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Jacek Motyka
Zbigniew Wilk*

Hydraulic Structure of Karst-Fissured
Triassic Rocks in the Vicinity of Olkusz (Poland)

Abstract: Hydraulic model of the
Triassic karst-fissured limestones and do-
lomites occuring in the Olkusz zinc and lead
mining district is presented. The results of
observations and measurments of the geo-
metric parameters of the fissures and Kkarst
forms exposed in mining workings and on
the surface are discussed. For the convenie-
nce of mining practice a classification of
open karst channels is proposed.

Introduction

Karst formations are, for different rea
sons, the subject of interest of researches
representing various branches of geological
sciences. In the course of the last two de-
cades the interest in hydrogeology of karst-
-type aquifers has increased very distinctly,
since as a rule these aquifers can yield lar-
ge quantities of high quality water. The
increasing world-wide water crisis encou-
rages multi-directional investigations into
this type of rocks. A rational development
of ground-water resources occurring in
karst-fissured aquifers requires a study of
the dynamics of ground-water flow and due
to great susceptibility of this kind of
ground-water reservoirs to surface origina-
ted pollution the problem of mass migra-
tion within these rocks also demands solu-
tion.

The mining industry is strongly interested
in the studies of ground-water movement
within karst-fissured formations. The ex-
ploitation of karst-type mineral deposits is

* Academy of Mining and Metalurgy,
Institut of Hydrology and Engeneering of
S. Staszic, ul. Mickiewicza 30, 30-059 Kra-
kéw, Poland.

usually accompanied by heavy ground-wa-
ter inrushes into mine workings (Plate 1,
Wilk et al, 1977). They often create great
hazards for both the mining operations and
the crews. The inevitable draining of karst-
-fissured rocks around the mines results in
different disadvantageous and even disas-
trous processes and phenomena sometimes
occurring in sites located far away from the
mines where ground-water extraction takes
place. The improvement of forecasting met-
hods of different hazards for both the mine
workings and for the objects on the sur-
face belongs to the most urgent tasks of
modern karst hydrogeology with respect to
mining industry.

According to the authors’ opinion the ac-
curacy of the respective prognoses could be
improved thanks to better knowledge of the
hydraulic structure parameters of the ore-
-bearing formations and surrounding rocks.

The authors’ investigations were initia-
ted in underground workings of the zinc-
-lead ore mines in the Olkusz mining dis-
trict. With respect to the volume of water
pumped out from these mines they belong
to the top ones in Europe. The results of
the authors’ investigations are presented in
this paper.

The Hydraulic Model of the Carbonate
Rocks under Investigation

The karst-fissured rocks represent a spe-
cific type of ground-water collector. Their
specificity is mainly connected with the
structure of this kind of medium, within
which four basic hydraulic systems can be



distinguished,
karst channels
forms (Fig. 1).

namely: pores, fissures, open
and secondary filled karst
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Fig. 1. Hydraulic model of the Triassic
karst-fissured waterbearing horizon:

I — scheme of a fragment of the rock massif;
1 — hydraulic scheme of ground-water circula-
tion; P — pore space, — fissures, C — open
karst channels, FF — fllled karst channels

The mentioned systems form the inter-
nal structure of the karst-fissured rock. This
structure however is internally unstable as
it may undergo changes resulting from che-
mical and mechanical action of the moving
ground-water (Liszkowski, 1977) as well
as from the sedimentation and from the
movement of the material filling the fissu-
res and karst forms.

Ground-water circulation within Kkarst-
-fissured rocks also depends on their mac-
roheterogeneity caused by the spatial arran-
gement of the strata and by the local as
well as regional hydrogeological conditions.
They all together create the external struc-

rocks under discussion. Both
structures are connected with
and any change within one of
causes the rebuilding of the other

The qualitative models of the interrela-
tions between geological and hydrogeological
factors and of the properties of a karstic
aquifer have been proposed among others
by L. Kira 1y (1975) or A. Mangin (1976),
and a semiquantitative model in the form
of an algorithm enabling to solve the water
balance equations has been proposed by C,
Drogue and A  Guilbot (1977).

The main element of the external
raulic structure of the investigated Trias-
sic aquifer are the numerous disjunctive
dislocations, dividing the rock formations in-
to separate, isolated hydrogeological units.
Of great importance is also the recharge
and/or discharge of the Triassic aquifer by
other water-bearing horizons which occurr
in the zones of hydraulic contacts (Wilk,

ture of the
mentioned

each other
them

hyd-

Motyka, 1977) and by surface streams
(Fig. 1).
The elements of the internal hydraulic

structure of the discussed medium differ
from each other mainly with respect to the
value of hydraulic resistance. Nevertheless
there exist ranges of resistance values com-
mon to different kinds of open spaces. Fis-
sure and karst channel systems characteri-
zed by the least hydraulic resistance are
the privileged ways of ground-water circu-
lation.

Fissures

Until now tne pore space of the carbo-
nate Triassic rocks has not been investiga-
ted from the point of view of its hydraulic

properties. The measurements of the main
geometric elements of the fissures, ie. wi-
dth, length and spatial orientation have

een carried out in the underground mine
workings and in surface exposures. As a re-
sult it has been found that the most fre-
quent value of the fissure width equals ca
0.2 mm. The maximum values reach up to
35 mm within the shallow hipergenic zone,
up to 5 mm at the depth of 100 m and up
to 25 mm at the depth of 150 m, respecti-
vely.



The values of surface fissurity indices

(Kws) and of the surface density of joints
(TV) were calculated using the formulae
given below (Liszkowski, Stochlak,
1976).
X Umbi
Ku = 1 F (1)
n
(2
V- -V -
where:
Kuig.—  surface fissurity index,
r= surface density of fissures (m_1),
u — length of a respective fissure (m),
hi — width of a respective fissure (m),
F — the cross-section area of a fissu-

red rock fragment (m2.

The measurement results were also used
for the calculation of the hydraulically equi-
valent fissure width of the investigated rock

ferring to the identity of hydraulic gradient
within all fissures. As a result the following
formula has been derived

X bi3-li
bm — 1 )
n
X u
where: bm — hydraulicaly equivalent fissure
width (m).
The characteristic values calculated using

formulae (1), (20 and (3) can be seen in

Table 1.

One of the basic elements of the inter-
nal hydraulic structure is the spatial orien-
tation of fissures since it forces the ground
water to flow in this and not in the other
direction.

The measurements have shown that apart
from the differences in different measure-
ment sites there exist two main fissure di-
rections, namely 20—60« and 320—360®. They
are in accordance with the ones observed

- Table 1
Extreme values of hydraulic properties® of the fissures observed within the carbonate
Triassic of the Olkusz region

. Hyd licall
Depth below . . . Surface density of y rau |ca.y
Surface fissurity index . equivalent width
the surface fissures X
(m) Kws (%) rE(m-i) of fissures
bm (mm)
Terrain surface 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
massif fragment. Therefore the assumption in other localities of the same rock massif

has been made that the volume of ground-
-water flowing through the cross-section of
a real rock massif fragment for a certain
time period equals the volume of ground
water flowing during the same time pe-
riod through the cross-section of the same
size of a fragment of a fictitious massif. The
authors also assume that this massif is cut
with fissures of identical representative
width (bm} and that their total length equ-
als the sum of the lengths of separate fis-
sures of a real rock massif.

The equivalent fissure width was calcu-
lated applying the explicit Bussinesq’s equa-
tion including the simplifying assumption re-

(Nguen-Khac-An, 1971, Krokowski,
1974; Gorecki, 1977). In some places an
uniform distribution of fractures orientation
has been found (fig. 2, site No 2), what is
characteristic of the collapse breccia struc-
tures, in this region first described by M.
Sass-Gustkiewicz (1974).

Karst Channels

The hydraulic resistance of a karst chan-
nel depends mainly on the size, shape and
the variation in the size of the cross-section
of the karst channel perpendicular to the di-
rection of ground water movement. Obser-



Fig. 2. Fracture orientation diagram — Pomorzany ore mine:

1 — diagram of fracture orientation, 2 — mine workings,
WG — Gogolin beds, limestone

ber; DK — orebearing dolomite

vations have shown that the shapes of the
karst channel cross-sections are very irre-
gular as a rule (fig. 3). Sporadically one can
observe karst channels with smooth inter-
nal walls, beeing examples of typical karst
pipes (Pl. 2). Some channels are distinctly
bordered from one or two sides with bed-
ding planes. Similar examples of cave cross-
-section shapes have been reported by R.L.
Powell (1977).

The observed karst channel cross-sections
of different shapes were transformed by the
authors into ellipses of the same size. The
ratio of the length of the horizontal (x) and
vertical (y) half-axes of the ellipse was as
sumed as the measure of the regularity of
this shape. Taking into account the numeri-
cal values of these ratios three main types
of karst channels cross-sections have been
distinguished:

3 — measurement site and its current num-

1. Vertically elongated (V): x/y below 0.8
Regular (R): x/y —0.8 to 1.25
3. Horizontally elongated (H): x/y above
1.25

The karst channels characterized by the
vertically elongated shape of the cross-sec-
tion participate in 40%, by the regular one
— in 23%, and with the horizontally elon-
gated cross-section in 37% in the whole po-
pulation under consideration. The ratios of
the equivalent ellipses are between 0.09 and
106.

The sizes of the karst-channels cross-sec-
tions (Fk) are located within a considerable
range of values, between 0.002 and 3 m2
With respect to size they have been divi-
ded into four following groups (Fig. 4):

N

1. Small Fk below 0.25 m2
2. Medium Fkbetween 0.25 and 05 m*
3. Large Fkbetween 0.5 and 1.0 m2
4. Very large Fkabove 1.0 m1l
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Fig. 3. Examples of karst channels cross-sections to be observed in the Olkusz ore-r

Among the observed karst channels there
prevail forms with small cross-section sizes
(69%). The frequency of the remaining groups

is as follows: medium — 17.7; large — 4.9%,
very large — 8.0%.

The orientation of karst channels is
various, what is characteristic of mature

network of this kind of karst forms. Never-
theless the direction of 40—80s is the most
frequent. It corresponds to the most frequ-
ent direction of fractures and disjunctive
dislocations of second range (Fig. 5).

Filled Karst Forms

On the basis of up to date observations
in mine workings and in core drillings as
well as in surface exposures one may con-

clude that the secondary filled karst forms
represent a considerable portion of the
Triassic rock massif under consideration. In
the ore mine workings extensive secondary
filled karst forms zones several hundreds of
meters long are to be seen (Wilk et al,
1973). From the observations of mine wor-
kings and in surface exposures it appears
that there occur all kinds of karst form fil-
lings distinguished by M. Paloc (1977), i.e.

the detritic, chemical, organic and mixed
ones (Photo 4).

The detritic filling consists mainly of
clayey substance and of calcareous grains
(Sass-Gustkiewicz, 1977) in which

there stick sharply angular fragments of
mother rock (dolomite) of different size

(Sass-Gustkiewicz, 1971) (Fig. 6). The-
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Fig. 4. Point diagram of the relationship
between the ellipse half-axes ratio xjy of
the karst channels cross-sections and their
size (F)

re exists certain regularity in the distribu-
tion of the rock fragments of different size.
The larger ones prevail in the upper part
of the filled solution openings, what charac-
terizes the typical collapse-breccia structures

kluczer= i

KOP POMORZANY

OLKUSZ

KOP OLKUSZ

Fig. 5 Orientation of karst channels as
observed in mine workings of the Olkusz
ore-mining district:

1 — Permian, 2 — Triassic, 3 — Jurassic, 4 —
faults, 5 — karst channels orientation diagrams

30 F(m2l
|

(Sass-Gustkiewicz, 1974). Similar re-
gularity has also been reported from other
karst regions in Poland (Gradzinski.
1962; Gtazek et al, 1977). Some Kkarst
openings are filled with white colloidal zinc
sulphide (brunckite). The interfragmental
filling is very often represented by zinc-
lead- or iron-sulphide and calcite (Sass -«
-Gustkiewicz, 1974) or even Dbarite
(Nieé¢, 1980). If this is the case we can
define it as a detritic-chemical type of fil-
ling. Pure chemical type of filling occurs
very seldom. In such case it is represented

by hydratized iron oxides accompanied by
hematitic pizolites. Some, wusually smali,
solution openings are filled with organic
matter, in which I. Lipiarski (1977) fo-

und numerous Arthropoda fragments.

(o} 0.2m

Fig. 6. Example of a filled karst channel
(Olkusz ore-mine):

1 — limestone, 2 — clayey matter wih sand ad-
mixture, 3 — sharply angular fragments of lime-
stone, 4 — blue weathered clay, 5 — clay with
brunckite



Impact of Hydraulic Systems Upon the
Formation of Ground-Water

Flow within Karst-fissured Rock
Massif

The role of the mentioned types of voids
in the process of collecting and transmission
of ground-water within the discussed kind
of rock massif depends mainly on their to-
tal volume as well as on their hydraulic
resistance. The discussion of this problem
lasting for years in the hydrogeological lite-
rature is still very far from its completion.
As far as the pore space is concerned most
authors believe that this kind of voids is
responsible only for the collectory proper-
ties of the rock massif. The hydraulic resi-
stances within the pores are very great in
comparison with those within the fissures
or solution channels. For this reason while
constructing the mathematical model of a
fissured rock massif G.1. Barenblatt and
JP. Zheltov (1960) made the simplified
assumption that the pore space does not
participate in the ground-water transmis-
sion, and represents only a certain hydrau-
lic capacity. However, T.D. Streltsova
(1976) does not agree with souch a simpli-

fication, and believes that the pore space
should not be neglected in the general
mathematical model of ground-water flow

through the discussed rock massif.

According to the authors the pore spacj
has a considerable share in the volume of
water stored within the rock massif, howe-
ver within the detritic and oolitic carbonate
rocks, where the size of pores is comparati-
vely large, the significance of the pore
space in the process of ground-water trans-
mission increases.

Considering the comparatively small hy-
draulic resistances and the part they take
in the total volume of rock massif voids the
fissures represent the most important ways
of ground-water transmission within fissu-
red and karst-fissured rocks. The fissure
network can be compared to the mesoporo-
sity of the massif, where the blocks of rock
separated by joints play the role of grains
within- a typical pore medium. The space
volume occupied by the fissures within the
massif is very small as a rule and usually
does not exceed 1%. Hence the conclusion

2 Kras i speleologia

has been drawn that first of all the fissures
play the role of conductors characterized by

great hydraulic transmissivity and minute
(Streltsova, 1976) or practically no hy-
draulic capacity (Barenblatt, Zhel-
tov, 1960).

In comparison with other kinds of voids
the open karst channels are characterized
by minute hydraulic resistances, and due to
their small total volume also by respecti-
vely small hydraulic capacity. As a result
the karst channels are the privileged ways
of ground-water circulation (Bakalowie z
1977) which may be compared with the sur-
face stream system. In undisturbed condi-
tions a well developed system of karst chan-
nels represents a local, internal drainage ba-
sis for the surrounding rocks (e.g. Hala-
dus et al, 1978). The significance of the
open karst channels becomes distinctly evi-
dent in cases of natural ground-water re-
gime disturbances. For example in case of
disturbances resulting from mining opera-
tions the karst forms may be the source of
sudden, disastrous ground-water inrushes in-
to the mine workings (e.g. Wilk et al.,
1977) and on the other hand they enforce
the shape and extent of the cone of de-
pression around mines and great ground-
-water supply plants.

The filled karst forms posses the proper-
ties of all of the above discussed kinds of
voids. Depending on the kind and the sta-
ge of diagenesis of the material filling the
forms under discussion their hydraulic
transmissivity can be similar to that of the
pore space, of the fissures or even of the
open solution channels. The importance of
this type of hydraulic systems increases es-
pecially when the natural regime is abrupt-
ly and seriously disturbed. The artificial lo-
wering or raising of the ground water table
causes the increase of the hydraulic gra-
dients and of the velocity of ground-water
flow, respectively. This may result in the
removal of loose material filling the large
sized voids and in the reconstruction of the
internal hydraulic structure of the karst-fis-
sured rock massif. A portion of the loose
material is being pumped out together with
the inflowing ground-water. As a result of
the displacement of the sediments filling

17



Photo 1. Example of ground-water inrush into a mine gallery, vyielding ca 50 m3min

(All photographs are Jacek Motyka's)



Photo 2. Example of ground-water outflows from a fractured zone



i-hoto 3. Example of a karst pipe



Photo 4. Example of a filled sink in Roethian dolomite



the karst forms and wide fissures new ways
cf ground-water circulation are created.

The drainage of the karst-fissured rock
massif resulting in the replacement of the
material filling large voids often causes un-
favourable or even disastrous engineering-
-geological processes on the earth surface
(e.g. Gtazek, Szynkiewicz, 1979). Th<
most common phenomena produced by them
are the sink-holes, sometimes causing great.
damages of buildings, industrial objects,
communication lines etc. within the range

of intensive drainage of karst-fissured rock

formations.
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Jacek Motyka, Zbigniew Wilk

STRUKTURA HYDRAULICZNA SKRASOWIALYCH
I USZCZELINIONYCH SKAt TRIASOWYCH W OKOLICACH
OLKUSZA (POLSKA)

Streszczenie

Przedstawiono model hydrauliczny triasowych, uszczelinionych
wapieni i dolomitéw wystepujagcych w obrebie olkuskich kopalh
cynku i otowiu. Przedyskutowano wyniki obserwacji i pomia-
row geometrycznych parametréw szczelin oraz form krasowych
wystepujacych na powierzchni, a takze odstonietych w trakcie
prowadzenia prac gérniczych. Zaproponowano klasyfikacje otwar-
tych kanatéw krasowych na potrzeby praktyki gorniczej.

Jacek Motyka, Zbigniew Wilk

STRUCTURE HYDRAULITIQUE DES ROCHES KARSTIFIEES
ET FISSUREES DU TRIASSIQUE DANS LA REGION DE
OLKUSZ (POLOGNE)

Résumé

On a présenté le modéle hydraulitique des calcaires et dom
lomies triassiques apparaissant dans la zone de mines de zinc et
de plomb a Olkusz. On a discuté les résultats des observations
et les mesures des parametres géométriques des fissures et des
formes karstiques apparaissant en surface, et celles découvertes
au cours des travaux miniers. Une classification de canaux kar-
stigues ouverts a été proposée aux besoins de la pratique mi-
niére.
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Problems of Water Chemistry
of Joésvafd Terrain (Hungary)

Abstract: Chemical analyses and the springtime. Then the chemical composition
discharges of waters of five springs at the of the waters of the Vass Imre cave differs
Josvafd terrain are given as series of daily
measurements. The chemical composition of * Research Center for Water Resources
waters is practically constant in the whole Development VITUKI, H — 1059 Budapest.
year of 1980 except the flood periods in IX, Kvassay Jend 0(t. 1, Hungary

Fig. 1. The map of the representative area:
J — Josvafé, A — Aggtelek, S — Szin, SP — Szinpetri, K — Kecovo, SI — Silice, SJ -
Silicka Jablonica (vilages). Numbers indicate caves springs and sink-holes referred in the
text



significantly from that of
Kistohonya. The results are interpreted ac-
cording to the mathematical model of the
karstic springs. The use of the equation of
R.J. Fagundo and J.J. Valdes (1975
gave non reasonable saturation indices of the
waters. This leads to the conclusion that
solubility constant of the local rock is ne-
cessary to be known for the calculation of
the saturation index.

According to the Ladek Zdrdj recom-
mendation of the UIS Commitee of Karst
Physicochemistry and Hydrogeology the Jés-
vafé area was designated as the Hungarian
representative terrain for the physico-chemi-
cal and hydrogeological investigations in the
karst. This area maintains the most intensi-
ve investigations have been carried out also
here in the last decades.

the cave-spring

Characterization of the Area

The Mesosoic basement of the studied
area is composed of Trias age formations
(Balogh, 1950). The oldest surface sedi-

ments are Seisian sandstones. The next ones
above it are Campilian, marly limestones in
thin layers what have a rest of solution
of 0,15—0,20 p/p. Limestones and dolomites
are the further stages of Trias with a rest

Fig. 2. Physical model of a karstic spring
the total discharge is consisted up

of solution of some percents only. From the
middle Cretaceous age the Triassic sediments
were repeatedly creased forming out the
anticlin of the Jbosva valley. In the North-
-Western side of the anticlin is the repre-
sentative terrain (on the synclinary highland)
where there was no transgression since the
Upper Triassic age (Bid 10, M au ch a, 1964).
The active karstification of the area is in
progress with shorter pauses from the Upper
Cretaceous. The area is represented on
Fig. 1

Besides many of small caves as Porlyuk
(Fig. 1, No 14), Tuscoklyuk (No 16), Szar-
vasol (No 14), Sehova-pothole (No 35), Nagy
oldali-pothole (No 28), Kuriszlan (No 18), and
sinkholes the 25 km long Baradla-cave (No
10, 11, 8, 9), the 5 km long Béke-cave (No
12, 31), the 1 km long Vass Imre-cave (No 6)
and Kossuth-cave (No 7) are situating here.

The area is not closed in the sense of
hydrogeology. It has no natural boundaries,
it is joined to its Eastern part. The infil-

tration area of the numerous springs can
not be defined unequivocally. The greatest
springs belong to caves. Two of them: JOosva

indicating different channels from where



(No 3) and Lower-cave spring (No 4) belong
to the Baradla-cave. The Nagytohonya-spring
(No 2) is drenaging of the Kossuth-cave, the
seasonal Kistohonya-spring (No 1) was found
to be connected with the Vass Imre-cave.
The Komlés-spring (No 5) is the output for
the waters of the Béke-cave. The L6fej-spring
(No 15) must also belong to a cave but this
possible cave has not been discovered at
present.

Characterization of the Spring

Two of the springs have aclimatic out-
bursts (Nagytohonya and Léfej). The inves-
tigation of their discharge curves registrated
by the VITUKI led to the theorem of the
tidal effects in rocks (Maucha, 1968). The
investigations of the discharge curves as
mathematical functions using the operator
technic led to the physical model of the
karstic springs as represented on Fig. 2
According to this model the discharge cur-
ves can be divided into different consecuti-
ve exponential parts which belong to dif-

ferent stages of stored water
ferous rock.

The infiltration area of the springs are
situating mostly on the investigated area,
but they have some small parts out of the
border. The springs are mostly fed by in-
filtration, some of the springs: Nagytohonya,
Josva, Komlés, Kecskés-kut (No 22) etc,,
have well defined sink-holes. Nagytohonya
have connection with the deep confined kar-
stic area (Gadoros, 1971).

The discharge of the springs, Kistohonya,
Nagytohonya, Komlés, Josva and Loéfej have
already been registrated for many years by
the Josvafd Research Station of VITUKI. The
model given in Fig. 2. makes us possible
to discriminate the origin of Jhe water co-
ming out at different stage of the dischar-
ge process. The aim of the chemical analy-
sis of the water at this representative 'area
is to detect the effects of the different ori-
gin on the chemical composition of the
water and to detect the dependence of the
dynamics of the karstification on the moving
.forces” in the karstic circulation (M an-
gin, 1976).

in the aqui-
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Fig. 8 Map of the Vass

Imre-cave presenting the place from where samples were taken

and the specific resistivity of the water of the stream

Method

The present paper is going to give some
of the results obtained from the represen-
tative area in 1979—1980 years. The Ca++,
Mg++, HCO03- and H+ contents of the wa-
ters of Kistohonya, Nagytohonya, Komlés,
Josva and Lower-cave springs resp. as well
as their specific resistivity, temperature were
measured by the use conventional methods:
taking one sample per week, and in flood
periods. The composition of the waters was
practically unchanged in the périodes bet-
ween floods. Representative parts of the re-
sults are shown in Fig. 3—8.

Results

The two groups of springs differ from
each other in their total mineralization and
in their Mg++ content. The springs at the
head of the Josva valey have greater MgA4
content and lower Ca++ content than the
springs in the Tohonya valey. AIll of the
springs have little variations in their che-
mical composition in the non-floody periods,
but the chemical composition varies in a
great extent before and during the floods.
Both of the area were covered by snow
in this winter from the end of December
up to the middle of February. The melting
of the snow occured in two steps initiating
a flood with two peaks. In general one can
observe a great decrease in the mineraliza-
tion some days before the floods and an

increase in the falling part of them. The
mfive springs have five different answer
reactions to the change of the input. The

greatest change can be observed in the Ca+4

and HCOa~ contents of the waters with an
exception of the Kistohonya-spring, where
the changes are basically slow. The two

Tohonya springs have nonconstant Mg'-+
content. The decrease of the Mg++ in the
water begins many weeks before the fioods
and it has a great oscillating tendency du-
ring the floods. It has to be mentioned, that

the value of HCO03 overcomes the total
concentration of the bivalent cations.
Waters of the Vass Imre-Cave

Fig. 8 shows the map of the Vass Imre
-cave indicating three points from where
samples were taken for chemical analyses.
The results of the analyses are given in

Table 1. Samples were taken also from both
of the springs supposed to be belonging to
the cave. The seasonal spring have a dis-
charge varied from 0 to 15 m’min-1 the
unseasonal spring have a discharge varied
from 0.1 to 0.5 m3min-1. Uncircled figures
indicate the resistance of the water at a gi-
ven time when the samples were taken
(April 14, 1979). Sample 1 was taken from
a syphone called Lagunas. Here the cave
turns to be narrow reaching dolomite. There

is a standard water level here cca 6 m
above the corridor. The water does not
circulate in the syphone, a thin layer of

calcite covered the water surface when the
sample was taken. This means, the water
had to be saturated at that moment. Sample
2 was taken from the slowly flowing water

of a corridor called Cidri (tremble). The
water flowed in direction of a ,sink hole"
from where sample 3 was taken. This was

a shaft from where water comes out in
floods. A small streem was going from here
to the direction of the cave entrance.

At the shaft two type of waters were
mixed. The specific resistivity of the water
indicated greater mineralization after being
mixed than a continous decrease of it.



Table 1
Chemical composition of different waters of the Vass Imre cave with respect to the
composition of the spring Kistohonya
Ca++ Mg+ + HCOj-  Ca++ t
Date Source [mvalj [mvali [mvalj pH +MgfT [°Cj
[mvalj
April 11 Seasonal 5.46 2.15 7.28 7.12 7.61 9.5
Nonseasonal 5.99 1.74 7.28 7.22 7.73 9.8
April 12 Seasonal 5.46 2.17 7.03 7.14 7.68 9.2
Nonseasonal 5.70 2.00 7.08 7.10 7.70 9.2
April 13  Seasonal 5.46 1.90 7.04 6.63 7.36 9.4
Nonseasonal 5.66 154 7.04 6.63 7.19 9.3
April 14 Seasonal 6.21 194 7.00 6.66 8.14 9.6
Nonseasonal 6.30 1.79 6.92 6.63 8.10 9.4
Lagunas 1 7.50 0.60 7.04 6.80 8.10 9.9
cidri 2 8.05 0.83 7.92 6.80 8.88 9.9
Narancs 3 8.79 1.94 9.12 6.80 10.72 9.9
April 15 Seasonal 5.28 1.44 6.96 6.5? 6.7? 9.4
Nonseasonal 5.50 170 711 6.70 7.20 9.3
Lagunas 1 6.78 0.52 7.08 7.02 6.94 95
cidri 2 7.70 0.70 8.32 6.80 841 9.9
Narancs 3 7.74 1.96 901 6.48 9.68 9.9
12 3 — see fig. 8.
Interpretation of Results ferent springs of this area given in Fig. 1,
were then tested for saturation. Most of
As the Table 1 shows, the chemical com- them were found to be also unsaturated.

position of the waters in different parts of
the cave being not far from each other dif-
fer basically. The temperature of the waters

in the cave is greater than that of the
springs. The mineralization of the waters in
the cave is also greater than that of the

springs and is increasing in the direction of
the entrance in a good accordance with the
results of I. Cz4&ajlik (1961). The content
of Mg++ in the water in the first two points
is much lower than in the third cne as
well as in the springs. The pH value of the
waters in the cave is extremaly low but
decreased also in the springwater from
April 11 to April 15.

The saturation index for calcite was cal-
culated for each sample using the equation
of R.J. Fagundo and J.J. Valdes
(1975):

log CSc = log [Ca++]+log [HCO-]+pKc+
+pH-pK2 1)

Log CSc< 0 was calculated for each
case. Many of other data of.chemical ana-
lyses obtained from samples of many dif-

The samples mentioned above were analysed
many days after the sample had been col-
lected. The data given by R. Maucha
(1930) resulted mostly from unsaturated wa-
ters, too. The water from sample 1 was
unsaturated although it was covered by
thin layer of calcite indicating a saturated
or oversaturated character of the water. This
is a contradiction.

Let us study eq. (1). It contains
measured data and two constants.
the constants is independent of the place
and time where it is used (pK2 but pKc
may depend on the nature of the stone.
The solubility constant of the Carrarien
marble can not be used without criticism
for every case. Naturally, this value deter-
mines the solubility of the calcite itself,
but the rocks are not pure and precipitated
calcite. Their solubility may differ from the
solubility of an ideal crystalline substance.
We suggest to use an individual value of
pKc what is measured for the stone of the
investigated area.

The stones in our representative
contain a lot of Mg++ (Bidld,

three
One of

area
Maucha,



1964). We calculated, therefore, the satura-
tion index for dolomite as well (CSD). The
results obtained here are even more irreal,
since reliable pKD data can not be found
in the relevant literature. The solubility da
ta for the dolomite are also very contradic
tionary. Many measurements indicate dolo-
mite as more soluble than limestone (Ba-
lazs, 1965 Hodgeman, 1960). In contrast,
there is an experience of the cavers, that
a cave gets to be narrow reaching dolomite
after limestone. According to the measure-
ments of T. Mandy (1954) carried out on
different limestones and dolomites among
the same conditions at 15°C, limestone gave
a mineralization of 157 mg/l Ca++ and do-
lomite gave a mineralization of 132 mg/l
Ca++ where the Mg++ was measured as
Ca++. Here KD« Kc can be concluded. The
problem is more vivid in area where lime-
stone containing a great portion of Mg+F
is exsisting. This is our case. Our conclu-
sion again is, we have to investigate the
solubility of our rocks.

The work carried out recently in our re-
presentative terrain did not diminish the
number of the problems to be solved, the
number of the open questions were increa-
sed. We can conclude, that the waters of

springs situated very near to each other
may differ basically. The spring of the
Lower-Earadla-cave seems to collect infil-

trating wateis only. This result obtained by
the many year chemical analysis of the
spring was recently proved by the exploa-
tation work carried out with very great
difficulties. The Josva-spring, what is 3 m
far from the previous one have more chan-
nels including the channel of the sink-holes.
Different type of waters were also indicated
in the Kistohonya-spring and of the Vass
Imre-cave. The spring was detected as a
flocd spring of the sink-hole and cave Mi-
ladu (Fig. 1, No 27) in Czechoslovakia. The
permanent spring of this sinkhole is the
Kebovo-spring (No 26) which also has a
cave. The stream in the Vass Imre-cave
carry infiltrating waters only. In flood pe-
riods the lower cave system, what is very
narre ¢/, is flooded hindering the flow of
the infiltrating water to the lower stages of
the cave. The spring shows the chemical

composition of waters coming from the
other area with different stones on it. The
water collected in the chanels of the Vass
Imre-cave comes in the spring only after
running out of the flood-water. This type
of model was given in Figure 2

The second conclusion of the present pa
per is that the actual solubility data of
the rocks in the given area must be used
for the calculations of the saturation of the
waters. At least, we conclude again, that
chemical analyses should be carried out
daily, particularly when the flood is pre-
sent. The chemical composition of a karstic
water did not change markedly when the
springs led out infiltrated waters in the
summer and autumn periods. Abroupt chan-
ges may be expected in the spring periods,
when a soft water is infiltrating and being
stored in the rock. More than one analyse in
a day might be necessary in this periods.
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Ferenc Cser, Gabor 1z$py, Lészlo Maucha

PROBLEMY CHEMIZMU WUD W REJONIE JOSVAFO
(WEGRY)

Streszczenie

W artykule przedstawiono wyniki analiz chemicznych wéd
i pomiaréw przeptywu w pieciu zrédtach w rejonie Josvafo.
Sktad chemiczny badanych wéd okazatl sie praktycznie niezmien-
ny w caltym okresie pomiarowym, z wyjatkiem okresu wiosen-
nych wezbran, kiedy to chemizm wdéd z jaskini Vass Imre
réznit sie znacznie od chemizmu Zrédta Kistohonya. Wyniki zin-
terpretowano na podstawie matematycznego modelu Zrédet kra-
sowych. Zastosowanie réwnania R.J. Fagundo i J.J. Val-
desa (1075) przyniosto niemozliwe do przyjecia wskazniki na-
sycenia waéd; wyprowadzono stad wniosek, ze do znajomosci
tego wskaznika konieczne jest poznanie wspoétczynnika roz-
puszczalnos$ci dla skat lokalnych.

Ferenc Cser, Gabor lIz$py, L$szlo Maucha

PROBLEMES DU CHIMISME DES EAUX DANS LA REGION
DE JOSVAFO (HONGRIE)

Résumé

Dans larticle sont 'présentés les résultats des analyses chi-
miques des eaux et les mesures de I’6coulement dans 5 sources
dans la région de Josvafd. La composition chimique des eaux
étudiées s’est révélée pratiquement invariable, cependant le chi-
misme des eaux dans la grotte Vass Imre a considérablement
différé de celui de la source Kistohonya. L’interprétation des
résultats s’appuyait sur le modéle mathématique des sources
karstiques. L’utilisation de l*¢quation de R.J. Fagundo et J.J.
Valdes (1975 a apporté des indices de saturation deau im-
possibles a admettre. On en est arrivé § la conclusion, que
pour connafitre cet indice il est nécessaire de connaftre le co-
efficient de solubilité pour les roches locales.



Chemical

Denudation

Victor Nikolayevich Dublyanskiy*

in the Karst Areas

of the Ukrainian Carpathians,

Abstract: The paper presents the fin-
dings of the study of the chemical denu-
diation degree in the areas built of the
Upper Jurassic (the Ukrainian Carpathians
and Crimea), and the Jurassic and Creta-
ceous limestones (the Causasus) — Table 2.
The investigative methods were here descri-
bed (Table 1). Basing on the results of the
research effected in the years 1958—1979, and
appling the hydrochemical method, the au-
thor obtained the values falling between
21.8—81,3 m3year. The lowest value reported

refers to the Carpathians, and the highest
one to the Akhtsu ridge in the Caucasus.
Introduction

The mountain chains of the Ukrainian

Carpathians, as well as those of Crimea and
Caucasus, are classified as Alpine-folded
belts. According to Maksimovich’s regionali-
zation of karst in the Soviet Union (M a k-
simovich, 1962), the following karst areas
may be distinguished: the Carpathian karst,
the karst of mountainous Crimea (referred
to as Crimean karst) and the karst regions
of the Great Caucasus.

A typical feature of the Carpathian karst
region is the development of bare mountai-

nous karst on Upper Jurassic limestones,
which form small klipp-bluffs (up to 0.5X
X0.2X0.1 km). This area receives* yearly

about 1300 mm of precipitation with an ave-
rage evaporation of 500 mm. While the
Crimean karst area is characterized by the
development of bare and grass-covered karst,
in the northern periphery there occurs co-
vered karst on Upper Jurassic limestones.

* Chairof Earth Science, Simferopol
State University, 333000 Simferopol, Yaltin-
ska 4, USSR.

Crimea and the Caucasus

Annual precipitation measured in this region
amounts to about 960 mm in the west, and
565 mm in the east, the evaporation being
between 480 and 200 mm. The karst region
of the Great Caucasus includes some areas
which exhibit lowland, upland and moun-
tainous karst (both covered and bare) on
Jurassic and Cretaceous limestones. The an-
nual precipitation varies from 2500 mm in
the mountainous regions to 500—600 mm on
the northern slopes, with an evaporation of
700 mm and 260 mm, respectively. The fea-
tures of surface and underground karst are
discussed in detail in the literature (Gvoz-

detskiy, 1954; Masimovich, 1962; K i-
knadse, 1972; Dublyanskiy, 1977).
The study of chemical denudations s

amongst the most efficient methods of ex-
amining karst processes (Dublyanskiy,
Shutov, 1977). In that kind of investiga-
tions it is necessary to have a great num-
ber of data on the chemical denudation ob-
tained by comparable methods.

The methods of hydrochemical investiga-
tions in karst regions were developed in the
period of 1960 to 1065 at the Institute of
Mineral Resources, Ministry of Geology of
Ukraine (Simferopol) and published in the
seventies (Shutov, Ponomarev, 1976,
Dublyanskiy, 1977). The investigations
were carried out in various Kkarst areas,
using different methods. The results repor-
ted by N.V. Rodionov (1949), I.G. G lu-
khov (1963), P. A. Kostin (1967), N.M.
Yeremenko (1971), and T.Z. Kiknad-
se (1972) were obtained from the analysis
of water mineralization and discharge of
karst springs. N.I. Kochetov (1976) made



use of the discharge modulus and of the

river waters originating in, or flowing
through, karst regions. D.Sh. Gabecha-
va (1977) took into account the results

obtained from analyzing the hydrographs of
rivers fed by karst waters. M. Pulina
(1966, 1974) and V.P. Zverev (Makaren-
ko, Zverev, 1970) employed empirical for-
mulae which had been derived from genera-

lized observation data obtained in different
regions.
The application of different approaches

to the calculation of the chemical denudation
yields different values for this same Kkarst
region.

Thus, in the Ukrainian Carpathians the
annual chemical denudation values reported
by F.A. Makarenko and V.P. Zverev
(1970) vary from 10 do 20 m3 whereas those
published by M. P ulina (1974) fall between
30 and 40 m3.

The chemical denudation values repor-
ted for Crimean karst vary from one in-
vestigator to another. While N.V. Rodio-
nov (1949) gives an annual denudation va-
lue of at most 355 m3 I.G. Glukhov
(1963), F.A. Makarenko and V.P. Zve-
rev (1970) say that it may be even as high
as 50 m3 In the western part, according to
Glukhov (1963), chemical denudation does
not exceed 22.3 mVyear, and according to
Shutov (1969) 31.6 mVyear.

The greatest number of reports has been
published on the chemical denudation in the
Caucasus. After Kostin (1967) the denu-
dation values for Pastbhishchnyi, Skalistyi
and PeredoYoe ridges are 50.2. m3year, 99.7
mVyear and 220.6 m3year, respectively. Ac-
cording to Yeremenko (1971), the chemi-
cal denudation of the Andiiskii ridge amoun-
ts to 199.5 mVyear. These data, however, are
inconsistent with those obtained by Koche-
tov (1976) and a number of other investi-
gators. According to him, the degree of che-
mical denudation on the northern slopes of
the Great Caucasus is 46 to 67 m3year,

124 mVyear and 32 to 72 mVyear in low-
land, upland and high mountains, respecti-
vely. Zverev (Makarenko, Zverev,

1970) gives a denudation value of 10 to 50
mVyear for this area. The southern slopes
of Caucasus exhibit different degrees of che-
mical denudation which vary from 182 m3

3*

/year in the basin of the Tskhenistskhali
river to 148.4m3year in the basin of the
Rechkhi river (Gabechava, 1977). The
values reported by Kiknadse (1972) vary
from 36 m3year for the Arabika massif
(Black Sea slope) to 103 mVyear (Shabashk-
ha). The report by Pulin a (1966) includes
the value of 55.8 mVyear for the litoral part
of the Gagrinskii range, and the value of
1377 mVyear for the ftigh-mountain part.
The denudation values for upland and the
high-mountain part published by N.Il. Ko-
chetov (1976) are 121 mVyear and 68 m3
'year, respectively.

From this detailed account it can easily
be seen that the problem of chemical denu -
dation is still far from being solved univo-
cally.

Sampling Methods and Analytical
Procedures

The main objectives dealt with in classi-
cal hydrogeology are the samples of surface
water from the area of feeding and the
samples of spring water from the area of
discharge. The hydrogeology of karst invol-
ves speleological methods in which samples
are collected for atmospheric precipitation
(rain and snow samples are taken at dif-
ferent points of the karst relief), infiltra-
tion water in grass-covered karst (with the
use of a lysimeter), infiltration water in ba-
re karst (samples are taken in solution run-
nels and shallow sinkholes), water of springs
entering the karst relief (with sampling po-
ints at streamsinks) condensation water
(samples are collected from the walls and
ceilings of karst caverns with the use of
a brush and a rubber bulb or by the in-
stallation of water receivers in the zone of
draplet condensation), snow and ice present
in the caverns (sampling is carried out along
the length of the section; in this procedure
it is necessary to adjust the results to he
thickness and the density of particular la-
yer), pan water (samples are taken fron»,
all of the reservoirs; consideration is given
to their dimensions and origin), underground
streams (downstream sampling at a distance
of 20, 50 or 100 m, which depends on the
aim of the investigation), karst springs (sam-
pling is combined with discharge and tem-
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perature determinations), and waters from
freatic zones (samples are collected from
boreholes).

During the expedition, in areas with dif-
ficult access selected were points (caves,
shafts, springs) for permanent observation
which was carried out for many years’
periods or for different seasons.

The methods employed in this study are
conventional sampling methods (Spravock-
nik..., 1962) which have been somewhat mo-
dified to make them workable under condi-
tions of a karst cavern. Measurements were
carried out for air and water temperatures,
water discharge, atmospheric pressure and
C02 concentration in the ambient air; pH
was measured in situ (with the use of a pH-
-meter) and so were the concentrations of

labile compounds (HCO”~, CO,-, and free
C02. Chemical analyses of the water sam-
ples were usually carried out in a statio-
nary laboratory to determine the concentra-
tions of 8 to 12 components (Reznikov
et al, 1963). The number of samples has
never been less than 10, so as to provide
sufficient data for statistical calculations

Methods of Interpretation

The results of chemical analyses were
mconverted into gram-equivalents and percen -
tage of gram-equivalents, and then the to-
tal mineralization (sum of all ions minus
w5 HCO— was calculated. The equilibrium
of the sums of anions and cations was ta-
ken as a measure of analytical accuracy
(with a 3-percent error). The results of ana-
lyses were shown in triangular and square
diagrams (Durov 1961). Using Kurnakov’s
rule, the volumes of water of different ori-
gin at the discharge point, were calculated.
The data obtained form chemical analyses
were subject to statistical processing (cf.
Komarov, 1972).

Individual situations (variations in the
chemical composition of the water along
the stream, wariation in the chemical compo-
sition of water with time at a given point)
were analyzed in terms of the Brodsky dia-
gram together with karstological and geolo-
gical profiles. To establish the metamor-
phism of karst waters and the degree of

saturation with calcium carbonate, the Til-

Imans-Trombe diagram was used (cf. R o-
ques, 1967; Pu lina, 1974).
Table 1
Formulae for the Calculation of Karst
Denudation, K (m’/year)
>
Reference Formula K
Kruber, G=DQ (30)
1915
Rodio- u_ X 100X 1000
nov, 1949 -1 (30)
Corbel,
1959 K = 100 32.0
Williams, _ E (Dca+Dwg) 332
1963 10X2.7 ’
Groom,
Williams, 29.6
1965 dsx(:f@
Pulina, K = 0,0126 AM q 31.6
1966, 1974
6.6Na+4.7Mfi) 31.5
Gams, 1968 K _ g m -(8:8Na+d.7MA) 315
! 1< 810
Habic, _ 49 D315
1968 10% 32.1
Chikis- 1000 V
h , 1973
ev e sy (3.0
Chikis- B
hev, 1973 1= 0.0000126q D (32.0)
Chikis* K = 0.0126q D 326
h ev, 1973
Kiknad- _
s e2 1977 K = 0.63q9 AM 31.0
Marinin,
Abysheyv, K =025Magm 335
1977
Gabecha-
va, 1977 K = 0.011 g AM 27.3

8 = annual discharge of CaCOs, kgl/year; | =
= rate of karstification, porcent/1000 years, in brac-
kets: m2year; K = karst denudation, m2 kmVyear;

D —concentration of CaC03in the water,

170 mg/1;
M “ mineralization of springs, 210.0 mg/1;

Mi “=

= mineralization of precipitation, 43.0 mg/l; AM —
m=defference in total mineralization between the
investigated water and precipitation 167.0 mg/1;

Ca, Mg = hardness, 9.36 + 0.78

Q = discharge of

water, 150 1/s; g = modulus of discharge, 15.0 l/s X
X km2 X = quantity of precipitation, 800 mm;
Z = evaporation, 330 mm; E = runoff (X—Z), 470
mm; S = catchment area, 10 km2, Si= karst area,
10 km2, V = volume of leached rocks, km2 V,=
= volume of karst massif, 1.7 km2, m — coefficient

describing the degree of karstification; d —

sity of limestone, 2.7 t/m2

den-



Methods of Calculating the Chem:cal
Denudation Value

Many formulae are available for calcula-
ting the chemical denudation of karst. Most
of them are known by the name of their
authors. As these formulae involve a varie-
ty of symbols and units, their unification
has become really urgent. Some of the for-
mulae in question were verified during our
study of the karst region of the Krasnaya
Cave (Dublyanskiy, 1977), and the re-
sults are summarized in Table 1.

The first Russian investigator who ana-
lyzed (and calculated) the occurrence (and
quantity) of CaCO03 outside the borders of
the karst massif was A.A. Kruber (1915).
His calculations were based on the theory
of ionic runoff (which is well known'in hy-
drogeology) and yielded an annual value of
0.9X103 kg, corresponding with the layer of
dissolved rock in the area of the investi-
gated basin, which is 30 m3year. Later,
N.V. Rodionov (1949) published a for-
mula for calculating the rate of karstifica-
tion (percent/1000 years). Thus, a rate of 0.017
percent/1000 years corresponds with an an-
nual dissolved-rock layer of 30 m3 In 1959,
J. Corbel derived his climatic formulae,
and four years later P.S. Williams sug-
gested that the concentrations of Ca2f and
Mg2+ in the water should be considered se-
parately. A calculation formula which in-
corporates the quantity of CaCO03 carried by
the stream during 12 months in a given area
was proposed by G. Groom and P.S.
Williams in 1965. I. Gams (1968) deri-
ved an exprsesion including water hardness
(in German degrees) and modulus of dis-
charge, whereas P. Habié (1968) employed
a formula which involves the modulus of
discharge, as well as the quantity of CaC03
carried by the stream.

As shown by Table 1, all of the formulae

listed there give similar results. It should,
however, be noted that in all of them the
assumption has been made that it is only
the carbonate component which leaves the

mountain massif; Cl, S04 and Na ions being
neglected. Neglected are also the mineral
components of precipitation water. These
disadvantages were eliminated by M. Pul i-
na (1966, 1974) who presented a formula and

a nomograph which incorporate the minera-
lization of both the springs and the preci-
pitation water.

A. Chikishev (1973) proposed three
modifications to Rodionov’s and Pulina’s for-
mulae by including (in Rodionov’s expres
sion) the coefficient 0.1 which should, in the
opinion of the author of this paper, provi-
de a comparability of the data obtained for
mountain massifs with various thicknesses
of karst rocks. In fact, he has only decrea-
sed the calculated value of chemical denu-
dation by a factor of 10. T.Z. Kiknadse
(1972) suggested to make a distinction betwe-
en the denudation of surface karst and that
of underground karst. Such a distinction re-
quires knowledge of the underground cat-
chment area. P.M. Marinin and M.N.
Abyshev (1977) modified this expression
by introducing the parameter of carbonate
hardness (in German degrees). D.S. Gabe-
chava (1977) postulated that the chemical
denudation of karst be measured in terms

of HCO ~concentration, and not in terms
of the concentration of Ca2+ and Mg2+, as
it had been practiced so far. This postulate
is substantiated by the fact that, with the
accumulation of Na+ ions in a given com-
plex of rocks, some of the Caz+ ions parti-
cipate in the reaction of exchange. Howe-
ver, Gabechava did not take into account
that the reaction

h2o+co2= hZxo3"H++HCO*"

yields excess HCO03~ ions which are not
equivalent to the quantity of dissolved cal-
cite. This problem was considered for the
karst waters of Poland by M. Marko-
wicz-tohinowicz (1972). In mountai-
nous Crimea and Caucasus, 60 percent of
events exhibit a carbonate hardness which
is higher than total hardness. In such cases

we take into account total hardness (Spra-
vochnik..., 1962). Gabechava’s formula dif-
fers from the above expression in that it

includes the values of the weight-by-volu-
me of calcite and dolomite.

All the expressions for the calculation
of the chemical denudation value, which
have been .discussed in this Section, seem

to be derived from the well known formula
of ionic runoff. In what these expressions



differ from one another, is the number of
terms included in them, so they yield almost
identical results (yearly average of 31.2 nr\
a= 1.7, Cv = 0.05). Assuming that the cal
culations of total mineralization (including
precipitation waters) are correct, it is con-
venient to use the expression proposed by
M. Pu lina (1966, 1974):

K = 0.0126 AM q,

in which the modulus of discharge should
be determined from balance investigations,
and the degree of mineralization should be
calculated statistically, on the basis of long-
-term field or stationary observations.

In the period of 1958 to 1979 hydroche-
roical investigations were carried out in the
karst region of the Carpathians, Crimea,
Western Caucasus and Abkhasia by a spe-
cial karst expedition. The investigations we-
re sponsored by the Ukrainian Academy of
Sciences, the Institute of Mineral Resources
of the Ukrainian Ministry of Geology, and
the University of Simferopol. About 2500 wa-
ter samples were collected and analyzed (of
them 1342 were wused for calculating the
value of chemical denudation; Table 2). Mo-
duli of discharge were determined from the
results of 20-year balance investigations for
mountainous Crimea (Glukhov, 1963:
Pribluda et al, 1077), and on the basis
of preliminary calculations of the water
balance for other regions (while precipitation

and discharge were determined from long-
term observations, evaporation was calculat-

ed with the wuse of empirical formulae,
Table 2).

The results listed in Table 2 are in good
agreement. The value of chemical denuda-

tion increases as a function of the modulus
of discharge and the altitude of the moun-
tain massif (Ai-Petrinskij and Doigorukov-
skij massifs, Alek-Akhtsu). The denudation
value is also influenced by the conditions
under which karst was developing, as well
as by the type and character of the karst
rock. E.g., the chemical denudation values
for Crimea and the northern slope of Cen-
tral Caucasus in the vicinity of Mineralnye
Vody (28.8 and 24.7, respectively) seem to be
an indication that the evolution of karst m
both areas proceded under similar condi-

tions. In fact, this was not so. In Crimea,
in the region of bare karst, the minerali-
zation of underground water is not very

high (210 to 270 mg/1l), which may be an
evidence of the great Kkarstification poten-
tial in this area. In the region of Mineralnye
Vody, under conditions of grass-covered
karst occurrence, underground waters show
increased mineralization levels (up to 390
mg/1l), approaching the state of saturation.
Thus, the similarity of the chemical denu-
dation values for the massifs of Alek, Akhtsu
and Gumishkhinskij cannot be considered as
indicating that the karstification process has
developed with a similar intensity. As will

Table 2
calculation of chemical denudation (K) for some karst areas in the South of the Soviet
Union with formula K = 0.0126 AM «q (P u lin a, 1974)*
Mineralization of water Modulus of
Karst‘area, Moun- Number of [mag/ll AM discharge K )
tain massif analyses [s g km§ [m*/yearj
springs precipitation
Carpathians 43 198.0 32.0 166.0 104 21.8
Mountainous
Crimea 470 270.6 38.0 232.0 9.8 28.8
Ai-Petri 260 233.0 33.0 200.0 249 62.8
Dolgorukovskii 126 210.0 43.0 167.0 15.0 31.6
North Caucasus 92 390.0 127 3773 5.2 24.7
Abkhasia
Alek 83 140.0 34.0 106.0 59.7 79.7
Akhtsu 133 140.0 35.9 104.1 62.0 813
Gumishkhinskii 150 556.0 35.5 520.5 11.9 78.0
* There are three different methods of formulating the degree of chemical denudation. m%km* year;

mm/1000 year, and mé8year, of which the latter seems to be the

most convenient for our purpose.



the karst of the Gumishk-
is influenced by cold and

be shown later,
hinskij massif
thermal waters.

In this way, making use of the chemical
denudation which is an essential feature ox
a karst region, we lose an important part
of information. To bridge this gap, we have
to look for another tool, the differential
analysis of hydrochemical data.

Metamorphosis of Karst Water

Based on the available data, the meta-
morphosis problem will be discussed for five
karst regions. In the Ukrainian Carpathians
the origin of karst waters is influenced by
the infiltration of precipitation water. The
centres of the geochemical fields of infiltra-
tion waters, waters of underground streams
and springs are placed ‘'perpendicular* to the
direction of the pH versus CaCO03 concen-
tration equilibrium curves of the Tillmrns-

-Trombe diagram (P u lina, 1974). This is
the simplest example of metamorphism wit-
hout any secondary influence. AIll of the

samples are placed in the zone of unsatura-
ted waters. Even waters of karst springs
preserve their aggressiveness at the points
of discharge.

In. mountainous Crimea the origin of
karst waters is also influenced by atmosphe-
ric précipitation, and this influence is pre-
dominant. Ij'i those regions where covered
karst developes, karst waters are transfor-
med by mountainous meadow soils; they
mix with water from snow and ice melting
in karst caverns and with condensation wa-
ter. Waters from catchment areas built of
non-karstified (or poorly karstified) rocks
exhibit increased mineralization levels. The-
se waters mix with one another in various
proportions to form an underground catch-
ment area, and they appear on the ground
surface in the form of springs. Almost ali
of the karst springs occurring in mountai-
nous Crimea are characterized by a very
high aggressiveness. The expansion of the
geochemical area covered by spring waters
substantiates the necessity of separate in-
vestigations. It was J.l. Shutov (196.9)
who  studied this problem in  detail.
The centres of the geochemical areas of
various karst water types occurring in Cri-

&

mea lie on the broken line which intercepts
the equilibrium curve at an angle of SOO.

Karst waters in the Alek and Akhtsu
massifs originate under complicated condi-
tions. While in the areas with bare and
grass-covered karst their origin is influen-
ced by precipitation water, in beech forests
and brown forest soils karst waters under-
go considerable transformations. In either
of the two cases, pH decreases to a level
of 0.2 to 0.5, thus contributing to an increase
in aggressiveness. In areas built of clayey
and sandy rocks of the Palaeogene age, un-
derground streams are fed with strongly mi-
neralized water (with mineralization levels
ranging from 160 to 180 mg/l). They mix
with condensation waters to give origin to
cave waters which appear on the ground
surface in the form of large springs. The mi-
neralization of runnels is an important fac-
tor which indicates that corrosive proces-
ses are particularly' pronounced in the upper
part of the aeration zone and that the mi-
neralization of waters in the underground
catchment area is increased. In low-water
periods, only those waters approach the state
of saturation. The remaining types of karst
waters belonging to the Alek and Akhtsu
massifs are unsaturated. The centres of the
geochemical fields tend to the straight line
which intercepts the equilibrium curve at an
angle of 70°.

In Caucasus, in the feeding area in the

vicinity of Mineralnye Vody (Skalistyj and
Postbishchnyj ridges), Jurassic and Creta-

ceous karstified rocks have formed a flat
monocline. While the origin of the Upper
Cretaceous waters is primarily influenced

by precipitation, the origin of waters in Va-
langinian rocks should be attributed both
to atmospheric precipitation and to the par-
tial inflow of infiltration water from the
non-karstified rocks of the Hauterivan-Al-
bian age. The waters of Tithonian carbona-
te deposits are predominantly generated by
precipitation, whereas those of the sulphate
deposits originate due to the inflow from
the Lower Cretaceous deposit series. In the
case of grass-covered karst and a flat mo-
noclinal structure of the karst rocks in the
upper part of the aeration zone, under-
ground waters are promptly saturated (in



Upper Cretaceous deposits) and even super-
saturated (in Lower Cretaceous and Upper
Jurassic deposits). That is why the minera-
lization values calculated for the waters of
this region are very high, and the deposition
of calcareous tufa near the karst springs is
very frequent. The centres -of the geochemi-
cal fields tend to the broken line, which in-
tercepts the equilibrium curve at an angle
of 50°.

In the Gumishkhinskij massif, the feed
of karst waters which occur in the form
of springs in the Maanikavara Valley (in the
vicinity of the famous Novoafonskaya Cave)
is affected by a number of factors. Some
part of the outflow water originates from
atmospheric precipitation both in the nearer
(adjacent to the cave) and in the farther (in
the Bzybskij ridge) feeding areas. In the
Apsta, Tskvara, Msra and Maanikvara val-
leys a sinking of the surface flow is being
observed, especially in its upper and lower
flowage. Infiltration and condensation wa-
ters, as well as influent streams, mix
with each other in different proportions to
generate karst-cave water which leaves the
underground area in the form of springs.
Owing to the sinking process in the
upstream section of the river, precipitalion
and infiltration waters alone are not satu-
rated with calcium carbonate. Influent
streams which originate due to the sinking
process in the downstream part of the
river valleys at a regiona fault, are super-
saturated, whereas cave waters and
karst springs represent the geochemical fie-
Ids, in which occur both saturated and un-

saturated waters. The centres of the geo-
chemical fields are on the broken line
which intercepts the equilibrium curve at

an angle of 70°. The position of the karst
spring waters outside the metagenesis line
is an indication that their origin is influen-
ced not only by the waters of the upper
part of the aeration zone, but also by some
other types of water. Thus, examining the
position of the hydrochemical fields formed
by various types of karst water enables a
better wunderstanding of the mechanism
which governs the "origin of underground
waters in this region and permits prediction
of their features. For the majority of karst

areas belonging to the Alpine belt in the
South of the Soviet Union, the process of
calcium-carbonate saturation does not take
the form of straight-line perpendicular equ-
ilibrium curves (cf. Pu lina, 1974); it fol
lows a highly complicated behavioral pattern
(cf. Roques, 1967).

Downstream Changes in the
Mineralization of Karst Waters

A synchronous collection of water samp-
les in karst caves at various depths from
the entrance makes it possible to assess the
changes in the chemical composition of
karst water inside the mountain massifs.
The most intensive investigations were car-
ried out in the Krasnaya Cave (Dublyan-
skiy et al, 1967) and in the Alek massif
(Dub.lyanskiy, Brel, 1977).

The investigations of the Krasnaya Cave
have revealed variations in the mineraliza-
tion levels at a downstream distance of 4
km. Under low water conditions, the Kras-
nopeshchernaya underground river receives
predominantly infiltration water feed. Mine-
ralization behaves in the following manner:
while at a distace of the first 400 meters
there is an increase up to a level of 340
mg/l, the value measured at a distance of
45 km approaches 290 mg/l. This tendency
to decrease persists, until the water leaves
the underground area. However, there are
four sections associated with the zones of
the fault, in which the increase of water
mineralization becomes very rapid (about 20
to 40 mg/l). After reaching a maximum
value (for underground water) at a distance
of 100 m from the ground surface, the degree
of mineralization at the discharge point
amounts to only 79 percent. A similar be-
haviour has been observed in some other
water caves of Crimea (e.g., Eni-Sala-Sh,
Jour-Jour, Zheltaya and Uzuniya).

A statistical interpretation of data obtai-
ned from chemical analyses of karst wa-
ter samples collected at the depth of 0 to
100 m; 100 to 400 m, and 400 to 500 m
from the ground surface made it possible to
calculate .the gradients of vertical leaching.
In the upper part of the zone of epihydro-
gen.sis (Maksimovich, 1964) the gra-
dient of vertical leaching is 167 mg/l X 100



m, whereas that in the lower part equals
60 mg/l X 100 m. In the zone of hydroge-
nesis this gradient amounts to 18 mg/l X
100 m. It has often been observed that, un-
der conditions of low water, carbonate de-
positions with gradients between —0.11 and
—145 mg/l X 100 m are formed in the
zone of hydrogenesis. Investigations conduc-
ted for the region of the Krasnaya Cave
show the following percentage of leaching
cavities which have formed in individual zo-
nes: 57% and 10% in the upper part and
lower part of the epihydrogenesis zone, res-
pectively, and 33% in the hydrogenesis zone.
It is worth noting that 88 percent of these
cavities appear in the period of flood, and
only 12 percent under low water condi-
tions (Dublyanskiy, 1977).

The karst streams of the. Alek massif
are formed by the confluence of waters
from individual karst cavities belonging to
one water-bearing system. They are predo-
minantly fed with influent water from the
area of non-karstified rocks of the Palaeo-
gene age. The gradient of vertical leaching
in the zone of epihydrogenesis varies from
25 to 34 mg/l X 100 m and from 12 to 17
mg/l X 100 m in the upper part and lower
part, respectively. In the zone of hydroge-
nesis, the gradient ranges between +2 to
—8 mg/l X 100 m and —5 to —45 mg/l X
100 m. The gradient of horizontal leaching
in karst water-bearing systems is (on the
average) 10 mg/l X 100 m and 0.2 mg/l X
100 m of passage length for the upper and
lower part, respectively (Dublyanskiy,
Brel, 1977).

In the region of the Novoafonskaya Cave,
karst water streams are formed due to the
feeding with infiltration waters and influ-
ent streams from farther and nearer areas.
In the farther area of feeding, the minera-
lization of karst waters shows the following
pattern of behaviour: it increases rapidly
with a gradient of 80 to 100 mg/l1 X '100 rn
and then decreases to a level which accounts
for some 40 percent of the initial value; at
the point of discharge there is again a rapid
increase in mineralization (up to 214 per-
cent), and a transition from hydrocarbonate-
-calcium to hydrocarbonate-chloride calcium-
-natrium type of water. Based on these data,
the hypothesis is put forward that the mine-

ral subthermal waters of a chloride-natrium
composition have a significant contribution
to the genesis of karst waters in the Novo-
afonskaya Cave (Dublynskiy, 1977). To
support this hypothesis, the results of hydro-
chemical investigations were interpreted
with the use of -the Durov diagram. As
shown by this diagram, karst springs are
situated on the straight line for the mixing
of karst water streams with mineral wa-
ters. The proportion varies from 26: 1 in
March during snow melting to 5:1 in No-
vember when low water conditions occur.
In this way, analysis of the seasonal down-
stream variations in the degree of minera-
lization of karst waters not only gives valu-
able data on the occurrence of corrosive
processes in given time and space, but also
facilitates estimating the genesis of karst
waters.

Differential Analysis of Chemical
Denudation

The results obtained by the
this report during his investigations of the
hydrogeological and hydrochemical regimes
in Crimea (Krasnaya Cave region), in Wes-
tern Caucasus (Khostinskij rising spring, at
the toe of the Akhtsu massif) and in the
Gumishkhinskij massif (rising spring of the
Maanikvara river at the Novoafonskaya
Cave), enabled a scheme to be established
for the calculation of chemical denudation.
The calculation diagram is based on the ob-
servations of the regimes in given units of
time (week, decade, fortnight) and includes
information about the precipitation recei-
ved, about evaporation (the differentiation
of these parameters gives the value of dis-
charge in the given karst massif), air tem-
perature (which is necessary for distinguis-
hing the types of feeding), discharge of the
karst spring, and mineralization of the karst
spring water. The diagram is consistent with
the formula for ionic runoff and takes the
form:

author of

Ru= QM a,

where Ru denotes ionic runoff, g/'s; Q is
discharge, m3s; M indicates mineralization,
mg/1l, and a is a dimensional coefficient (pro-



duct of Q and M of the two
presented earlier).

The diagram of ionic runoff provides in-
formation on how the intensity of the che-
mical denudation process varies with time.
Taking into account the method of feeding
the underground waters of the Krasnaya Ca-
ve region, we may distinguish four charac-
teristic periods: (1) consumption of reserves
accumulated during autumn floods (Decem-
ber to February, duration of 62 days); (2
spring snow melting (February to March,
duration of 44 days); (3) feeding by infiltra-
tion water and influent streams (March to
April and October to February, duration of
91 days', and (4) feeding by condensation-
-infiltration (duration of 168 days).

In 1972, the ionic runoff of the Krasno -
peshchernaya river (including salt deposition
due to precipitation) amounted to 26 g/day.
Taking into consideration the density of
limestone, 2.7 t/'m3 gives 304 m3year. While
73 percent of the ionic runoff takes place
in the cold season (from October to March;,
the remainder occurs in the hot period. Karst
processes were found to be the most inten-
sive in the periods of snow and rain floods
(28 percent of the annual leaching of carbo-
nate takes place during 40 days) and autumn
rainfall (32 percent of the annual leaching
occurs during 60 days). As the ionic runoff
follows a seasonal pattern, the values of
karst denudation obtained frcm field obser-
vations may differ significantly (by some
200 to 250 percent). It is therefore neces-
sary to make careful comparative analyses
of published data. The differences between
chemical denudation values calculated from
the data of long-term observations of the
regime (30.3 m3year) and those calculated
from long-term field observations (31.6 m3
lyear; Table 2) amount to 4.2 percent.

Routine analyses of the ionic runoff dia-
gram may also be useful in the investiga-
tions of other regions. In the case of grass-
-covered and sediment-covered karst of the
Alek massif it would be interesting to sepa-
rate from the ionic runoff some other com-
ponents of various- origin.

The atmospheric component is easy to
calculate by multiplying the annual amount
of precipitation (2396 mm) by its minerali-
zation (34 mg/l) and the catchment area

diagrams

which consists of limestones (6.1 km*). The
influent-stream component can be determi-
ned by multiplying the annual amount of ef-
fective precipitation (precipitation minus
evaporation, 1823 mm) by the mineralization
of influent streams and atomspheric waters
(143.8 mg/1l) and by the catchment area
which does not contain karst rocks (5.7 km3.
The total ionic runoff may likewise be
calculated as a product of the discharge
from the Alek massif (1885 m), of the ave-
rage mineralization of spring waters (140.0
mg/l) and the overall area of the massif
(11.8 km2. The total ionic runoff from the
Alek massif amounts to 3108 tons per year.
Of this amount, precipitation accounts for
64.2 percent (496.4 t/year) and influent water
for 48.2 percent (14955 t/year). Thus, the con-
tribution of karst to the total ionic runoff
is 35.8 percent (1116.1 t/year), the value of
karst denudation being 35 m3year (and not
79.7 mtyyear, as shown by Table 2). Based
on the available values of condensation dis-
charge (62 mm) and mineralization of con-
densation water (108.3 mg/l), we may esti-
mate the influence of chemical denudation
as a contributing factor. In the warm sea
son, 41.2 tons of karst rocks (152 m3 are
lost for the Alek massif as a result of con-

densational corrosion. This accounts for 3.7
percent of the total karst corrosion. Thus,
the role of condensational corrosion is of

less importance.

The ionic runoff from the Gumishkhins-
kij massif amounts to 795 g/s, which gives
a chemical denudation value of 78 m3year
(Table 2). However, in the lower part of
karst discharge it is only 45 percent of that
value, i.e. 351 m3year. Most of the mine-
ral matter present there is due to the sub-
thermal component of the wunderground
flow.

In this way, the differential approach to
the problem of chemical denudation permits
important conclusions to be drawn as to
the origin of karst waters in this region
and the seasonal changes in the mineraliza-
tion level. As yet, there is no possibility
to perform calculations for other parts of
the Alpine belt in the South of the Soviet
Union. To overcome this difficulty, statio-
nary hydrogeological investigations are ne-
eded.
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Victor Nikolayevich Dublyanskiy

DENUDACJA CHEMICZNA W REJONACH KRASOWYCH
UKRAINSKICH KARPAT, KRYMU | KAUKAZU

Streszczenie

W artykule przedstawiono wyniki badan nad rozmiarami de-
nudacji chemicznej w obszarach zbudowanych z wapieni gérnej
jury (Karpaty ukrainskie i Krym) oraz jury i kredy (Wielki
Kaukaz) — tab. 2. Dokonano przeglagdu metod badawczych
(tab. 1). Na podstawie badan terenowych przeprowadzonych w la-
tach 1958—1979, postugujac sie metodg hydrochemiczng, uzyskano
wyniki mieszczace si¢ w przedziale 21,8—81,3 mJ3rok; najnizszag
warto$§¢ uzyskano w odniesieniu do Karpat, a najwyzszg dla
grzbietu Akhtsu w SW Kaukazie.

Victor Nikolayevich Dublyanskiy

DENUDATION CHIMIQUE DANS LES REGIONS KARSTIQUES
DES CARRATES UKRAINIENNES, DE LA CRIMEE ET DU
CAUCASE

Résumé

Dans l’article ont été présentés les résultats des recherches
sur I’¢tendue de la dénudation chimique dans les régions for-
mées de calcaire du Jurassique supérieur (Carpates Ukrainien-
nes et Crimée), du Jurassique et du Crétacé (Grand Caucase) —
Tab. 2. On a fait la revue des méthodes de recherches (Tab. 1).
A I’aide des recherches sur le terrain, menées dans les années
1958—1979 et utilisant la méthode hydrochimique, ont été obte-
nus les résultats se plagcant dans I’intervalle de 21,8—81,3 m-Van,
ou la valeur la plus petite a été obtenue dans les Carpates,
et la plus grande pour la créte de Akhtsu dans le Caucase
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Study of the Karst at the Alcorlo Dam (Spain)

Abstract: This report is a summary
of the studies carried out tr. the Group of
Scientific Speleology of the -al Spanish

Society of Natural History, in e.der to de-
termine the permeability conditions of the

karst discovered in the dam-site. The stu-
dies began in August 1977, the date in
which the building work was at its final

phase and primarily oriented to solve the
problems created by a series of caverns
appeared in the dam-site, on the right bank
and below the maximum water level.

\

Regional Geology

Geologically speaking we face an area
which does not represent severe difficulties,
except but the inherent ones to karst.

The dam site is located in a narrow
valley excavated by the river Bornoba in
a monoclinal Cretaceous series of calcareous
composition basically, which the river cuts
ortogonally leaning on both banks at the
front of the slope of these series.

This slope leans discordantly on a Paleo-
zoic mass composed of shales and micaschi-
sts, which is limited at the top by paleo-
genous red clays used to build the imper-
meable nucleus of the dam:

— The impermeble foundation, formed by a
series of kaoliniferous sands in facies
Utrillas from the Superior- Medium Cre-
taceous.

— An inferior litted series with alternative
levels of marls and dolomitic limestone
in which some caverns are located, with
a tendency to remain covered by land-
slides, and in some cases the only evi-
dence we can get of their existence is

« Group of Study on Scientific Speleology
«of the Royal Spanish Society of Natural Histo-y

the drop of the drill
survey bore-holes.

— A thick series of dolomitic Touronian Ii-

pipes during the

mestones on which slopes there appear
numerous pipes.
— An upper series formed by litted dolo-

mitic limestones with a higher density of

caverns in which the most important

pipes system is located.

The ensemble is folded structurally spea-,
king, dipping monoclinally southwards
and cut by the Bornoba river which crosses
the bundle in N-S direction giving place to
an excellent dam-site as far as the topo-
graphical conditions are concerned.

Concrete Problems found in the Karst

They are focussed on the

aspects:

— Appearence of several caves in the dam-
-site area, at dolomitic marly-calcareous
level, below the point of maximum wa-
ter level.

—aExistence of other caverns noticed during
the survey holes.

—= Presence of fillings of karstic origin at
different points within the area.

— An even more developed system of ca-

following

ves located down stream in the same
narrow valley wused for the dam-site.
In general terms, we find a system of

karstic pipes generated under hydraulic gra-
dient, in conditions of freatic or semicon-
fined aquiferous, and whose recognition has
been made difficult due to the presence of
numerous clay seals which block the kar-
stic system.
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Fig. 1. Geological location of the Alcorlo
dam surroundings

There is always the possibility of the
extrusion of those fillings in case they are
under the increasing hydraulic gradient,
with the subsequent permeability problems
derived in the reservoir.

Basic Criteria Followed in the Study
of the Karst

The carbonatic monoclinal series repre-
sent a basin shore, of E—W direction, on
which a karst has settled.

Our experience shows that in this type
of karit there is a general tendency to de-
velop at the basin shore following parallel
directions, this tendency being associated in
a lower degree to the trend of the layers.
A greater development in the E—W direc-
tion is expected.

This tendency has been perfectly checked
in the case of the dam in Patén de Oliva
— Patones (Madrid), on which right bank
there is a karst with more than 8 km of
topographied galleries following the above
mentioned patterns. The calcareous strip on
which this karst is placed is an extension
of the subject of our study.

The karst pipes system is the result of
a selective enlargement of fissures through
dissolution. The degree of development of
these Kkarst-pipes is proportional to the
hydraulic gradient.

Within the fractures system which karst
uses in its formation, there is a tendency
to use those formed as a response to trac-
tion efforts according to perpendicular pla-
nes to the main axis of minimum efforts
.

From the geological study of the region,
we conclude that a vertical uplift, respon-
ding to a tectonic one of blocks belonging
to the paleozoic strip which appears to the
north, and a settlement of the Tertiarious
basin which lies to the south are both
liable to provoke open fractures due to tra-
ction and to an E—W direction.

General Process of Karst Research

It includes:

— Study of karst-pipes.

— Mineralogical and geomechanical
sis of the fillings.

analy-

The total amount of data about karst-
-pipes and fractures is summed up in tab-
le 1.

For the statistical study in star diagrams
of frequencies of the prevailing directions,
we have associated the values to 12 types

of directions, 15° each, from 0° to 180°.
General Survey of the Pipes

General survey of the pipes grouping
them according to their location in the
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lithological column and depending on which
buttress they are placed on, being treated
as a whole afterwards. (Table 1). A total
amount of 983.6 mts. of karst pipes are
topographied in different caves. 90% of this
amount belong to the right bank. The un-
derground system so defined is placed in
a photogrametric map at a 1:5000 scale
(Fig. 2).

In the same way the position and situa-
tion in the column of karst pipes detected
in survey holes are determined.

Generally speaking the caves of the right
bank follow the expected tendency to de-
velop in an E—W direction (Fig. 2 and 3),
while the ones in the left bank go from E.
to NE and from S to SE. Nevertheless at
this bank the pipes system cannot be con-

o2 sidered as representative since it hardly re-

presents 10% of the total topographied area.



Fig. 3. Correlation between karst pipes and diaclases in the surroundings of the Alcor-

lo dam



Analysis of Existing Fillings

Next step consists in a mineralogical and
geomechanic study of the different samples
of clays collected in the caves of the res-
servoir.

Mineralogical Analysis ol Clays

The general results of the mineralogical
analysis of clays carried out through X-rays
diffraction give high percentages of dolo-
mite, and the presence of clay minerals is
between 40—60ub. Detected minerals are:
high quantities of illite and chlorite, mine-
rals of low plasticity and which are not
liable to have presiovolumetric changes, in
spite of the moisture variations which will

take place with the water level increase.
There also appear in low proportions
montmorillonite, vermiculite and interstra-

tified clay minerals such as chlorite-mont-
morillonite and montmorillonite 12-vermicu-
lite which can produce great swelling pres-
sures.

CSeomechanic Trials on the Cavern Clays

The following have been carried out:
— Atterberg limits.
— Shear stress: in natural moisture, in
moisture next to liquid limit, in moi-

sture next to plastic limit.

— Determination of swelling pressures by
edometric trials.

Low values of shear stress are thus de -
tected (0.01—0.04 Kg/cm2 for moistures next
to liquid limit (1 = 1) and they point to
the possibility of extrusion of karstic seals
under top water level conditions. (Fig. 4)

Study of Diaclases

It has been sought from two different
acpects.

External Diaclases

It has been focussed on all those frac-
tures which have originated morphological

changes in the rockbanks which are sup-
posed to include the ones responsible for
the karstification.

A field study is carried out and each

4 Kras i speleologia

Fig. 4. Relation between shear stress R
and fluidity index 1, of the clays

diaclase is located in the photogrametric
map 1:500 and these field data are accom-
panied by a photogeological study on a scale
1:5000.

Data are represented in a stereographic
projection. There appear clearcut maximums
with nearly 70% of the fractures being con-
centrated between N 60—90 E, and 48% are
located between N 75—90 E (Fig. 3).

Internal Diaclases

All the fractures observed inside the
pipes are registered. The method used is
similar to the ones employed in'the study
of karst pipes, taking partial data according
to the situation of caverns in the litholo-
gical column, the information being treated
as a whole afterwards.

By doing so it is possible to detect
those fractures that, although they do not
cause any morphological alterations in the
mountain they do have some influence in
the interior and are responsible for the
complementary directions of the karst.
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The values so obtained (Fig. 3 and Table
1) detach from the external data and there
appear clearcut maximums with 35% of the
data around N 15 E-N 15 W direction (Fig.
3 and Table 1).

Relation Between Fracturation and
Karst Pipes Directions

Turning back to Table 1 as a synthesis
of the statistics of diaclases and Kkarst pi-
pes, there is a great similarity between
both types of data, with two maximums
N-S and E-W within the fracturation direc-
tion which are well represented in the
karst pipes directions where the prevailing
trends in the N-E quadrant show maximums
in types 5 and 6 (N 60—90 E) (Fig. 3).
These results agree with our work hypot-
hesis.

Conclusions and Recommendations

The development of the karst is confir-
med to follow E-W direction with a secon-
dary pipes system going N-S. This karst
forms a karst system partly filled with

ir. 5. General view of the dam

clays which will
resservoir.

The hydraulic gradients, at top water le-
vel which would influence the clay fillings
in caves of the right bank will be from 25
to 3 Kg/cm2 that is to say, enough to
provoke its reactivation due to the low
values of shear stress of the mentioned
clays under saturation conditions.

The possibility of leakage through the
karst in the dam-site at the inflow of
water is then very high and it severely
affects the purpose the dam was built for.

In order to have the right information
in case leakage needed to be corrected we
recommend the following work to be car-
ried out.

Digging out the clay fillings of the first
nratres in the caves within the reservoirs
and put in its place a concrete mass which
‘would serve as a seal (Fig. 6).

Observation of all the springs down the
stream the damsite measuring the outflow,s
and relating these data to the water level
in the resservoir in order to know not only
the dyngmics of the flow under diffgren
conditions,” but its development as well.

be affected by the water



Fig. 6. Excavating a clay filling in a ca-
ve with bulldozer

Finally, when all the available data and
information a sealing program based 0l
grouting procedures hould be elaborated
and quantified taking into account not only
geometric considerations but geological and

hydrogeological ones as well, that is to say,
the most suitable according to technical and
economical criteria.
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BADANIA NAD KRASEM W REJONIE ZAPORY ALCORLO
(HISZPANIA)

Streszczenie

W artykule przedstawiono wyniki prac zmierzajgcych do
okreslenia zasiegu i stopnia rozwoju form krasowych napot-
kanych w trakcie budowy zapory Alcorlo. Stwierdzono istnienie
serii jaskin i kawern czeSciowo wypetnionych stabo zwieztymi
osadami gliniastymi, gtéwnie wystepujgcymi na osi E-W,
w prawym obrzezeniu projektowanej zapory, ponizej spodzie-
wanego poziomu spietrzenia wéd. Przeprowadzono badania struk-
turalnej wytrzymatosci osadéw i zaproponowano ich usuniecie
z pierwszych kilku (kilkunastu) metréw jaskin w strefie kon-
taktu z planowanym zbiornikiem oraz wprowadzenie na to
miejsce masy wypeiniajgco-uszczeliniajacej.

Adolfo Eraso, José Vicente Navarro, Felix Parra,
Victoria Loépez-Acevedo, Pedro Vercier, Joaquin del Val,
Mercedes Echegaray, Angel Cocero, Salvador Dominguez,
Alvaro Enrile

RECHERCHES SUR LE KARST DANS LA REGION DU
BARRAGE ALCORLO (ESPAGNE)

Résumé

Dans l’article sont présentés les résultats des recherches
ayant pour but de définir I1’6tendue et le degré de dévelop-
pement des formes karstiques rencontrées au cours de la con-
struction du barrage Alcorlo. On a constaté Iexistance d’une
série de grottes et de cavités partiellement remplies de dépots
limoneux cohérents, apparaissant généralement dans la direc-
tion E-W, sur le rebord droit du barrage, au-dessous du
niveau attendu du rehaussement des eaux. On a fait des
recherches sur la résistance structurale des dépdts et on a pro-
posé de les évacuer sur quelques premiers metres des grottes,
dans la zone de contact avec le bassin planifié, en mettant une
masse d’étanchéité et de remplissage a la place.
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X r
Problémes poses par le karst
dans le barrage de Tous (Espagne)
Rapport préliminarie des travaux en cours

Résumé: Ce rapport, un résumé d’une
étude actuellement en cours, a pour objet
de donner une vue densemble des probléemes
géologiques dans un barrage construit dans
une région calcaire avec des signes évidents
de karst, autant actuel comme fossil. Avec
cette étude on tache de déduire quelles sont

* Groupe de travail de spéléologie scien-
tifigue de la Real Sociedad Espanola de
Historia Natural, Madrid.

les directions préférentielles du drainage
souterrain du karst et quelles possibilités
existent pour reactiver le paléokarst afin de
pouvoir choisir le traitement d%tanchéité le
plus approprié selon les critéres technico-
-économiques.

Puisque I6tude est actuellement en cours,
nous nous limiterons ici a exposer la mé-
thode de travail utilisée, indiquant les don-
nées obtenues jusqu’da maintenant dans la
premiére phase déja terminée.



Caractéristique du site du barrage

Le site du barrage, se trouve dans une
gorge formée par des roches calcaires du
turonien, en aval de la confluence des ri-
vieres Jucar et Escalona. Le fend de la
riviere est formé par un paléorelief avec
un remplissage d’une épaisseur considérable
qui posait des probléemes d’effondrement pour
les charges transmises par un barrage de
gravité, et ceci était la raison de modi-
fier le projet initial, variant le corps cen-
tral du barrage et construisant un barrage
en enrochement avec un noyau imperméable
d’argile, conservant en méme temps les ap-
puis latéraux de béton comme barrage de
gravité.

Quoique le barrage soit déja terminé
jusqu’a une hauteur de 90 m au-dessus du
niveau de la mer, existe le projet d%lever
le barrage dans une seconde phase jpsqu’a
la cote de 133 m, en fonction des résultats
obtenus dans la premiere phase. Le site du
barrage est schématisé dans la figure 1.

Entourage géologique

Description de la série stratigraphique

Les matériaux les plus anciens qui se
trouvent dans la zone correspondent au
Trias; il s’agit de puissantes masses d’argile

et marnes du Keuper en faciés germaniques,
avec des bancs intercalés de gypse qui pré-
sentent des signes évidents de diapyrisme.
Associées a ceux-ci apparaissent des roches
éruptives basiques du type ophites.

Le Jurassique se trouve dans quelques
points isolés en forme de calcaires ou do-
lomies massives d’une épaisseur minime. La
caractéristique fondamentale de la lithologie
du crétacé est la formation calcaire un peu
marneuse 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 probleme se concentre sur celle-ci.

Dans le Tertiaire, discordant avec I'an-
térieur, se trouvent des dépdts marins fon-
damentalement sableux et marneux qui cor-
respondent au Miocene, pour passer a des
dépots lacustres, conglomérés et calcaires
dont |1’age oscille entre le Pontien et le
Pliocéne. La série termine avec du matériel

quaternaire en forme de terrasses, coluvions
de versant et matériel détritique, galets,
sables, limons et argile qui bordent les for-
mations secondaires, en particulier épaisses
dans la zone ou se trouvent les riviéres.

Tectonique

Le style tectonique présente des caracté-
ristiques particuliéres, puisque nous nous
trouvons dans un point singulier ou conver-
gent I’'influence des chaines ibériques avec
celle des prébétiques, dont les directions SE
de la premiére et NE de la seconde se croi-
sent dans cette zone transitionnelle (fig. 2).

Un autre élément d’une importance con-
sidérable dans Il’ensemble tectonique sur un
plan plus local est la présence d’'un Keuper
diapyrique, qui se trouve a une distance tres
proche parfaitement paralléle a la riviére
en question.

Il semble logique de penser que la struc-
ture de la vallée est fortement influencée
par l’extrusion triasique.

La zone ou se trouve la riviere est
jalonnée par importantes failles de décro-

chement longitudinales a la riviére, quel-
ques-unes avec de forts mouvements ver-
ticaux inverses.

Ces fractures dans lesquelles on a trou-
vé au moins quatre phases différentes du
mouvement, sent responsables du fait que
la vallée de la riviere est une zone tectoni-
quement élevée (quoique morphologiquement
déprimée); un facteur qui peut étre intéres-
sant au moment d’valuer |%paisseur réelle
du calcaire qu’il est a supposer au-dessous
de la riviére.

Il 'y a également une série de fractures
mineures, associées et d’une direction trans-
versale a celles-ci, ainsi qu’un réseau de
diaclasses qui se manifeste surtout dans les
zones qui correspondent aux bloques isolés
entre les failles importantes.

Probleme concret du barrage

La premiére difficulté causée par le site
du barrage était le remplissage au fond de
la riviere qui a I’endroit exacte du barrage
est d’une épaisseur d’environ 100 m. Cette
circonstance donnait lieu a la costruction

d’un barrage mixte, comme déja mentionné,
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Fig. 2. Tectonique: TO — Oligocene, Cg — Upper Cretaceous, Cj, C2— Lower Cretaceous



avec la partie centrale d’enrochement et les

rives en béton.

Le second probléme est constitué par les
fuites qui se sont formées en profitant d’un
karst actuel et de I’¢vidence d’un paléokarst,
dont les remplissages correspondent aux sé-
diments considérés continentaux.

En relation avec cette question on devait
considérer quelques aspects fondamentaux:
m— Les remplissages de ce plaéokarst sont

installés fréquemment d’une maniere pré-
férentielle dans les grandes failles de la
zone. Ceci semble indiquer que le paléo-
karst a suivi une direction d%¥coulement
selon les principales dirtctions tectoniques
de la zone.

— Ces remplissages comprennent des maté-
riaux variés d’une granulométrie tres di-
verse. On trouve des sables fins, galets
calcaires de différents diamétres, argiles
rouges et blancs, et plus souvent des
galets calcaires dans une matrice d’argile
rouge.

— De l’autre coté, ces matériaux de rem-
plissage que l’on trouve systématiquement
dans presque tous les joints des failles,
apparaissent trés souvent reactivés et il
est méme possible d’observer des stries
d’origine tectonique sur les galets selon
les différentes directions. Ceci prouve
évidemment qu’aprés le dépdt de ces ma-
tériaux dans la région, les failles se sont
reactivées plusieurs fois.

— Le dernier aspect qu’il faut tenir en
compte est I’apparition de nouvelles sour-
ces (ou l'augmentation du débit des sour-
ces existentes) dans la zone proche du
barrage, due a l'augmentation du gradient
hydraulique, causée par la montée du ni-
veau d’eau dans la retenue.

Actuellement on est en train de traiter
une fuite de l’eau qui a son origine dans une
perte située dans la rive droite du barrage,
au-dessus de la faille de Sumacarcel, qui
a provoqué plusieurs sources a wune distan-
ce de 2 km du barrage, en aval de la ri-
viere, avec un débit d’environ 45 m3sec.

Méthode du travail suivie

On est parti de la base quun karst se
développe en faveur d’un réseau de fractures
déja existant dans la région et d’une ma-

niere préférentielle dans les fractures géné-

rées par les efforts de traction.

La premiére phase du travail consistait
dans la réalisation d’une étude profonde de
la tectonique régionale sous deux aspects:
— d’un co6té |étude des failles et ses mou-

vements pour en déduire les directions

des contraintes principales et les axes de
déformation globale discontinue dans la
région;

— de lautre coté la vérification simultanée
du traitement statistique des systéemes de
diaclasses pour en déduire leurs orienta-
tions préférentielles.

La seconde phase du travail était con-
centrée sur I’étude du paléokarst, tant en ce
gui concerne ses morphologies que les ca-
ractéristiques et dispositions de ces remplis-
sages.

Finalement, dans la troisiéme phase du
travail actuellement en cours, on analyse
les variations des niveaux piézométriques
dans les forages en aval du barrage, en fon-
ction des gradients hydrauliques causés par
les différentes hauteurs du plan d’eau dans
la retenue.

En tenant compte de la relation étroite
qui semble exister entre le karst et le fonc-
tionnement structurel de la région, on a
commencé dans la premiére phase a se
concentrer sur ce point. La premiere tache
réalisée consistait en [%tablissement d’une
cartographie détaillée a |I’échelle 1:10 000
(appuyée dune étude photogéologique) de
grandes failles mentionnées avant, et de tou-
tes les fractures mineures ou associées qui
affectent la zone du site, de la retenue Yy
compris une certaine partie en aval du bar-
rage (figi 3).

Aprés ce travail on a pris des données
concernant les mouvements des failles qui
peuvent étre déduits en étudiant les terrains
divers des plans de faille, et prétant une
attention spéciale a I'information recue par
les stries de friction, stries de dissolution,
veins de calcite, stylolithes, etc. afin de
dresser un modele le plus proche possible
du fonctionnement des failles et du mouve-
ment global des bloques.

L’étape suivante consistait dans I’inter-
prétation des données avec l’aide de deux
méthodes selon deux points de vue a la base
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Fig. 3. Plan de situation géologique

d’une analyse structurelle: d’un coté I’iden-
tification des contraintes principales at, 02
as et son possible évolution selon les diffé-
rentes phases tectoniques observées, en uti-
lisant la méthode d’Anderson en projection
stéréographique. D’autre co6té la détermina-
tion des directions principales de déforma-

1j-C 1 JURASICUE cretacicue

| T | TRIASIpUE

1T-C | TERCIARIO QUATERNAIRE

ZONE DE
TOUS

BARRAGE)

tion régionale, X, Y, Z tenant compte de la
tectonique cassante de la zone, qui selon les
vérifications faites a fonctionné pendant au
moins quatre phases de mouvements diffé-
rents, et comme c’est logique a penser, les
dernieres étaient influencées par la défor-
mation causée par les premieres phases. La



Fig. 4. Diagrammes tectoniques



on g utilisé la méthode d’Arthaud pour les

régions de tectonique cassante qui semble

trés convenable dans ce cas.

Les résultats obtenus de cette étude peu e
vent étre résumés dans les points suivants:
— Les directions principales des contraintes

déterminent I’existence d’au moins quatre

phases dont Iune peut étre divisée en

deux sous-phases avec un virement d’o-

rientation de ot de 26°.

— Toutes les phases de mouvement obser-
vées ont une direction commune de o3
environ N 60 E (fig. 4A).

— Les axes de déformation déduites pour
la zone suivent les directions X: N-1920;
Y: N 320° Z: N 48° (fig. 4B).

— En comparant les deux modeles on voit
que la direction de l’axe principale inter-
médiaire Y de déformation se trouve sur
le plan formé par les contraintes qui
correspondent a la premiére phase cq a2
Ceci confirme I'hypothése de départ in-
diquant cette direction N 320° comme la
préférentielle dans la formation de I’6cou-
lement souterrain.

Aprés 1’6tude des failles on a réalisé une
étude des diaclasses. A cet effet on a choisi
les zones éloignées de I'influence probable
des failles et ou il est possible de faire un
grand nombre de mesures afin d’obtenir des

résultats statistiques s(rs. Les stations de
mesure, suivant les critéres mentionnés
avant, se trouvent distribuées sur toute la

zone et principalement dans les vallées trans ¢
versales a la riviere Jucar.

Les données transférées au canevas sté-
réographique pour son analyse statistique,
permettent la déduction des directions préfé-
rentielles des diaclasses. On I’a réalisé tout
d’abord partiellement pour chaque station et
finalement on les a groupées dans des sté-
réogrammes globaux. Les stations déja étu-
diées nous donnent une direction préféren-
tielle N 154° et deux associées N 32° et
N 71° la derniéere moins forte (fig. 4C).

Etude du paléokarst (actuellement en cours)

Le programme a suivre comprend:

— L’inventaire des formes autant extérieu-
res (délines, etc.) qu’intérieures (conduits,
etc.) en les situant dans la série strati-
graphique et sur le plan géologique.

— Ltude granulométrique des remplissages.

— L%tude du comportement géomécanique
en relation avec les points suivants: limi-
tes d’Atterberg, essais de cisaillements,
essais édométriques, grace auquels on es -
pére pouvoir prévoir le comportement de
ces matériaux dans les conditions de sa-
turation, en vue des gradients hydrauli-
ques créés par la retenue.

— De I’¢tude et du traitement statistique des
stries observés dans les galets calcaires
de quelques remplissages on peut déduire
que les phases tectoniques ont été pos-
térieures a Vlinstallation du paléokarst;
et ceci nous permet d’établir une chro-
nologie relative dont l'utilité sera primor-
diale tant pour I%6tablissement de I|%vo-
lution régionale que pour le pronostic du
comportement futur de la retenue.

Etude de I'influence du barrage
sur le niveau phréatique de la zone
(actuellement en cours)

En premier lieu on dressera des cartes
d’isopieces basées sur les données fournies
par le réseau de piézométres installés dans
la zone proche au site du barrage. Pour
chaque intervalle de 2 m dans la hauteur du
plan d’eau dans la retenue une carte sera
établie. De son interprétation on peut dé-
duire la variation en profondeur de la sur-
face piézométriqie, la connaissance des voies
de circulation privilégiées et la détermina-
tion du mouvement de leau dans la nappe,
qu’il faut tenir en compte au moment de
corriger les fuites existantes.

Conclusions

sur la base de I’in-
I'information obtenue,

L’objectif poursuivi
terprétation de toute
consiste a:

— Localiser les fuites instantanées
par le karst actuel et les quantifier en
fonction de la hauteur de l’eau dans la
retenue, c’est-a-dire de la grandeur du
gradient hydraulique.

— Etudier son évolution dans le cours du
temps, quantifiant dans la mesure possib-
le la reactivation du paléokarst, sous les
nouvelles conditions hydrauliques créées
par la retenue.

causées



— Etablir les bases pour élaborer le projet
d’un traitement d’étanehéité qu’il faut
définir en conditions optimales selon
critéeres technico-économiques.

Au cours de nos travaux nous avons pu
constater que la direction préférentielle du
drainage du karst dans un calcaire qui est
soumis a une tectonique cassante est celle
qui correspond a l'axe Y de déformation
(c’est-a-dire a l'axe principale intermédiaire
qui ne produit ni raccourcissements ni allon-
gements). Cette conclusion est quelque chose
de tout a fait nouveau dans la prédiction du
drainage dans le karst, dont on savait jus-
qu’a maintenant que les directions préfé-
rentielles, en reation avec I’ellipsoide de con-
traintes, étaient adaptées aux plans ortho-
gonaux a celle de a3 qui représente la di-
rection de traction.
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PROBLEMY ZWIAZANE Z KRASEM W REJONIE ZAPORY
TOUS (HISZPANIA). WSTEPNY RAPORT Z PROWADZONYCH
PRAC

Streszczenie

Przedstawiono aktualny stan badan nad krasem kopalnym wy-
stepujgcym w rejonie planowanej zapory Tous. Przeanalizowa-
no kierunki ewentualnego drenazu wa&d ze =zbiornika i jego
wpltyw na reaktywowanie sie proceséw krasowych w otoczeniu
zapory. Przedstawiono metody badawcze ktére pozwolity okresli¢
strefy i kierunki drenazu.

Adolfo Eraso, Felix Parra, Julia Saint-Aubin,
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KARST-INVOLVING PROBLEMS APPEING IN THE TOUS DAM
AREA (SPAIN). INTRODUCTORY REPORT ON THE WORKS
CARRIED ON

Summary

The authors describe the present state of the research works
over fossil karst appearing at the trritory where Tous dam is
designed to be built. The eventual draining directions, and the
dam impact on the karst reactivating proccesses in the dam
vicinity were analyzed. The researching techniques that allowed
to determine the draining zones and directions were described.
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Remarques sur I’hydrogeologie
des mines dans des formations karstiques

Résumé: L-’article présente les plus im-
portants problémes hydrogéologiques qu’af-
frontent les services miniers au cours de

I’'exploitation dans les séries carbonatées sou-
mises a la karstification. On a discuté les
méthodes de recherches sur le régime des
eaux karstiques qui sont nécessaires pour
les travaux liés avec le drainage de mine.

Intérét de I'investigation
karstologique-miniére

Dans les matériaux karstiques se locali-
sent, sans doute, des aquiféeres de caracté-
ristiques' exceptionnelles.et en méme temps
singuliéres, qui font I’objet d’Uii intérét spé-
cial pour I’hydrogéologue. Mai's’ ces aquife-
res présentent, relativement fréquemment,
un aspect le transcendance indubitable, qui
est normalement oublié par de nombreux
karstoloigues.. Je me réfere, vde..facon: mon-
créte, a la complexité problématique ,que
posent les aquiferes karstiques - quand; Ti,
s’agit d’y placer, des travaux souterrains et,
spécialement quand ceux-ci, sont minier-s-

Une- .«justification possible de cet oubli
peut résider dans la bibliographie insuffisan-
te qui traite ce théme, conséquence des
difficultés de cette spécialisation, et dans
les restrictions des entreprises minieres pour
faire connaftre ces recherches. D’autre part,
et jusqu’a la récente célébration a Grenade
(Espagne), du | Congrés Mondial de I’Eau
dans les Mines et les Travaux Souterrains
(SIAMOS-78), on n’avait pas réussi a réunir
une expérience mondiale sur ce théme (les
Actes recueillent des apports de 23 pays).

* Catedra de Hidrogeologia, Universidad
de Granada, Apartado de Correo$ 556, Gra-
nada, Espana.

m facilement

Cependant, pour nous tous qui consacrons
notre activité de recherche et profession-
nelle;a cette thématique, il n’y a aucun
doute que les probléemes miniers dans des
milieux karstiques sont, en priorité, les hy-
drogéologiques. Et cela parce que, dans ces
systemes karstiques, I'implantation d’un tra-
vail minier suppose l'intrusion dun élément
anthropique, qui va affecter et modifier le
fonctionnement, hydrologique du systeme, et
en méme temps le travail minier va se
trouver conditionné par la présence de cette
. eau.

:En conséquence,
le fait associer, fréquemment,
de l’eau aux travaux du sous-sol,
temps que pour I’hydrogéologue
daquiféeres, méme a faible profondeur, est
compréhensible. Cependant, les
, spécialistes en ,hydrogéologie miniére” sont
peu nombreaux et, en conséquence, les énor-

I’expérience du minier
la présence
en méme
I’'existence

,mes possibilités, offertes par les travaux
miniers, a Ta recherche hydrogéologique,
n’ont pas encore trouvé le cadre adéquat

de développement.

Mais on peut prédire, sans aucun doute,
que dans un futur immédiat va se produire
un changement total de cette situation, gra-

ce auquel I’'hydrogéologie, qui, longtemps
et dans de nombreaux aspects, s’est vue
bénéficiée par la technologie pétroliére,
va maintenant trouver dans la mine son
meilleur laboratoire et son meilleur champ
d’exprience, en méme temps que les mines

vont pouvoir faire face aux probléemes posés
par I’eau, non comme s’il s’agissait d’un
stérile, mais avec toutes les ressources et
méthodologies que peut lui offrir I’hydrogéo-



fogue, et avec le défi d’intégrer cette eau
dans le cadre global de la gestion des res-
sources hydrauligues (Fernandez-Ru-
bio et Pulido-Bosch, 1978 a).

Ainsi I'hydrogéologie va trouver, dans les
mines, la possibilité de contraster la théorie
avec la réalité, dappliquer des technologies
d’avant-garde, de réaliser des expériences a
échelle réelle, et tout cela, avec une dispo-
nibilité de moyens supérieure a celle qui
jusqu’a présent a été habituelle. De Ia
la perspective d’un futur optimiste qui
doit naftre de cette étroite relation entre
I’hydrogéologue et le minier, sortout quand
le besoin de matiéres premiéres minérales
augmente de jour en jour, et les problemes
que leau pose dans le sous-sol sont chaque
fois plus importants.

Tout cela justifie le fait que le Groupe
de Travail d’Hydrogéologie de I’'Université
de Grenade ait centré son activité de base,

depuis plusieurs années, sur les investiga-
tions relatives a leau dans les mines et
a I'hydrogéologie karstique.. .

Mines et hydrogeologie karstique

Etant données la.multiplicité et la va-
riété thématique qu’offre ce domaine, je pré-
tends .seulement aborder quelques aspects
de base de celle-ci,, qui seront, suffisants
pour mettre en évidence I’interrelation mi-
ne—karst—hydrogeologie.

Dans cet exposé, je vais piéter une at-
tention, spéciale aux . méthodologies de re-
cherche .hydrogéologique, aux implications
imposées par la présence de leau .dans le
milieu minier et, finalement, a quelques pos-
sibilités d’intégrer ces eaux dans la gestion
globale des ressources hydrauliques.

Au préalable, il convient de signaler que,
directement dans des matériaux karstiques,
formant partie des roches encaissantes, ou
étant en raport de voisinage avec celles-ci,
on peut trouver toutes sortes de gisements
miniers, quelles que soient leur genése, leur
composition ét leur morphologie.

On ne peut parler, pour autant, d’un type
spécial de gisements du point de vue karsto-
logique, bien que le méme processus de
karstification soit favorable au développe-
ment de quelques concentrations minérales.
Mais ce que l'on peut affirmer c’est que le

fait, pour un gisement, de se situer dans un
milieu karstologique, oblige a se poser la
problématique hydro-géologique spécifique
de ces systéemes aquiferes, imposée par l’ani-
sothropie hydrodynamique, avec des circula-
tions privilégiées le long de discontinuités
principales, alimentées ou alimentant un sy-
stéme de fissures de deuxiéme ordre.

Un aspect qui va conditionner, en tout
cas, cette conception, est celui qui concerne
les relations géométriques entre le gisement
et le systeme karstique, ou Ilon pourrait
considérer une extraordinaire diversité mor-

phologique de gisements (corps estratdides,
lentilles, filons, disséminations, etc.), liés a
la sédimentation, au remplissage de frac-

tures, au processus de metasomatose, et qui
a leur tour se trouvent quelquefois sous-ja-
cents et d’autres supra-jacents aux aquifée-

res, desquels ils peuvent recevoir de leaa
per ascénsum ou per descensum sans oub-
lier la possibilit¢ dun apport latéral. Tout

ceci imposant une grande complexité dans
le fégirite hydrologique.

D’autre part, le systtme propre dexploi-
tation miniere a Une incidence fondamental
le sur le rapport eau — mine, et a Son tour
le systeme de drainage adopté agit' sur le
colt d’exploitation, dont dépendent la ren-
tabilité et la'survivance de ia mihe.

En ce qui concerne les systéemes d'exploi-
tation,"il faut signaler que, ¢jans de" nom-
breuses bécasions, 1és méthodeé appliquées
dans Une premiére phase des 'travaux, dans
laquelle on ne prévoyait pas dé problémes
hydrogéologiques, agissent a posteriori,, d’une
facon pratiquement irréversible, sur la pré-
sence de l’eau et sur la possibilité techni-
que- et économique du drainage. Tel est le
cas, par exemple, des anciens fronts super-
ficiels d’exploitation, qui agissent comme des
collecteurs d’eaux vers les exploitations sou-
terraines; ou c’est le cas de mines inondées
abandonnées, qui peuvent étre responsables
de brusques irruptions dans les nouveaux
emplacements des travaux; ou ce sont mé-
me les sondages d’investigation miniere, a
travers lesquels des aquiféres peuvent éta-
blir une interconnexion avec la mine.

Il faut donc une connaissance et une
planification' hydrogéologique avec le ma-
ximum de garantie, depuis le commencement
de la recherche, pour orienter convenable-



ment I’'ensamble des opérations minieres cor-
respondantes aux phases d’exploration, df
préparation, d’exploitation et d’abandon de
la mine, en tenant compte de I’incidence
probable de I’eau sur toutes celles-ci.

Le systéme karstique minier

Un aspect qui doit toujours présider cette
recherche hydrogéologique, est celui concer-
nant lanalyse et la connaissance des systé-
mes aquiferes affectés, et I6tablissement des
relations internes et externes dans le do-
maine minier. L’analyse qui. dans ce cas, se
rapporte fondamentalement a la karstifica-
tion.

Dans ce sens nous ne pouvons pas oublier
que la karstification la plus active, et avec
elle le développement des voies de circula-
tion préférentielle, est conséquence d’une
tectonisation intense, puisque ce processus
de karstification demande l'ouverture préa-
lable de fractures, de tension spécialement,
qui vont étre les conduites privilégiées pour
I'acces de l'eau et la dissolution karstique
conséquente (n'oublions pas que 70 a 80% des
irruptions d’eau, dans les mines, se produi-
sent par des failles, et 15 a 20% par des
fractures qui y sont liées).

Mais cette circulation aquifere n’est pas
seulement préférentiele le long de fractures
de tension (spécialement dans des axes an-
ticlinaux), et le long de failles dans la mas-
se carbonatée, mais aussi, dans le cas des
mines, les filons sont des voies tres favo-
rables a cette circulation.

En tout cas, de nombreuses exploitations,
affectées par des venues d’eau provenant
d’aquiferes karstiques, profitent de ces col-
lecteurs hydrauliques favorables pour y pla-
cer les équipements de captage, qui rendent
possible le drainage de la mine, en inver-
sant le sens de [I6coulement (Fernan-
dez-Rubio, 1974; Moreli Evangeli-
sta et al, 1978). Les autres systémes de
fractures sont, en général, moins favorables
a la circulation aquifere.

Pour compléter, dans le cas qui
intéresse, le comportement hydrogéologique
se voit en général affecté par les trous
miniers (effondrements contrdlés, subsiden-
ces, collapsus, etc.), qui produisent des con-
nexions hydrauliques au sein du systéme

nous

karstique ou dans d’autres
phériques.

Ainsi le karst, de soi complexe, se voit
altéré par la présence d’une série de con-
duites antropiques privilégiées, qui sont a
I'origine des changements importants dans
le régime hydrologique, puisque la mine
joue un rbdle de conducteur et d’accumula-
teur, et se situe ainsi avec des caractéri-
stiques intermédiaires entre les régimes pro-
pres aux eaux superficielles et aux eaux

souterraines.

systemes péri-

D’autre part, ce r6le de drain joué par
la mine, dans le systéme, occasionne fré-
quemment, la réactivation de la circulation
aquifere et du processus de karstification,
et spécialement son rajeunissement quand
il affecte un karst géologiquement fossile,
et cela en conséquence du processus de kar-
stification qui requiert la circulation aqui-
fere et du drainage qui entraine les rem-
plissages du karst. Ainsi on a vérifié, par
exemple, que de nombreuses exploitations de
zinc et plomb en Polonge, se trouvent en
contact avec un karst fossile (Rézkow-
ski et Pu lin a, corn, orale).

A tout ce qui a déja été exposé, on
peut ajouter, dans le cas de systémes aqui-
feres a multieouches, les complications in-
hérentes a cette circulation complexe (Me-
dina et al, 1978). Dans ce cas il est fré-
quent que le milieu minier corresponde a
un aquitard intercalé, auquel laquifére car-
bonate apporte ou draine de I'eau par un
effet de ,drainance”. Il en est ainsi dans les
exploitations de fer de Ojos Negros (Teruel,
Espagne), (Fernandez-Rubio, 1974).

Considérant le fait hydrogéologique, trés
généralisé, de l'augmentation de la pression
hydrostatique avec la profondeur, on justi-
fie que les problemes de l’eau augmentent
au fur et a mesure de la profondeur des
exploitations quand, en outre, la solution
de ces probléemes offre de plus grandes dif-
ficultés.

Nous pouvons aussi signaler que ces tra-
vaux dans des mines profondes, qui fré-
quemment, se présentent soumises a de
grandes pressions hydrauliques, peuvent étre
sauvegardés par des matériaux de faible con-
ductivité hydraulique. Dans ce cas il faut
éviter les fractures provoquées par I’exploi-



tagtion miniére, puisque c’est a travers de
ceiles-ci, et favorisées par les gradients hy-
drauliques élevés, que peuvent avoir lieu des
irruptions catastrophiques (Wolmarans,
Guise-Brown, 1978).

Quand cette circonstance se présente, et
dans certaines limites techniques et écono-

miques, de nombreuses mines utilisent le
procédé de laisser des massifs imperméa-
bles de protection, afin d’isoler la mine du

systéeme karstique; tel est le cas de quelques
exploitations de lignite a Megalopolis (Gre-
ce) (Spiliotis, 1978) ou de charbon, bau-
xite et manganese dans la Massif Central
du Transdanube (Tettamanti, 1967).
Enfin, nous pouvons indiquer quelques
autres cas, dans lesquels les systemes kars-
tiques ne sont pas en contact direct avec
les exploitations- miniéres, mais sont les res-
ponsables capacitifs de l'apport des eaux, a
travers des matériaux intermédiaires permé-

ables d’une autre nature (Fernandez-
-Rubio e Pulido-Bosch, 1978 b,
Kafri et Agron, 1978).

Objectifs de I'investigation

Une investigation bien programmée, doit
se concentrer a établir le modéle conceptuel
du comportement complexe du systéme et
des relations hydrogéologiques, qui permet-
tent de prévoir et de quantifier I’effet pro-
voqué par la mine, et effets dérivés des
moyens d’action possibles, afin d’analyser les
incidences réciproques mine — aquifére, et
de pouvoir adopter les solutions les plus fa-
vorables.

Mais cet objectif, presque toujours, est
atteint seulement & moyen et long terme, car
dans une premiere phase, le besoin de pla-
cer des dispositifs de drainage et de calcu-
ler I’effet de ces derniers prévaut normale-

ment, quand en réalité on ne dispose pas
encore d’information hydrogéologique con-
venable. Cela oblige a estimer des données

inconnues, sur la base de l'information par-
tielle disponible et, surtout, de I|’expérience
accumulée par les spécialistes.

Au fur et a mesure que I’investigation
avance, et que I’on contraste ou modifie les
prévisions et les résultats, on peut atteindre
un plus grand degré d’efficacité du drai-
nage. Et cette efficacité sera d’autant plus
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grande que plus profonde sera la connais-
sance des caractéristiques de l’entourage kar-
stoligiqgue minier, dans lequel on ne peut ob-
vier a la localisation de secteurs de circula-
tion karstique préférentielle, liée de fagon

sélective a4 la fracturation, aussi bien pour
réaliser les travaux miniers se protégeant de
ceux-ci, que pour y programmer les tra-
vaux de captage.

L’objectif de la recherche a long terme
est, frequemment, celui d*tablir le modele

analytique, qui permettra de prévoir 1%6vo-
lution hydrologique future, devent de possi-
bles planifications différentes des travaux
miniers et des systémes de drainage. Ainsi,
on pourra atteindre parmi ces possibles solu-
tions des alternatives, tenant compte non
seulement de leur efficacité, mais aussi de
I’¢valuation économique du bindme ,minerai
extrit m— colt du drainage”, ou du dénomé
,coefficient d’inondation” (Fernandez-
-Rubio, 1975).

Malgré ce qui a été exposé jusqu’ici, il
y a des cas et des circonstances dans les
quels, avec la technologie actuelle et les
colts qu’impose le drainage, on n’arrive pas
a des solutions applicables; dans ce cas,
I’'eau peut supposer un obstacle infranchis-
sable pour la mise en exploitation du gise-
ment, surtout quand cette incidence est non
seulement technique et économique, mais
aussi qu’elle implique des aspects de sécuri-
té, qui mettent en péril des vies humaines.

Technologie de I'investigation

En ce qui concerne les techniques a em-
ployer, dans cette recherche, leur variété est

fonction de la complexité des probléemes
déja décrits.

Il en arrive de méme avec Ilamplitude
a appliquer ces techniques, puisqu’il s’agit

d’un équilibre technique et économique dans
lequel le codt de la recherche ne doit pas
dépasser la valeur de la réduction du ris-
que avec laquelle on I’atteint.

On ne peut parler, pour autant de tech-
niques spécifiques d’investigation, pour abor-
der ces problémes, puisque en réalité elles
couvrent une tres large gamme, et dans cha-
que cas une sélection bien méditée s’impose.

Mais ce que l'on peut détacher c’est que
les importantes implications économiques de
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I’eau dans les mines justifient et conseillent
d’agir avec une instrumentation technologi-
que trés supérieure a l’habituelle dans d’au-
tres domaines de I’hydrogéologie, qui per-
met d’augmenter la confiance dans les ré-

sultats acquis, tenant compte des implica-
tions déja signalées auparavant. Il s’agit,
sans doute, de techniques dans lesquelles la
conception pratique doit prévaloir sur la
scientifique, bien que celle-ci ne soit pas
exclue.

En général on part (Fernandez-Ru-
bio, 1980) de la réalisation d’tudes géo-
logiques de base, avec appui de la photo -
interprétation de la lithostratigraphie, de la
fracturation et de la karstification. L’inves-
tigation hydrogéologique détaillée, propre-
ment dite, doit comprendre également I’in-
formation apportée par I’investaire des
points d’eau; lenregistrement piézométrique,
le recueil dchantilons deau et leur con-
tréle physique et chimique; les jaugeages
d’eaux superficielles et souterraines; etc.

Ces travaux sont complétés par des son-

dages de recherche hydrogéologique, dans
les différents systemes aquiféres impliqués,
avec analyses de leur comportement pen-

dant la performation, et avec I’installation de
piézométres, erl général multiples, soit
sur la surface soit a Iintérieur de la
mine (verticaux ou inclinés), pour un con-
trole a court et long terme des oscillations
du niveau, provoquées par des causes natu-
relles, par le drainage, ou par les travaux
miniers eux-mémes.

La large application de diverses techni-
ques géophysiques terrestres préte également
son appui, ainsi que les diagraphies électri-
ques, thermiques ou radioactives dans des
sondages.

Une place importante est occupée par les
pompages d’essai en sondages, avec des pié-
zometres d’observations pour la détermina-
tion de parameétres dimensionnels des aqui-
feres, et cela malgré les limitations que dans
le karst pose leur interprétation. On réali-
se aussi, et dans un but identique, d’autres
tests dimensionnels dans des piézometres ou
dans des sondages de recherche miniere.

L’emploi de techniques avec des traceurs,
chimiques ou istotopiques, est fréquent, ainsi
que les études de datation des eaux, pour

analyser I%coulement régional, le mélange
des eaux, et les affections a leur qualité.

En général, cette technologie d’investiga-
tion, bien qu’elle s’intensifie dans Ientoura-
ge minier, doit sappliquer a une superficie
trés supérieure a celle de I’exploitation pro-
prement dite, afin d’acquérir I'information
nécessaire sur le milieu hydrogéologique, dé-
terminer laire d’influence et les conditions
du drainage, et établir le bilan hydraulique
des aquiféres, avec les modifications intro-
duites par lexploitation miniére, spéciale-
ment sur des relations d’interdépendance des
subsystemes périphériques, et la recharge
possible induite motivée par le drainage.

L’intérét dérivé de I'information que la
mine elle-méme offre aux spécialistes, en-
traine le besoin de poursuivre le contrdle
hydrogéologique, pendant |I’exploitation, et
d’établir, sur cette base, de véritables tests
de sensibilité des hypothéses de travail.

Défense contre les irruptions d’eau

De maniére générale on peut différencier
systemes de prévention et systémes de pro-

tection (passive ou active). Les premiers
ont pour objet deviter ou de retarder les
irruptios deau ou de réduire leur impor-

tance* et demandent, pour leur efficacité, la
présence de formations aquicludes ou aqui-
tardes, non tectonisées, qui se localisent
entre le milieu minier et le systéme karsti-
que, et qui atteignent une puissance spécifi-
que suffisante ptmr supporter la poussée hy-
draulique.

Les méthodes passives de protection con-
sistent a isoler la zone dangereuse, au moy-
en dune fermeture, lorsque Iirruption d’eau
s’est produite. On peut également inclure ici
le scellement des voies de circulation d’eau

par des injections, ou les traitements par
congélation.
De leur coté, les méthodes actives de

protection consistent a déprimer le niveau
potenciométrique, ce qui s’obtient normale-
ment au moyen de pompages, a partir de
puits ou de sondages, ou au moyen de ga-
leries de drainage. .
Tous ces systémes, pour combattre la
venue d’eaux souterraines, doivent se com-
pléter par une protection efficace contre



Ilirruption des eaux superficielles (canaux
collecteurs périphériques; déviation et cana-
lisation des lits; etc).

La gestion de I’eau de mine

Le drainage de la mine exige, comme ca-
ractéristique spécifique, le besoin d’extraire,
d’abord des ressources et des réserves du
systemes aquifére, jusqu’a obtenir la descente
piézométrique sous laire d’exploitation. A
partir de ce moment le pompage peut se
réduire aux ressources et a Ilapport des
systemes périphériques annexes (karstiques
ou non).

Mais il est normal également que ce
drainage implique une augmentation de I'in-
filtration, aussi bien en conséquence de
l'augmentation directe a partir des eaux de
pluie ou d*¥coulement superficie], que par
la réduction de |I’®vaporation, sans perdre
de vue la possibilité de que la descente des
niveaux agisse sur les profits hydrauliques
préexistants, et altére en tout cas le bilan
hydrique.

Rappelons a ce sujet que dans de nom-
breuses occasions le pompage dans des mi-
nes situées dans des terrains karstique est
supérieur a 2000 m3heure. Ainsi nous pou-
vons rappeler les presque 30000 m3heure
pompées dans les mines du Massif Central
du Transdanube, qui correspondent a 90% de
I’eau infiltrée (Tettamanti, 1967); ou le
pompage de plus de 40000 m3heure dans
des districts miniers de Pologne.

C’est pour cela que les grands volumes
d’eau, qu’il est nécessaire de pomper dans
le drainage des mines et qui peuvent modi-
fier sensiblement le flux régional, doivent
s’intégrer dans le cadre de la gestion op-
timale globale des ressources hydrauliques.

En planifiant cette gestion, on ne peut pas
oublier le fait que, pour des motifs trés
divers, ces mines et les prqgcessus qui y
sont liés, peuvent occasionner une détério-
ration de la qualité de Ieau, dont je me
suis occupée dans un travail antérieur (Fer-
nandez-Rubio, 1977 b). Cette contami-
nation oblige a mettre en marche la techno-
logie adéquate pour réduire les polluants
et/ou traiter les eaux polluées pour pou-
voir les utiliser, ou au moins, pour pouvoir
réduire les préjudices qu’elles provoquent.

Mais le principal aspect, qui maintenant
nous intéresse de détacher, est celui relatif
a l'utilisation possible de ces importants dé-
bits d’eau, de bonne qualité.

A ce sujet il faut tenir compte que lex-
traction miniere ne se réalise pas, en géné-
ral, a débit constant mais a dépression con-
stante, vers les puisards auxquels peut s’as-
similer le dispositif de drainage. Pour le
calcul des caractéristiques dimensionnelles
de laquifére, dans ces conditions de dépres-
sion constante et de débit variable (normale-
ment décroissant et affecté par des irrup-
tions aux causes techniques), nous avons dé-
veloppé une méthodologie adéquate (Fer-
nandez-Rubio et Yague, 1978).

La gestion de ces eaux signifie, sans
doute, un changement d’optique, mais non
de motivation, qui est imposée par le besoin
de drainage, lequel est trés affecté, dans des
milieux karstiques, par la variation d’ap-
ports superficiels. Cela entraine que le ré-
gime d’extraction peut étre tres différent du
plus convenable pour la gestion, bien qu’on
arrive facilement a des conditions d’utilisa-
tion des plus favorables, face a la demande,
de celles qui présentent les émergences na-
turelles (lesquelles peuvent arriver a dispa-
raftre ou a voir réduire leur débit).

La planification de ces pour et contre
nous conduit, finalement, & la convenance de
s’occuper de la demande, de facon que I’eau
de drainage de mine puisse s’utiliser comme
débit de base, qui se complete essentielle-
ment, en époques d’augmentation de con-
sommation, par des eaux d’autres prove-
nances, comme débit de pointe (Fernan-
dez-Rubio et Pulido-Bosch, 1978 a).
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Rafael Fernandez-Rubio

UWAGI O HYDROGEOLOGII KOPALNIANEJ NA OBSZARACH
KRASOWYCH

Streszczenie

Artykut informuje o najwazniejszych problemach hydrogeo-
logicznych, z jakimi stykaja sie stuzby kopalniane prowa-
dzac eksploatacje w seriach weglanowych podlegajgcych kra-
sowieniu. Omoéwiono metody badah rezimu wéd krasowych, ktd-
re sg niezbedne przy pracach zwigzanych z odwodnieniem ko-
paln.

Rafael Fernandez-Rubio

SOME REMARKS ON THE MINING HYDROGEOLOGY IN THE
KARST REGIONS

Summary

The paper supplies the information on the most important
hydrogeological problems that are enconutered by the mining
services while minnig carbonated series Kkarstification under-
going. The author discusses the investigating techniques adop-
ted to the karst waters regime, imperative to mines draining
works.
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Effect of Mining Activity on Thermal Karst
Springs (Transdanubian Range, Hungary)

Abstract: The bulk of the coal and
bauxite bodies in the Transdanubian Range
are laying on the Triassic karstic rocks 01

on fanglomerate — like permeable rock con-
sisting of debris of dolomite. The heat-coi-
lecting area of the thermal springs consists
of deeply buried (1000—2000 m below the
surface) Kkarsticrocks connected with the
neighbouring open karst areas. This the mi-
ning operation leads inevitable to strong de-
pression in the horizon of karstic
The authors suggest that the only method
for the defence of the spring-systems is the
reflux of the water of the mines in wells
situated in adequate points between the
mines and springs.

Introduction

It is awell known phenomenon, that
around big karstic areas, hot-water springs
can often be find, and thermal water is
available by drilling too. Many of these
sites are used as tourist and recreation cen-
ters, like in Budapest, where in the time
of the ancient Romans and during the Turm
Irish invasion (XVI. c) the thermal springs
were widely used.

The discharge of the hot karstic springs
was rather uniform during centuries as <
was proved by the measurements and hism
torical records. It was soon recognized by
the companies charged by the management

of the baths, that in a given group of
springs and existing wells the discharge
cannot be increased by new drillings, the
total amount of hot water remains nearly

the same. It was also generally accepted,
that hot-water systems rest undisturbed fov

long periods, therefore — before and after
the II. World War — a lot of investments
were made (baths, recreation hotels, etc.)

based on the thermal springs. And so it
caused a general surprise, when the discha-
rge of the springs decreased quickly in the
early sixties.

Some great thermal springs* dried up in
an extremely quick manner (in one or two
years). These springs, well known for ages,

first turned to be cold lakes, and soon to
w R&erpty craters.

The hydrogeological investigations — af-
ter some years — proved univocally, that
the disappearing of the hot springs was
caused by mining activities within the
neighbouring karstic areas. The coal and

bauxit mines caused great depressions by
sinking the karstic water level.

What was the reason that the mining of
sixties was connected with an abruptly-
increasing pumping activity?

The advance of mining production for-
ced the operations to descend to a level,
deeply under the karstic water.table. The
new pumping sites with their enormous
discharge disturbed profoundly the hydraulic

equilibrium of large karstic regions.
The infiltrating precipitation — assuring
the input of the karstic water-systems —

remained nearly undisturbed, but the quan-
tity of water, originating from the above
alimentation, actually leaves the karstic mas-
sive in an essentially different distribution
and with different temperature. The dis-

charges — alimenting during centuries the
thermal springs — actually are pumped by
the mines.

*Pal Muller, Magyar Allami Foldtani In-'
tézet Budapest! Tertleti Osztalya Budapest, XIV,
Népstadion ut. 14, Hungary.

** |stvdn Sarvary, 1116 Budapest, Alvany

ut. 5b.



We should like to demonstrate the ori- The Origin of the Thermal Karstic
gin of the thermal karstic waters, and the Waters
unfavourable effect of the mining. We should

also like to call attention that there s The crust of the Earth is heated by the
a possibility to avoid these disagreable en  thermal flux originating from the interior
vironmental effects of the mines. of the Globe. As the thermal conductivity

Cooling, near to

the surface
|
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Fig. 1. Development of increased convecting cells in a horst-like karst bodj surrounded
by clays or other low-permeability rocks

Thermal Springs

I€arstic

Fig. 2. Development model for the thermal spring of Budapest. After M. Vendef
<1952)



of the rocks is not uniform, the heat arri-
ves to the surface with slight differences.
In the karstic rocks the propagation of the
heat in increased by the heat-convecting
(heat-transport) effect of the circulating wa-
ter. As the water-conductivity (permeabili-
ty) of the karstic rocks is very high, they
can be considered as a massive of high
thermal conductivity.

As a consequence, if there is a horst-like
karstic body surrounded by clays or other
low-permeability rocks, a group of well de-

Tatabahya.

termined and highly increased convecting-
cells develops (Fig. 1). This phenomenon was
first explained by M. Vendel, and later
developped by M. Vendel, P. Kishazi
(1064). Naturally with an increasing thermal
flux the forces acting in the convection pro-
cess will be greater and the phenomenon
develops more accented. In the basin of the
Carpathians the geophysical investigations
have proved, that the Earth-crust is rather
thin, which causes an increased heat-flux.

If the karstic massive outcrops are bor-

"Budapest
mtinermal springs

*BAK.ONV- MoubjrAlys

Fig. 3. Stratification of water:

A — labile balance between the cold- and hot-water layers,

in permeable rocks of coastal areas

I profilL
Isika
JI profil’
B — stratification of fresh-and salt-water
w



dered by impermeable sediments, the hea-
ted water comes to the surface. Vendel
proposed the schema of the Fig. 2 as an
explanation for the development of the ther-
mal springs of Budapest. This schema is evi-
dently applicable for many other thermal
springs of the World.

The subsequent investigations of P. Lie-
be, P. Lorberer (1978) proved the validi-
ty of Vandels theory in all details, with a
slight modification. The loop-like pathway
of the heated water does not turn back in
the same vertical profile, but makes a loop
also in horizontal sense. This pathway and
thus the heat-collecting area can be traced
by measuring the heat-flow in the sedimen-
tary cover. Under the open karstic areas the
saturated zone is filled with cold karstic
water.

In most spring areas there is a delicate
balance between the cold- and hot-water
layers, resulting a thermal stratification.
This situation is analogical with the density
stratification of the fresh- and salt-water
in the permeable rocks of coastal areas
(Fig. 4). It is well known, that a forced
pumping causes a penetration of the heavier
salt-water into the fresh-water wells. Si-
milarly in the case of a group of thermal
springs, the front of cold water advances
by the forced pumping and gradually inva-
des the area of hot water.

On natural conditions the interfaces are
in an equilibrium between the hot and cold
water masses. Therefore in many sucn
sites, springs of extremely different tempe-
rature can be found in very small distances.

The Effect of Mines

The mining operations ruin the thermal
springs mainly by displacing the interfaces
between the hot- and cold-area in a dis
favourable direction.

We demonstrate the casual connection of
the mining operations and the hot-spring
systems by two hydrogeological sections of
the Fig. 3. The first profil shows the rela-
tionship between the thermal springs of Bu-
dapest and the Dorog and Tatabanya coal-

-basins. The second one is oriented paral-
lely to the lake Balaton and cuts the Nyi-
rad and lIszka bauxit localities respectively

the hot-spring of Héviz and some other less
significant thermal springs on NE.

The bulk of the coal and bauxit bodies
in the Transdanubian Range are laying im-
mediately on the Triassic rocks, or on a fan-
glomerate-like permeable rock, consisting
of debris of dolomite. Thus the mining ope-
ration leads inevitably to a strong depres-
sion in the karstic water.

The spreading of the depression is fas-
ter in the confined aquifers (containing hot
water), than in the unconfined ones (see in
the Fig. 5). In the subsequent periods, mar-
ked by 1, 2, 3, 4 the cone of the depression
is spreading relatively slow in the open
karst (unconfined aquifer), because we have
to remove important masses of water from
the volume of the cone. On the other hand
in the confined (buried) part of the karst,
the decrease in the water pressure spreads
with the speed of the sound (without remo
ving of water-masses), and causes immedia
te drops of the water-level in great distan-

Fig. 4. Hydrogeological cross-sections with thermal springs in Hungary



ces. For instance in the Tatabsnya coal-ba-
sin the increase of the water pumping dried
out the Fényes-springs situated in a distan-
ce of 15 kilometres.

During the first period the cone of the
depression remains mostly in the open-karst
area, and so the water-level and the hydro-
static pressure (which controls the dischar-
ge of the springs) decreases only gradually.
But when the cone of the depression arrives

to the border of the confined area, the
propagation of the depression turns to be
a very rapid process, causing an immediate

drop in the discharge of the thermal springs
(Fig. 5).

According to the model of Vendel

Mines of Tata

"Pump

Spreading of
ving, depression

Fig. 5. Area of thermal spring occurence

Karst lc

QOLD AREA

Fig. 6. Labile interface between cold-

del; see Fig. 2)

(Fig. 2), the hot-component of springs is
alimented through the confined area (bu-
ried- karst), while the cold component co-
mes from the neighbouring open Kkarstic

mountain. It is evident that the depression
of the mining operations affects rapidly the
hot-component, since it is situated in the
confined system, while the cold-component
remains nearly inaffected for a long period.
Therefore in the spring-systems the depres-

sion is stranger in the hot water. The
delicate interface between the cold- and
hot-water moves towards the hot-area, al-
lowing the inflow of the polluted, cold,

alluvial- or surface-water, too (fig. fiv

Distance : IS tcrr)

,Lfeny=*-s
-thermal-Spriny

L - Confined area
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and hot-water layers (according to Vendel’s mo-



Protection of the Thermal Springs

According to the above considerations,
the depression not only diminishes .the
pressure of the thermal waters, but causes
their cooling and pollution too. The only
method for the real defense of the thermal
system is to block the spreading of the
depression in a certain distance from the
springs. This can be achieved by the meam
of a-series of recharge wells, situated bet-
ween the springs' and the mine (Fig. 7). We
have to optimize the implantation of the
recharge wells, in order to avoid a too high
percentage of recycling in the cone of the
depression of the mines. In spite of this
a certain recycling is inevitable, but this
is the only pr-ocess to protect our precious
thermal springs. There is no other method
available to avoid the drying out and the
pollution of the thermal waters.

Conclusion

Before the beginning of the mining ope-
rations in karstic areas, we always have to
consider their destructive effects on the
neighbouring hot karstic springs. The only
existing possibility to defend the springs is
to recharge a fraction of the pumped water

situated re-
assure the
piezometric levels,
maintenance of spring-

into a serie of appropriately

charge-wells. These wells can
reestablishment of the
necessary for the
-activity.

The installation and operation costs of
the recharge system have to be built in the
costs of the mining operations. The econo-
my of mining has to be evaluated taking
into consideration these additional costs.
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WPLYW KOPALNICTWA NA TERMALNE ZRODtLA KRASOWE
(PASMO TRANSDUNAIJSKIE, WEGRY)

Streszczenie

Obszar wystepowania Zrédet termalnych w obrebie Pasma
Transdunajskiego zwigzany jest z gieboko potozonymi (1000—
—2000 m pod powierzchnig) skatami krasowymi, ktére zacho-
wuja hydrogeologiczny kontakt z sagsiednimi obszarami krasu
odkrytego. Wody ciepte, ktédrych cyrkulacje wymusza strumien
termalny z wnetrza ziemi, kontaktujg sie z zimnymi wodami
krasu odkrytego, co w efekcie powoduje stratyfikacje termiczng
tych wéd. W wyniku prowadzonych prac gérnicznych w zwier-
ciadle wéd powstajg silne depresje prowadzace do zaktocenia
tej rownowagi. W celu ochrony Zzrédet termalnych przed wpty-
wem zimnych woéd krasowych autorzy proponuja przerzut wody
z kopalh do studni usytuowanych w odpowiednich miejscach.

Pal Miller, Istvan Sarvary

INFLUENCE DE L’INDUSTRIE MINIERE SUR LES SOURCES
THERMALES KARSTIQUES
(ZONE DE TRANSDANUBE, HONGRIE)

Résumé

L’apparition des sources thermales a I’intérieur de la zone
de Transdanube est liée aux roches karstiques profondément
situées, a 1000—2000 in sous la surface, qui gardent le contact
hydrogéologique avec les régions avoisinantes du karst nu.
Les eaux tiédes, dont la circulation est forcée par le courant
thermal venant du fond de la terre, se mélangent avec les
eaux froides du karst nu, ce qui a pour conséquence la stra-
tification thermique de ces eaux. Il en résulte qu’au cours des
travaux miniers, sur la surface d’eau apparaissent de fortes
dépressions qui troublent cet équilibre. Pour protéger les sour-
ces thermales contre VI'influence des eaux karstiques froides,
les auteurs proposent le détournement des eaux des mines
aux puits situés a des endroits convenables.
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Origin of the Hydrothermal Karstic Phenomena

Abstract: There are several caves
mwithin the area of Buda-hills, created by
‘hydrothermal activities. By analysing the

various forms of caves as well as the ores
and minerals developed due to the hydro-
‘thermal activity two different processes can
be distinguished having been the driving
forces of the development of the hydrother-
mal activities and the development of the
caves of this way.

The Geological Development of
Buda-Hills

The main mass of Buda-hills consists
of carbonate rocks, the oldest rock type
occuring on the surface is Ladinian dolo-

mite with Diploporas. In the Lower Kar-
nian stage mainly flinty-marly dolomites
developed. The Upper Karnian dolomites
contain generally only a small amount of
unsoluble residuals. The spreading of the
Norian (in few places it is partly Upper
Karnian) Duchstein limestone is smaller,
than that of the dolomites and it is limited
mainly to the western parts of the mountain
system. The stratigraphical unit is a géo-
synclinal formation of north-alpine features.
The thickness of Triassic strata is some
thousand metres, although it had not been
measured yet.

Following the Triassic age, there is a gap
in the deposits until the Middle Eocene,
partly due to erosion. The phases of Cre-
taceous orogeny have caused structures of
isoclinal folding at some places (mainly on
the southern part of the mountain), frac-
tures at other parts of the mountain. The
transgressions of Middle Eocene have resul-
ted in brackish and marine deposits, which

in the Buda«Hills (Hungary)

contain smaller coal-series on the north-,
north-west regions of the mountain.

The sea of Upper Eocene have flooded
the whole area, and deposited 20—100 metres
of Discocyclinan limestone overlying the
corail limestone bedded by Lithotamnium
(5—20 metres in thickness). The rate of de-
velopment of carbonate sediments was dec-
reased in the overlying formations, because
of temperature drop and the subsidence of
the sedimentary basin. The bryozoan-, and
Buda-type marls (partly as a facies of the
Discocyclinan limestone) are still of Eo-
cene era. The traces of andezite volcanism
of the same age can be found at many
places. Laminited black clay and clayey
marl mainly of euxinan facies were depo-
sited over these strata (,Tardian” forma-
tion), followed by the 800— 1000 metres thick
Kiscellian clay of Middle Oligocene. At
some places sandstone (Harshegyian sand-
stone) can be found, as a heteropian facies
of the lower level of this formation. There
are no younger marine sediments (sand,
clay of Upper Oligocene and Lower Mio
cene) in the mountain. It is probable, that
the area was uplifted in that time, forming
an undulating country emerging from the
sea.

In the Middle Miocene (Badenian stage),
there had been an immense andésite volca
nism, extending from Dunazug (Pilis)
-hills to the northern border of Buda-

*Judit Kovacs,
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-hills. The same period is characterised wit-
hin the area of our recent investigation by
a rapid uplift.
The material of the deposited clays in
the valleys lying nearby testifies this hy-
pothesis, since these clays contain a great

amount of foraminifers and nannoplanctons,

originating from the thick formation of
Middle Oligocene (the Kiscellien clay). It
is probable, a large part of the clay co-

vering the whole mountain in a thickness
of 800—1000 metres was eroded at that time.
Another probable process forming the land-
scape in the Upper Miocene stage is the
significant tectonic movement, which s
indicated by faults and folds.

The Pannonian lake was able to inundate
some parts of the mountains once again in
the Pliocene. Since that time the mountain
is raised gradually. The deposits of fresh-
-water limestone are the proofs of this
process. The fresh-water limestone of the
Upper Pannonian are lying at an elevation
of 400 metres above sea-level, and those
of Pleistocene can be found at 130—300 me-
tres.

Thermal Activities within the Area
Investigated

Two different thermal activities can be
distinguished within the area of Buda-hills:
— phase | — one having volcanic origin,
— phase Il — the other developed due to

thermal flux.
Tne two phases (I and

even in time. It is probable, that volcanic
activity was acting earlier. An effort is
made in the following to establish a theore-
tical model describing the probable deve-
lopment of these thermal activities. When
weighing the reliability of this modeli it is
necessary to consider the character of the
process, and that only the final results are
available in the form of karstic phenome-
na observable in the caves.

I) are separated

Characterization of the First rtiase
of Thermal Activity

The thermal activity due to volcanic pro-
cess can be traced in two zones. The nort-
hern siliceous zone (from the Szabadsag

mountain till the Ezist mountain) was de-
veloped under the influence of the Miocene
andésite of the Dunazug mountain, while the
southern zone was created by the andésite
laccolite located in surroundings of Bu-
daérs in underlying position. Where the two
zones contact each other, both influencing
factors might have role in the development
of caves, eg. Batori cave.

In the Miocene, when the first phase of
the thermal processes was acting, the car-
bonate rocks suitable for the development
of the karstic forms was covered by thick
Oligocene (Kiscellian) clay. (The andésite in
the Dunazug mountain is undoubtedly a
Miocene formation, while the ageing of the
laccolite of Budadrs will be further discus-
sed). The volcanic activities around the two
centres mentioned, provided both the hign
temperature needed for the development of
thermal processes and the siliceous and
gaseous volcanic materials transforming the
rocks lying around. The thickness of the
covering clay.layer reached '‘probably about

1000 metres, since it is still at 600 metres
at some places even after the surface
erosion.

The flow, maintained by the temperature
difference was a confined one below the
very thick covering layer and this structure
ensured the possibility of the development
of hydrothermal activity under a tempera-
ture higher than 100° C, as well as the
continouos transport within the closed sy-
stem (Fig. 1). The time of the erosion of
the covering Kiscellian clay can be deter-
mined with a relatively good accuracy. The
raising of Buda-hills was simutaneous witn
the Miocene volcanism (i.e. Middle Bade-
nian). This wuplift was gradually followed
by filling up the grabens around the moun-
tain with clay. Since these layers contain
the foraminiferras, characteristic for the
Kiscellian c-lay, but in a removed form, the
erosion of the Middle Oligocene clay should
have happened at the same time.

The age of the thermal activity can be
estimated on the basis of the age of rocks
the material of which is transformed by
the thermal water. The aging in the nort-
hern zone is relatively simple, because the
andésite was explored at many places on
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Fig. 1. Schematic profile through the Buda-hills during the Badenian (Middle Mioce-
ne):
1 — Miocene volcanic rocks, 2 — Oligocene clays, 3 — Eocene limestone and marl, 4 — Triassic-
dolomite and limestone, 5 — closed convective cells
the surface. Thus it is known, that the volcanic origin of the hydrothermal activi-
volcanism acted here in the Middle Ba ties ie.:
denian stage. The laccolite in the southern 1) presence of minerals testifying the

zone might have developed due to a vol-
canic activity either in the Paleogene or
in the Middle Badenian stage, since it is
interbedded between the layers of Triassic
Dachstein limestone. On the other hand
apart from siliceous dolomite and Eocene
marl flinty layers can also be found in
Kiscellian clay and Harshegyian sandstone,

the latter two having Oligocene age. It can
be supposed, therefore, that the volcanism
was acting after the Oligocene ie. in the

Middle Badenian stage.

The passages and caves developed as the
effect of hydrothermal steams and gases,
since the presence of CO2 S03 and other
similar gases had important role to raise
the capacity of water to dissolve carbona-
tes. The development of confined flow due
to the covering clay resulted in the preci-

pitation of various minerals on the walls
of caves.
There are three 'factors indicating the

high temperature,

2) occurence of elements transported
generally by volcanism,

3) existence of the izotopes of calcite
crystals.

The thermal water transported by the
confined flow formed passages along the
tectonic joints of the karstic rocks, boilers
at the crossings of channels and spherical,
recesses at the higher horizons. The latter
form develops generally in vertical shafts

due to the lowering of the water table. The
convective flow of air maintained by the
temperature difference between the thermal
water and the cooler rock is mentioned ge-
nerally as the reason of spheric forms
(Muller, 1974).

When the temperature difference is high
and the passage is large the vapour is con-
densed from the vapour-saturated air on
the wall and the water flows back in the.



form of thin film. Since the CO02 content
is also high the water is very aggressive.
The highest amount of condensed water
appears at the upper part of the large chan-
nels of caves. The solution of the rock
material is very intensive here, while it is
much lower in small openings, where there
is not any considerable air transport. The
final result of the process is the develop-
ment of a sphere-shaped cell in which the
movement of air can follow the most idea-
listic flow-pattern. At the upper part of the
longer shafts more cells may develop above
each other in this way.

The lower openings of the spheric cells
are situated generally at the elevation of
the water-table. These openings are gene-
rally narrow, because here the water flo-
wing down on the wall and condensed from
vapour is generally saturated and the fine
suspended particles settle, protecting the
rock against further solution. The returning
water has generally high concentration,
which raises tl)e calcium content dissolved
in the thermal karstic water, thus the mi-
neralization starts Instantaneously with the
development of spheric cells, but it is in-
fluenced also by the changes of the position
of the water-table.

The tectonic joints may be filled comple-
tely by minerals the development of which
is characterised by the presence of high
temperature, ie. barite, meta-cinnabarite,
high temperature forms of calcite. The sili-
fication of the parent-rocks is also a con-
sequence of the high temperature.

Development of Thermal Activity in the
Second Phase

After the wvolcanic activity of Middle
Badenian an extensive denudation started
in the Buda-hills due to the regression,
which initiated also the development of
processes resulting in Kkarstic forms. Only
a part of the terrain was formed from kar-
stic rocks in that period, where their raised
blocks were not covered by younger sedi-
ments (Szabadsag-, Nagy Szénas, Pilis-, and
Kutya-mountains). This geological structure
and the decrease of the thickness of the
crust (which started probably at the be-
ginning of the Lower Pliocene) resulting
in high geothermic gradient made the de-
velopment of the convective flow of ther-
mal waters recharged by the water possible,
which is stored in the karstic aquifer

(Fig. 2).

Fig. 2. Schematic profile through the Buda-hills (Late Pliocene — Recent):

1 — Neogene, 2 — Ollgocene clays, 3 — Eocene

and limestone

limestone and marl,

4 — Triasslc dolomite



The age of the second phase of ther-
mal activity is estimated to be at the be-
ginning of the Lower Pliocene. This hypo-
thesis is supported by the fact, that the ra -
pid development of sediments started also
at that time in the basin, which process
was also the result of the decrease of the
thickness of the crust and the gradual lo-
wering of the basement. Thus the Kkarstic
formations forming the basement of the se-
dimentary basin, were lowered to very deep
position, but their recharge was maintained
by the unconfined karstic blocks remained
near the surface. The water transported to
the deep aquifers along tectonic lines was
heated by the geothermal energy being
relatively high due to the anomalie men-
tioned before. The metamorphism of the
sediments provided free C02 (Miuller,
1971). Thus very active thermal water was
raised near the surface through the draining
lines. The water dissolved various minerals
during this transport.

The thermal water might form hot
springs or it was mixed with the cold
water infiltrating through the surface and
nearly horizontal galleries were formed in
the mixing zone. Spheric cells might also
develop along the vertical fractures, but the
mineralization was considerably lower in
this system, because the flow was not con-
fined, thus the free C02 might live the sy-
stem and the water transported also large
amount of dissolved materials on to the
surface through the springs.

The Marks of Hydrothermal Activities in
the Caves of Buda-Hills

There are several caves in the Buda-
-hills the development of which was initia-
ted by the hydrothermal activities having
acted within the area. Examples are the
Szemldhegy-, the Ferenchegy-, the Matyas-

hegy-, the Palvdlgyi-, the Batori-, and the
Molnar Janos caves. Generally the marks
of both hydrothermal activities can be
found in these caves (eg. the barite depo-
sited on the wall of Ferenchegyi cave is
probably the residual of the first phase,
while the present corridor has developed

due to the second phase, which fact is in-
dicated by the narrow stretches, where the

6 Kras i speleologia

barite veins hindered the development of
the channel). The generally observable forms
can be distributed into two groups accor-
dind to their origin. Thus the development
of siliceous layers in the Palvolgyi- and
M atyashegyi caves may be the result of the
first phase. The horizontal channels, being
characteristic for the mixing zone of ther-
mal and cold waters eg. in the Szemldhegyi-,
Ferenchegyi caves, were developed probably
in the second phase. The calcite crystals,
the main axis of which is parallel to the
fractures, were formed during the thermal
activity induced by volcanism (such forms
can be formed in smaller caves of Martino-
vich mountain), while those staying per-
pendicular to the wall like teeth are pro-
bably the results of the second phase
(examples of this type are around Urém
and in the quarries of MAatyds mountain).

The time of the development of the caves
can be similarly groupped there are three
possible variations:

a) the development of the cave was go-
verned only by volcanic activity,

b) caves developed during the first pha-
se, but further formed due to the second
hydrothermal activity,

c) caves produced by the unconfined hy-

drothermal flow due to the geothermal
anomaly.

The caves within the area investigated
belong either to the first or to the second
group. The Batori cave and the Satorkd-
puszta cave near Dorog, canbe mentioned
as the very probable examples of the first
group. The influence of the second phase

was only very weak in these cases. This
assumption is protected by the fact, that the
external deposits of the open system are
missing here. In the other caves (eg. Feren-
chegyi-, Szemldhegyi-, Matyashegyi- and
Palvélgyi caves) the marks of both phases
can be found, testifying that both the vol-
canic activity and the second hydrothermal
process influenced their development.

Comparison of Development of Caves
and ore Forming Process Due to
Hydrothermal Activities

As it was demonstrated
chapter the hypotheses concerning

in the previous
the de-
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velopment of hydrothermal caves are based
on the karstic forms and special deposits,
which can be found in the caves today. The
reliability of the assumptions can be pro-
vided by comparing the forms of the car-
bonate deposits containing ores (the ore con-
tent of which proves the hydrothermal ori-
gin induced by volcanic activity) and the
appearance of similar deposits without ore,
which can be found in the caves of the
Buda-hills and which may have origina-
ted either from the first or the second
phase of hydrothermal activities. This com-
parison shows a great similarity, a slight
distinction can be made between the two
processes following Kunsky’s (1957) pro-

posal. The term ,hydrothermal Kkarstic
forms” refers to the results of hydrother-
mal processes in karstic formations, which
did not include the development of ores,
while the results of ore forming processes
are called ,thermomineral karstic form?”.

In Poland the Zn-Pb mineralization of
Olkusz-mine is a typical example of the
thermomineral karstic forms developed at
the interface of a limestone and a dolomi-
tic limestone, in the ,caves” formed by hy-
drothermal activities in the latter layers
(Sass-Gustkiewicz, 1975, Dzulynh-
ski, 1976). The hydrothermic vapours and
gases at first transformed the limestone to
dolomite. Later on they resulted in other
brecciating factors ie. hydrothermal explo-
sions and hydraulic fracturing, because the
temperature of thermomineral solutions was
above 100°C. One of the results of hydro
thermal explosion is the rapid expansion of
water into steam (Muffler et al, 1971).
The hydrothermal explosions may lead to
»chain reactions”. For instance, with tempo-
rary increase in pressure, the solution is
rammed into the enclosing rock, breaking
it up by wedging the fractures open
(Bridgman, 1952; Kents, 1964; Dzu-
lyAski, 1976). On the other hand, a sud-
den drop in pressure may brust the rocks
apart and create rpck fragments into which
the solutions have permited under high
pressure. Such phenomenon has been indi-
cated by W. J. Phillips (1972) as ,hy-
draulic fracturing” and is held to contribute
to the formation of crackle and mosaic
breccias.

The rock type developed in this way
is called collapse breccia. Its character is
determined partly by the properties of host-
-rock (eg. crystalline dolomite produced by
metasomatic replacement of limestones and
recrystallization of primary dolomites; Dzu-
tynski, 1i976). The pores remained betwe-
en the solid matrix are saturated by hydro-
thermal solutions further changing the pro-
perties of the layer by mineralization. In
the creation zone, pizolitic, lamellated ore
formation may develop due to the relatively
rapid flow of the solution (Dzutynski,
1976), which is very similar to the arago-
nite-calcite crystals, which can be found
in the caves of Buda-hills, where the hy-
drothermal activity took place without de-
positing ores.

Comparing the thermomineral forms
described previously to the Kkarstic forms
found in the caves of Buda-hills, there are
many other similarities directly or indirectly
proving the hydrothermal origin of those
caves. In Séatorképuszta cave, near Dorog,
eg. the relicts of collapse-breccias and scrcal-
led ,box-work” features can be found on
the walls and roofs of the lowest room.
The parent rock is hard Dachstein lime-
stone of Upper Triassic age, which is not
suspectible to be fissured easily without hy-
drothermal activity. Fissures do not deve-
lop under relatively low temperature and
pressure, only if the rock has been softened
by solution and/or disaggregation before
(Dzutynski, 1976).

One of the most characteristic features
of the caves is the development of spheric
cells. Their development in the contact zone
of the cold rook and the warm water was
already explained earlier on the basis of
Mtiller’s hypothesis (1974). The factors
probably influencing the size of the cells
are: the rock type, the stability of the
rock and the position of the table of the
thermal water, related to the thickness of
the covering layer. Investigating the last
factor, it can be stated, that the thin cove-
ring layer creates higher temperature gra-
dient between the thermal water and the
cold rock, thus the condensation of the va-
pour is more rapid, causing the stronger
solution of the rock and the development
of larger spheric cells.



It was also mentioned earlier, that the
type of the minerals developed on the walls
of the caves indicate also their hydrother-
mal origin (eg. the presence of barite s
the proof of high temperature developed
during the first phase of hydrothermal acti-
vity). In the spheric cells of the Batori
cave having lower position very rich arago
nite-ealcite formations of cauliflower-shape
can be found, although, similar crystals can
develop also from cold water, their great
amount and the density lead to the sup-
position, that a rise of the level of the ther-
mal karstic water followed the development
of the spheric cells and the crystals were
deposited by the thermal water.

In the SatorkOpuszta cave the precipi-
tation of gypsum is observable on the walls
The presence of limonite ores in the Batori
cave was thought earlier to be of hydro-
thermal origin. The hydrothermal minera-
lization produces, however, the sulphid ores
of the metals. Only the upper part of the
ore vein may contain metalloxides, where
the original sulphides were transformed by
oxidization acting in the aeration zone. Ir:
the Batori cave the sulphid ores are comp-
letely missing. The supposition according to
which the Batori cave was formed during
the first phase of the hydrothermal activity
contradicts also to the hydrothermal origin
of limonite ores, viz. a confined flow system
developed in this phase and the environ-
ment of such system is generally characte-
rised by reductive activities. Thus the hypo-
tesis stating that mineralization is younger
than the development of the cave has
great probability. The fact, that the contact
zone between the ore and the limestone
is missing, excludes also the assumption of
metasomatic mineralization. It can be sup-
posed therefore, that the limonite was depo-
sited originally in the form of oxides and
not transformed from sulphides. The aging
of mineralization is very difficult. The ori-
gin of the iron may give some assistance in
this investigation. The parent rock of the
cave is covered by an Oligocene sandstone
of Harshegy type, which contains large

amount of iron. The infiltrating precipitation
percolated through the sandstone leaching
it. The iron in the form of dissolved fer-
ro-hydroxide reached the interface of the
sandstone and the limestone. There the dis-
solved material precipitated due to the
change of the pH value of the water. At

present the iron ore saturates the lower
layer of the sandstone, it can be found
along the interface of the two different

rocks or it creates apparent veins along the
bedding planes of the limestone.
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Judit Kovacs, Pal Miuller

POCHODZENIE HYDROTERMALNYCH ZJAWISK KRASOWYCH
W REJONIE WZGORZ BUDY (WEGRY)

Streszczenie

W rejonie wzgérz Budy wystepuje kilkanascie jaskin, ktorych
pochodzenie zwigzane jest z dziatalnos$cig hydrotermalng. Na pod-
stawie przeprowadzonej analizy rozprzestrzenienia tych jaskin
i ich form oraz analizy wystepujacych w rejonie kruszcow
i mineratéw pochodzenia hydrotermalnego wyrézniono dwie fazy
dziatalnosci hydrotermalnej:

— faza pierwsza jest zwigzana z dziatalnosciag wulkaniczng
w rejonie wzg6rz Budy, datowang na schytek eocenu lub
poczatek pliocenu, przy dziatalnosci hydrotermalnej rozgry-
wajacej sie pod warstwg przykrywajaca o0 znacznej migzszo-
$ci,

— faza druga o charakterze systemu otwartego, w ktéorym wody
byty transportowane z duzych glebokosci do strefy aeracji,
a niekiedy i na powierzchnie przez strumieA termalny zwig-
zany z pliocenskimi procesami powulkanicznymi.

Analiza $ladéw wystepowania tych dwoéch faz ma na celu
przeprowadzenie klasyfikacji genetycznej jaskifn w rejonie wzgérz
Budy.

Judit Kovacs, Pal Miller

ORIGINE DES PHENOMENES KARSTIQUES
HYDROTHERMAUX DANS LA REGION DES COLLINES
DE BUDA (HONGRIE)

Résumé

Dans la région des collines de Buda il y a plusieurs grottes
dont I’origine est liée a lactivité hydrothermale. L’analyse de
diffusion de ces grottes et de leurs formes, ainsi que I’analyse
de minerais d’origine thermale démontre qu’il y a deux phases
de lactivité hygrothermale:

— la premiére est liée a lactivité vqlcanique, datée pour le
déclin de I'Eocéne ou le début du Plocéne, et est accompag-
née de l’activité hydrothermale dans la couche sous-jacentc
a une densité considérable,

— la deuxiéme est caractéristique au systéme ouvert, dans lequel
les eaux ont été transportées de grandes profondeurs a la
zone d’aération, et parfois a la surface par le courant thermal
lié aux processus pliocenes post-volcaniques.

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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Viene Ecole Speleologique de I'Université
de Silesie et de Wroclaw

En 1975 I’Institut de Géographie de I'Université de Wroclaw
a pris I’initiative d’organiser une école scientifique consacrée
aux phénomeénes karstiques et a la spéléologie. Cette proposition
résultait de Iappréciation de la situation actuelle dans la spé-
léologie polonaise et a été examinée durant le séminaire spéléo-
logique organisé en automné 1974 a Ladek Zdréj par Polskie To-
warzystwo Przyrodnikéw im. Kopernika (Association Polonaise
des Naturalistes) et I'Institut de Géographie de I'Université de
Wroctaw. L’école proposée avait pour l’'objectif de permettre aux
spécialistes, s’intéressant a la problématique karstique, de perfec-
tinner leur qualifications au cours des séminaires et discussions
scientifiques. Une telle école permettrait d’établir les principes
de la collaboration et les programmes scientifiques communs
entre les institutions scientifiques engagées dans cette théma-
tique. Cette école assurerait également la place aux étudiants
de géographie et géologie dont les théses et séminaires seraient
consacrés au karst. L'ambition des organisateurs était de publier
succesivement les matériaux originaux présentés au cours de
I’école.

La 1lére Ecole Spéléologique a eu lieu dans Iintervalle se-
mestrielle en février 1975 dans une station climatique a Ladek
Zdr6j (Basse Silésie). 61 personnes y ont participé, dont 11
maitres de conférence agrégés et professeurs universitaires. Les
participants représentaient les institutions scientifiques et les
écoles supérieures en Pologne s’intéressant au karst, ainsi que
trois principaux centres karstiqgues en Tchécoslovaquie: les
Universités de Prague et Olomouc, et le Musée du Karst de
Slovénie a Liptowski Mikulas. En outre, parmi les participants
de I’Ecole se sont trouvés les membres des organisations spéléo-
logiques de Polonge et Tchécoslovaquie ayant des ambitions
de faire des travaux scientifiques dans les grottes. Pendant
la premiére Ecole a été établi le programme commun poiono-
-tchéque des recherches sur le karst de Sudetes.

Les expériences d’organisation et I'apport scientifique de la
lere Ecole ont été mis a profit durant les écoles successives:
Il (1—15 1l 1S76 a Ladek Zdréj—Bozkov), Il (1—14 11 1977
a Ladek Zdr6j—Blansko) et IV (22—28 1l 1978 a Ladek Zdroj,1
Ensuite I’organisation de ces écoles est passée dans les mains



du Laboratoire de Géomorphologie Karstique, constitué a ['U-
niversité de Silésie a Sosnowiec en 1976, et ses collaborateurs
étaient restés: Section Spéléologique de la Sciété Polonaise
des Naturaistes ,,Kopernik”, I’'Office de Voivodie a Watbrzych,
et I’Association Polonaise des Amis des Sciences a Varsovie.
A I'Université de Silésie a été recommencée I¢dition nationale
de l'annuaire Kras i speleologia, qui est la continuation de celui
Speleologia édité a Varsovie. Les matériaux des Ecoles Spéléo-
logiques, y compris des comptes rendu, ont été publiés dans
5 volumes de cette publication 1(X) — 5(XIV). Au cours de
I’'Ecole sont organisées les expositions des plus récents travaux
et publications scientifiques, on projette les films et les dia-
positives, on présente les expositions photographiques sur le
karst et la spéléologie. L’Ecole est également I’initiateur des
programmes scientifiques dans le domaine du karst et pendant
son travail ont lieu des sessions des organisations spéléologi-
ques.

Suivant la tradition, la Vieme Ecole Spéléologique a été orga-
nisée a Ladek Zdréj du 5 au 12 Il 1979 par le comité d’orga-
nisation composé de:, prof, dr Alfred Jahn (Université de Wroc-
taw), doc. dr Vladimir Panos (Université a Olomouc), doc. dr
Marian Pulina (chef de I’Ecole — Université de Silésie a Sosno-
wiec), mgr Andrzej Kozik (secrétaire de I’'Ecole — Univerité de
Silésie). Les chefs et les organisateurs des séminaires étaient
respectivement: . dr Adolfo Eraso .(Université de Madrid), dr
Jerzy Gtazek (Université de Varsovie), doc. dr A. Kostrzewski
(Université de Poznan), dr Alain Mangin (CNRS — Moulis), mgr
Wojciech Magiera (CUPRUM — Wroctaw), doc. dr Andrzej Roéz-
kowski (Université de Silésie), prof. dr Rafael Fernandez-Rubio
(Université a Grenade).

Les participants représentaient les Universités suivantes:
Budapest, Grenade, la Havane, Madrid, Poznanh, Prague, Sosno-
wiec, Varsovie et Wroctaw; les institutions de [’Académie des
Sciences: Institut des Sciences Géologiques de PAN a Varso-
vie, Institut de la Protection de la Nature de PAN a Wroctaw,
Musée de la Terre de PAN a Varsovie et CNRS a Moulis,
sections de [I’Institut de Géologie a Sosnowiec, Wroctaw et
Varsovie; Editions Géologiques a Varsovie, Académie des Mines
et de la Métallurgie a Cracovie, Ecole Supérieure Pédagogique
a Kielce, Institut d’Hydrologie et Météorologie a Sofia, Water
Désigné Burau a Budapest, Musées a Czestochowa et Oradea;
bureaux de projets miniers: POLTEGOR et CUPRUM a Wroctaw,
Association Polonaise des Amis des Sciences de la Terre a Var-
sovie, Conseil National de la Protection de la Nature; instituts
et organisation spéléologiques: Ceska Speleologica Spolonost, Spra-
va Slovgnskych Jaskyn, Circolo Speleologico e Idrologico Friu-
lano, Magyar Karszt e$ Barlangkutato Tarsulat, Institut Spéléolo-
gique a Budapest et Union Spéléologique Internationale aupres
de I'UNESCO.

100 personnes environ ont pris part dans les travaux de
I’'Ecole, parmi lesquels: 79 participants de Pologne, 1 de Bulgarie,
10 de Tchécoslovaquie, 2 de France, 2 d’Espagne, 1 de Cuba,
1 de Roumanie, 3 d’Hongrie, 1 d’ltalie.



Les travaux de I’Ecole ont été réalisés en méthode de sémi-
naires. On a organisé trois séminaires au cours desquels 36 con-
frences ont été présentées et communiquées. Le séminaire le
mieux représenté était celui de I'hydrologie du karst ou lon a
prété beaucoup d’attention aux résultats des recherches du grou-
pe de CNRS de Moulis sur la dynamique des eaux Kkarstiques.
Un film sur la circulation des eaux karstiques, spécialement ap ¢
porté par les auteurs a Ladek, fut un supplément de cette thé-
matf<Sue. Les deux autres séminaires, ,Problemes actuels du
karst” et ,Le karst et la pratique”, ont abordé les plus essentiells
questions dans ce domaine. Les conférences présentant des mé-
thodes investigatrices dans le karst et des réalisations pratiques
dans lindustrie miniere ont particuliérement attiré attention. A
part la problématique scientifique, les participants de I['Ecole ont
consacré deux jours aux travaux liés a l'aménagement de la
grotte de 1'Ours a Kletno, aux perspectives des découvertes dé
nouvelles galeries et a l'organisation dune musée de la nature
aupres de cette grotte.

Durant les travaux de I’Ecole a été ouverte une exposition de
la littérature karstique et spéléologique provenant de I|’échange
de l'annuaire ,Kras i Speleologia” et apportée par les partici-
pants. En outre, dans la salle de conférence on pouvait voir
une exposition de la photographie spéléologique — résultat du
concours organisé par la Section Spéléologique de la Société
Polonaise des Naturalistes ,,Kopernik” de Cracovie et la redac-
tion de la publication ,,Wszech$wiat”.

Les débats de la V"me Ecole Spéléologique étaient accompa-
gnées par les sessions du Comité de Conseil National de la
Protection de la Nature discutant les probléemes d'aménagement
de la grotte de I'Ours, et celles de la Commission Internationale
de Physicochimie et d’Hydrologie du Karst U.l.S. Le compte-rendu
de la session de la Commision U.l.S. a été publié dans le 4 (XIII)
volume de Kras i speleologia.

Les participants ont regu chacun 2 (XI) volumes de Kras
i speleologia insérant les matérieux de la Illiéme Ecole Spéléolo-
gique et le travail de M. Markowicz et M. Pulina: Demi-micro-
analyse chimique quantitative des eaux provenant des régions du
karst carbonate — édité par I'Université de Silésie a I’occasion
de la Vieme Ecole Spéléologique. C’est un supplément N° 1 a la
publication de Kras i speleologia.

Les cours prononcés pendant les séminaires ont été enregi-
trés sur la bande magnétique et sont a la disposition des intéres-
sés.

Programme des travaux de la Viéme Ecole Spéléologique
6 Il 1979

La séance d’inauguration de I’'Ecole — ont pris la parole:
mgr Z. Fedorowicz, vice-voivode a Watbrzych, dr A. Eraso,

membre du présidium d’U.l.S, prof. A. Jahn, représentant des
organisateurs de I’Ecole.



Cours d’inauguration de prof. R. Fernandez-Rubio: Etu-
des hydrogéologiques a Toreal de Antequera (Espagne).

En outre ont pris la parole: dr J. Gtazek: Commémoration
d’Edgard K. Tratman, dr P. Bosak et prof. A. Jahn: Commé-
moration de Jozef Kunsky.

Séminaires: Grotte de 1'Ours a Kletno — chefs: W. Magie-
ra

S. Koztowski et M. Drzewiecka-Koztowska:
Conditions géologiques de la formation de la grotte de I|’'Ours.

7 11 1979

Matinée — travaux sur le terrain dans la grotte de I'Ours
a Kletno et dans le Massif de Snieznik Ktodzki — chef. M. P u-
lina: présentation des résultats de recherches géophysiques dans
la région de la grotte effectuées par S. Jodtowski (Institut
de Géologie — Wroctaw).

Aprés-midi a eu lieu une session de la Commission de Con-
seil de la Protection de la Nature présidée par A. Jahn.

8 Il 1979

Séminaires: Hydrologie karstique — présidents: A. Mangin
et A R6zkowski.

A. Mangin: Propositions de recherches sur le karst en mé-
thodes physiques mettant a profit les résultats de recherches des
systemes karstiques

P. Miller, J. Kovacs (M.K.B.T. Budapest): Genése du
karst thermal dans la région des Collines de Buda (Hongrie)

F. Cser (M.K.B.T. Budapest): Modéle mathématique des sour-
ces karstiques

A. Pacholewski (Institut de Géologie — Sosnowiec): Ré-
sultats des recherches sur la dynamique des eaux fissurées-kars-
tiques (?) dans les aquiféres du Jura de Cracovie-Czqgstochowa

J. Motyka (Académie des Mines et de la Métallurgie, Cra-
covie); Prévisions des venues- deau dans les mines exploitant
les gisements de type karstique

M. Bakalowicz (SNRS — Mulis): Applications des métho-
des chimiques pour déterminer les phénoménes karstiques

J. Valdes (Université a la Havane): Recherches physico-chi-
miques des eaux du karst tropic et leur rapport avec le milieu
géologique

J. Jankowski, M. Pulina (Université de Silésie): Dénu-
dation chimique sur les versants nord de Szczeliniec Wielki
(Montagnes de Table)

J. Gtazek: Résultats préliminaires des déterminations iso-
topiques de I’age des concrétions en Pologne

J. Leszkiewicz, J. Wach (Université de Silsie): Problée-
mes hydrochimiques du bassin versant du glacier Antonia (Spits-
berg)

R. Fernandez-Rubio: Etude hydrogéologiques d’une
mine de minerai métallique dans la région de Ojos Negros
(Espagne)



Film frangais: Circulation des eaux karstiques avec le com-

mentaire de lauteur du film — A. Mangin.
9 Il 1979
Séminaire: Problemes actuels du karst — présidé par A.

Eraso et A. K. Kostrzewski.

A. Eraso: Nouvelle méthode de recherches sur le Kkarst.
Modéles naturels et convergence des formes

J. Rudnicki (Institut des Sciences Géologiques de PAN —
Varsovie): Développement des grottes du kars thermal

P. Bosak, J. Sykora, S. Turma (Université de Prague):
Nouveau type d’aragonite dans les dépots de grottes

J. Oteska (Institut de la Protection de la Nature de PAN
—= Cracovie): Petites formes apparaissant a la surface des butte -
-témoins

W. Glazkowa (Grande Ecole de I’Agriculure, Varsovie): Re-
cherches pionniers sur la reception souterraine radio ef-
fectuées par D. Doborzynski dans les grottes de la région de
Cracovie

M. L ukasek (Université de Wroctaw): Sur les phénoménes
karstiques a Potom prés de Wojcieszéw (Montagnes Kaczawskie)

B. Koss (Université de Wroctaw): Observations de la grotte
Radochowska (Sudétes)

Apres-midi—présentation des diapositives prises dans les ré
gions karstigues en Polonge (Grotte de 1°0Ours), en Roumanie
et au Cuba.

10 11 1979

Séminaire: Le karst et la pratique présidé par: R. Fernandez-
-Rubio et A. Rézkowski.

L. Valenas (Musée Tarii Crisurilor a Oradea): Morphologie
du karst de la région de Monts Bihor

P. Bosak; Influence des propriétés des roches carbonatées
sur le processus de karstification

J. Rehak (Cesla Speleologicka Spolonost — Boskov): In-
fluences anthropogéniques sur le karst en Tchécoslovaquie

A. R6zkowski, T. Rudzinska (Institut de Géologie, So-
snowiec): Influence du karst sur la perméabilité des formations
du calcaire coquiller dans la région de Silésie-Cracovie

T. Rudzinska: Méthodes de recherches hydrogéologiques
sur les niveaux fissurés-karsques du Triassique silésien dans les
formations complexes

A. Szynkiewicz (POLTEGOR — Wroctaw): Influence du
karst sur les travaux miniers dans les mines & ciel ouvert en
Pologne

A. Pacholewski: Application des méthodes de la géophy-
sique de surface sur l’'exemple des recherches dans le bassin -
versant experimental a Wiercica (Jura de Cracovie-Czqgsto-
chowa)



C. Rzepa (Ecole Supérieure Pédagogique a Kielce): Proprié-

tés physico-chimiques et errosives des eaux dans la grotte de
Raj (Montagne de Ste Croix)

11 11 1979

Travaux sur le terrain dans les Montagnes de Table présidés
paf V. Jahn et M. Pulinowa.

12 11 1979

Cours de Z. Wéjcik (Musée de la Terre de PAN, Varsovie):
Terminologie polonaise spéléologique. Histoire de ce probléme,
discussion sur les problemes présentés au cours des séminiares

13 11 1979

Débat de la Commission de Physico-chimie et d’Hydrologie
du karst UIS — dirigé par A. Eraso et M. Pulina.

Marian Pulina

Laboratoire de Géomorphologie Karstique
de I’Université de Stlésie

ut. Mielczarskiego 60
PL 41-200 Sosnhowiec
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