














there. Measurements in the Coastal Pla in provide data showing th at in some areas the sur
face layer temperature is about 4°C lower than the mean annual air temperature. Thus, it 
see ms justified to con sider a zero boundary condition of the second kind as being truly 
valid for those areas. 

From the viewpoint of vertica l temperature distribution across the geologica l profile 
there is another scheme which merits scrutiny (Fig. 5) . Prior to the effects o f filtration o n 
the temperature pattern, the geothermogram would be a straight or almost st raight line of posi
tive gradient. At so me moment t0 = 0 cooler groundwater flows into two karst channels 
located at differen t levels and separated by an impervious bed. The cooling effect of ground
water will re sult in a transitional tempera ture regime a long th e geo logical profi le. After an 
infinitely lo ng period the temperature pattern will reach a new stationary state. The transi
tional regime is characterized by temperatures higher in the impermeable parts of the pro
fil e than in the karst channels. Therefore, in interp reting geothermog rams posi tive tempe
rature anomali es should be all otted to impermeable parts of the sectio n. Here, we restrict 
the ana ly sis to two kar st channels but the same can be done with a greater number o f con
duits with analogous results -all impermeable intervals wil l correspond to positive tem
perature a nomalies. 

The treatment here is valid for the AI Sinn basin where groundwater cools the mass if. 
There are areas where groundwater heats the rocks. The same reaso nin g is valid for them, 
too . Interpretati ons should only allow for the fact that zones of active groundwater percola
tion would be associated with increased temperatures of the ma ssif. Thi s conce rn s both 
vertica l and horizontal temperature distributions. 

3.2. Hydrodynamic interpretation of hydrogeochemical data 

The hydrodynamic interpretation of hydrogeochemical data is comparatively more diffi
cult than th at of geothermal data. The main reason is the g rea t influence of aquifer rocks 
on the groundwater chemical composition. Nevertheless, there are many cases in which 
the analy sis of the basic equations of filtration diffusion demonstrate s the controlling role 
of the filtration rate. If so, then still another group of method s for studying g roundwate r 
flows can be added to hydrodynamics. 

The formation, distribution and temporal variation of salt contents in g roundwate r 
arc described by a system of differential eq uati ons rigorou sly derived in te rm s of the so
called filtrati on diffusion. We shall consider the special case of one-dimensional g round
water flow (Eo 'i e Be p, 1979, and other authors) 
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where M is the groundwater mineralization, D - the coeffic ient of molec ular diffu sion 
in the aquifer, n - the act ive poro sity of aqu ifer, v - the velocity of g roundw ater flow, 
N- the quantity of matter capable of feedin g sa lt s into the groundwater flow (this point 
will be discu ssed in greater detail below) . 

There are many analytical solutions of the diffe rential equation (3). It is difficult to re
fer the reader to all sources but we recommend instead two stu dies summarizi ng the kn own 
solutions (Be p 11 r 11 H & ill e p :>K y K o B, 1969; Eo 'i e Be p et al., 1979). The exist
ing solutions, however, could not assi st us in solving ou r problem without a logical analy
sis of the separate term s in equation (3). In our ca se, the seco nd term on the ri ght in (3), 

n , is the mo st important. In the environment studied here, salts are fed into the ground

water flow by di ssolution of rocks. The existing studies concentrate mostly on the di sso
lution of chlorides and sulphate s, i. c. readily soluble salt s. They are concerned with so il 
desalination, a case in which the salt content (N) is a finite and kn ow n qu a ntity. Dissolu
tion of carbonate rock s ha s also been studied but in such co ntex t s the re sult s are diffic ult 

to u se in analyzing the relative contribution of the n term in equation (3). 
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In the study of filtration leaching of saline soi ls (8 e pH r H H, I 957), the process 
kinetic s is described by the equations 

(4) - ap(M 11 - M)J N 

for disper sed salt particle s 1n soi l, a nd 

(5) 

for sa lt crusts coating soil particle s, where ar is the dis solution rate constant, M !l -the 
concentration of the saturated solution, M - the actual concentration of solution. 
It has been theoretically proved and experimentally verified (8 e p H r H H, I 957) that the 
dis solution rate constant (up) depend s on the velocity of groundwater flow (v), the varia-
tion being of the type ap=f(/~). 

Dissolution of carbonate rock s differs considerably from salt leaching of soil. The 
most important features of the process are: 

- The amount of matter to be dissolved (N) is practically limitless ; 
- The carbon dioxide content of groundwater is the main factor in carbonate rock 

dis solution . Water is enriched in carbon dioxide from the atmosphere and from the soil 
horizon s. The faster it infiltrates the carbonate massif, i. e. the higher it s velocity, the more 
aggressive its action . 

Considering the specific features of carbonate rock dis solution we conclude that the 
kinetic equation (5) is better suited to describe the process. We should note at once that 
equation (5) applied to the dis solution of carbonate rock s lead s to results which differ at 
least in two ways from those for so il desalination. First, the dissolution rate constant is 
related to the velocity of groundwater flow by a different type of function. Second, the in
finitel y large quantity of N prevents the occurrence of the second dissolution phase as defin
ed by Verigin. The process will always remain in its first phase, i. e. the matter being dis
solved is inexhaustible. 

After this a na ly sis we transform the differential equation (3) into 

(6) 
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Omitting discussions of the analytical solutions of equation (6) we shall analyze two ca s es 
of appreciable influence of groundwater flow velocity on groundwater mineralization . 

Let u s consider a carbonate ma ssif containing karst zones at different level s one above 
the other. Groundwater moves rapidly in the kar st zones whereas in the water-resistant zo
ne s inbetween it s velocity is many times lower. At high flow velocitie s the conductive con-

tributi on to mass transfer (o ~2

x"';) is negligibly small. Furthermo re, the convective remo-

val of salts ( v ~~) prevail s over the supply of salts through di ssolution (n Up (M 11 - M)). 

Hence, groundwater will be le ss mineralized in the kar st zones. At low groundwater flow 

velocities, the relative contributions of the terms (o ~2

x~) and (n ap(M 11 - M)) become great-

er. At the same time the convective removal of sal t s ( v 
0
:) decreases. All this re sults in a 

relatively higher groundwater mineralization in the water-resistant horizon s of the carbo
nate massif. In practical te rm s, the arguments above impose constraints on the po ssible 
interpretations of logging data. Thus, a reduced groundwater mineralization (increased 
electric resistivity. re spectively) infers extensive kar st zones. This a nalysis is valid for the 
AI Sinn basin. In. a different hydrodynamic and hydrogeochemical environment the sa me 
rea soning may lead to a different interpretation of logging data. In the Mhardeh area , for 
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instance (M o II o v, Sa r k i s, 1987) karst zones show at times increased mineralization, 
at others reduced mineralization. This means that the specific hydrogeological conditions 
should always be considered. 

The coastal part of the basin represents a specific hydrogeochemical environment. 
In the marl cove r of the aquifer in the Cenomanian-Turon ian lime stone se rie s, groundwater 
is practically stagnant, or if it flow s it s velocity is very low. Salts are exchanged in this cover 

chiefly by conduction (influence of the D ~
2

x~ term in equation (3)). In the Cenomanian-Turo

nian limestones, salts are ta ken up by karst flows which creates conditions for a vertical 
conductive salt transfer in the marl cover de sc ribed by a diffe rential equation analogous 
to that in conductive heat transfer. Therefore, fo rmula (2) can be u sed to estimate the period 
of time (t0) during which vertical salt tran sfer will sp read throughout the water-resistant 
cover and mineralization of surface groundwater will start to get lowe r. For a coefficient 
of molecula r diffusion D = IO- -l m2 /day, t0 = 70.10a day s= 190 000 years. The hydrogeoche
mical process is considerably slower th an the geothermal one yet, over a comparatively 
short period of geological hi story, the effect of kar st zones in the Cenomanian-Turonian 
sequence may reach the surface reflecting on groundwater mineralization there. Therefore, 
the hydrogeochemical behaviour of groundwater in the surface layers may serve as indication 
of the hydrodynamic situation in depth. 

The so-called double poro sity hydrogeochemical effect has been observed in the AI 
Sinn basin (Mo n n o s, 1987). It consists in a specific variation of groundwater chemical 
composition in time. Water is of hydrocarbonate-sodium co mpo sition during summer and 
autumn changing to hydrocarbonate-calcium compo sition during winter and spring. This 
hydrogeochemical effect is directly related to the nature of karst and to the extent of it s de
velopment, and is determined prima rily by the neotectonic elevation of the a rea. Neotecto
nics more or le ss hastens or reta rd s hydrodynamic processes, therefore the double poro
sity hydrogeochemical effect may at least supply u seful indications concerning the hydro
dynamic structure of the underground flow . The effect, if present, suggests that the bulk of 
groundwater flows along large karst channels. 

Translated by I . Vesse/inov 
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