea .

— A n ev en  m ore  developed  system  of c a 
ves loca ted  dow n s tre a m  in  th e  sam e 
n a rro w  v a lley  u sed  fo r th e  d am -site . 
In  g en e ra l te rm s, w e fin d  a  sy s tem  of

k a rs tic  p ipes g e n e ra te d  u n d e r  h y d rau lic  g ra 
dien t, in  cond itions of fre a tic  o r sem icon
fined  aq u ife ro u s, an d  w hose reco g n itio n  has 
b een  m ade d ifficu lt due  to  th e  p resen ce  of 
num erous c lay  sea ls w h ich  b lock  th e  k a r 
stic system .
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Our experience show s that in th is type  
of karït there is a general tendency to d e 
velop  at the basin shore fo llow ing parallel 
directions, this tendency being associated  in 
a low er degree to the trend of the layers. 
A greater developm ent in  the E—W direc
tion is expected.

This tendency has been perfectly  checked  
in the case of the dam in Patôn de Oliva  
— Patones (Madrid), on w hich right bank  
there is a karst w ith  m ore than 8 km of 
topographied galleries fo llow ing  the above  
m entioned patterns. The calcareous strip on 
w hich this karst is placed is an extension  
of the subject of our study.

The karst pipes system  is the result of 
a se lective en largem ent of fissures through  
dissolution. The degree of developm ent of 
these karst-pipes is proportional to the 
hydraulic gradient.

W ithin the fractures system  w hich  karst 
uses in  its form ation, there is a tendency  
to use those form ed as a response to trac
tion  efforts according to perpendicular p la 
nes to the m ain axis of m inim um  efforts 
(<>*).

From the geological study of the region, 
w e conclude that a vertica l uplift, respon
ding to a tectonic one of blocks belonging  
to the paleozoic strip w hich  appears to the 
north, and a settlem ent of the Tertiarious 
basin w hich  lies to  the south are both  
liab le to provoke open fractures due to tra
ction and to an E— W direction.

General Process of Karst Research

Fig. 1. G eological location of the A lcorlo  
dam surroundings

There is a lw ays the possib ility  of the 
extrusion  of those fillings in case they are 
under the increasing hydraulic gradient, 
w ith  the subsequent perm eability  problem s 
derived in the reservoir.

Basic Criteria Followed in the Study  
of the Karst

The carbonatic m onoclinal series rep re
sent a basin  shore, of E—W direction, on 
w hich a karst has settled.

It includes:
— Study of karst-pipes.
— M ineralogical and geom echanical analy

sis of the fillings.
The total am ount of data about k a rst- 

-p ipes and fractures is sum m ed up in tab 
le 1.

For the statistica l study in  star diagram s 
of frequencies of the prevailin g  d irections, 
w e have associated the values to 12 types 
of directions, 15° each, from  0° to 180°.

General Survey of the P ipes

G eneral survey of the pipes grouping  
them  according to their location in th e
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Fig. 2. G ênerai v iew  of the dam site:
— O lig o c è n e . C , — U p p e r -C re ta c e o u s ,  C i, C2 

L o w e r-C re ta c e o u s

lithological colum n and depending on w hich  
buttress they are p laced on, being treated  
as a w hole afterw ards. (Table 1). A total 
am ount of 983.6 m ts. of karst pipes are 
topographied in different caves. 90% of this 
am ount belong to the right bank. The u n 
derground system  so defined is p laced in  
a photogram etric map at a 1 : 5000 scale  
(Fig. 2).

In the sam e w ay the position and situa
tion in the colum n of karst pipes detected  
in survey holes are determ ined.

G enerally speaking the caves of the right 
bank fo llow  the expected tendency to de
velop  in an E—W direction (Fig. 2 and 3), 
w hile the ones in the left bank go from  E. 
to NE and from  S to SE. N evertheless at 
this bank the pipes system  cannot be con
sidered as representative since it hardly r e 
presents 10% of the total topographied area.



F ig. 3. Correlation b etw een  karst pipes and diaclases in the surroundings of the A lcor- 

lo dam



A nalysis of E xisting F illings

N ext step consists in a m ineralogical and  
geom echanic study of the d ifferent sam ples 
of clays collected in  the caves of the res- 
servoir.

M in er a lo g ica l A n a ly s is  o l  C lays

The general results of the m ineralogical 
analysis of clays carried out through X -rays  
diffraction  give high percentages of dolo
m ite, and the presence of clay m inerals is 
betw een  40—60u/o. D etected m inerals are: 
high quantities of illite  and chlorite, m ine
rals of low  p lasticity  and w hich  are not 
liab le  to have presiovolum etric changes, in  
sp ite of the m oisture variations w hich  w ill 
take p lace w ith  the w ater leve l increase.

There also appear in  low  proportions 
m ontm orillonite, verm iculite and interstra- 
tified  clay  m inerals such as chlorite-m ont- 
m orillonite and m ontm orillonite 12-verm icu- 
lite  w hich  can produce great sw ellin g  pres
sures.

C Seo m ech an ic  T r ia l s  o n  th e  C a v e rn  C la y s

The follow ing have been carried out:
—  A tterberg lim its.
—  Shear stress: in natural m oisture, in 

m oisture n ext to liquid lim it, in m oi
sture n ex t to p lastic lim it.

— D eterm ination of sw elling  pressures by 
edom etric trials.
Low  values of shear stress are thus de 

tected  (0.01—0.04 K g/cm 2) for m oistures next 
to  liquid lim it ( I l  =  1 ) and they point to 
the possib ility  of extrusion  of karstic seals 
under top w ater lev e l conditions. (Fig. 4)

S tudy of D iaclases

It has been sought from  tw o different 
acpects.

E x te rn a l D ia c la ses

It has been focussed on a ll those fra c 
tures w hich have originated m orphological 
changes in  the rockbanks w hich  are sup
posed to include the ones responsible for 
the karstification.

A fie ld  study is carried out and each

Fig. 4. R elation betw een  shear stress R 
and flu id ity  index  I, of the clays

diaclase is located  in  the photogram etric  
m ap 1 :500 and these fie ld  data are accom 
panied by a photogeological study on a scale  
1 :5000.

D ata are represented in  a stereographic  
projection. T here appear clearcut m axim um s  
w ith  nearly  70% of the fractures being con
centrated betw een  N  60—90 E, and 48% are 
located betw een  N  75—90 E (Fig. 3).

I n t e r n a l  D ia c la s e s

A ll the fractures observed inside the 
pipes are registered. T he m ethod used  is 
sim ilar to the ones em ployed in ' t h e  study  
of karst pipes, taking partial data according  
to  the situation  of caverns in  the litholo- 
gica l colum n, the inform ation being treated  
as a w h ole afterw ards.

B y  doing so it is possib le to detect 
those fractures that, although they do n ot  
cause any m orphological alterations in  the  
m ountain th ey  do have som e in fluen ce in  
the interior and are responsible for the  
com plem entary directions of the karst.

4 K ra s  i sp e le o lo g ia 49



The values so obtained (Fig. 3 and Table
1) detach from  the external data and there 
appear clearcut m axim um s w ith  35% of the 
data around N  15 E-N 15 W direction (Fig. 
3 and Table 1).

Relation B etw een Fracturation and 
Karst Pipes Directions

Turning back to Table 1 as a synthesis  
of the statistics of diaclases and karst p i
pes, there is a great sim ilarity betw een  
both types o f data, w ith  tw o m axim um s 
N -S  and E-W  w ith in  the fracturation direc
tion w hich  are w ell represented in the 
karst pipes directions w here the prevailing  
trends in the N-E quadrant show  m axim um s 
in  types 5 and 6 (N 60— 90 E) (Fig. 3). 
T hese results agree w ith our w ork hypot
hesis.

Conclusions and Recommendations

The developm ent of the karst is confir
med to fo llow  E-W  direction w ith  a secon
dary pipes system  going N -S . This karst 
form s a karst system  partly filled  w ith

clays w hich  w ill be affected  by the w ater  
resservoir.

The hydraulic gradients, at top w ater le 
vel w hich  w ould in fluence the clay fillings  
in caves of the right bank w ill be from  2,5 
to 3 K g/cm 2, that is to  say, enough to 
provoke its reactivation  due to the low  
values of shear stress of the m entioned  
clays under saturation conditions.

The possib ility  of leakage through the 
karst in the dam -site at the in flow  of 
w ater is then very h igh and it severely  
affects the purpose the dam w as built for.

In order to have the right inform ation  
in case leakage needed to be corrected w e  
recom m end the fo llow ing  w ork to be car
ried out.

D igging out the clay fillin gs of the first 
nratres in the caves w ith in  the reservoirs  
and put in  its p lace a concrete mass w hich  
'would serve as a seal (Fig. 6).

O bservation of a ll the springs down the 
stream  the dam site m easuring the outflow,s 
and relating these data to the w ater level 
in the resservoir in  order to know  not only  
the dynam ics of the flow  under d ifferent« ». • • .f » • • m
conditions,' but its developm ent as w ell.

ir. 5. G eneral v iew  of the dam



Fig. 6. E x cav a tin g  a clay  filling  in  a c a 
ve w ith  bu lldozer

F ina lly , w hen  all the  av a ilab le  d a ta  and  
in fo rm a tio n  a  sea ling  p ro g ram  based  011 
g ro u tin g  p ro ced u res  hou ld  be e lab o ra ted  
an d  q u a n tif ie d  tak in g  in to  accoun t n o t only 
geom etric  con sid era tio n s b u t geological and

hydrogeological ones as w ell, that is to say, 
the most su itable according to technical and 
econom ical criteria.
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BAD AN IA  NAD KRASEM W REJONIE ZAPORY ALCORLO 
(HISZPANIA)

S t r e s z c z e n i e

W artykule przedstaw iono w ynik i prac zm ierzających do 
określenia zasięgu i stopnia rozw oju form  krasow ych napot
kanych w  trakcie budow y zapory A lcorlo. Stw ierdzono istn ienie  
serii jaskiń  i kaw ern częściow o w ypełn ionych słabo zw ięzłym i 
osadam i g lin iastym i, g łów nie w ystępującym i na osi E-W, 
w  praw ym  obrzeżeniu projektow anej zapory, poniżej spodzie
w anego poziom u spiętrzenia wód. Przeprow adzono badania stru k 
turalnej w ytrzym ałości osadów  i zaproponow ano ich usunięcie  
z  p ierw szych k ilku  (kilkunastu) m etrów  jaskiń  w  strefie  k o n 
taktu z planow anym  zbiornikiem  oraz w prow adzenie na to 
m iejsce m asy w ypełn iająco-uszczelin iającej.

A dolfo Eraso, José V icente N avarro, F elix  Parra,
V ictoria L ôpez-A cevedo, Pedro Vercier, Joaquin del Val, 
M ercedes Echegaray, A ngel Cocero, Salvador Dom inguez, 
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RECHERCHES SUR LE KARST D AN S LA RÉGION DU  
BARRAGE ALCORLO (ESPAGNE)

R é s u m é

Dans l ’article sont présentés les résultats des recherches 
ayant pour but de définir l ’étendue et le  degré de dévelop
pem ent des form es karstiques rencontrées au cours de la co n 
struction  du barrage A lcorlo. On a constaté l ’existance d’une  
série de grottes et de cavités partiellem ent rem plies de dépôts 
lim oneux cohérents, apparaissant généralem ent dans la direc
tion  E-W , sur le rebord droit du barrage, au-dessous du 
niveau  attendu du rehaussem ent des eaux. On a fa it des 
recherches sur la  résistance structurale des dépôts et on a pro
posé de les évacuer sur quelques prem iers m ètres des grottes, 
dans la zone de contact avec le bassin  p lan ifié, en m ettant une 
m asse d’étanchéité et de rem plissage à la place.
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X r
P r o b lè m e s  p o s e s  p a r  l e  k a r s t  

d a n s  l e  b a r r a g e  d e  T o u s (E s p a g n e )
R apport prélim inarie des travaux en cours

R é s u m é :  Ce rapport, un résum é d’une 
étu d e actuellem ent en cours, a pour objet 
de donner une vue d’ensem ble des problèm es 
géologiques dans un barrage construit dans 
une région calcaire avec des signes évidents 
de karst, autant actuel com m e fossil. A vec  
cette étude on tâche de déduire quelles sont

* Groupe de travail de spéléologie scien
tifiq ue de la R eal Sociedad Espanola de 
H istoria N atural, Madrid.

les directions préférentielles du drainage  
souterrain du karst et quelles possib ilités  
ex isten t pour reactiver le paléokarst afin  de 
pouvoir choisir le  traitem ent d ’étanchéité  le  
plus approprié selon  les critères technico- 
-économ iques.

Puisque l ’étude est actuellem ent en cours, 
nous nous lim iterons ici à exposer la m é
thode de travail u tilisée, indiquant les don
nées obtenues ju squ’à m aintenant dans la  
prem ière phase déjà term inée.



Caractéristique du site du barrage

Le site  du barrage, se trouve dans une 
gorge form ée par des roches calcaires du 
turonien, en aval de la  confluence des ri
v ières Jucar et Escalona. Le fen d  de la 
rivière est form é par un p aléorelief avec 
u n  rem plissage d’une épaisseur considérable  
qui posait des problèm es d’effondrem ent pour 
les charges transm ises par un barrage de 
gravité, et ceci éta it la raison de m odi
fier le projet in itial, variant le corps cen
tral du barrage et construisant un barrage 
en  enrochem ent avec un noyau im perm éable  
d’argile, conservant en m êm e tem ps les a p 
pu is  latéraux de béton com m e barrage de 
gravité.

Quoique le barrage soit déjà term iné  
jusqu’à une hauteur de 90 m au-dessus du 
niveau de la  mer, ex iste  le projet d’élever  
le  barrage dans une seconde phase jpsqu’à 
la côte de 133 m, en fonction  des résultats 
obtenus dans la prem ière phase. Le site  du 
barrage est schém atisé dans la figure 1.

Entourage géologique

Description de la série stratigraphique

Les m atériaux les plus anciens qui se 
trouvent dans la zone correspondent au 
Trias; il s ’agit de puissantes m asses d’argile 
et m arnes du K euper en faciès germ aniques, 
avec des bancs intercalés de gypse qui pré
sentent des signes évidents de diapyrism e. 
A ssociées à ceu x-c i apparaissent des roches 
éruptives basiques du type ophites.

Le Jurassique se trouve dans quelques 
points isolés en  form e de calcaires ou do
lom ies m assives d’une épaisseur m inim e. La 
caractéristique fondam entale de la  lithologie  
du crétacé est la form ation calcaire un peu 
m arneuse et plus souvent sableuse avec une 
épaisseur de plus de 700 m . Cette' série est 
la plus abondante dans la zone du barrage 
et notre problèm e se concentre sur celle-ci.

Dans le T ertiaire, discordant avec l'an
térieur, se trouvent des dépôts m arins fon 
dam entalem ent sab leux et m arneux qui cor
respondent au M iocène, pour passer à des 
dépôts lacustres, conglom érés et calcaires 
dont l ’âge oscille entre le Pontien  et le 
Pliocène. La série term ine avec du m atériel

quaternaire en  form e de terrasses, coluvions 
de versant et m atériel détritique, galets, 
sables, lim ons et argile qui bordent les for
m ations secondaires, en  particulier épaisses  
dans la zone où se trouvent les r iv ières.

T ecton ique

Le style  tectonique présente des caracté
ristiques particu lières, puisque nous nous 
trouvons dans un point singu lier où conver
gent l’in fluence des chaînes ibériques avec  
celle  des prébétiques, dont les directions SE 
de la prem ière et NE de la seconde se cro i
sent dans cette zone transitionnelle (fig. 2).

U n autre élém ent d’une im portance con
sidérable dans l ’ensem ble tectonique sur un  
plan plus local e st la présence d’un K euper  
diapyrique, qui se trouve à une distance très 
proche parfaitem ent parallè le  à la rivière  
en question.

Il sem ble logique de penser que la struc
ture de la v a llée  est fortem ent in fluencée  
par l’extrusion  triasique.

La zone où se trouve la rivière est 
jalonnée par im portantes fa illes de décro
chem ent longitudinales à la rivière, q uel
ques-unes avec de forts m ouvem ents v e r 
ticaux inverses.

Ces fractures dans lesquelles on a trou
vé au m oins quatre phases différentes du 
m ouvem ent, sen t responsables du fa it que 
la va llée  de la rivière est une zone tecton i
quem ent é lev ée  (quoique m orphologiquem ent 
déprimée); un facteur qui peut être in téres
sant au m om ent d’évaluer l ’épaisseur réelle  
du calcaire qu’il est à supposer au-dessous 
de la rivière.

II y  a égalem ent une série de fractures 
m ineures, associées et d’une direction trans
versale à ce lles-ci, ainsi qu’un réseau de 
diaclasses qui se m anifeste  surtout dans les 
zones qui correspondent aux bloques iso lés  
entre les fa illes im portantes.

Problème concret du barrage

La prem ière d ifficu lté  causée par le site  
du barrage éta it le rem plissage au fond de 
la r iv ière qui à l’endroit exacte du barrage 
est d’une épaisseur d’environ 100 m. C ette 
circonstance donnait lieu  à la  costruction  
d’un barrage m ixte, com m e déjà m entionné,
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avec la  partie centrale d’enrochem ent et les 
rives en  béton.

Le second problèm e est constitué par les 
fu ites qui se sont form ées en profitant d’un  
karst actuel et de l ’évidence d’un paléokarst, 
dont les rem plissages correspondent aux sé 
dim ents considérés continentaux.

En relation  avec cette  question on devait 
considérer quelques aspects fondam entaux:
■— Les rem plissages de ce plaéokarst sont 

in sta llés fréquem m ent d’une m anière pré
féren tie lle  dans les grandes fa illes  de la 
zone. Ceci sem ble indiquer que le  p a léo
karst a su iv i une direction d’écoulem ent 
se lon  les principales dirtctions tectoniques 
de la zone.

— Ces rem plissages com prennent des m até
riaux variés d’une granulom étrie très d i
verse. On trouve des sables fins, galets 
calcaires de différents diam ètres, argiles 
rouges et blancs, et p lus souvent des 
galets calcaires dans une m atrice d’argile  
rouge.

— De l ’autre côté, ces m atériaux de rem 
p lissage que l ’on trouve systém atiquem ent 
dans presque tous les jo ints des fa illes, 
apparaissent très souvent reactivés e t  il 
est m êm e possib le  d’observer des stries  
d’origine tectonique sur les ga lets selon  
le s  d ifféren tes directions. Ceci prouve  
évidem m ent qu’après le dépôt de ces m a
tériaux dans la région, les fa illes se  sont 
reactivées p lusieurs fois.

— L e dernier aspect qu’il fau t ten ir en  
com pte est l’apparition de nou velles sour
ces (ou l ’augm entation  du débit des sour
ces ex isten tes) dans la zone proche du 
barrage, due à l ’augm entation du gradient 
hydraulique, causée par la m ontée du n i
veau  d’eau  dans la  retenue.
A ctuellem ent on est en train  de traiter

une fu ite  de l ’eau qui a son origine dans une 
perte située dans la  rive droite du barrage, 
au-dessus de la fa ille  de Sum acarcel, qui ' 
a provoqué p lusieurs sources à une d istan
ce de 2 km  du barrage, en  aval de la  r i
vière, avec un débit d’environ 4,5 m3/sec.

Méthode du travail suivie

On est parti de la base qu’un karst se 
développe en faveu r d’un réseau de fractures 
déjà ex istan t dans la région e t d’une m a

n ière préférentielle dans les fractures g én é
rées par les efforts de traction.

La prem ière phase du travail consistait 
dans la  réalisation  d’une étude profonde de 
la tectonique régionale sous deux aspects:
— d’un côté l ’étude des fa illes et ses m ou

vem ents pour en  déduire les directions 
des contraintes principales et les axes de 
déform ation globale d iscontinue dans la 
région;

— de l ’autre côté la vérification  sim ultanée  
du traitem ent statistique des systèm es de 
diaclasses pour en  déduire leurs orien ta
tions préférentielles.
La seconde phase du travail était con 

centrée sur l’étude du paléokarst, tant en ce 
qui concerne ses m orphologies que les ca
ractéristiques et dispositions de ces rem p lis
sages.

F inalem ent, dans la  troisièm e phase du 
travail actuellem ent en  cours, on analyse  
les variations des n iveau x  piézom étriques 
dans les forages en  aval du barrage, en  fo n 
ction des gradients hydrauliques causés par 
les d ifférentes hauteurs du p lan  d’eau dans 
la retenue.

En tenant com pte de la relation  étroite  
qui sem ble ex ister  entre le  karst e t  le  fonc
tionnem ent structurel de la région, on a 
com m encé dans la prem ière phase à se  
concentrer sur ce point. La prem ière tâche  
réalisée consista it en  l ’étab lissem en t d’une 
cartographie détaillée à l ’échelle  1 : 1 0  000 
(appuyée d’une étude photogéologique) de 
grandes fa illes m entionnées avant, et de tou 
tes les fractures m ineures ou associées qui 
affecten t la  zone du site , de la reten ue y 
com pris une certaine partie en  aval du bar
rage (figi 3).

A près ce travail on a pris des données 
concernant les m ouvem ents des fa illes  qui 
peuvent être déduits en  étudiant les terrains 
divers des plans de fa ille , e t prêtant une 
attention  spéciale à l ’inform ation reçue par 
les stries de friction, stries de dissolution, 
veins de calcite, sty lo lithes, etc. afin  de 
dresser un m odèle le p lus proche possible  
du fonctionnem ent des fa illes et du m ou ve
m ent global des bloques.

L ’étape su ivante consista it dans l ’in ter
prétation des données avec l ’aide de deux  
m éthodes selon deux points de vu e à la  base
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Fig. 3. P lan de situation géologique

d’une analyse structurelle: d’un côté l’iden
tification  des contraintes principales at, o2, 
as et son possible évolution  selon les d iffé
rentes phases tectoniques observées, en u ti
lisan t la m éthode d’A nderson en projection  
stéréographique. D ’autre côté la déterm ina
tion des directions principales de déform a

tion régionale, X, Y, Z tenant com pte de la  
tectonique cassante de la zone, qui selon les 
vérifications fa ites a fonctionné pendant au 
moins quatre phases de m ouvem ents d iffé
rents, et com m e c ’est logique à penser, les 
dernières étaient influencées par la défor
m ation causée par les prem ières phases. Là



Fig. 4. D iag ram m es tec to n iq u es



on  ą  u tilisé  la  m éthode  d ’A rth a u d  p o u r les 
rég ions de te c to n iq u e  cassan te  qu i sem ble 
trè s  co n v en ab le  dans ce cas.

L es ré s u lta ts  o b ten u s de ce tte  é tude  peu  • 
v e n t ê tre  résum és dans les p o in ts  su iv an ts:
—  L es d irec tio n s p rin c ip a les  des co n tra in te s  

d é te rm in e n t l’ex is ten ce  d ’au  m oins q u a tre  
ph ases don t l ’u n e  p e u t ê tre  div isée en 
d eu x  sou s-p h ases avec u n  v irem en t d ’o
rie n ta t io n  de ot de 26°.

— T o u tes les phases de m o u v em en t o b se r
vées on t u n e  d irec tio n  com m une de o3 
en v iro n  N  60 E (fig. 4A).

—' L es ax es  de d é fo rm atio n  dédu ites pou r 
la  zone su iv en t les d irec tions X: N-1920; 
Y: N 320°; Z: N  48° (fig. 4B).

— E n c o m p a ra n t les deux  m odèles on vo it 
que  la  d irec tio n  de l ’axe  p rin c ip a le  in te r 
m éd ia ire  Y de d é fo rm atio n  se tro u v e  su r 
le  p la n  fo rm é  p a r  les c o n tra in te s  qu i 
c o rre sp o n d e n t à la  p re m iè re  phase  cq a2. 
C eci con firm e l ’hy p o th èse  de d é p a rt i n 
d iq u a n t ce tte  d irec tio n  N 320° com m e la 
p ré fé re n tie lle  dans la  fo rm a tio n  de l ’écou
lem en t so u te rra in .
A près l ’é tu d e  des fa illes  on a réa lisé  une 

é tu d e  des d iaclasses. A  ce t e ffe t on a choisi 
les zones élo ignées de l ’in flu en ce  p robab le  
des fa illes  e t où il e s t poss ib le  de fa ire  un  
g ra n d  no m b re  de m esu res a fin  d ’o b ten ir  des 
ré s u lta ts  s ta tis tiq u es  sû rs. Les s ta tio n s  de 
m esure , su iv an t les c ritè re s  m en tionnés 
a v a n t, se tro u v e n t d is trib u ées su r  to u te  la 
zone e t p rin c ip a le m e n t dans les vallées tr a n s  • 
v e rsa le s  à la  r iv iè re  Ju c a r .

Les données tra n sfé ré e s  au  canevas sté - 
réo g rap h iq u e  p o u r son an a ly se  s ta tis tiq u e , 
p e rm e tte n t la  déduc tion  des d irec tions p ré fé 
re n tie lle s  des d iaclasses. O n l ’a réa lisé  to u t 
d ’ab o rd  p a rtie lle m e n t p o u r  chaque  s ta tio n  e t  
f in a le m e n t on les a  g roupées dans des sté- 
réo g ram m es g lobaux . Les s ta tio n s  dé jà  é tu 
d iées nous d o n n en t u n e  d irec tio n  p ré fé re n 
tie lle  N 154° e t d eu x  associées N 32° e t 
N  71°, la  d e rn iè re  m oins fo r te  (fig. 4C).

Etude du paléokarst (actuellem ent en cours)

Le p ro g ram m e à su iv re  com prend :
— L ’in v e n ta ire  des fo rm es a u ta n t  e x té r ie u 

res  (dôlines, etc.) q u ’in té r ie u re s  (conduits, 
etc.) en  les s i tu a n t dans la  sé r ie  s tra ti -  
g rap h iq u e  e t su r  le p la n  géologique.

— L ’é tu d e  g ra n u lo m é triq u e  des rem p lissages.
— L ’é tu d e  du  com p o rtem en t géom écanique 

en  re la tio n  avec les p o in ts  su iv an ts : lim i
tes d ’A tte rb e rg , essais de c isa illem en ts , 
essais éd o m étriq u es, g râce  a u q u e ls  on es - 
p è re  p o u v o ir p rév o ir  le co m p o rtem en t de 
ces m a té r ia u x  dans les cond itions de s a 
tu ra tio n , en  v u e  des g ra d ie n ts  h y d ra u li
ques c réés p a r  la  re ten u e .

— De l ’é tu d e  e t du tr a ite m e n t s ta tis tiq u e  dès 
s tr ie s  observés dans les g a le ts  ca lca ires  
de que lques rem p lissages on p e u t d éd u ire  
que les p h ases tec ton iques on t é té  p o s
té r ie u re s  à l ’in s ta lla tio n  du p a léo k a rs t; 
e t ceci nous p e rm e t d ’é ta b lir  u n e  c h ro 
nologie re la tiv e  d o n t l ’u ti li té  se ra  p r im o r
d ia le  ta n t  p o u r l ’é tab lis sem en t de l’év o 
lu tio n  rég ionale  que  p o u r le p ro n o s tic  du 
com p o rtem en t fu tu r  de la  re ten u e .

Etude de l’in fluence du barrage 
sur le niveau phréatique de la zone 
(actuellem ent en cours)

E n p re m ie r  lieu  on d resse ra  des c a rte s  
d ’isopièces basées su r  les données fo u rn ie s  
p a r  le  ré seau  de p iézom ètres  in s ta llé s  dans 
la  zone p ro ch e  au  site  du b a rra g e . P o u r 
ch aq u e  in te rv a lle  de 2 m  dans la  h a u te u r  du 
p la n  d ’eau  dans la  re te n u e  u n e  c a rte  se ra  
é tab lie . De son in te rp ré ta tio n  on p e u t d é 
du ire  la  v a ria tio n  en  p ro fo n d eu r de la  s u r
face  p iézom étriqüe , la  connaissance  des voies 
de c irc u la tio n  p riv ilég iées  e t  la  d é te rm in a 
tion  du m o u v em en t de l ’e au  dans la nappe, 
q u ’il fa u t te n ir  en  com pte au  m om en t de 
co rr ig e r les fu ite s  ex is tan tes .

Conclusions

L ’ob jec tif p o u rsu iv i su r  la  b ase  de l’in 
te rp ré ta tio n  de to u te  l ’in fo rm a tio n  obtenue, 
consiste  à:
— L o ca lise r les fu ite s  in s ta n ta n é e s  causées 

p a r  le k a r s t  a c tu e l e t les q u a n tif ie r  en  
fo nc tion  de la  h a u te u r  de l ’eau  dans la  
re ten u e , c’e s t-à -d ire  de la  g ra n d e u r  du 
g ra d ie n t h y d ra u liq u e .

— E tu d ie r  son év o lu tio n  dans le cours du 
tem ps, q u a n tif ia n t dans la  m esu re  p oss ib 
le  la re a c tiv a tio n  du  p a léo k a rs t, sous les 
nouvelles cond itions h y d rau liq u es  créées 
p a r  la  re ten u e .



— E ta b lir  les bases p o u r é la b o re r le p ro je t 
d ’u n  tr a ite m e n t d ’é tan e h é ité  q u ’il fa u t 
d é fin ir  en  co n d itio n s op tim ales  selon 
c ritè re s  techn ico -économ iques.
A u cours de nos t r a v a u x  nous avons pu  

c o n s ta te r  q u e  la  d irec tio n  p ré fé re n tie lle  du 
d ra in ag e  du  k a r s t  dans u n  ca lc a ire  qu i est 
soum is à  une  te c to n iq u e  ca ssan te  e s t celle 
q u i co rrespond  à  l’ax e  Y  de d é fo rm atio n  
(c’e s t-à -d ire  à l ’a x e  p r in c ip a le  in te rm é d ia ire  
qu i ne  p ro d u it n i racco u rc issem en ts  n i a llo n 
gem ents). C e tte  conclusion  e s t qu e lq u e  chose 
de to u t à  f a i t  n o u v eau  d an s la  p réd ic tio n  du 
d ra in ag e  d an s le  k a rs t, don t on sa v a it ju s 
q u ’à m a in te n a n t que  les d irec tio n s p r é f é 
ren tie lles , en  re a tio n  avec  l ’e llip so ïde  de con
tra in te s , é ta ie n t ad ap té es  a u x  p lan s  o r th o 
g o n au x  à celle  de a3 qu i re p ré se n te  la d i
rec tio n  de tra c tio n .
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PR O B LEM Y  ZW IĄ ZA N E Z K R A SEM  W  R E JO N IE  ZA PO R Y  
TOU S (H ISZPA N IA ). W ST ĘPN Y  R A PO R T  Z PRO W A D ZO N Y CH

PRA C

S t r e s z c z e n i e

P rzed s taw io n o  a k tu a ln y  s ta n  b a d a ń  n a d  k ra sem  k o p a ln y m  w y 
s tęp u jący m  w  re jo n ie  p lan o w an e j zap o ry  T ous. P rzean a lizo w a
no k ie ru n k i ew en tu a ln eg o  d ren ażu  w ód  ze zb io rn ik a  i jego 
w p ływ  n a  reak ty w o w an ie  się  p ro cesó w  k ra so w y ch  w  otoczeniu 
zapory . P rzed s taw io n o  m etody  b adaw cze  k tó re  pozw oliły  ok reślić  
s tre fy  i k ie ru n k i d ren ażu .

A dolfo  E raso , F e lix  P a r ra , J u l ia  S a in t-A u b in ,
Jo sé  V icen te  N av a rro , P ab lo  C ano, Jo a q u in  del V al, 
F e rn an d o  B erm ejo , C onsuelo  V aldés, Je su s R ivelles

K A R ST -IN V O LV IN G  PR O B LEM S A P P E IN G  IN  T H E  T O U S DAM 
A REA  (SPA IN ). IN TR O D U C TO R Y  R EPO R T  ON T H E  W O RK S

C A R R IED  ON

S u m m a r y

T he a u th o rs  describe  th e  p re s e n t s ta te  of th e  re se a rc h  w orks 
o v e r fossil k a r s t  a p p e a rin g  a t  th e  tr r i to ry  w h e re  T ous dam  is 
designed  to  be b u ilt. T he  e v e n tu a l d ra in in g  d irec tions, a n d  th e  
d am  im p ac t on th e  k a r s t  re a c tiv a tin g  proccesses in  th e  dam  
v ic in ity  w ere  analyzed . T he  re sea rch in g  tech n iq u es  th a t  a llow ed  
to  d e te rm in e  th e  d ra in in g  zones a n d  d irec tio n s w e re  described .
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R e m a r q u e s  su r  l ’h y d r o g e o lo g ie  
d e s  m in e s  d a n s  d e s  fo r m a t io n s  k a r s t iq u e s

R é s u m é :  L ’a rtic le  p ré se n te  les p lu s  im 
p o rta n ts  p rob lèm es hydrogéo log iques q u ’a f
f ro n te n t les se rv ices m in ie rs  au  cou rs de 
l ’ex p lo ita tio n  dans les séries c a rb o n a tées  sou 
m ises à  la  k a rs tif ic a tio n . O n a d iscu té  les 
m éthodes de rech e rch es su r  le rég im e des 
eau x  k a rs tiq u e s  q u i son t nécessa ire s  p o u r 
les tra v a u x  liés avec  le  d ra in ag e  de m ine.

Intérêt de l ’investigation  
karstologique-m inière ' '

D ans les m a té r ia u x  k a rs tiq u e s  se lo ca li
sen t, sans dou te , des a q u ifè re s  de c a ra c té 
ristiques ' e x c e p tio n n e lle s . e t en  m êm e tem ps 
s ingu liè res, qu i fo n t l ’ob je t d ’ü ii in té rê t  s p é 
cial p o u r l ’hydrogéo logue. M ai's’ ces aq u ifè 
res p ré sen ten t, re la tiv e m e n t fréq u em m en t, 
un  aspec t le  tra n sc e n d a n c e  in d u b itab le , qui 
est n o rm a lem en t oub lié  p a r  de nom b reu x  
kars to lo igues.. J e  m e ré fè re , v d e . . façon: ■ con- ■ 
crê te , à  la  com p lex ité  p ro b lém atiq u e  , que 
posen t les aq u ifè re s  k a rs tiq u e s  - q u a n d ; î i , 
s ’ag it d’y p lace r, des t r a v a u x  so u te rra in s  e t, 
spéc ia lem en t q u a n d  ceu x -c i, so n t minier-s-

Une- .«justification possib le  de cet oubli 
p e u t ré s id e r dans la b ib lio g rap h ie  in su ff isa n 
te  qu i t r a i te  ce thèm e, conséquence  des 
d ifficu ltés  de ce tte  spéc ia lisa tion , et dans 
les re s tr ic tio n s  des e n trep rise s  m in iè res  pour 
fa ire  c o n n a ître  ces rech erch es. D’a u tre  p a rt, 
e t ju s q u ’à la  ré cen te  c é lé b ra tio n  à G ren ad e  
(Espagne), du I C ong rès M ond ia l de l’Eau 
dans les M ines e t  les T ra v a u x  S o u te rra in s  
(SIAMOS-78), on n ’a v a it  pas réu ssi à  ré u n ir  
une  ex périence  m ond ia le  su r  ce th èm e  (les 
A ctes re cu e illen t des ap p o rts  de 23 pays).

* C a ted ra  de H id rogeologia , U n iv e rs id ad  
de G ran ad a , A p a rta d o  de C orreoś 556, G ra 
nad a , E spańa .

C ependan t, p o u r n ous tous q u i consacrons 
n o tre  ac tiv ité  de rec h e rc h e  e t p ro fe ss io n 
n e l l e ;  à c e tte  th ém a tiq u e , il n ’y a au cu n  
dou te  que les p rob lèm es m in ie rs  d an s des 
m ilieux  k a rs tiq u e s  sont, en  p rio r ité , les h y 
d rogéolog iques. E t ce la  p a rc e  que , d an s ces 
systèm es k a rs tiq u e s , l ’im p la n ta tio n  d ’u n  t r a 
v a il m in ie r suppose  l’in tru s io n  d ’u n  é lém en t 
a n th ro p iq u e , q u i va  a ffe c te r  e t  m o d ifie r  le 
fo n c tionnem en t, h y d ro log ique  d u  systèm e, e t 
en m êm e tem p s le tr a v a i l  m in ie r v a  se 
tro u v e r  co n d itio n n é  p a r  la  p résen ce  de c e tte  

. eau.
:En conséquence, l’ex p érien ce  du  m in ie r 

le fa i t  associer, fréq u em m en t, la  p résen ce  
de l ’eau  a u x  tr a v a u x  du sous-sol, en  m êm e 
tem ps que p o u r l’hydrogéo logue l ’ex is ten ce  
d’aq u ifè res , m êm e à fa ib le  p ro fo n d eu r, est 
fac ilem en t co m p réh en sib le . C ependan t, les 

, sp écia listes e n  „hydrogéo log ie  m in iè re ” so n t 
peu  n o m b re a u x  et, en conséquence , les én o r- 

,m es poss ib ilités , o ffe rte s  p a r  les t r a v a u x  
m in ie rs , à  Ta rech e rch e  hydrogéologique, 
n ’on t p as  encore  tro u v é  le cad re  ad é q u a t 
de déve loppem en t.

M ais on p e u t p réd ire , sans a u cu n  doute, 
que dans u n  fu tu r  im m éd ia t v a  se p ro d u ire  
un  ch an g em en t to ta l  de ce tte  s itu a tio n , g râ 
ce au q u e l l ’hydrogéolog ie , qu i, lo ng tem ps 
e t dans de n o m b re a u x  aspects, s ’est vue  
bénéficiée  p a r  la  techno log ie  p é tro liè re , 
va m a in te n a n t tro u v e r  dans la  m ine son 
m e illeu r la b o ra to ire  e t son m e illeu r ch am p  
d ’exp rien ce , en  m êm e tem ps q u e  les m ines 
v on t p o u v o ir fa ire  face  a u x  p ro b lèm es posés 
p a r  l ’eau , non  com m e s ’il s ’a g is sa it d ’un 
s té rile , m ais avec to u tes  les re sso u rces et 
m éthodolog ies que  p e u t lu i o ff r ir  l ’hyd ro g éo -



îogue, e t avec le défi d ’in té g re r  c e tte  eau  
dans le  cad re  g lobal de la  gestion  des r e s 
sources h y d rau liq u es  ( F e r n a n d e z - R u -  
b i o  et  P u l i d o - B o s c h ,  1978 a).

A insi l’hydrogéologie  va  tro u v e r, dans les 
m ines, la  poss ib ilité  de c o n tra s te r  la théo rie  
avec la  réa lité , d ’ap p liq u e r  des technologies 
d ’a v a n t-g a rd e , de ré a lise r  des ex p érien ces à 
échelle  rée lle , e t to u t cela, avec une  d isp o 
n ib ilité  de m oyens su p é r ie u re  à celle  qu i 
ju s q u ’à  p ré se n t a  é té  h ab itu e lle . De là 
la  p e rsp ec tiv e  d ’u n  fu tu r  o p tim is te  qu i 
doit n a ît re  de c e tte  é tro ite  re la tio n  en tre  
l’hydrogéologue e t le  m in ie r, so r to u t quand  
le beso in  de m a tiè re s  p rem iè re s  m inéra les 
au g m en te  de jo u r  en  jou r, e t les p rob lèm es 
q u e  l ’eau  pose dans le sous-so l son t chaque  
fois p lu s  im p o rtan ts .

T o u t cela ju s tif ie  le f a i t  que  le G roupe 
de T ra v a il d ’H ydrogéologie de l ’U n ivers ité  
de G ren ad e  a it  c en tré  son aç tiv ité  de base, 
depuis p lu s ieu rs  années, su r  les in v es tig a 
tions re la tiv e s  à  l ’eau  dans les m ines e t 
à  l ’hydrogéo log ie  k a r s t iq u e . . •

Mines et hydrogeologie karstique

É ta n t données la . m u ltip lic ité  e t  la  v a 
rié té  th é m a tiq u e  q u ’o ffre  ce dom aine, je  p ré 
tends .seu lem en t ab o rd e r  quelques aspects 
de base  de celle-ci,, q u i seront, su ffisan ts  
po u r m e ttre  en  év idence l ’in te rre la tio n  m i
ne—k a rs t—hydrogeologie . ..

D ans cet exposé, je  va is p iê te r  une  a t 
ten tio n , spéciale  au x  . m éthodolog ies de r e 
cherche  .hydrogéologique, a u x  im plica tions 
im posées p a r  la  p résen ce  de l ’eau  .dans le 
m ilieu  m in ie r et, fin a lem en t, à  que lques p o s
sib ilités d’in té g re r  ces eau x  dans la  gestion  
g lobale des ressou rces h y d rau liq u es .

Au p réa lab le , il co n v ien t de s ig n a le r que, 
d irec tem en t dans des m a té r ia u x  k a rs tiq u es , 
fo rm a n t p a r tie  des roches enca issan tes , ou 
é ta n t en ra p o r t  de vo is inage  avec celles-ci, 
on p e u t tro u v e r  to u tes  so rtes de g isem en ts 
m in iers, q u e lles  que  so ien t le u r  genèse, le u r  
com position  ét le u r  m orpholog ie .

O n ne  p e u t p a rle r , p o u r  a u ta n t, d ’un  type 
spécial de g isem ents du p o in t de vue  k a rs to - 
logique, b ien  que le m êm e processus de 
k a rs tif ic a tio n  so it fav o rab le  au  déve loppe
m en t de quelques co n cen tra tio n s  m inéra les . 
M ais ce que l ’on p e u t a ff irm e r c ’est que le

fa it, p o u r un  g isem en t, de se  s i tu e r  dans un  
m ilieu  ka rs to lo g iq u e , oblige à se p o se r la 
p ro b lém atiq u e  hydro -géo log ique  spécifique  
de ces systèm es aq u ifè res , im posée p a r  l’an i-  
so th rop ie  h y d ro d y n am iq u e , avec des c irc u la 
tions p riv ilég iées le long de d isco n tin u ité s  
p rin c ip a le s , a lim en tées  ou a lim e n ta n t u n  sy 
stèm e de fissu res  de d eu x ièm e o rd re .

U n aspec t q u i va  co n d itio n n er, en  to u t 
cas, c e tte  conception , est celu i qu i concerne  
les re la tio n s  g éom étriques e n tre  le  g isem en t 
e t le  systèm e k a rs tiq u e , o ù  l ’on p o u rra it  
co n sid é re r une  e x tra o rd in a ire  d iv e rs ité  m o r
pholog ique  de g isem en ts  (corps e s tra td ïd es , 
len tilles , filons, d issém ina tions, etc.), liés à 
la  séd im en ta tio n , au  rem p lissage  de f r a c 
tu res , au  p rocessus de m etasom atose , e t qui 
à le u r  to u r  se tro u v e n t quelquefo is so u s - ja 
cen ts  e t d ’a u tre s  su p ra - ja c e n ts  au x  a q u ifè 
res, desquels ils p e u v en t recev o ir de l’e aa  
p e r ascénsum  ou per d escensum  sans oub
lie r la  p o ss ib ilité  d ’u n  ap p o rt la té ra l. T ou t 
cec i im p o san t u n e  g ra n d e  com p lex ité  dans 
le fégirite hydro log ique .

D ’a u tre  p a r t ,  le systèm e p ro p re  d ’e x p lo i
ta t io n  m in iè re  a  Une inc idence fo n d a m e n ta l 
le s u r  le r a p p o r t  eau  -— m ine, e t à  Son ’to u r 
le systèm e de d ra in ag e  adop té  ag it ' s u r  le 
coû t d ’e x p lo ita tio n , d on t d ép en d en t la  r e n 
tab ilité  e t  là 's u rv iv a n c e  de ia m ihe.

En ce q u i co n cern e  les systèm es d 'e x p lo i
ta t io n , ' 'i l  fa u t s ig n a le r que, ćjans de" n o m 
b reu ses  bécasions, lés m éthodeé app liquées 
dans Une p re m iè re  p h ase  des 'tra v a u x , dans 
laquelle  on n e  p rév o y a it pas dè p rob lèm es 
hydrogéologiques, ag issen t a posteriori,, d ’une 
façon p ra tiq u e m e n t ir rév e rs ib le , su r la  p ré 
sence de l ’eau  e t su r  la  p o ss ib ilité  te c h n i
que- e t économ ique du d ra inage . T el e s t le 
cas, p a r  exem ple , des anciens fro n ts  su p e r - 
ficiels d ’ex p lo ita tio n , qu i ag issen t com m e des 
co llec teu rs d ’eaux  v e rs  les ex p lo ita tio n s  sou
te rra in e s ; ou c’est le cas de m ines inondées 
ab an d o n n ées, qu i p e u v en t ê tre  responsab les 
de b ru sq u es ir ru p tio n s  dans les n o u v eau x  
em p lacem en ts  des tra v a u x ; ou ce son t m ê 
me les sondages d ’in v es tig a tio n  m in ière , à  
tr a v e rs  lesquels des aq u ifè re s  p e u v e n t é ta 
b lir  u n e  in te rco n n ex io n  avec la  m ine.

I l fa u t donc une  connaissance  e t une 
p la n ific a tio n ' hydrogéo log ique  avec le m a 
x im um  de g a ran tie , depuis le co m m en cem en t 
de la  rech e rch e , p o u r o rie n te r  co n v en ab le 



m e n t l ’en sam b le  des o p é ra tio n s  m in iè res  c o r 
re sp o n d an tes  au x  phases d ’e x p lo ra tio n , df 
p ré p a ra tio n , d ’ex p lo ita tio n  e t d ’ab an d o n  de 
la  m ine, en  te n a n t com pte de  l ’incidence 
p ro b ab le  de l ’eau  s u r  to u tes  celles-ci.

Le systèm e karstique minier

U n asp ec t q u i do it to u jo u rs  p ré s id e r  c e tte  
re ch e rch e  hyd rogéo log ique , e s t ce lu i c o n c e r
n a n t  l ’an a ly se  e t  la  con n a issan ce  des sy s tè 
m es aq u ifè res  affec tés , e t  l’é tab lis sem en t des 
re la tio n s  in te rn e s  e t e x te rn e s  d an s le  d o 
m aine  m in ie r . L ’an a ly se  qu i. d an s ce cas, se 
ra p p o r te  fo n d a m e n ta le m e n t à  la  k a rs tif ic a 
tion .

D ans ce sens nous n e  pouvons p as o u b lie r 
q u e  la k a rs tif ic a tio n  la  p lu s ac tive , e t avec 
e lle  le  d év e lo p p em en t des voies de c ir c u la 
tio n  p ré fé re n tie lle , e s t  conséquence  d’une 
te c to n isa tio n  in ten se , p u isq u e  ce p rocessus 
de k a rs tif ic a tio n  dem an d e  l ’o u v e r tu re  p r é a 
lab le  de fra c tu re s , de ten s io n  spéc ia lem en t, 
qu i v o n t ê tre  les condu ites p riv ilég iées  p o u r 
l ’accès de l ’eau  e t la  d isso lu tion  k a rs tiq u e  
co n séq u en te  (n ’oub lions p as que  70 à 80% des 
ir ru p tio n s  d ’eau , dans les m ines, se p ro d u i
se n t p a r  des fa ille s , e t  15 à  20% p a r  des 
f ra c tu re s  q u i y  son t liées).

M ais c e tte  c ircu la tio n  aq u ifè re  n ’est pas 
seu lem en t p ré fé re n tie le  le  long de fra c tu re s  
de ten s io n  (spéc ia lem en t dans des axes a n 
tic linaux ), e t le  long  de fa ille s  d an s  la  m as
se  ca rb o n a tée , m ais aussi, d ans le cas des 
m ines, les filons so n t des vo ies trè s  f a v o 
rab les  à  c e tte  c ircu la tio n .

E n to u t cas, de n o m b reu ses exp lo ita tio n s , 
a ffec tées  p a r  des v en u es d ’eau  p ro v e n a n t 
d ’aq u ifè re s  k a rs tiq u e s , p ro f ite n t de ces col
lec teu rs  h y d ra u liq u e s  fav o rab les  p o u r y p la 
c e r  les éq u ip em en ts  de cap tage , qu i re n d e n t 
possib le  le  d ra in ag e  de la m ine, en in v e r 
s a n t le  sens de l’écou lem en t ( F e r n a n -  
d e z - R u b i o ,  1974; M o r e l i  E v a n g e l i 
s t a  e t al., 1978). Les a u tre s  systèm es de 
f ra c tu re s  sont, en  g én éra l, m oins fav o rab les  
à  la  c ircu la tio n  aq u ifè re .

P o u r com plé te r, d an s le cas qu i nous 
in té re sse , le com p o rtem en t hydrogéo log ique 
se v o it en  g é n é ra l a ffec té  p a r  les tro u s  
m in ie rs  (e ffond rem en ts  con trô lés, su b s id en 
ces, co llapsus, etc.), q u i p ro d u isen t des co n 
nex ions h y d ra u liq u e s  au  sein  du  systèm e

k a rs tiq u e  ou dans d ’a u tre s  sy s tèm es p é r i
p h ériques.

A insi le  k a rs t, de soi com plexe, se v o it 
a lté ré  p a r  la  p résen ce  d ’u n e  sé rie  de co n 
du ites  a n tro p iq u e s  p riv ilég iées , q u i so n t à 
l ’o rig in e  des ch an g em en ts  im p o rta n ts  dans 
le rég im e hyd ro log ique , p u isq u e  la m ine 
jo u e  u n  rô le  de  c o n d u c te u r e t d ’a ccu m u la 
teu r , e t se s itu e  a in s i avec des c a ra c té r i
s tiques in te rm é d ia ire s  e n tre  les rég im es p r o 
p res  a u x  e au x  su p e rfic ie lle s  e t a u x  eau x  
so u te rra in es .

D ’a u tre  p a r t ,  ce rô le  de d ra in  jo u é  p a r  
la m ine, d an s  le sy s tèm e, occasionne f r é 
q u em m en t, la  ré a c tiv a tio n  de la c irc u la tio n  
a q u ifè re  e t du  p ro cessu s de k a rs tif ic a tio n , 
e t sp éc ia lem en t son  ra je u n is se m e n t q u a n d  
il a ffec te  u n  k a r s t  géo log iquem en t fossile , 
e t  ce la  en  conséquence  du p rocessus de k a r 
s tif ic a tio n  q u i re q u ie r t la  c ircu la tio n  a q u i
fè re  e t  du d ra in ag e  q u i e n tra în e  les r e m 
plissages du k a rs t .  A insi on a vérifié , p a r  
exem p le , q u e  de  n o m b reu ses ex p lo ita tio n s  de 
zinc e t  p lom b  en  Polonge, se tro u v e n t en  
co n tac t avec u n  k a rs t  fossile  ( R ó ż k o w -  
s k i  e t  P u  l i n  a, corn, orale).

A  to u t ce qu i a d é jà  é té  exposé , on 
p e u t a jo u te r , dans le  cas de systèm es a q u i
fè re s  à  m u ltieo u ch es, les com plica tions in 
h é ren te s  à  c e tte  c ircu la tio n  com plexe  (M e 
d i n a  e t al., 1978). D ans ce cas il e s t f r é 
q u e n t que  le m ilieu  m in ie r co rre sp o n d e  à 
u n  a q u ita rd  in te rca lé , au q u e l l ’a q u ifè re  c a r 
b o n a te  a p p o rte  ou d ra in e  de l ’eau  p a r  u n  
e ffe t de „ d ra in a n c e ” . I l en  e s t a in s i d an s les 
ex p lo ita tio n s  de fe r  de O jos N egros (T eruel, 
E spagne), ( F e r n a n d e z - R u b i o ,  1974).

C o n sid é ran t le  f a i t  hyd rogéo log ique , trè s  
généra lisé , de l ’au g m e n ta tio n  de la  p ressio n  
h y d ro s ta tiq u e  avec la  p ro fo n d e u r, on ju s t i 
fie que  les p rob lèm es de l’eau  a u g m e n te n t 
au  fu r  e t  à  m esu re  de la  p ro fo n d e u r  des 
e x p lo ita tio n s  q u an d , en  ou tre , la  so lu tion  
de ces p rob lèm es o ffre  de p lu s g ran d es  d if
ficu ltés.

N ous pouvons au ss i s ig n a le r que  ces t r a 
v a u x  d an s des m ines p ro fo n d es, q u i f r é 
quem m en t, se p ré s e n te n t soum ises à de 
g ran d es  p ressions h y d ra u liq u e s , p e u v e n t ê tre  
sau v eg ard és  p a r  des m a té r ia u x  de fa ib le  c o n 
d u c tiv ité  h y d ra u liq u e . D ans ce cas il fa u t 
é v ite r  les f ra c tu re s  p ro v o q u ées p a r  l ’ex p lo i-



tą t io n  m in iè re , p u isq u e  c ’e s t à  tr a v e rs  de 
ce iles-ci, e t  fav o risées p a r  les g ra d ie n ts  h y 
d ra u liq u e s  é levés, q u e  p eu v en t av o ir lieu  des 
ir ru p tio n s  ca ta s tro p h iq u es  (W o l m a r a n s ,  
G u i s e - B r o w n ,  1978).

Q u an d  ce tte  c irco n stan ce  se p ré sen te , e t 
dans ce rta in e s  lim ites  tech n iq u es  e t écono
m iques, de n o m b reu ses  m ines u ti lise n t le 
p rocédé de la isse r  des m assifs  im p e rm é a 
bles de p ro tec tio n , a fin  d ’iso ler la  m ine  du 
sy s tèm e k a rs tiq u e ; te l e s t le  cas de que lques 
ex p lo ita tio n s  de lig n ite  à  M egalopolis (G rè
ce) ( S p i l i o t i s ,  1978) ou de ch a rb o n , b a u 
x ite  e t m an g an èse  dans la  M assif C en tra l 
du T ra n sdanube  ( T e t t a m a n t i ,  1967).

E n fin , nous pouvons in d iq u e r  quelques 
a u tre s  cas, dans lesqu e ls les systèm es k a r s 
tiq u es  ne  son t pas en  c o n tac t d irec t avec 
les explo ita tions- m in iè res , m ais so n t les re s 
po nsab les  cap ac itifs  de l ’a p p o rt des eau x , à 
t r a v e r s  des m a té r ia u x  in te rm é d ia ire s  p e rm é 
ab les d’u n e  a u tre  n a tu re  ( F e r n a n d e z -  
- R u b i o  et  P u l i d o - B o s c h ,  1978 b, 
K a f r i  et  A g r o n ,  1978).

O bjectifs de l ’investigation

U ne in v es tig a tio n  b ien  p rog ram m ée, doit 
se  c o n cen tre r à  é ta b lir  le  m odèle concep tuel 
du  co m p o rtem en t com plexe  du sy s tèm e et 
des re la tio n s  hydrogéo log iques, q u i p e rm e t
te n t de p ré v o ir  e t de q u a n tif ie r  l ’e ffe t p ro 
voqué  p a r  la  m ine, e t e ffe ts  d érivés des 
m oyens d ’ac tion  possib les, a fin  d ’an a ly se r  les 
inc idences ré c ip ro q u es  m in ę  — aq u ifè re , e t 
d e  p o u v o ir a d o p te r les so lu tions les p lu s f a 
vo rab les .

M ais ce t ob jec tif, p re sq u e  to u jo u rs , est 
a t te in t  seu lem en t à m oyen  e t  long te rm e, ca r 
d an s  u n e  p re m iè re  phase , le beso in  de p la 
c e r  des d ispositifs de d ra in ag e  e t de ca lcu 
le r  l ’e ffe t de  ces d e rn ie rs  p ré v a u t n o rm a le 
m en t, q u a n d  en  ré a lité  on n e  d ispose pas 
en co re  d ’in fo rm a tio n  hydrogéo log ique  con
ven ab le . C ela oblige à e s tim e r des données 
inconnues, s u r  la  base  de l ’in fo rm a tio n  p a r 
tie lle  d ispon ib le  et, su r to u t, de l ’ex périence  
accum ulée  p a r  les spécia listes .

A u fu r  e t à  m esu re  q u e  l ’in v es tig a tio n  
avance , e t que  l ’on co n tra s te  ou m odifie  les 
p rév is io n s  e t les ré su lta ts , on p e u t a tte in d re  
u n  p lu s  g ra n d  deg ré  d ’e ff icac ité  du d ra i
nag e . E t c e tte  e fficac ité  se ra  d ’a u ta n t  p lu s

g ran d e  que p lu s p ro fo n d e  s e ra  la  co n n a is 
sance  des c a rac té ris tiq u es  de l ’en to u rag e  k a r-  
s to lig ique  m in ie r, dans leq u e l on ne  p e u t o b 
v ie r  à  la  loca lisa tio n  de sec teu rs  de c irc u la 
tion  k a rs tiq u e  p ré fé re n tie lle , liée  de façon  
sé lec tive  â  la f ra c tu ra tio n , au ss i b ien  p o u r 
ré a lise r  les tra v a u x  m in ie rs  se p ro té g e a n t de 
ceux-ci, que  p o u r y  p ro g ra m m e r les t r a 
v a u x  de cap tage .

L ’o b jec tif de la re ch e rch e  à  long te rm e  
est, fré q u e m m e n t, ce lu i d ’é ta b l ir  le  m odèle  
an a ly tiq u e , qu i p e rm e ttra  de p ré v o ir  l’év o 
lu tio n  hy d ro lo g iq u e  fu tu re , d ev en t de p oss i
bles p lan ifica tio n s  d iffé ren te s  des tr a v a u x  
m in ie rs  e t des systèm es de d ra in ag e . A insi, 
on p o u r ra  a tte in d re  p a rm i ces possib les so lu 
tions des a lte rn a tiv e s , te n a n t  com pte  non  
seu lem en t de le u r  efficac ité , m ais au ss i de 
l’év a lu a tio n  économ ique du b inôm e „m in e ra i 
e x tr i t  ■— coût du d ra in a g e ”, ou du dénom é 
„coeffic ien t d ’in o n d a tio n ” ( F e r n a n d e z -  
- R  u  b i o, 1975).

M alg ré  ce q u i a  é té  exposé  ju s q u ’ici, il 
y a des cas e t des c irco n stan ces d an s les 
quels, avec la  techno log ie  ac tu e lle  e t les 
coû ts q u ’im pose le d ra in ag e , on n ’a rr iv e  pas 
à des so lu tions app licab les ; dans ce cas, 
l’eau  p e u t supposer u n  obstacle  in f ra n c h is 
sab le  p o u r la  m ise  en  ex p lo ita tio n  du g ise
m en t, su r to u t q u a n d  ce tte  inc idence  e s t non  
seu lem en t tech n iq u e  e t  économ ique, m ais 
au ss i q u ’elle  im p liq u e  des aspec ts de sé c u r i
té , qu i m e tte n t en  p é ril  des v ies h u m ain es.

Technologie de l’investigation

E n ce qu i co n cern e  les tech n iq u es à  em 
ployer, dans ce tte  rech e rch e , le u r  v a r ié té  e s t 
fo nc tion  de la  com p lex ité  des p rob lèm es 
dé jà  décrits .

Il en  a rr iv e  de m êm e avec l ’am p litu d e  
à  a p p liq u e r  ces tech n iq u es , p u is q u ’il s ’ag it 
d ’u n  éq u ilib re  te c h n iq u e  e t économ ique dans 
leque l le  co û t de la  re ch e rch e  ne  d o it pas 
d épasser la v a le u r  de la  réd u c tio n  du  r i s 
que  avec laq u e lle  on  l ’a tte in t .

O n n e  p e u t p a r le r , p o u r  a u ta n t  de te ch 
n iques spécifiques d ’in v es tig a tio n , p o u r a b o r
d e r  ces p ro b lèm es, p u isq u e  en  ré a l i té  elles 
co u v ren t u n e  trè s  la rg e  gam m e, e t  dans c h a 
que  cas une  sé lec tion  b ien  m éd itée  s’im pose.

M ais ce q u e  l ’on p e u t d é ta c h e r c’e s t que  
les im p o rta n te s  im p lica tio n s économ iques de
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l’eau  dans les m ines ju s tif ie n t e t  co nse illen t 
d ’a g ir  avec u n e  in s tru m e n ta tio n  tech n o lo g i
q u e  trè s  su p é r ie u re  à l ’h a b itu e lle  dans d ’a u 
tre s  dom aines de l ’hydrogéolog ie , qu i p e r
m e t d ’a u g m e n te r  la  con fiance  dans les r é 
su lta ts  acqu is , te n a n t com pte des im p lica 
tions d é jà  signalées a u p a ra v a n t. I l s’agit, 
sans dou te , de tech n iq u es dans lesque lles la  
co n cep tio n  p ra tiq u e  do it p ré v a lo ir  su r  la 
sc ien tifiq u e , b ien  que ce lle-c i ne  so it pas 
exclue .

E n  g é n é ra l on p a r t  ( F e r n a n d e z - R u -  
b i o ,  1980) de la  ré a lisa tio n  d ’é tu d es  géo 
log iques de base, avec ap p u i de la  p h o to  - 
in te rp ré ta tio n  de la li th o s tra tig ra p h ie , de la 
f r a c tu ra t io n  e t de la  k a rs tif ic a tio n . L ’in v e s
tig a tio n  hyd rogéo log ique  d é ta illée , p ro p re 
m en t d ite, do it co m p ren d re  ég a le m en t l ’in 
fo rm a tio n  a p p o rtée  p a r  l ’in v e s ta ire  des 
po in ts  d ’eau ; l ’e n re g is tre m e n t p iézo m étriq u e , 
le re cu e il d ’éch an tilo n s d ’eau  e t le u r  co n 
trô le  p h y siq u e  e t  ch im ique; les jaugeages 
d ’e au x  su p erfic ie lle s  e t so u te rra in e s ; etc.

Ces tr a v a u x  so n t com plétés p a r  des so n 
dages de rech e rch e  hydrogéo log ique , dans 
les d if fé re n ts  systèm es aq u ifè re s  im pliqués, 
avec an a ly se s  de le u r  c o m p o rtem en t p e n 
d a n t la  p e rfo rm a tio n , e t avec l ’in s ta lla t io n  de 
p iézo m ètres , erl g én é ra l m u ltip les , soit 
s u r  la  su rface  so it à  l ’in té r ie u r  de la 
m ine (v e rtic au x  ou inclinés), p o u r  u n  con
trô le  à  c o u rt e t  long  te rm e  des osc illa tions 
d u  n iv eau , p rovoquées p a r  des causes n a tu 
re lles , p a r  le  d ra in ag e , ou  p a r  les tra v a u x  
m in ie rs  eux -m êm es.

L a  la rg e  ap p lica tio n  de d iverses te c h n i
ques géophysiques te r re s tre s  p rê te  ég a lem en t 
son ap p u i, a in s i que  les d iag rap h ie s  é le c tr i
ques, th e rm iq u es  ou rad io ac tiv es  d an s des 
sondages.

U ne p lace  im p o rta n te  est occupée p a r  les 
pom pages d ’essa i en  sondages, avec des p ié 
zom ètres d ’o b serv a tio n s p o u r la  d é te rm in a 
tio n  de p a ra m è tre s  d im ensionne ls  des a q u i
fères, e t cela  m a lg ré  les lim ita tio n s  q u e  dans 
le k a r s t  pose le u r  in te rp ré ta tio n . O n ré a l i
se aussi, e t d an s u n  b u t iden tiq u e , d ’a u tre s  
te s ts  d im ensionne ls  dans des p iézo m ètres  ou 
dans des sondages de rech e rch e  m in ière .

L ’em plo i de tech n iq u es avec des tra c e u rs , 
ch im iq u es ou is to top iques, e s t fré q u e n t, a in s i 
q u e  les é tu d es de d a ta tio n  des eau x , p o u r

an a ly se r  l ’écou lem en t rég io n a l, le m élange  
des e au x , e t les a ffec tions à  le u r  q u a lité .

E n  g én é ra l, c e tte  techno log ie  d ’in v e s tig a 
tion , b ien  q u ’e lle  s ’in ten s ifie  d an s l ’e n to u r a 
ge m in ie r, d o it s ’a p p liq u e r  à  u n e  superfic ie  
trè s  su p é r ie u re  à celle de l’ex p lo ita tio n  p ro 
p re m e n t d ite, a f in  d ’a c q u é r ir  l ’in fo rm a tio n  
nécessa ire  su r  le m ilieu  hyd rogéo log ique , d é 
te rm in e r  l ’a ire  d ’in flu en ce  e t les cond itions 
du d ra in ag e , e t é ta b l ir  le  b ila n  h y d ra u liq u e  
des aq u ifè res , avec les m o d ifica tio n s in tro 
du ites  p a r  l’e x p lo ita tio n  m in iè re , sp éc ia le 
m e n t s u r  des re la tio n s  d ’in te rd é p e n d a n c e  des 
subsystèm es p é rip h é riq u es , e t la  rech a rg e  
possib le  in d u ite  m o tivée  p a r  le d ra in ag e .

L ’in té rê t d ériv é  de l ’in fo rm a tio n  que  la 
m ine e lle -m êm e o ffre  a u x  sp éc ia lis te s , e n 
tra în e  le beso in  de p o u rsu iv re  le  co n trô le  
hydrogéologique, p e n d a n t l ’e x p lo ita tio n , e t 
d ’é ta b lir , s u r  c e tte  base, de v é rita b le s  te s ts  
de sen sib ilité  des hypo thèses de tra v a il.

D éfense contre les irruptions d’eau

De m an iè re  g é n é ra le  on  p e u t d iffé ren c ie r 
systèm es de p ré v e n tio n  e t sy s tèm es de p ro 
te c tio n  (passive ou ac tive). Les p rem ie rs  
o n t p o u r ob je t d ’é v ite r  ou de re ta rd e r  les 
ir ru p tio s  d ’eau  ou de ré d u ire  le u r  im p o r
tance* e t d em an d en t, p o u r  le u r  e ff icac ité , la 
p résen ce  de fo rm a tio n s  aq u ic lu d es  ou aq u i- 
ta rd e s , n o n  tec ton isées, qu i se localisen t 
en tre  le m ilieu  m in ie r e t le  sy s tèm e k a r s t i 
que, e t q u i a tte ig n e n t une  p u issan ce  sp é c if i
que  su ffisa n te  p tm r su p p o r te r  la  poussée  h y 
d rau liq u e .

L es m éthodes p ass iv es de p ro tec tio n  co n 
s is te n t à iso le r la  zone d an g ereu se , au  m o y 
en  d ’u n e  fe rm e tu re , lo rsq u e  l ’ir ru p tio n  d ’eau  
s’est p ro d u ite . O n p e u t ég a le m en t in c lu re  ici 
le sce llem en t des voies de c irc u la tio n  d ’eau  
p a r  des in jec tio n s, ou les tra ite m e n ts  p a r  
congéla tion .

De le u r  côté, les m éthodes ac tives de  
p ro tec tio n  c o n sis ten t à  d é p rim e r le n iv e a u  
p o ten c io m étriq u e , ce qu i s ’o b tien t n o rm a le 
m en t au  m oyen  de  pom pages, à  p a r t i r  d e  
p u its  ou de sondages, ou a u  m oyen  de g a 
le ries de d ra in ag e .

*
T ous ces systèm es, p o u r co m b a ttre  la 

v en u e  d ’e au x  so u te rra in e s , d o iv en t se com 
p lé te r  p a r  u n e  p ro tec tio n  e fficace  c o n tre



l’ir ru p tio n  des e au x  superfic ie lles (canaux  
co llec teu rs  p é rip h é riq u es ; d év ia tio n  et c a n a 
lisa tio n  des lits ; etc).

La gestion de l ’eau de mine

L e d ra in ag e  de la  m ine ex ige, com m e c a 
ra c té r is tiq u e  spécifique , le  beso in  d ’e x tra ire , 
d ’ab o rd  des ressou rces e t des ré se rv es  du 
sy s tèm es aq u ifè re , ju s q u ’à o b ten ir  la  descen te  
p iézo m étriq u e  sous l ’a ire  d ’ex p lo ita tio n . A 
p a r t i r  de ce m om en t le pom page p e u t se 
ré d u ire  a u x  ressou rces e t à l’a p p o rt des 
systèm es p é rip h é riq u es  an n ex es  (k arstiq u es 
ou non).

M ais il e s t n o rm a l éga lem en t que ce 
d ra in ag e  im p liq u e  une  au g m en ta tio n  de l’in 
filtra tio n , au ss i b ien  en  conséquence  de 
l ’au g m en ta tio n  d irec te  à  p a r t i r  des eau x  de 
p lu ie  ou d ’écou lem en t superfic ie], que p a r  
la  réd u c tio n  de l’évap o ra tio n , sans p e rd re  
de vue  la  poss ib ilité  de que  la d escen te  des 
n iv e a u x  agisse s u r  les p ro f its  h y d rau liq u es  
p ré e x is ta n ts , e t a ltè re  en  to u t cas le b ilan  
hy d riq u e .

R appelons à ce su je t que  dans de n o m 
b reu ses occasions le pom page dans des m i
nes situées dans des te r ra in s  k a rs tiq u e  est 
su p é r ie u r  à  2000 m 3/heu re . A insi nous p o u 
vons ra p p e le r  les p resq u e  30 000 m 3/h eu re  
pom pées dans les m ines du M assif C en tra l 
du T ran sd an u b e , q u i co rre sp o n d en t à 90% de 
l ’eau  in f il tré e  ( T e t t a m a n t i ,  1967); ou le 
pom page de p lu s  de 40 000 m 3/h e u re  dans 
des d is tr ic ts  m in ie rs  de Pologne.

C ’est p o u r cela que  les g ran d s  volum es 
d ’eau, q u ’il est n écessa ire  de p o m p er dans 
le d ra in ag e  des m ines e t  qu i p e u v en t m odi
f ie r  sen s ib lem en t le flu x  rég ional, d o iven t 
s’in té g re r  dans le cad re  de la  gestion  op
tim ale  g lobale  des ressou rces h y d rau liq u es .

E n p la n if ia n t ce tte  gestion , on ne  p e u t pas 
oub lie r le  fa it  que, p o u r des m otifs très 
d ivers, ces m ines e t les p rq cessu s qu i y 
son t liés, p e u v en t occasionner une  d é té r io 
ra tio n  de la  q u a lité  de l ’eau , don t je  me 
suis occupée dans u n  tr a v a il  a n té r ie u r  ( F e r -  
n a n d e z - R u b i o ,  1977 b). C e tte  co n tam i
n a tio n  oblige à m e ttre  en  m arch e  la tech n o 
logie ad éq u a te  p o u r ré d u ire  les p o lluan ts  
e t/o u  t r a i te r  les e a u x  po lluées p o u r p o u 
v o ir les u tilise r, ou au  m oins, p o u r pouvo ir 
ré d u ire  les p ré ju d ices  q u ’elles p rovoquen t.

M ais le p r in c ip a l aspect, q u i m a in te n a n t 
nous in té re sse  de d é tach e r, e s t ce lu i r e la ti f  
à l ’u tilisa tio n  possib le  de ces im p o rta n ts  d é 
b its d ’eau , de bonne q u a lité .

A ce su je t il fa u t te n ir  com pte  q u e  l ’e x 
tra c tio n  m in iè re  ne  se ré a lise  pas, en  g én é
ra l, à  déb it c o n stan t m ais à d ép ression  con
s tan te , v e rs  les p u isa rd s  au x q u e ls  p eu t s ’a s 
s im ile r le  d ispositif de d ra in ag e . P o u r le  
calcu l des c a ra c té r is tiq u e s  d im ensionne lles  
de l ’aq u ifè re , dans ces cond itions de d ép re s
sion c o n stan te  e t de déb it v a ria b le  (n o rm a le 
m en t d éc ro issan t e t a ffec té  p a r  des i r r u p 
tions a u x  causes techn iques), nous avons dé
veloppé une  m éthodo log ie  a d éq u a te  ( F e r -  
n a n d e z - R u b i o  et  Y a g u e ,  1978).

L a gestion  de ces e au x  sign ifie , sans 
doute, u n  chan g em en t d ’op tique, m ais no n  
de m otivation , qu i e s t im posée p a r  le beso in  
de d ra inage , leq u e l e s t trè s  affec té , dans des 
m ilieu x  k a rs tiq u e s , p a r  la  v a ria tio n  d ’a p 
p o rts  superfic ie ls . C ela en tra în e  que le r é 
gim e d ’e x tra c tio n  p e u t ê tre  trè s  d if fé re n t du  
p lu s  convenab le  p o u r la gestion , b ien  q u ’on 
a rr iv e  fac ilem en t à des cond itions d ’u ti lis a 
tion  des p lu s fav o rab le s , face  à la  dem ande , 
de celles q u i p ré s e n te n t les ém ergences n a 
tu re lle s  (lesquelles p e u v e n t a r r iv e r  à  d is p a 
ra î tre  ou à  v o ir ré d u ire  le u r  débit).

La p lan ific a tio n  de ces p o u r e t co n tre  
nous condu it, f in a lem en t, à  la convenance  de 
s ’occuper de la dem ande , de façon  que  l’eau  
de d ra in ag e  de m ine p u isse  s’u ti lise r  com m e 
déb it de base, qu i se com plète  e ssen tie lle 
m en t, en  époques d ’au g m e n ta tio n  de con 
som m ation , p a r  des eau x  d ’a u tre s  p ro v e 
nances, com m e d éb it de p o in te  ( F e r n a n -  
d e z - R u b i o  et  P u l i d o - B o s c h ,  1978 a).
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U W A G I O H Y D R O G E O LO G II K O PA L N IA N E J N A  O B SZA R A C H
K RA SO W Y CH

S t r e s z c z e n i e

A rty k u ł in fo rm u je  o n a jw ażn ie jszy ch  p ro b lem ach  h y d rogeo 
logicznych, z ja k im i s ty k a ją  się służby  k o p a ln ian e  p ro w a 
dząc ek sp lo a tac ję  w  se r ia ch  w ęg lanow ych  p o d leg a jący ch  k r a 
sow ien iu . O m ów iono m etody  b a d a ń  reż im u  w ód k raso w y ch , k tó 
re  są  n iezb ęd n e  p rzy  p ra c a c h  zw iązanych  z odw odn ien iem  ko 
p a lń .

R a fae l F e rn ân d ez -R u b io

SO M E R EM A R K S ON T H E  M IN IN G  H Y D RO G EO LO G Y  IN T H E  
K A R ST  R EG IO N S

S u m m a r y

T he  p a p e r  supp lies th e  in fo rm a tio n  on th e  m ost im p o rta n t 
hyd rogeo log ica l p ro b lem s th a t  a re  en c o n u te re d  by  th e  m in in g  
se rv ices  w h ile  m in n ig  c a rb o n a te d  se rie s  k a rs tif ic a tio n  u n d e r 
going. T he  a u th o r  discusses th e  in v e s tig a tin g  techn iques ad o p 
te d  to  th e  k a r s t  w a te rs  reg im e, im p e ra tiv e  to  m ines d ra in in g  
w o rk s .
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E ffec t  o f  M in in g  A ctiv ity  o n  T h e r m a l K a r s t  
S p r in g s  (T r a n s d a n u b ia n  R a n g e ,  H u n g a r y )

A b s t r a c t :  T he b u lk  of th e  coal and 
b a u x ite  bodies in th e  T ra n sd a n u b ia n  R ange 
a re  lay in g  on th e  T riassic  k a rs tic  rocks 01 
on fan g lo m era te  — like  p e rm eab le  rock con
s is tin g  of d eb ris  of dolom ite . T he h ea t-co i- 
le c tin g  a re a  of th e  th e rm a l sp rings consists 
of deep ly  b u ried  (1000— 2000 m  below  the 
su rface ) k a rs tic  rocks connec ted  w ith  the
n e ig h b o u rin g  open k a rs t a rea s . T h is th e  m i
n in g  o p e ra tio n  lead s  in ev itab le  to  s tro n g  d e 
p re ss io n  in  th e  ho rizon  of k a rs tic  w a te r .
T h e  a u th o rs  suggest th a t  th e  on ly  m ethod  
fo r  th e  defence  of th e  sp rin g -sy s tem s is th e  
r e f lu x  of th e  w a te r  of th e  m ines in  w ells 
s i tu a te d  in  a d e q u a te  p o in ts  b e tw een  th e
m ines a n d  springs.

Introduction

I t  is a w ell k n o w n  ph en o m en o n , th a t
a ro u n d  big  k a rs tic  a reas , h o t-w a te r  sp rings 
c a n  o ften  be find , an d  th e rm a l w a te r  is 
av a ila b le  by  d rillin g  too. M any of these  
s ite s  a re  u sed  as to u r is t an d  re c re a tio n  cen 
te r s , like  in  B u dapest, w h e re  in  th e  tim e 
o f th e  an c ie n t R om ans an d  d u rin g  th e  T u r ■ 
Irish  in v as io n  (XVI. c.) th e  th e rm a l sp rings 
w e re  w id e ly  used.

T he d ischarge  of th e  h o t k a rs tic  sp rings 
w as r a th e r  u n ifo rm  d u rin g  c e n tu rie s  as <t 
w as  p ro v ed  by  th e  m easu rem en ts  an d  h is ■ 
to r ic a l reco rd s. I t  w as soon recognized  by  
th e  com pan ies c h a rg ed  by  th e  m an ag em en t 
o f th e  b a th s , th a t  in  a g iven  g roup  of 
sp r in g s  a n d  ex is tin g  w ells  th e  d ischarge  
c a n n o t be in c rea sed  by  n ew  d rillin g s , the  
to ta l  am o u n t of ho t w a te r  rem a in s  n ea rly  
th e  sam e. I t  w as a lso  g en era lly  accep ted , 
th a t  h o t-w a te r  sy s tem s re s t u n d is tu rb e d  fov 
long periods, th e re fo re  — befo re  a n d  a f te r  
th e  II . W orld  W ar — a lo t of in v es tm en ts  
w e re  m ad e  (baths, re c re a tio n  ho te ls, etc.)

based  on th e  th e rm a l sp rings. A nd  so it  
cau sed  a g en e ra l su rp rise , w h en  th e  d isc h a 
rge  of th e  sp rin g s d ecreased  q u ick ly  in  th e  
e a rly  six ties.

Som e g re a t th e rm a l sp rings*  d ried  up  in  
an  e x tre m e ly  qu ick  m a n n e r (in one o r tw o 
years). T hese sp rings, w ell k now n  fo r ages, 
f i r s t  tu rn e d  to  be co ld  lakes, an d  soon to  
em p ty  c ra te rs .

T he h y d rogeo log ica l inv es tig a tio n s — a f 
te r  som e y ea rs  — p ro v ed  un ivoca lly , th a t  
th e  d isap p ea rin g  of th e  ho t sp rin g s w as 
cau sed  by m in ing  ac tiv itie s  w ith in  th e  
n e ig h b o u rin g  k a rs tic  a rea s . T he coal and  
b a u x it m ines cau sed  g re a t dep ressions by 
s in k in g  th e  k a rs tic  w a te r  level.

W h a t w as th e  rea so n  th a t th e  m in in g  of 
s ix tie s  w as co n n ec ted  w ith  a n  abrup tly - 
in c reas in g  pum p in g  ac tiv ity ?

T he ad v an ce  of m in in g  p ro d u c tio n  fo r
ced th e  o p e ra tio n s  to  descend  to  a level, 
deep ly  u n d e r  th e  k a rs tic  w a t e r . tab le . The 
new  pum p in g  sites  w ith  th e ir  eno rm ous 
d ischarge  d is tu rb e d  p ro fo u n d ly  th e  h y d rau lic  
e q u ilib r iu m  of la rg e  k a rs tic  reg ions.

T he in f il tra t in g  p re c ip ita tio n  — assu rin g  
th e  in p u t of th e  k a rs tic  w a te r-sy s te m s  — 
rem ain ed  n e a r ly  u n d is tu rb e d , b u t th e  q u a n 
ti ty  of w a te r , o rig in a tin g  from  th e  above 
a lim en ta tio n , a c tu a lly  leaves th e  k a rs tic  m as
sive in  an  e ssen tia lly  d if fe re n t d is tr ib u tio n  
a n d  w ith  d if fe re n t te m p e ra tu re . T h e  d is
charges — a lim en tin g  d u rin g  cen tu r ie s  th e  
th e rm a l sp rin g s — ac tu a lly  a re  p u m p ed  by 
th e  m ines.

* P â l  M ü l l e r ,  M a g y a r  A lla m i F ô ld t a n i  In -' 
té z e t  B u d a p e s t!  T e r ü l e t i  O s z tâ ly a  B u d a p e s t ,  X IV , 
N é p s ta d io n  ü t .  14, H u n g a ry .

** I s tv â n  S â  r  v  â  r  y, 1116 B u d a p e s t ,  A lv â n y  
ü t .  5b.



W e shou ld  like  to  d em o n s tra te  the  o ri
g in  of th e  th e rm a l k a rs tic  w a te rs , and  the 
u n fa v o u ra b le  e ffec t of th e  m in ing . W e should 
a lso  like  to  c a ll a tte n tio n  th a t  th e re  is 
a  p o ss ib ility  to  av o id  these  d isag reab le  en 
v iro n m e n ta l e ffec ts  of th e  m ines.

The Origin of the Thermal Karstic 
Waters

T he c ru s t of th e  E a r th  is hea ted  by  the 
th e rm a l f lu x  o rig in a tin g  from  th e  in te r io r  
of th e  G lobe. As th e  th e rm a l co n d u c tiv ity

C o o l i n g , n e a r  to

the s u r f a c e  
I
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Fig. 1. D evelopm ent of in c reased  convecting  cells in  a h o rs t- l ik e  k a rs t bod j su rro u n d ed  
by  clays or o th e r lo w -p e rm eab ility  rocks

F ig . 2. D eve lopm en t m odel fo r th e  th e rm a l sp rin g  of B u d ap est. A fte r  M. V e n d e f  
<1952)

I ć a r s t i c

T h e rm a l Sp rings



of th e  rocks is no t u n ifo rm , th e  h e a t a r r i 
ves to  th e  su rface  w ith  s lig h t d iffe rences . 
I n  th e  k a rs tic  ro ck s  th e  p ro p ag a tio n  of th e  
h e a t in  in c rea sed  by  th e  h ea t-co n v ec tin g  
(h e a t- tra n sp o rt)  e ffec t of th e  c ircu la tin g  w a 
te r . A s th e  w a te r-c o n d u c tiv ity  (pe rm eab ili
ty) of th e  k a rs tic  rocks is v e ry  h igh, th ey  
ca n  be con sid e red  as a m assiv e  of high 
th e rm a l conduc tiv ity .

A s a consequence, if th e re  is a h o rs t- lik e  
k a rs tic  body  su rro u n d ed  by  c lays o r o th er 
lo w -p e rm eab ility  rocks, a  g ro u p  of w e ll d e 

te rm in e d  a n d  h ig h ly  in c reased  convec ting - 
cells develops (Fig. 1). T his p h en o m en o n  w as 
f i rs t ex p la in e d  by  M. V endel, an d  la te r  
deve lopped  by  M. V e n d e l ,  P.  K i s h à z i  
(1064). N a tu ra lly  w ith  an  in c rea s in g  th e rm a l 
flu x  th e  fo rces ac ting  in  th e  convection  p ro 
cess w ill be  g re a te r  a n d  th e  ph en o m en o n  
develops m ore  accen ted . In  th e  b a s in  of th e  
C a rp a th ia n s  th e  geophysica l in v es tig a tio n s  
h av e  p roved , th a t  th e  E a r th -c ru s t  is ra th e r  
th in , w h ich  causes a n  in c reased  h e a t- flu x .

If  th e  k a rs tic  m assive  o u tc rops a re  b o r-

I  p r o f i L

J l p ro fil’

Tatabàhya.
" B u d a p e s t  
■tinermai springs

•BAK.ONV- MoubjrA/ys
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F ig . 3. S tra tif ic a tio n  of w a te r :
A  — la b i le  b a la n c e  b e tw e e n  th e  c o ld -  a n d  h o t - w a te r  la y e r s ,  B  — s t r a t i f i c a t i o n  o f f r e s h - a n d  s a l t - w a t e r  
in  p e rm e a b le  ro c k s  o f c o a s ta l  a r e a s  w



d ered  by im p e rm eab le  sed im en ts, th e  h e a 
ted  w a te r  com es to  th e  su rface . V endel 
p roposed  th e  schem a of th e  Fig. 2 as an  
e x p la n a tio n  fo r th e  d ev e lo p m en t of th e  th e r 
m al sp rings of B udapest. T his schem a is ev i
d en tly  ap p licab le  fo r m any  o th e r th e rm a l 
sp rin g s of th e  W orld .

T he su b seq u en t inv es tig a tio n s of P. L  i e- 
b e ,  P . L o r b e r e r  (1978) p ro v ed  th e  v a lid i
ty  of V an d e l’s th e o ry  in  a ll de ta ils , w ith  a 
slig h t m od ifica tion . T he lo op -like  p a th w ay  
of th e  h ea te d  w a te r  does n o t tu rn  back  in 
th e  sam e v e r tic a l p ro file , b u t m ak es  a  loop 
a lso  in  h o rizo n ta l sense. T h is p a th w a y  and  
th u s  th e  h ea t-co llec tin g  a re a  can  be  traced  
by m easu rin g  th e  h e a t- flo w  in  th e  sed im en 
ta ry  cover. U n d er th e  open k a rs tic  a rea s  th e  
s a tu ra te d  zone is filled  w ith  cold k a rs tic  
w a te r .

In  m ost sp rin g  a rea s  th e re  is a  de lica te  
b a lan c e  b e tw een  th e  co ld- an d  h o t-w a te r  
lay e rs , re su ltin g  a  th e rm a l s tra tifica tio n . 
T h is s itu a tio n  is ana lo g ica l w ith  th e  density  
s tra tif ic a tio n  of th e  f re sh -  a n d  sa lt-w a te r  
in  th e  p e rm eab le  rocks of co asta l a reas  
(Fig. 4). I t  is w ell know n, th a t  a  fo rced  
p u m p in g  causes a p e n e tra tio n  of th e  h eav ie r 
s a l t-w a te r  in to  th e  f r e s h -w a te r  w ells . S i
m ila r ly  in  th e  case of a g roup  of th e rm a l 
sp rings, th e  fro n t of cold w a te r  advances 
b y  th e  fo rced  pum p in g  an d  g rad u a lly  in v a 
des th e  a re a  of h o t w a te r.

O n  n a tu ra l  cond itions th e  in te rfa ces  a re  
in  a n  eq u ilib r iu m  be tw een  th e  h o t an d  cold 
w a te r  m asses. T h e re fo re  in  m an y  sucn 
sites, sp rin g s of ex trem e ly  d if fe re n t tem p e 
ra tu re  can  be found  in  v e ry  sm a ll d is tances.

The Effect of Mines

T he m in ing  o p e ra tio n s  ru in  th e  th e rm a l 
sp rings m ain ly  by  d isp lac ing  th e  in te rfa ce s  
b e tw een  th e  ho t- a n d  co ld -a re a  in  a dis 
fav o u rab le  d irec tion .

W e d em o n s tra te  th e  c a su a l connec tion  of 
th e  m in ing  o p era tio n s  a n d  th e  h o t-sp rin g  
system s by tw o hydrogeo log ica l sec tions of 
th e  F ig . 3. T he f i r s t  p ro f il show s th e  r e la 
tio n sh ip  b e tw een  th e  th e rm a l sp rin g s of B u 
d ap est a n d  th e  D orog a n d  T a ta b a n y a  coa l- 
-b a s in s . T he second  one is o rien ted  p a ra l-  
le ly  to  th e  lake  B a la to n  an d  cu ts  th e  N yi- 
ra d  an d  Iszka  b a u x it lo ca lities  re sp e c tiv e ly  
th e  h o t-sp rin g  of H év iz  an d  som e o th e r less 
s ig n ific an t th e rm a l sp r in g s  on NE.

T he  b u lk  of th e  coal a n d  b a u x it  bodies 
in  th e  T ra n sd a n u b ia n  R an g e  a re  lay in g  im 
m ed ia te ly  on th e  T ria ss ic  rocks, o r on  a fa n -  
g lo m era te -lik e  p e rm eab le  rock, consisting  
of d eb ris  of dolom ite . T h u s th e  m in ing  ope
ra tio n  leads in ev itab ly  to  a  stro n g  d e p re s 
s ion  in  th e  k a rs tic  w a te r.

T h e  sp read in g  of the  d ep ression  is fa s 
te r  in  th e  confined  a q u ife rs  (con tain ing  ho t 
w ater), th a n  in  th e  unco n fin ed  ones (see in  
th e  F ig . 5). In  th e  su b seq u en t periods, m a r 
ked  by 1, 2, 3, 4 th e  cone of th e  dep ression  
is sp read in g  re la tiv e ly  slow  in  th e  open  
k a rs t (uncon fined  aq u ife r), because  w e h ave  
to  rem ove im p o rta n t m asses of w a te r  fro m  
th e  vo lum e of th e  cone. O n th e  o th e r  h a n d  
in  th e  confined  (buried ) p a r t  o f th e  k a rs t, 
th e  d ecrease  in  th e  w a te r  p re s su re  sp read s  
w ith  th e  speed  of th e  sound  (w ith o u t rem o  
v ing  of w a te r-m asses), a n d  causes im m ed ia  
te  d rops of th e  w a te r- le v e l in  g re a t d is tan -

F ig . 4. H ydrogeo log ica l c ro ss-sec tions w ith  th e rm a l sp rin g s in  H u n g a ry



ces. F o r  in s tan ce  in  th e  T a ta b śn y a  co a l-b a - 
sin  th e  in c rease  of th e  w a te r  p u m p in g  d ried  
o u t th e  F én y es-sp rin g s  s i tu a te d  in  a d is ta n 
ce of 15 k ilo m etres .

D uring  th e  f i rs t  p e rio d  th e  cone of th e  
depression  rem a in s  m ostly  in  th e  o p en -k a rs t 
a rea , an d  so th e  w a te r- le v e l an d  th e  h y d ro 
sta tic  p re s su re  (w hich co n tro ls  th e  d is c h a r 
ge of th e  springs) decreases only  g rad u a lly . 
B ut w h en  th e  cone of th e  d ep ression  a rr iv e s  
to  th e  b o rd e r of th e  con fin ed  a rea , the  
p ro p ag a tio n  of th e  dep ression  tu rn s  to  be 
a v e ry  ra p id  p rocess, causing  an  im m ed ia te  
d rop  in  th e  d ischarge  of the  th e rm a l sp rin g s 
(Fig. 5).

A ccord ing  to  th e  m odel of V e n  d e 1

(Fig. 2), th e  h o t-co m p o n en t of sp rin g s is 
a lim en ted  th ro u g h  th e  con fined  a re a  (b u 
r ied - k a rs t) , w h ile  th e  cold com ponen t c o 
m es fro m  th e  ne ig h b o u rin g  open k a rs tic  
m o u n ta in . I t  is ev id en t th a t  th e  d ep ression  
of th e  m in in g  o p era tio n s  a ffec ts  ra p id ly  th e  
h o t-com ponen t, since it  is s i tu a te d  in  th e  
confined  system , w h ile  th e  co ld -com ponen t 
rem ains n e a rly  in a ffec ted  fo r a long period . 
T h ere fo re  in  th e  sp rin g -sy s tem s th e  d e p re s 
sion is s t ra n g e r  in  th e  ho t w a te r . The 
d e lica te  in te rfa ce  b e tw een  th e  co ld- an d  
h o t-w a te r  m oves to w ard s  th e  h o t-a re a , a l
low ing  th e  in flow  of th e  p o llu ted , cold, 
a llu v ia l-  o r su rfa c e -w a te r , too  (fig. fiV

D i s t a n c e  : I S  tcrr)

M in e s  o f  T a t a

'  " P u m p „ fè n y * -s 
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F ig . 5. A rea  of th e rm a l sp rin g  o ccu rence  n e a r  th e  M ines of T a ta
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F ig . 6. L ab ile  in te rfa ce  b e tw een  cold- an d  h o t-w a te r  lay e rs  (accord ing  to V en d e l’s m o 
de l; see F ig . 2)



Protection of the Thermal Springs

A ccord ing  to  th e  above considera tions, 
th e  dep ression  n o t on ly  d im in ishes . th e  
p re ssu re  of th e  th e rm a l w a te rs , b u t causes 
th e i r  cooling a n d  p o llu tio n  too. T he only 
m ethod  fo r th e  re a l defense of th e  th e rm a l 
sy s tem  is to  b lock th e  sp read in g  of th e  
dep ressio n  in  a c e r ta in  d is tan ce  from  the 
sp rin g s . T h is c a n  be ach ieved  by  th e  m eam  
of a.- series of re ch a rg e  w ells , s i tu a te d  b e t
w een  th e  springs' and  th e  m ine (Fig. 7). We 
h av e  to op tim ize  th e  im p la n ta tio n  of th e  
rech a rg e  w ells , in  o rd e r to  avo id  a too h igh 
p e rcen tag e  of recycling  in  th e  cone of the 
depression  of th e  m ines. In  sp ite  of th is  
a  c e r ta in  recycling  is in ev itab le , b u t th is  
is th e  only  pr-ocess to  p ro te c t ou r p recious 
th e rm a l sp rings. T h ere  is no  o th e r m ethod  
av a ilab le  to avo id  th e  d ry in g  ou t an d  the 
po llu tio n  of th e  th e rm a l w a te rs .

Conclusion

B efore  th e  beg inn ing  of th e  m in ing  o p e
ra tio n s  in  k a rs tic  a reas , w e a lw ays h ave  to 
co n sid er th e ir  d e s tru c tiv e  effec ts  on th e  
n e ig hbou ring  h o t k a rs tic  sp rings. T he only 
ex is tin g  p oss ib ility  to  defend  th e  sp rings is 
to  re ch a rg e  a frac tio n  of the  pu m p ed  w a te r

in to  a se rie  of a p p ro p r ia te ly  s itu a ted  re - 
ch arg e-w ells . T hese  w e lls  can  assu re  the 
ree s tab lish m en t of th e  p iezom etric  levels, 
n ecessary  fo r th e  m a in ten an ce  of sp rin g - 
-ac tiv ity .

T he in s ta lla tio n  a n d  op era tio n  costs of 
th e  re ch a rg e  system  have to  be b u ilt in  th e  
costs of th e  m in ing  opera tions. T he e c o n o 
m y of m in ing  h a s  to  be e v a lu a ted  tak in g  
in to  co n sid e ra tio n  these  a d d itio n a l costs.
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W PŁY W  K O PA LN IC T W A  NA TER M A LN E ŹRÓ D ŁA  K RA SO W E 
(PASM O T R A N SD U N A JSK IE , W ĘGRY)

S t r e s z c z e n i e

O bszar w ystęp o w an ia  ź róde ł te rm a ln y c h  w  obręb ie  P asm a  
T ran sd u n a jsk ie g o  zw iązany  je s t  z g łęboko  po łożonym i (1000— 
—-2000 m  pod  pow ierzchn ią) sk a łam i k raso w y m i, k tó re  zach o 
w u ją  hydrogeologiczny  k o n ta k t z sąs ied n im i obszâram i k ra s u  
odk ry tego . W ody ciepłe, k tó ry ch  c y rk u la c ję  w ym usza  s tru m ień  
te rm a ln y  z w n ę trza  ziem i, k o n ta k tu ją  się  z z im nym i w odam i 
k ra su  odk ry tego , co w  efekc ie  p o w o d u je  s t ra ty f ik a c ję  te rm iczn ą  
tych  w ód. W  w y n ik u  p ro w ad zo n y ch  p ra c  górn icznych  w  zw ie r
c iad le  w ód  p o w s ta ją  silne  d e p re s je  p ro w ad zące  do zak łócen ia  
te j ró w n o w ag i. W  celu  och rony  ź róde ł te rm a ln y c h  p rzed  w p ły 
w em  zim nych  w ód k raso w y ch  a u to rzy  p ro p o n u ją  p rz e rz u t w ody 
z k o p a lń  do s tu d n i u sy tu o w an y ch  w  o d p o w iedn ich  m ie jscach .

P â l M üller, Is tv â n  S â rv â ry

IN FL U E N C E  DE L ’IN D U ST R IE  M IN IÈ R E  SU R  L E S SO URCES 
TH E R M A LE S K A R ST IQ U E S 

(ZONE DE TR A N SD A N U BE, H O N G R IE)

R é s u m é

L ’a p p a ritio n  des sources th e rm a le s  à l ’in té r ie u r  de la  zone 
de T ra n sd a n u b e  est liée  a u x  roches k a rs tiq u e s  p ro fo n d ém en t 
situées, à  1000— 2000 in  sous la  su rface , qu i g a rd e n t le  con tac t 
hyd rogéo log ique  avec les rég ions av o is in an tes  du  k a rs t  nu. 
Les e au x  tièdes, don t la  c ircu la tio n  e s t fo rcée  p a r  le co u ran t 
th e rm a l v e n a n t du  fo n d  de la  te r re , se  m é lan g en t avec les 
e au x  fro id es d u  k a r s t  nu, ce q u i a  p o u r conséquence  la s t r a 
tif ic a tio n  th e rm iq u e  de ces eau x . I l  en  ré su lte  q u ’au  cours des 
tr a v a u x  m in ie rs , su r  la  su rface  d ’eau  a p p a ra is s e n t de fo rte s  
dép ressio n s qu i tro u b le n t ce t éq u ilib re . P o u r  p ro té g e r  les s o u r 
ces th e rm a le s  co n tre  l ’in fluence  des e au x  k a rs tiq u e s  fro ides, 
les a u te u rs  p ro p o sen t le  d é to u rn e m e n t des e a u x  des m ines 
au x  p u its  s itu és  à des en d ro its  convenab les.
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O r ig in  o f  th e  H y d r o th e r m a l K a r s t ic  P h e n o m e n a  
in  th e  B u d a « H ills  (H u n g a ry )

A b s t r a c t :  T h ere  a re  sev e ra l caves
■within th e  a re a  of B u da-h ills , c rea ted  by 
'h y d ro th e rm a l a c tiv itie s . By an a ly s in g  th e  
v a rio u s  fo rm s o f caves as w e ll as the  ores 
a n d  m in e ra ls  developed  due to  th e  hy d ro - 
“th e rm a l a c tiv ity  tw o  d if fe re n t p rocesses can 
be d is tin g u ish ed  h av in g  b een  th e  d riv ing  
forces of th e  d ev e lo p m en t of th e  h y d ro th e r
m al ac tiv itie s  an d  th e  d ev e lopm en t of th e  
caves of th is  w ay.

The Geological D evelopm ent of 
Buda-Hills

T he m ain  m ass of B u d a -h ills  consists 
of c a rb o n a te  rocks, th e  o ldest rock  type  
o ccuring  on th e  su rface  is L ad in ian  dolo
m ite  w ith  D ip loporas. In  th e  L ow er K ar- 
n ian  stage  m a in ly  f l in ty -m a r ly  dolom ites 
developed . T he  U p p er K a rn ia n  dolom ites 
co n ta in  g en e ra lly  only  a sm all a m o u n t of 
u n so lu b le  re s id u a ls . T he  sp read in g  of th e  
N orian  (in few  p laces it  is p a r t ly  U pper 
K a rn ia n )  D uchste in  lim esto n e  is sm alle r, 
th a n  th a t  of th e  do lom ites an d  it is lim ited  
m a in ly  to  th e  w e s te rn  p a r ts  of th e  m o u n ta in  
sy s te m . T he  s t ra tig ra p h ic a l u n it  is a  géo
sy n c lin a l fo rm a tio n  of n o rth -a lp in e  fea tu res . 
T he th ick n ess  of T riassic  s t ra ta  is som e 
th o u san d  m e tres , a lth o u g h  i t  h ad  n o t been 
m easu red  yet.

F o llow ing  th e  T riassic  age, th e re  is a  gap 
in  th e  deposits u n ti l  th e  M iddle  Eocene, 
p a r t ly  due to  erosion . T he  phases of C re 
taceous orogeny  have caused  s tru c tu re s  of 
isoclina l fo ld ing  a t  som e p lace s (m ain ly  on 
th e  so u th e rn  p a r t  of th e  m oun ta in ), f r a c 
tu re s  a t  o th e r  p a r ts  of th e  m o u n ta in . T he 
tran sg re ss io n s  of M iddle E ocene h ave  re s u l
te d  in  b ra c k ish  an d  m a rin e  deposits, w hich

co n ta in  sm a lle r  coa l-se ries  on the  n o rth -, 
n o r th -w e s t reg ions of th e  m o u n ta in .

T he sea of U p p er E ocene h ave  flooded 
th e  w ho le  a rea , an d  d eposited  20—100 m etre s  
of D iscocyclinan  lim estone  overly ing  th e  
co ra il lim estone  bed d ed  by  L ith o tam n iu m  
(5—20 m etres  in  th ickness) . T he ra te  of d e 
v e lo p m en t of c a rb o n a te  sed im en ts w as d e c 
reased  in  th e  overly ing  fo rm atio n s, because  
of te m p e ra tu re  d rop  a n d  th e  subsidence  of 
th e  sed im en ta ry  basin . T he  b ryozoan -, and  
B u d a-ty p e  m arls  (p a rtly  as a facies of th e  
D iscocyclinan  lim estone) a re  s t il l  of Eo
cene  e ra . T he tra c e s  of an d ez ite  vo lcan ism  
of th e  sam e age c a n  be  fo u n d  a t  m any 
p laces. L am in ited  b la c k  c lay  an d  clayey 
m a r l m ain ly  of e u x in a n  facies w e re  depo 
s ited  over these  s t r a ta  („T ard ian ” fo rm a
tion), fo llow ed  by  th e  800— 1000 m e tre s  th ick  
K iscellian  clay  of M idd le  O ligocene. A t 
som e p laces san d s to n e  (H ârsh eg y ian  s a n d 
stone) can  be found , as a  h e te ro p ian  facies 
of th e  low er leve l of th is  fo rm atio n . T h ere  
a re  no  y o unger m a rin e  sed im en ts  (sand, 
c lay  of U p p er O ligocene an d  L o w er Mio 
cene) in  th e  m o u n ta in . I t  is p robab le , th a t  
th e  a re a  w as u p lif ted  in  th a t  tim e, fo rm ing  
an  u n d u la tin g  co u n try  em erg ing  fro m  th e  
sea.

In  th e  M idd le  M iocene (B aden ian  stage), 
th e re  h ad  b een  a n  im m ense  an d ésite  volca 
n ism , ex ten d in g  fro m  D unazug  (Pilis) 
-h ills  to  th e  n o r th e rn  b o rd e r of B uda-

* J u d i t  K o v â c s ,  V iz ü g y i T e rv e z ô  V â lla lâ t ,  
H id ro g e o lo g ia i  O sz tâ ly a , B u d a p e s t  IV , C s e rh a lo m  
u t.  4, H u n g a ry .

*» P â l  M ü l l e r ,  M a g y a r  A lla m i F o ld ta n i  In -  
té z e t ,  B u d a p e s t i  T e r ü l e t i  O sz tâ ly a , B u d a p e s t  X IV , 
N é p s ta d io n  ü t .  14, H u n g a ry .



-h ills . T he sam e perio d  is c h a ra c te r ise d  w i t 
h in  th e  a re a  of o u r re c e n t in v es tig a tio n  by 
a rap id  up lift.

T he  m a te ria l of th e  deposited  clays in  
th e  va lley s ly ing  n e a rb y  te s tif ie s  th is h y 
po thesis, since th e se  c lay s co n ta in  a  g re a t 
am o u n t of fo ram in ife rs  an d  n an n o p lan c to n s , 
o rig in a tin g  fro m  th e  th ick  fo rm a tio n  of 
M iddle  O ligocene (the K isce llien  clay). I t 
is p ro b ab le , a  la rg e  p a r t  of th e  c lay  co
v e rin g  th e  w hole m o u n ta in  in  a th ick n ess  
of 800— 1000 m etres  w as ero d ed  a t  th a t  tim e. 
A n o th e r p ro b ab le  process fo rm in g  th e  la n d 
scape in  th e  U pper M iocene s tage  is th e  
s ig n ific an t tec ton ic  m ovem ent, w h ich  is 
in d ica ted  by fau lts  an d  folds.

T he  P a n n o n ia n  lak e  w as ab le  to  in u n d a te  
som e p a r ts  of th e  m o u n ta in s once ag a in  in  
th e  P liocene . S ince th a t  tim e  th e  m o u n ta in  
is ra ised  g rad u a lly . T he deposits of f re sh -  
-w a te r  lim esto n e  a re  th e  p roo fs  of th is  
p rocess. T he fre sh -w a te r  lim estone  of th e  
U p p er P a n n o n ia n  a re  ly ing  a t a n  e lev a tio n  
of 400 m e tres  above sea-level, an d  those 
of P le is to cen e  can  be fo u n d  a t  130—300 m e 
tre s .

Thermal A ctivities w ithin the Area 
Investigated

T w o d if fe re n t th e rm a l a c tiv itie s  can  be 
d is tin g u ish ed  w ith in  th e  a re a  of B ud a-h ills :
— p h a s e  I — one h av in g  vo lcan ic  orig in ,
— p h ase  II —• th e  o th e r deve loped  due to

th e rm a l flux .
T n e  tw o  p h ases  (I a n d  II) a re  se p a ra te d  

ev en  in  tim e . I t  is p ro b ab le , th a t  vo lcan ic  
a c tiv ity  w as  ac tin g  ea rlie r . A n  e ffo rt is 
m ade  in  th e  fo llow ing  to e s tab lish  a th e o re 
tic a l m odel describ ing  th e  p ro b ab le  d ev e 
lo p m en t of th e se  th e rm a l ac tiv itie s . W hen 
w eigh ing  th e  re lia b ility  o f th is  m odeli it  is 
n ecessa ry  to  consider th e  c h a ra c te r  of th e  
process, an d  th a t  only  th e  f in a l re su lts  a re  
a v a ila b le  in  th e  fo rm  of k a rs tic  p h en o m e
na  o b serv ab le  in  th e  caves.

C haracterization of the First rtiase  
of Therm al A ctiv ity

T he th e rm a l a c tiv ity  due  to  vo lcan ic  p r o 
cess can  be tr a c e d  in  tw o  zones. T he n o r t
h e rn  siliceous zone (from  th e  S zabadsâg

m o u n ta in  t i l l  th e  E züst m ou n ta in ) w as de
veloped  u n d e r  th e  in fluence  of th e  M iocene 
an d ésite  of th e  D unazug  m o u n ta in , w h ile  th e  
so u th e rn  zone w as c rea ted  by  th e  a n d é s ite  
lacco lite  lo ca ted  in su rro u n d in g s  of B u- 
daó rs in  u n d e rly in g  position . W here  th e  tw o  
zones co n tac t each  o th e r, bo th  in f lu en c in g  
fac to rs  m ig h t h av e  ro le  in  th e  d ev e lo p m en t 
of caves, eg. B â to ri cave.

In  th e  M iocene, w h en  th e  f i rs t p h ase  o f 
th e  th e rm a l p rocesses w as ac ting , th e  c a r 
b o n a te  rocks su itab le  fo r  th e  d ev e lo p m en t 
of th e  k a rs tic  fo rm s w as cov ered  by  th ic k  
O ligocene (K iscellian) clay . (The an d és ite  in  
th e  D unazug  m o u n ta in  is u n d o u b te d ly  a 
M iocene fo rm a tio n , w h ile  th e  age ing  of th e  
lacco lite  of B udaó rs  w ill be fu r th e r  d is c u s 
sed). T he vo lcan ic  a c tiv itie s  a ro u n d  th e  tw o 
cen tres  m en tioned , p ro v id ed  b o th  th e  h ign  
te m p e ra tu re  needed  fo r th e  d ev e lopm en t of 
th e rm a l p rocesses an d  th e  siliceous an d  
gaseous vo lcan ic  m a te r ia ls  tra n sfo rm in g  th e  
rocks ly ing  a ro u n d . T he  th ick n ess  of th e  
covering  c la y . la y e r  re ach ed  'p ro b a b ly  ab o u t 
1000 m e tres , since it  is s till a t  600 m e tre s  
a t  som e p laces even  a f te r  th e  su rface  
erosion .

T he flow , m a in ta in e d  by  th e  te m p e ra tu re  
d iffe ren ce  w as a  con fined  one be low  th e  
v e ry  th ick  covering  la y e r  and  th is  s t ru c tu re  
en su red  th e  p o ss ib ility  of th e  d ev e lo p m en t 
of h y d ro th e rm a l a c tiv ity  u n d e r  a te m p e ra 
tu re  h ig h e r  th a n  100° C, a s  w ell as th e  
con tinouos tra n s p o r t  w ith in  th e  closed sy 
stem  (Fig. 1). T he tim e  of th e  e ro s ion  o f 
th e  co v erin g  K isce llian  c lay  can  be d e te r 
m ined  w ith  a re la tiv e ly  good accu racy . T h e  
ra is in g  of B u d a -h ills  w as s im u tan eo u s  w itn  
th e  M iocene v o lcan ism  (i.e. M idd le  B ad e- 
n ian). T h is  u p lif t w as g ra d u a lly  fo llow ed  
b y  fillin g  up  th e  g rab en s  a ro u n d  th e  m o u n 
ta in  w ith  clay. S ince th ese  lay e rs  co n ta in  
th e  fo ra m in ife r ra s , c h a rac te ris tic  fo r th e  
K isce llian  c-lay, b u t in  a rem o v ed  fo rm , th e  
e rosion  of th e  M iddle  O ligocene clay  sh o u ld  
have  h ap p en ed  a t  th e  sam e  tim e.

T he age of th e  th e rm a l a c tiv ity  can  b e  
e s tim a te d  on th e  basis  of th e  age of ro ck s  
th e  m a te r ia l of w h ich  is tra n s fo rm e d  by  
th e  th e rm a l w a te r . T he  ag ing  in  th e  n o r t 
h e rn  zone is re la tiv e ly  sim ple, because  th e  
a n d é s ite  w as ex p lo red  a t m an y  p laces on
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Fig. 1 . S chem atic  p ro file  th ro u g h  th e  B u d a-h ills  d u rin g  th e  B ad en ian  (M iddle M ioce
ne):
1 — M io c e n e  v o lc a n ic  ro c k s ,  2 — O lig o c e n e  c la y s , 3 — E o c e n e  l im e s to n e  a n d  m a r l ,  4 — T riass ic - 
d o lo m ite  a n d  l im e s to n e , 5 — c lo se d  c o n v e c t iv e  c e lls

th e  su rface . T hus i t  is know n, th a t  the 
vo lcan ism  ac te d  h e re  in  th e  M iddle Ba 
d en ian  stage . T he lacco lite  in  th e  so u th e rn  
zone m ig h t have  developed  due to  a  v o l
can ic  a c tiv ity  e ith e r  in  th e  P a leogene  or 
in  th e  M iddle B ad en ian  stage, since i t  is 
in te rb e d d e d  b e tw een  th e  lay e rs  of T riassic  
D ach ste in  lim estone. O n th e  o th e r hand  
a p a r t  fro m  siliceous do lom ite  an d  Eocene 
m arl flin ty  lay e rs  can  also  be found  in 
K isce llian  c lay  a n d  H arsh eg y ian  sandstone , 
th e  la t te r  tw o  hav in g  O ligocene age. I t  can  
be supposed, th e re fo re , th a t  th e  vo lcan ism  
w as ac tin g  a f te r  th e  O ligocene ie. in  th e  
M iddle B aden ian  stage .

T he passages an d  caves developed  as the  
effec t of h y d ro th e rm a l s team s an d  gases, 
since th e  p resen ce  of CO2, S 0 3 an d  o th er 
s im ila r gases h ad  im p o rta n t ro le  to  ra ise  
the capac ity  of w a te r  to  d isso lve c a rb o n a 
tes. T he  deve lopm en t of confined  flow  due 
to  th e  covering  c lay  re su lte d  in  th e  p r e c i
p ita tio n  of v a rio u s  m in e ra ls  on the  w alls  
of caves.

T h ere  a re  th re e  ' fa c to rs  in d ica tin g  the

volcan ic  o rig in  of th e  h y d ro th e rm a l a c tiv i
ties ie.:

1) p resen ce  of m in e ra ls  te s tify in g  th e  
h igh  tem p e ra tu re ,

2) occurence of e lem en ts  tr a n sp o r te d  
g en era lly  by vo lcan ism ,

3) ex is ten ce  of th e  izotopes of ca lc ite  
c ry s ta ls .

T he th e rm a l w a te r  tra n sp o r te d  by  th e  
confined  flow  fo rm ed  passages a long  th e  
tec ton ic  jo in ts  of th e  k a rs tic  rocks, bo ilers 
a t  th e  crossings of chan n e ls  an d  spherical, 
recesses a t  th e  h ig h e r horizons. T he la t te r  
fo rm  develops g en era lly  in  v e rtic a l sh a fts  
due to  th e  lo w erin g  of th e  w a te r  tab le . T he 
convective flow  of a ir  m a in ta in e d  by the  
te m p e ra tu re  d iffe ren ce  b e tw e e n  th e  th e rm a l 
w a te r  an d  th e  coo ler rock  is m en tio n ed  ge
n e ra lly  as th e  reaso n  of sp h eric  fo rm s 
( M ü l l e r ,  1974).

W hen  th e  te m p e ra tu re  d iffe rence  is h igh 
an d  th e  passage  is la rg e  th e  v a p o u r is co n 
densed  from  th e  v a p o u r-sa tu ra te d  a ir  on 
th e  w a ll an d  th e  w a te r  flow s b ack  in  the.



fo rm  of th in  film . S ince th e  C 0 2 co n ten t 
is also  h ig h  th e  w a te r  is v e ry  aggressive . 
T he h ig h es t am o u n t of condensed  w a te r  
ap p e a rs  a t  th e  u p p e r  p a r t  of th e  la rg e  c h a n 
ne ls of caves. T he so lu tion  of th e  rock  
m a te r ia l is v e ry  in ten siv e  here , w h ile  it  is 
m uch  low er in  sm all openings, w h e re  th ere  
is n o t an y  co n sid e rab le  a ir  tra n sp o rt . The 
fin a l re s u lt of th e  p rocess  is th e  develop
m e n t of a sp h e re -sh a p e d  cell in  w h ich  th e  
m o v em en t of a ir  can  fo llow  th e  m ost id e a 
lis tic  f lo w -p a tte rn . A t th e  u p p e r p a r t  of th e  
lo n g er sh a f ts  m ore  cells m ay  develop  above 
each  o th e r  in  th is w ay.

T he  low er openings of th e  sp h eric  cells 
a re  s i tu a te d  g en era lly  a t  th e  e lev a tio n  of 
th e  w a te r- ta b le . T hese openings a re  g en e
ra l ly  n a rro w , because  h e re  th e  w a te r  f lo 
w in g  dow n on th e  w a ll an d  condensed  from  
v a p o u r  is g en e ra lly  s a tu ra te d  an d  th e  fine  
su sp en d ed  p a rtic le s  se ttle , p ro tec tin g  th e  
rock  a g a in s t fu r th e r  so lu tion . T he re tu rn in g  
w a te r  has g en e ra lly  h igh  co n cen tra tio n , 
w h ich  ra ises  tl)e ca lc ium  co n ten t d isso lved  
in  th e  th e rm a l k a rs tic  w a te r , th u s  th e  m i
n e ra liz a tio n  s ta r ts  In s tan tan e o u s ly  w ith  th e  
d ev e lo p m en t of spheric  cells, b u t it  is i n 
f lu e n c e d  a lso  by  th e  changes of th e  position  
of th e  w a te r- ta b le .

T he  tec to n ic  jo in ts  m ay  be filled  com ple
te ly  by  m in e ra ls  th e  developm ent of w h ich  
is c h a ra c te r ise d  by  th e  p resen ce  of h igh  
te m p e ra tu re , ie. b a r ite , m e ta -c in n a b a rite , 
h igh te m p e ra tu re  fo rm s of ca lc ite . T he s i l i 
f ic a tio n  of th e  p a re n t-ro c k s  is also  a co n 
sequence  of th e  h igh  te m p e ra tu re .

D evelopm ent of T herm al A ctivity in the 
Second Phase

A fte r th e  v o lcan ic  a c tiv ity  of M iddle 
B ad en ian  a n  e x ten s iv e  d e n u d a tio n  s ta r te d  
in  th e  B u d a -h ills  due  to th e  reg ressio n , 
w h ich  in itia te d  a lso  th e  d ev e lo p m en t of 
p rocesses re su ltin g  in  k a rs tic  fo rm s. O nly 
a p a r t  of th e  te r ra in  w as fo rm ed  fro m  k a r 
stic rocks in  th a t  p eriod , w h e re  th e i r  ra ised  
b locks w ere  n o t covered  by  y o u n g er sed i
m en ts  (S zabadsâg-, N agy S zénâs, P ilis -, an d  
K u ty a -m o u n ta in s). T h is geological s tru c tu re  
an d  th e  d ecrease  of th e  th ic k n e ss  of th e  
c ru s t (w hich  s ta r te d  p ro b ab ly  a t  th e  b e 
g in n in g  of th e  L o w er P liocene) re su ltin g  
in  h igh  geo therm ic  g ra d ie n t m ade  th e  d e 
v e lo p m en t of th e  co n v ec tiv e  flow  of th e r 
m al w a te rs  rech a rg ed  by  th e  w a te r  possib le , 
w h ich  is s to re d  in  th e  k a rs tic  a q u ife r  
(Fig. 2).

Fig. 2. S chem atic  p ro file  th ro u g h  th e  B u d a -h ills  (L ate  P lio cen e  — R ecent):
1  — N e o g e n e , 2 — O llg o c e n e  c la y s ,  3 — E o c e n e  l im e s to n e  a n d  m a r l ,  4 — T r ia s s lc  d o lo m ite  

a n d  l im e s to n e



T he age  of th e  second  p h ase  of t h e r 
m a l a c tiv ity  is e s tim a ted  to  be a t  th e  be
g in n in g  of th e  L o w er P liocene. T h is  h y p o 
th es is  is su p p o rted  by  th e  fac t, th a t  th e  r a  
p id  deve lopm en t of sed im en ts  s ta r te d  also  
a t  th a t  tim e  in  th e  basin , w h ich  p rocess 
w as a lso  th e  re s u lt of th e  d ecrease  of th e  
th ick n ess  of th e  c ru s t an d  th e  g ra d u a l lo 
w e rin g  of th e  b asem en t. T h u s th e  k a rs tic  
fo rm atio n s  fo rm in g  th e  b a sem en t of th e  se 
d im e n ta ry  b as in , w e re  lo w ered  to  v e ry  deep 
position , b u t th e ir  re c h a rg e  w as m a in ta in ed  
b y  th e  u n co n fin ed  k a rs tic  b locks rem ain ed  
n e a r  th e  su rface . T he  w a te r  tra n sp o r te d  to 
th e  deep a q u ife rs  a long tec to n ic  lines w as 
h ea te d  by  th e  g eo th e rm a l en erg y  being  
re la tiv e ly  h igh  due  to  th e  ano m alie  m e n 
tioned  befo re . T he m e tam o rp h ism  of th e  
sed im en ts p ro v id ed  fre e  C 0 2 ( M ü l l e r ,  
1971). T hus v e ry  ac tiv e  th e rm a l w a te r  w as 
ra ised  n e a r  th e  su rface  th ro u g h  th e  d ra in in g  
lines. T he  w a te r  d isso lved  v a rio u s  m in e ra ls  
d u rin g  th is  tra n sp o rt .

T he  th e rm a l w a te r  m ig h t fo rm  ho t 
sp rin g s  or i t  w as m ix ed  w ith  th e  cold 
w a te r  in f il tra t in g  th ro u g h  th e  su rface  and  
n e a rly  h o rizo n ta l g a lle rie s  w e re  fo rm ed  in 
th e  m ix in g  zone. S p h eric  cells m ig h t also  
develop  a lo n g  th e  v e r tic a l f ra c tu re s , b u t th e  
m in e ra liz a tio n  w as co n sid e rab ly  lo w er in  
th is system , because  th e  flow  w as n o t co n 
fined , th u s  th e  fre e  C 0 2 m ig h t liv e  th e  sy 
stem  a n d  th e  w a te r  tra n sp o r te d  a lso  large  
a m o u n t of d isso lved  m a te ria ls  on to  th e  
su rface  th ro u g h  th e  springs.

The M arks of H ydrotherm al A ctiv ities in  
the C aves of B uda-H ills

T h e re  a re  se v e ra l caves in  th e  B uda- 
-h ills  th e  d ev e lo p m en t of w h ich  w as in i t ia 
ted  by  th e  h y d ro th e rm a l ac tiv itie s  hav in g  
a c te d  w ith in  th e  a rea . E x am p les a re  th e  
S zem lôhegy-, th e  F e ren ch eg y -, th e  M âty âs- 
hegy-, th e  P â lvô lgy i- , th e  B â to ri-, an d  th e  
M olnâr Ja n o s  caves. G en e ra lly  th e  m ark s  
of b o th  h y d ro th e rm a l a c tiv itie s  can  b e  
fo u n d  in  th ese  caves (eg. th e  b a r i te  depo
s ited  on th e  w a ll of F e ren ch eg y i cave is 
p ro b ab ly  th e  re s id u a l of th e  f i r s t  phase , 
w h ile  th e  p re s e n t c o rr id o r  h as developed  
d u e  to  th e  second p h ase , w h ich  fa c t is in 
d ica ted  b y  th e  n a rro w  s tre tch e s , w h e re  th e

b a r ite  v e in s  h in d e re d  th e  d ev e lo p m en t of 
th e  channel). T he  g e n e ra lly  o bservab le  fo rm s 
can  be  d is tr ib u te d  in to  tw o  g roups acco r- 
d ind  to  th e i r  orig in . T h u s th e  d ev e lo p m en t 
of siliceous lay e rs  in  th e  P â lv ô lg y i-  an d  
M âtyâshegy i caves m ay  be th e  re su lt of th e  
f i rs t p h ase . T he  h o rizo n ta l ch anne ls , be ing  
c h a ra c te r is tic  fo r  th e  m ix in g  zone of t h e r 
m a l an d  cold w a te rs  eg. in  th e  S zem lôhegy i-, 
F eren ch eg y i caves, w e re  d eve loped  p ro b ab ly  
in  th e  second  p h ase . T he  ca lc ite  c ry s ta ls , 
th e  m a in  ax is  of w h ic h  is p a ra l le l to  th e  
fra c tu re s , w e re  fo rm e d  d u rin g  th e  th e rm a l 
a c tiv ity  induced  by  vo lcan ism  (such fo rm s 
can  be  fo rm ed  in  sm a lle r  caves of M artin o 
v ich  m oun ta in ), w h ile  th o se  s tay in g  p e r 
p e n d ic u la r  to  th e  w a ll lik e  te e th  a re  p ro 
b ab ly  th e  re su lts  of th e  second  p h ase  
(exam ples of th is  ty p e  a re  a ro u n d  Ü rôm  
a n d  in  th e  q u a rr ie s  o f M âty âs m o u n ta in ).

T h e  tim e  o f th e  d ev e lo p m en t of th e  caves 
can  be  s im ila rly  g ro u p p ed  th e re  a re  th re e  
possib le  v a ria tio n s :

a) th e  deve lo p m en t of th e  cav e  w as go
v e rn e d  only  by  vo lcan ic  ac tiv ity ,

b) cav es developed  d u rin g  th e  f i r s t  p h a 
se, b u t fu r th e r  fo rm e d  due  to  th e  second  
h y d ro th e rm a l ac tiv ity ,

c) caves p ro d u ced  b y  th e  u n co n fin ed  h y 
d ro th e rm a l flow  due  to  th e  g eo th e rm al 
anom aly .

T he caves w ith in  th e  a re a  in v es tig a ted  
belong  e ith e r  to  th e  f i r s t  o r to  th e  second 
g ro u p . T he  B â to ri cave  an d  th e  S â to rk ô -
pu sz ta  cav e  n e a r  D orog, c a n  be  m en tio n ed
as th e  v e ry  p ro b ab le  ex am p les  of th e  f i r s t
group . T he  in flu en ce  of th e  second  p h a se
w as only v e ry  w eak  in  th ese  cases. T h is  
a ssu m p tio n  is p ro te c te d  b y  th e  fac t, th a t  th e  
e x te rn a l deposits of th e  open sy s tem  a re  
m issing  h e re . In  th e  o th e r  caves (eg. F e re n 
chegy i-, Szem lôhegy i-, M âty âsh eg y i- and  
P âlvô lgy i caves) th e  m ark s  of b o th  p h ases  
can  be  found , te s tify in g  th a t  b o th  th e  v o l
can ic  a c tiv ity  a n d  th e  second  h y d ro th e rm a l 
process in flu en ced  th e i r  deve lopm en t.

Comparison of D evelopm ent of Caves 
and ore Forming Process Due to 
Hydrotherm al A ctivities

A s i t  w as d e m o n s tra te d  in  th e  p rev io u s 
c h a p te r  th e  hy p o th eses  con ce rn in g  th e  d e 
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v e lo p m en t o f h y d ro th e rm a l caves a re  b ased  
on  th e  k a rs tic  fo rm s an d  specia l deposits, 
w h ich  c a n  be fo u n d  in  th e  caves today . T he 
re lia b ili ty  of th e  a ssum ptions can  be  p ro 
v id ed  by  co m p arin g  th e  fo rm s of th e  c a r 
b o n a te  deposits  c o n ta in in g  o res (the o re  con 
te n t of w h ich  p ro v es th e  h y d ro th e rm a l o r i
g in  in d u ced  by  volcan ic  a c tiv ity ) a n d  th e  
a p p e a ra n c e  of s im ila r  deposits  w ith o u t ore, 
w h ich  can  be  found  in  th e  caves of th e  
B u d a -h ills  a n d  w h ich  m ay  h av e  o rig in a 
te d  e ith e r  fro m  th e  f i r s t  o r th e  second 
p h ase  of h y d ro th e rm a l ac tiv ities . T his com 
p a r iso n  show s a g re a t s im ila rity , a  slig h t 
d is tin c tio n  can  be m ad e  b e tw een  th e  tw o 
p rocesses fo llow ing  K u n s k y ’ s (1957) p ro 
posal. T he  te rm  „h y d ro th e rm a l kars tic  
fo rm s” re fe rs  to  th e  re su lts  o f h y d ro th e r
m a l p rocesses  in  k a rs tic  fo rm a tio n s , w h ich  
d id  n o t in c lu d e  th e  deve lo p m en t of ores, 
w h ile  th e  re su lts  of ore fo rm in g  processes 
a re  c a lled  „ th e rm o m in e ra l k a rs tic  fo rm ”.

In  P o lan d  th e  Z n -P b  m in e ra liz a tio n  o£ 
O lk u sz -m in e  is a ty p ica l ex am p le  of the 
th e rm o m in e ra l k a rs tic  fo rm s developed  a t  
th e  in te rfa c e  of a lim estone  an d  a  do lom i- 
tic  lim estone , in  th e  „caves” fo rm ed  by  h y 
d ro th e rm a l a c tiv itie s  in  th e  la t te r  lay ers  
( S a s s - G u s t k i e w i c z ,  1975; D ż u l y ń -  
s k i ,  1976). T h e  h y d ro th e rm ic  v a p o u rs  and  
gases a t  f i r s t  tra n sfo rm e d  th e  lim esto n e  to 
do lom ite . L a te r  on th e y  re su lte d  in  o th e r 
b re c c ia tin g  fa c to rs  ie. h y d ro th e rm a l e x p lo 
sions an d  h y d rau lic  f ra c tu r in g , because  th e  
te m p e ra tu re  of th e rm o m in e ra l so lu tions w as 
above 100°C. O ne of th e  re su lts  of h y d ro  
th e rm a l exp lo s ion  is th e  ra p id  ex p an sio n  of 
w a te r  in to  s te am  ( M u f f l e r  e t al., 1971). 
T he h y d ro th e rm a l exp losions m ay  le ad  to 
„ch a in  re a c tio n s”. F o r in s tan ce , w ith  tem p o 
ra r y  in c rease  in  p re ssu re , th e  so lu tio n  is 
ra m m e d  in to  th e  enclosing  rock, b reak in g  
i t  u p  b y  w edg ing  th e  f ra c tu re s  open 
( B r i d g m a n ,  1952; K e n t s ,  1964; D ż u -  
l y ń s k i ,  1976). O n th e  o th e r han d , a su d 
d e n  d ro p  in  p re s su re  m ay  b ru s t  th e  rocks 
a p a r t  an d  c re a te  rpck  frag m en ts  in to  w h ich  
th e  so lu tio n s h av e  p e rm ite d  u n d e r h igh 
p re ssu re . S u ch  p h en o m en o n  has b een  in d i
c a te d  by  W. J .  P h i l l i p s  (1972) as „ h y 
d ra u lic  f r a c tu r in g ” a n d  is h e ld  to  c o n tr ib u te  
to  th e  fo rm a tio n  of c rack le  an d  m osaic  
b reccias.

T h e  ro ck  ty p e  developed  in  th is  w ay  
is ca lled  co llap se  b recc ia . I ts  c h a ra c te r  is 
d e te rm in ed  p a r t ly  by  th e  p ro p e r tie s  of ho st- 
-ro ck  (eg. c ry s ta ll in e  do lom ite  p ro d u ced  by 
m etaso m atic  re p la c e m e n t of lim estones and  
re c ry s ta lliz a tio n  o f  p r im a ry  do lom ites; D ż u -  
ł y ń s k i ,  li97’6). T he  p o res  re m a in e d  b e tw e 
en th e  so lid  m a tr ix  a re  s a tu ra te d  by  h y d ro - 
th e rm a l so lu tio n s fu r th e r  ch an g in g  th e  p ro 
p e rtie s  of th e  la y e r  by m in e ra liz a tio n . In  
th e  c rea tio n  zone, p izo litic , la m e lla te d  ore 
fo rm a tio n  m ay  develop  due  to  th e  re la tiv e ly  
rap id  flow  of th e  so lu tio n  ( D ż u ł y ń s k i ,  
1976), w h ich  is v e ry  s im ila r  to  th e  a rag o - 
n ite -c a lc ite  c ry s ta ls , w h ich  can  be fo u n d  
in  th e  caves of B u d a-h ills , w h e re  th e  h y 
d ro th e rm a l a c tiv ity  to o k  p lace  w ith o u t de
positing  ores.

C o m paring  th e  th e rm o m in e ra l fo rm s 
described  p rev io u sly  to  th e  k a rs tic  fo rm s 
fo u n d  in  th e  caves of B ud a-h ills , th e re  a re  
m an y  o th e r s im ila r itie s  d irec tly  o r in d irec tly  
p ro v in g  th e  h y d ro th e rm a l o rig in  of those  
caves. In  S â to rk ô p u sz ta  cave , n e a r  D orog, 
eg. th e  re lic ts  of co llap se -b recc ia s  a n d  sc rca l- 
led „ b o x -w o rk ” fe a tu re s  can  be  fo u n d  on 
th e  w a lls  an d  roofs of th e  lo w est room . 
T he p a re n t rock  is h a rd  D ach ste in  lim e 
sto n e  of U p p e r T ria ss ic  age, w h ich  is no t 
su spec tib le  to  b e  f is su re d  easily  w ith o u t h y 
d ro th e rm a l a c tiv ity . F issu res  do n o t d ev e 
lop u n d e r  re la tiv e ly  low  te m p e ra tu re  a n d  
p re ssu re , only if th e  rock  h as b een  so ften ed  
by  so lu tio n  a n d /o r  d isag g reg a tio n  b e fo re  
( D ż u ł y ń s k i ,  1976).

O ne of th e  m ost c h a ra c te r is tic  fe a tu re s  
of th e  caves is th e  deve lo p m en t of sp h eric  
cells. T h e ir  d ev e lo p m en t in  th e  c o n ta c t zone 
of th e  cold  rook  an d  th e  w a rm  w a te r  w as  
a lre a d y  e x p la in ed  e a r l ie r  on th e  b asis  of 
M t i l l e r ’ s h y p o thes is  (1974). T h e  fac to rs  
p ro b ab ly  in flu en c in g  th e  size of th e  cells 
a re : th e  ro ck  type , th e  s ta b il ity  of th e  
rock  an d  th e  p osition  of th e  ta b le  of th e  
th e rm a l w a te r , re la te d  to  th e  th ick n ess  of 
th e  covering  lay e r . In v e s tig a tin g  th e  la s t 
fa c to r, it  can  be  s ta ted , th a t  th e  th in  cove
rin g  la y e r  c rea te s  h ig h e r  te m p e ra tu re  g ra 
d ien t b e tw een  th e  th e rm a l w a te r  a n d  th e  
co ld  rock, th u s  th e  c o n d en sa tio n  of th e  v a 
p o u r is m ore  rap id , causing  th e  s tro n g e r  
so lu tion  of th e  ro ck  a n d  th e  d ev e lo p m en t 
of la rg e r  sp h eric  cells.



I t  w as a lso  m en tio n ed  e a rl ie r , th a t  th e  
ty p e  of th e  m in e ra ls  developed  on th e  w a lls  
o f th e  caves in d ica te  a lso  th e ir  h y d ro th e r
m a l o rig in  (eg. th e  p resen ce  of b a r i te  is 
th e  p ro o f of h igh  te m p e ra tu re  developed  
d u rin g  th e  f i r s t  p h ase  of h y d ro th e rm a l a c t i 
v ity ). In  th e  spheric  cells of th e  B a to ri 
cav e  h av in g  lo w er p o sitio n  v e ry  rich  arago  
n ite -ea lc ite  fo rm a tio n s  of c au liflo w er-sh ap e  
c a n  b e  found , a lth o u g h , s im ila r c ry s ta ls  can  
develop  a lso  from  cold w a te r, th e i r  g re a t 
am o u n t a n d  th e  den sity  lead  to  th e  su p 
position , th a t  a  rise  of th e  level of th e  th e r 
m a l k a rs tic  w a te r  fo llo w ed  th e  deve lopm en t 
of th e  sp h eric  cells an d  th e  c ry s ta ls  w ere  
deposited  by  th e  th e rm a l w a te r.

In  th e  S â to rk ô p u sz ta  cave  th e  p re c ip i
ta t io n  of gypsum  is o bservab le  on th e  w alls  
T he p re sen ce  of lim o n ite  ores in  th e  B atori 
cave w as th o u g h t e a r l ie r  to  be  of h y d ro - 
th e rm a l origin. T he h y d ro th e rm a l m in e ra 
liza tio n  p roduces, how ever, th e  su lp h id  ores 
of th e  m e ta ls . O nly  th e  u p p e r p a r t  of the 
ore  v e in  m ay  co n ta in  m eta llox ides , w here  
th e  o rig ina l su lp h id es w ere  tra n sfo rm e d  by 
ox id ization  ac tin g  in  th e  a e ra tio n  zone. lr: 
th e  B a to ri cave th e  su lp h id  ores a re  com p
le te ly  m issing. T he supposition  acco rd ing  to 
w h ich  th e  B a to ri cave w as fo rm ed  d u ring  
th e  f i r s t  phase  of the  h y d ro th e rm a l ac tiv ity  
co n trad ic ts  also  to  th e  h y d ro th e rm a l o rig in  
of lim o n ite  ores, viz. a confined  flow  system  
developed  in  th is  phase  an d  th e  en v iro n 
m e n t of such  system  is g en e ra lly  c h a ra c te 
rised  by  re d u c tiv e  ac tiv ities . T hus th e  hypo- 
te s is  s ta tin g  th a t  m in e ra liz a tio n  is younger 
th a n  th e  deve lo p m en t of th e  cave has 
g re a t p ro b ab ility . T he fac t, th a t  th e  co n tac t 
zone b e tw een  th e  ore an d  th e  lim estone  
is m issing , excludes a lso  th e  assu m p tio n  of 
m etaso m atic  m in e ra liz a tio n . I t  can  be su p 
posed  th e re fo re , th a t  th e  lim o n ite  w as depo
sited  o rig in a lly  in  th e  fo rm  of oxides and  
n o t tra n s fo rm e d  fro m  su lph ides. T he aging 
of m in e ra liz a tio n  is v e ry  d ifficu lt. T he o ri
g in  of th e  iro n  m ay  give som e ass is tan ce  in  
th is inves tiga tion . T he p a re n t rock  of th e  
cave is co v ered  b y  a n  O ligocene sandstone  
of H ârsh eg y  type , w h ich  con ta in s la rg e

a m o u n t of iron . T he in f i l tra t in g  p re c ip ita tio n  
p e rco la ted  th ro u g h  th e  san d s to n e  leach ing  
it. T he  iro n  in  th e  fo rm  of d isso lved  fe r -  
ro -h y d ro x id e  reach ed  th e  in te rfa c e  of th e  
san d s to n e  a n d  th e  lim estone . T h ere  th e  d is
so lved  m a te r ia l p re c ip ita te d  d u e  to  th e  
change of th e  pH  v a lu e  of th e  w a te r . A t 
p re sen t th e  iro n  o re  sa tu ra te s  th e  lo w er 
la y e r of th e  sandstone , i t  c an  be fo u n d  
a long  th e  in te rfa ce  of th e  tw o  d if fe re n t 
rocks o r it  c rea te s  a p p a re n t ve ins a long  th e  
bedd ing  p lan es  of th e  lim estone .
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J u d i t  K ovâcs, P â l M ü lle r

PO C H O D Z EN IE  H Y D RO TER M A LN Y C H  Z JA W IS K  K RA SO W Y C H  
W R E JO N IE  W ZG Ó R Z BUDY (W ĘGRY)

S t r e s z c z e n i e

W  re jo n ie  w zgórz B udy w y stęp u je  k ilk an aśc ie  ja sk iń , k tó rych  
pochodzen ie  zw iązane je s t  z d z ia ła lnośc ią  h y d ro te rm a ln ą . N a p o d 
s taw ie  p rzep ro w ad zo n e j an a lizy  ro zp rze s trzen ien ia  ty ch  ja s k iń  
i ich  fo rm  oraz  an a lizy  w y stęp u jący ch  w  re jo n ie  k ru szców
i m in e ra łó w  pochodzen ia  h y d ro te rm a ln eg o  w yróżn iono  dw ie fazy 
dz ia ła lnośc i h y d ro te rm a ln e j:
— faza  p ie rw sza  je s t zw iązana z d z ia ła ln o śc ią  w u lk an iczn ą  

w  re jo n ie  w zgórz B udy, d a to w a n ą  n a  schy łek  eocenu lub 
p o czą tek  p liocenu , p rzy  dzia ła lności h y d ro te rm a ln e j ro z g ry 
w a ją c e j się pod w a rs tw ą  p rz y k ry w a ją c ą  o znacznej m iąższo
ści,

— faza  d ru g a  o ch a ra k te rz e  sy s tem u  o tw arteg o , w  k tó ry m  w ody 
by ły  tra n sp o rto w a n e  z dużych  g łębokości do s tre fy  ae rac ji, 
a  n iek ied y  i n a  p o w ierzchn ię  p rzez  s tru m ie ń  te rm a ln y  zw ią 
zan y  z p lioceńsk im i p ro cesam i pow u lkan icznym i.
A naliza  śladów  w y stęp o w an ia  ty ch  dw óch faz m a na  celu  

p rz e p ro w a d z e n ie  k la sy fik a c ji genetycznej ja s k iń  w  re jo n ie  w zgórz 
B udy.

J u d i t  K ovâcs, P â l M ü lle r

O R IG IN E  D ES PH EN O M EN E S K A R ST IQ U E S 
H Y D R O T H E R M A U X  D ANS LA  R É G IO N  DES C O LLIN ES 

DE BUDA (H ON GRIE)

R é s u m é

D ans la rég ion  des collines de  B uda il y a p lu s ieu rs  g ro ttes  
d o n t l ’o rig ine  e s t liée  à  l ’ac tiv ité  h y d ro th e rm a le . L ’an a ly se  de 
d iffu s io n  de ces g ro tte s  e t de leu rs  fo rm es, a in s i que l’ana ly se  
de m in e ra is  d ’o rig ine  th e rm a le  d ém o n tre  q u ’il y a  deux  phases 
de l ’a c tiv ité  h y g ro th e rm a le :
— la  p re m iè re  e s t liée à l ’a c tiv ité  v q lcan ique , d a tée  p o u r le 

déclin  de l ’E ocène ou le d éb u t du  P locène, e t  e s t accom pag
née  de l’a c tiv ité  h y d ro th e rm a le  dans la  couche sou s-jacen tc  
à  u n e  d en sité  considérab le ,

— la  d eu x ièm e  est c a ra c té r is tiq u e  au  sy s tèm e o u v ert, d ans lequel 
les e au x  o n t é té  tra n sp o rté e s  de g ran d es  p ro fo n d e u rs  à la  
zone d ’aé ra tio n , e t p a rfo is  à la  su rface  p a r  le  c o u ra n t th e rm a l 
lié  a u x  p ro cessu s p liocenes p o st-v o lcan iq u es.
L’analyse des pistes d'apparition de ces deux phases a pour 

but la classification de grottes dans la région des collines de 
Buda.
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Vleme E c o le  S p e le o lo g iq u e  d e  l ’U n iv e r s ité  
d e  S i le s ie  e t  d e  W r o c la w

E n 1975 l ’In s ti tu t  de G éo g rap h ie  de l ’U n iv e rs ité  de W roclaw  
a p r is  l ’in itia tiv e  d’o rg an ise r une  école sc ien tifiq u e  consacrée  
a u x  p h énom ènes k a rs tiq u e s  e t à  la  spéléologie. C e tte  p ro p o s itio n  
ré s u lta i t  de l’a p p ré c ia tio n  de la  s itu a tio n  ac tu e lle  dans la  s p é 
léologie p o lona ise  e t a  é té  exam in ée  d u ra n t le  sém in a ire  spé léo - 
log ique o rg an isé  en  au to m n é  1974 à  L ąd ek  Z dró j p a r  P o lsk ie  T o
w arzy stw o  P rzy ro d n ik ó w  im . K o p e rn ik a  (A ssociation  Polonaise  
des N a tu ra lis te s )  e t  l ’In s ti tu t  de G éog raph ie  de l ’U n iv e rs ité  de 
W rocław . L ’école p roposée  a v a it  p o u r  l’o b jec tif de p e rm e ttre  a u x  
spéc ia listes , s ’in té re ss a n t à la  p ro b lé m a tiq u e  k a rs tiq u e , de perfec- 
tin n e r  le u r  q u a lifica tio n s  au  cou rs des sém in a ire s  e t d iscussions 
sc ien tifiq u es . U ne te lle  école p e rm e tt ra it  d ’é ta b lir  les p rinc ipes 
de la  co llab o ra tio n  e t les p ro g ram m es sc ien tifiq u es com m uns 
e n tre  les in s titu tio n s  sc ien tifiq u es engagées d an s ce tte  th é m a 
tiq u e . C e tte  école a s s u re ra i t ég a le m en t la  p lace  au x  é tu d ia n ts  
de g éog raph ie  e t  géologie don t les th èses  e t sém in a ire s  se ra ie n t 
consacrés  au  k a rs t. L ’am b itio n  des o rg a n isa te u rs  é ta it  de p u b lie r  
su cces ivem en t les m a té r ia u x  o rig in a u x  p ré sen té s  au  cours de 
l ’école.

L a  1ère Ecole S péléo log ique  a eu  lieu  d an s l ’in te rv a lle  s e 
m e s tr ie lle  en  fé v r ie r  1975 dans u n e  s ta tio n  c lim a tiq u e  à  L ąd ek  
Z dró j (B asse S ilésie). 61 pe rso n n es y on t p a rtic ip é , don t 11 
m a ître s  de co n féren ce  ag régés e t p ro fe sseu rs  u n iv e rs ita ire s . Les 
p a r tic ip a n ts  re p ré se n ta ie n t les in s titu tio n s  sc ien tifiq u es e t les 
écoles su p é r ie u re s  en  P o logne s ’in té re ss a n t au  k a rs t, a in s i que 
tro is  p r in c ip a u x  cen tre s  k a rs tiq u e s  en  T chécoslovaqu ie : les
U n iv e rs ité s  de P ra g u e  e t O lom ouc, e t le  M usée d u  K a rs t  de 
S lo v én ie  à  L ip to w sk i M iku laś . E n o u tre , p a rm i les p a r tic ip a n ts  
de l ’E cole se son t tro u v és  les m em b res des o rg an isa tio n s  spéléo- 
log iques de P o lo nge e t T chécoslovaqu ie  a y a n t des am b itio n s 
de fa ire  des tra v a u x  sc ien tifiq u es dans les g ro tte s . P e n d a n t 
la  p re m iè re  E cole a  é té  é tab li le  p ro g ra m m e  com m un po iono- 
-tch èq u e  des rech e rch es  su r  le k a rs t de  S udètes .

L es ex p érien ces  d ’o rg an isa tio n  e t l’a p p o rt sc ien tifiq u e  de la 
1è r e  Ecole on t é té  m is à  p ro f it  d u ra n t les écoles successives: 
II (1— 15 II 1S76 à  L ąd ek  Z d ró j—B ozkov), I I I  (1— 14 II  1977 
à L ąd ek  Z d ró j—B lansko) e t IV (22—28 II  1978 à  L ąd ek  Z dró j,1. 
E n su ite  l ’o rg an isa tio n  de ces écoles e s t passée  dans les m ain s



du L a b o ra to ire  de G éom orphologie  K a rs tiq u e , co n s titu é  à  l ’U 
n iv e rs ité  de S ilésie  à Sosnow iec en  1976, e t ses c o lla b o ra te u rs  
é ta ie n t re s té s : S ec tion  S péléo log ique de la  S cié té  P o lo n a ise  
des N a tu ra is te s  „ K o p e rn ik ”, l ’O ffice de V oïvodie à  W ałb rzych , 
e t l’A ssocia tion  P o lo n a ise  des A m is des S ciences à  V arsov ie. 
A l ’U n iv e rs ité  de  S ilésie  a é té  recom m encée  l ’é d itio n  n a tio n a le  
de l ’a n n u a ire  K ras i speleologia , q u i e s t la  c o n tin u a tio n  de ce lu i 
Speleologia  éd ité  a  V arsov ie . L es m a té r ia u x  des Ecoles S péléo - 
logiques, y  com pris des com ptes re n d u , o n t é té  p u b lié s  d an s 
5 volum es de ce tte  p u b lic a tio n  1(X) — 5(XIV). A u cou rs de 
l’Ecole so n t o rgan isées les expositions des p lu s ré cen ts  tra v a u x  
e t pu b lica tio n s sc ien tifiques , on  p ro je tte  les film s e t  les d ia 
positives, on p ré s e n te  les expositions p h o to g rap h iq u es  su r  le 
k a rs t  e t la  spéléologie. L ’Ecole e s t ég a le m en t l ’in i t ia te u r  des 
p ro g ram m e s  sc ien tifiq u es dans le  d om aine  du  k a r s t  e t  p e n d a n t 
son tr a v a il  on t lieu  des sessions des o rg an isa tio n s spéléologi- 
ques.

S u iv a n t la  tra d it io n , la  Vième Ecole Spéléo log ique  a é té  o rg a 
n isée  à  L ą d e k  Z d ró j du  5 au  12 II  1979 p a r  le  com ité d’orga
n isation  com posé de:, p ro f, d r  A lfred  J a h n  (U niversité  de  W ro c 
ław ), doc. d r  V lad im ir P an o s (U n iv ersité  à O lom ouc), doc. d r  
M arian  P u lin a  (chef de l ’Ecole — U n iv e rs ité  de S ilésie  à S osno 
w iec), m g r A n d rze j K ozik  (sec ré ta ire  de  l ’E cole — U n iv e rité  de  
S ilésie). L es ch e fs  e t  les o rg an isa te u rs  des sém in a ire s  é ta ie n t 
re sp ec tiv em en t: . d r  A dolfo  E raso  . (U n iv ersité  de M adrid), d r  
J e rz y  G łazek  (U niversité  de V arsovie), doc. d r A. K o strzew sk i 
(U n iversité  de P oznań), d r  A la in  M ang in  (CNRS — M oulis), m g r 
W ojciech  M ag iera  (CUPRUM  — W rocław ), doc. d r A ndrze j Róż- 
kow sk i (U n iversité  de Silésie), p ro f. d r  R a fae l F e rn an d ez -R u b io  
(U n iv e rsité  à G renade).

L es participants re p ré se n ta ie n t les U n iv e rs ité s  su iv an te s : 
B udapest, G ren ad e , la  H avane, M adrid , P oznań , P rag u e , Sosno
w iec, V arsov ie  e t  W rocław ; les in s titu tio n s  de l ’A cadém ie des 
S ciences: In s ti tu t  des Sciences G éologiques de PA N  à V a rso 
vie, In s ti tu t  de la  P ro te c tio n  de la  N a tu re  de PA N  à W rocław , 
M usée de la  T e rre  de PA N  à V arsov ie  e t CNRS à M oulis, 
sec tions de l’In s ti tu t  de G éologie à  Sosnow iec, W roc ław  et 
V arsov ie; E d itions G éologiques à V arsov ie , A cadém ie des M ines 
e t  de  la  M éta llu rg ie  à  C racovie , E cole S u p é rieu re  P édagog ique  
à  K ielce, In s ti tu t  d ’H ydro log ie  e t M étéoro log ie  à Sofia, W a te r 
D ésigné B u ra u  à B u d ap est, M usées à  C zęstochow a e t O rad ea ; 
b u re a u x  de p ro je ts  m in ie rs: PO L T E G O R  e t C U PR U M  à W ro cław , 
A ssocia tion  P o lona ise  des A m is des Sciences de la  T e rre  à  V a r
sovie, C onseil N a tio n a l de la  P ro te c tio n  de la  N a tu re ; in s ti tu ts  
e t o rg an isa tio n  spéléo log iques: C eska S peleo log ica S polonost, S p ra -  
v a  S lovçnskych  Ja sk y n , C ircolo Speleologico  e Id ro log ico  F r iu -  
lano, M ag y ar K a rsz t eś B a rla n g k u ta to  T a rsu la t, In s titu t S pé léo lo 
g ique à  B u d ap est e t U nion  Spéléo log ique In te rn a tio n a le  au p rè s  
de l ’UNESCO.

100 p ersonnes en v iro n  o n t p ris  p a r t  dans les tr a v a u x  de 
l’Ecole, p a rm i lesquels: 79 p a rtic ip a n ts  de P ologne, 1 de B u lgarie , 
10 de T chécoslovaqu ie , 2 de F ran ce , 2 d ’E spagne, 1 de C uba, 
1 de R oum anie, 3 d ’H ongrie , 1 d ’I ta lie .



L es tr a v a u x  de l ’Ecole on t é té  réa lisé s  en  m éthode  de sém i
na ire s . O n a o rg an isé  tro is  sém in a ire s  au  cou rs desque ls 36 con- 
frences o n t é té  p résen tées  e t  com m un iquées . L e sé m in a ire  le  
m ieux  re p ré se n té  é ta i t  ce lu i de l ’hy d ro lo g ie  du k a rs t  où  l ’on a 
p rê té  beaucoup  d ’a tte n tio n  a u x  ré s u lta ts  des rech e rch es  du  g ro u 
pe de CNRS de M oulis su r  la  d y n am iq u e  des e au x  k a rs tiq u e s . 
U n film  su r  la  c ircu la tio n  des e au x  k a rs tiq u e s , sp éc ia lem en t ap  • 
p o rté  p a r  les a u te u rs  à  L ądek , f u t  u n  su p p lém en t de ce tte  th é -  
matf<Sue. L es deux  a u tre s  sém in a ire s , „P rob lèm es ac tu e ls  du  
k a r s t” e t „L e k a rs t  e t la  p ra t iq u e ”, o n t a b o rd é  les p lu s  e ssen tie lls  
questions d an s ce dom aine. L es co n féren ces p ré s e n ta n t des m é
thodes in v e s tig a tr ic e s  dans le  k a rs t  e t des ré a lisa tio n s  p ra tiq u e s  
dans l ’in d u s tr ie  m in iè re  o n t p a r t ic u liè re m e n t a t t i r é  a tte n tio n . A 
p a r t  la  p ro b lé m a tiq u e  sc ien tifiq u e , les p a r t ic ip a n ts  de l ’E cole o n t 
consacré  d eu x  jo u rs  au x  tr a v a u x  liés à  l ’a m én a g em en t de la  
g ro tte  de  l ’O u rs à  K le tno , a u x  p e rsp ec tiv e s  des déco u v erte s  dé 
nouvelles g a le r ie s  e t à  l ’o rg an isa tio n  d ’u n e  m usée  de la  n a tu re  
a u p rè s  de c e tte  g ro tte .

D u ra n t les tr a v a u x  de l ’E cole a é té  o u v e rte  u n e  ex p o sitio n  de 
la  l i t té ra tu re  k a rs tiq u e  e t spéléo log ique  p ro v e n a n t de l’échange 
de l’a n n u a ire  „K ras  i  S peleo log ia” e t a p p o rtée  p a r  les p a r t ic i
p an ts . E n  ou tre , dans la  sa lle  de co n féren ce  on p o u v a it v o ir 
u n e  ex p o sitio n  de la  p h o to g rap h ie  spéléo log ique  — ré s u lta t  du 
concou rs o rg an isé  p a r  la  S ec tion  S péléo log ique  de la  S ociété  
P o lonaise  des N a tu ra lis te s  „ K o p e rn ik ” de C raco v ie  e t la  r e d a c 
tion  de la  p u b lic a tio n  „W szechśw ia t”.

Les d éb a ts  de la  V ^m e Ecole S péléo log ique é ta ie n t acco m p a
gnées p a r  les sessions d u  C om ité  de C onseil N a tio n a l de la  
P ro tec tio n  de la  N a tu re  d is c u ta n t les p ro b lèm es d 'am én ag em en t 
de la  g ro t te  de l ’O urs, e t celles de la  C om m ission  In te rn a tio n a le  
de P h y sico ch im ie  e t d ’H ydro log ie  du  K a rs t U .I.S. L e co m p te -ren d u  
de la  session  de la  C om m ision  U .I.S. a  é té  p u b lié  dans le  4 (X III) 
volum e de K ra s i speleologia.

Les p a r tic ip a n ts  o n t reçu  ch acu n  2 (XI) vo lum es de K ras  
i spe leo log ia  in s é ra n t les m a té r ie u x  de la  Illièm e E cole S pé léo lo 
g ique  e t le  tr a v a i l  de M. M arkow icz  e t M. P u lin a : D em i-m ic ro 
ana lyse  ch im iq u e  q u a n tita tiv e  des e a u x  p ro v e n a n t des rég ions du  
ka rs t carbona te  — éd ité  p a r  l’U n iv e rs ité  de  S ilésie  à  l ’occasion 
de la  Vième Ecole Spéléologique. C ’e s t u n  su p p lém en t N ° 1 à la 
p u b lica tio n  de K ras i speleologia.

L es co u rs  p rononcés p e n d a n t les sém in a ire s  o n t é té  en reg i-  
tré s  s u r  la  b an d e  m ag n é tiq u e  e t son t à  la  d isposition  des in té re s 
sés.

P rogram m e des travau x de la V ième Ecole Spéléologique

6 II  1979

L a  séance  d ’in a u g u ra tio n  de l ’E cole — o n t p r is  la  p a ro le : 
m g r Z. F edorow icz, v ice-vo ïvode  à  W ałbrzych , d r  A. E raso , 
m em b re  du  p ré s id iu m  d ’U.I.S, p ro f. A. J a h n , re p ré se n ta n t des 
o rg an isa te u rs  de l ’Ecole.



C ours d ’in a u g u ra tio n  de p ro f. R. F e r n a n d e z - R u b i o :  E tu 
des hydrogéo log iques à T o rea l de A n te q u e ra  (Espagne).

E n  o u tre  on t p ris  la  p a ro le : d r J . G ł a z e k :  C om m ém oration  
d ’E d g ard  K. T ra tm a n , d r  P . B o s a k  e t p ro f. A. J  a h  n: C om m é
m o ra tio n  de Józef K unsky .

S ém in a ires: G ro tte  de l ’O urs à K le tn o  — chefs: W. M a g i e -
r  a.

S.  K o z ł o w s k i  et  M.  D r z e w i e c k a - K o z ł o w s k a :  
C onditions géologiques de la fo rm atio n  de la  g ro tte  de l ’O urs.

7 II  1979

M atinée  — tra v a u x  su r  le te r ra in  d an s la  g ro tte  de l’O urs 
à K le tn o  e t dans le M assif de S n ieżn ik  K łodzki — chef. M. P  u- 
l i n a :  p ré se n ta tio n  des ré s u lta ts  de rech e rch es géophysiques dans 
la rég io n  de la g ro tte  e ffec tuées p a r  S. J o d ł o w s k i  (In s titu t 
de  G éologie — W rocław ).

A p rès-m id i a eu  lieu  une  session  de la C om m ission de C on
seil de la  P ro tec tio n  de la N a tu re  p rés id ée  p a r  A. J  a h n.

8 II 1979

S ém ina ires: H ydro log ie  k a rs tiq u e  — p ré s id en ts : A. M a n g i n 
e t A. R  ó ż k  o w  s k  i.

A. M a n  g i n: P ro p o sitio n s de rech e rch es  su r le k a rs t en  m é 
thodes ph y siq u es m e tta n t à  p ro fit les ré s u lta ts  de rech e rch es  des 
systèm es k a rs tiq u es

P. M ü l l e r ,  J.  K o v a c s  (M .K.B.T. B udapest): G enèse du 
k a rs t th e rm a l d an s la  rég io n  des C ollines de B uda  (H ongrie) 

F . C s e r  (M.K.B.T. B udapest): M odèle m a th ém a tiq u e  des s o u r 
ces k a rs tiq u es

A. P a c h o l e w s k i  (In s ti tu t de G éologie — Sosnow iec): R é 
su lta ts  des rech e rch es s u r  la  d y nam ique  des eau x  f issu rée s-k a rs - 
tiq u es (?) dans les a q u ifè re s  du J u r a  de C racovie-C zqstochow a 

J . M o t y k a  (A cadém ie des M ines e t de la M éta llu rg ie , C ra- 
covie); P rév is io n s  des venues- d ’eau  dans les m ines ex p lo itan t 
les g isem en ts de ty p e  k a rs tiq u e

M. B a k a l o w i c z  (SNRS — M ulis): A pp lica tions des m é th o 
des ch im iques p o u r d é te rm in e r  les phénom ènes k a rs tiq u es

J . V a l d e s  (U n iversité  à la  H avane): R echerches p h y s ic o -c h i
m iques des e a u x  du k a r s t  tro p ic  e t le u r  ra p p o r t avec le m ilieu  
géologique

J. J a n k o w s k i ,  M.  P u l i n a  (U n iversité  de Silésie): D én u 
d a tio n  ch im iq u e  su r  les v e rsa n ts  no rd  de Szczeliniec W ielk i 
(M ontagnes de T able)

J . G ł a z e k :  R ésu lta ts  p ré lim in a ire s  des d é te rm in a tio n s  is o 
top iques de l ’âge  des con cré tio n s en  Pologne

J . L e s z k i e w i c z ,  J.  W a c h  (U n iversité  de Silsie): P ro b lè 
m es hyd ro ch im iq u es du b a ss in  v e rs a n t du g lac ie r A n ton ia  (S p its - 
berg)

R. F e r n a n d e z - R u b i o :  E tu d e  hydrogéo log iques d ’une
m ine  de m in e ra i m é ta lliq u e  dans la  rég ion  de O jos N egros 
(Espagne)



F ilm  fra n ç a is : C ircu la tion  des e a u x  k a rs tiq u es  avec le com 
m e n ta ire  de l ’a u te u r  du  film  — A. M  a n  g i n.

9 II 1979

S é m i n a i r e :  P ro b lèm es ac tu e ls  du  k a rs t  — p ré s id é  p a r  A. 
E raso  e t A. K. K ostrzew sk i.

A. E r a s o :  N ouvelle  m é th o d e  de rech e rch es  su r  le k a rs t. 
M odèles n a tu re ls  e t convergence  des fo rm es

J . R u d n i c k i  (In s ti tu t des S ciences G éolog iques de PA N  — 
V arsov ie): D év e loppem en t des g ro tte s  du  k a rs  th e rm a l

P. B o s a k ,  J .  S y k o r a ,  S.  T u r m a  (U n iv e rs ité  de P rague): 
N o u v eau  ty p e  d ’a ra g o n ite  d an s les dépô ts de g ro tte s

J . O t ę s k  a  (In s ti tu t de la  P ro te c tio n  de la  N a tu re  de PA N  
—• C racov ie ): P e tite s  fo rm es a p p a ra is sa n t à  la  su rface  des b u tte  - 
- tém o in s

W. G l a z k o w a  (G rande  Ecole de l ’A g ricu lu re , V arsov ie): R e 
c h e rch es  p io n n ie rs  su r  la  re cep tio n  so u te rra in e  rad io  e f
fec tu ées p a r  D. D oborzyńsk i dans les g ro tte s  de la  rég ion  de 
C racov ie

M. Ł u k a s e k  (U n iversité  de W rocław ): S u r les phénom ènes 
k a rs tiq u e s  à P o łom  p rè s  de W ojcieszów  (M ontagnes K aczaw sk ie)

B. K  o s s (U n iversité  de W rocław ): O b se rv a tio n s  de la g ro tte  
R adochow ska (Sudètes)

A p rè s-m id i—p ré se n ta tio n  des d iap o s itiv es  p rises  dans les ré  
g ions k a rs tiq u e s  en  P olonge (G ro tte  de l ’O urs), en R o um an ie  
e t  au  C uba.

10 II  1979

S ém in a ire : Le k a r s t  e t la  p ra t iq u e  p ré s id é  p a r: R. F e rn an d ez - 
-R ub io  e t A. R óżkow ski.

L . V a l e n a s  (M usée T a r ii  C risu rilo r à  O radea): M orpholog ie  
du  k a rs t  de la rég io n  de M onts B iho r

P . B o s a k ;  In f lu en ce  des p ro p r ié té s  des roches ca rb o n a tées  
s u r  le  p ro cessu s de k a rs tif ic a tio n

J .  R e h a k  (C esla S peleo log icka S po lonost — B oskov): I n 
fluences an th ro p o g én iq u es  su r  le  k a rs t  en  T chécoslovaqu ie

A . R ó ż k o w s k i ,  T.  R u d z i ń s k a  ( In s ti tu t de G éologie, S o 
snow iec): In f lu en ce  d u  k a r s t  s u r  la  p e rm é a b ilité  des fo rm a tio n s  
du c a lc a ire  co q u ille r  d an s la  rég io n  de S ilésie -C raco v ie

T. R u d z i ń s k a :  M éthodes de rech e rch es hydrogéo log iques 
su r  les n iv e a u x  fissu ré s -k a rsq u e s  du T ria ss iq u e  silésien  dans les 
fo rm atio n s com plexes

A. S z y n k i e w i c z  (PO L TE G O R  — W rocław ): In f lu en ce  du 
k a r s t  s u r  les tr a v a u x  m in ie rs  d an s les m ines à ciel o u v e rt en 
Pologne

A. P a c h o l e w s k i :  A p p lica tio n  des m éthodes de la g éophy 
sique  de  su r fa c e  su r  l ’ex em p le  des re c h e rc h e s  d an s le bass in  -  
v e rs a n t e x p e rim e n ta l à W iercica ( J u ra  de C racovie -C zqsto- 
chow a)



C. R z e p a  (Ecole S u p é rieu re  P édagog ique  à  K ielce): P ro p r ié 
tés p h y sico -ch im iq u es e t e rro siv es des e a u x  dans la  g ro tte  de 
R aj (M ontagne de Ste C ro ix)

11 II 1979

T ra v a u x  s u r  le te r ra in  dans les M ontagnes de T ab le  p rés idés 
p a f  ÎV. J a h n  e t M. P u linow a.

12 II  1979

C ours de Z. W ó j c i k  (M usée de la  T e rre  de PA N , V arsovie): 
T erm ino log ie  p o lona ise  spéléo log ique. H is to ire  de ce p rob lèm e, 
d iscussion  s u r  les p rob lèm es p résen tés  au  cours des sém in ia res

13 II 1979

D éb at de la  C om m ission  de P h ysico -ch im ie  e t d’H ydrologie 
du  k a rs t  U IS  — d irigé  p a r  A. E raso  e t  M. P u lin a .

M arian  P u lina  
L a b o r a to i r e  d e  G é o m o r p h o lo g ie  K a r s t i q u e  

de l ’U niversité de S tlésie  
ut. M ie l c z a r s k ie g o  60 
PL 41-200 Sosnowiec
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