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ABSTRACT

In North-Western Tunisia; mainly in the "diapirs zone",
superficial and therma waters occur in subsurface wells,
springs showing sometimes very high salinity. A geological
and hydrochemical investigation has been carried out, in the
studied region, to improve our understanding of the origin
of saline groundwater and its evolution within the
framework of the complex geological history of the region.

North-Western Tunisia has a complex geological evolution
which is mainly controlled by halocinetic movements.
Geologica and structural studies show that thermal waters
emerge through fractured limestones. It is obvious that the
upcoming movement of the thermal saline and/or thermal
groundwater, in North-Western Tunisig, is controlled by
tectonics, mainly by the diapiric structures.

The sampled waters have discharge temperatures ranging
between 21 and 71°C and total dissolved solids (TDS)
between 560 and 56 000 mg/l. They show a Na-Cl type of
water with enrichment in Ca and HCO3 for few samples.
The warm saline waters are undersaturated with respect to
gypsum but oversaturated or around equilibrium with
respect to calcite. Hydrochemica data provide evidence for
water-rock interaction of thermal fluids with limestone
aquifers and for dissolution of evaporite deposits of Triassic
outcrops, mainly the halite component.

Furthermore, several chemical diagrams were applied to
have an idea about the original aquifer and the influence of
the evaporitic levels on physico-chemical feature's
evolution of the thermal waters.

1. INTRODUCTION

Tunisia has complex geologica features especialy in its
North-Western part, which is the result of the succession of
different tectonic phases since lower Cretaceous. This
region is characterized by the abundance of Triassic
evaporitic diapirs (Figure 1). The present multidisciplinary
study has been carried out to improve our understanding of
the thermal water's origin and evolution within the
framework of the complex geological history of the region
and its relation with Triassic structures.

The compilation of geological, hydrogeologica and
hydrochemical results, allowed usto have a clear idea about
the waters flow path in depth. The water reservoirs are
represented by the different cretaceous fractured
limestones. The leaching of Triassic salt rocks by the waters
during their ascent to the surface, gives them their high
salinity and their high concentration particularly in Na and
Cl.

2. GEOLOGY AND HYDROGEOLOGY

Northern Tunisia geologica pattern is the result of
compressive and tensional tectonic phases that have
aternatively affected the country since the Mesozoic. These
tectonic movements caused the rise up of Triassic material
since the Aptian (Smati, 1986; Chikhaoui, 1988 and 2002).

The main tectonic features in Northern Tunisia include the
overthrust of the Numidian flysch and the diapirs zone with
numerous evaporitic extrusions (Perthuisot, 1978)
(Figure 1). North-Western Tunisiais characterized by broad
synclines aterning with anticlines whose cores mostly
consists of complexly deformed Triassic gypsum — matrix
breccia containing clasts of dolomite, terrigenous clastic
rocks and ophites (Burollet and Sainfeld, 1956; Perthuisot,
1978; Chikhaoui, 1988, 2002) (Figure 1). These folds
generally trend NE-SW. The reservoir structuring is closely
influenced by the diapirs ascent.
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Figure 1: Geological map of North-Western Tunisia
(Burollet, 1956; modified)

North-Western Tunisia shows a lithological succession
from Triassic to the Quaternary. However, we note the
absence of Jurassic outcrops mainly in the “diapirs zone".
The hydrostratigraphical column reveals the existence of
several potential reservoirs in the region. The Mesozoic
carbonate units seem to congtitute the most important
potential reservoir aquifers (Figure 2). Their outcrops are
widespread all over the entire region. The permeable
Mesozoic limestone layers are unconfined in their outcrops
areass and confined where covered by relatively
impermesble and thick deposits.
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The regional hydrogeologic system in North Western
Tunisiais that of basins with high atitude recharge areas at
their margins, with a thick and an extensive aquitard
overlying the regional aquifers in the centre of the basin.
The Triassic structures delimitate synclines which can
constitute hydrothermal basins.
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Figure 2: Hydrostratigraphic column of North-Western
Tunisia (Ben Dhia, 1983; modified).

Numerous thermal springs and hydrogeological wells exist
in the region. Their location is probably controlled by
regional hydrology related to meteoric water recharge in the
wide spread exposures of the Mesozoic carbonate fractured
units. Thermal features generally occur at topographic lows
associated with areas where limestone are at shallow depths
or with areas along faults bordering the numerous NE-SW
trending Triassic structures.

3.HYDROCHEMICAL STUDY AND DISCUSSION

An investigation of hydrochemical composition of sample
waters from North-Western Tunisia has been carried out to
shed more light on its origin and evolution. In order to
determine the major chemical component of studied waters
(Figure 3, Table 1), sampling concerned the warm springs
and shalow water drillholes in vicinity of diapirs. The
temperatures range from 21 to 71°C (respectively in J.
Koutif and Hammam Sollah), and the salinity between 560
and 56 000 mg Kg™. The analytical data were treated by the
computer program HY DROWIN (Calmbach, 1995).
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Figure 3: Location of the studied thermal springs and
hydrogeological wells.

Sampled waters are mainly of Na-Cl type probably due to
the Triassic halite dissolution (Figure 4). In the Hameima
region, located in the South-Western part of the studied
area, some samples show a Na-(Ca)-Cl-(HCO;) or a Ca—
HCO; type. Their composition, together with their
relatively low thermality and salinity, seem to point to a
shalower circulation in chalky reservoirs in comparison
with the other areas (Inoubli, 2000).
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Figure 4: Distribution of hot watersfrom the study area
in Piper diagram.

Chloride and Sodium constitute the mgjor anion and cation
in these waters. In fact, Scholler—Berkaloff semi-
logarithmic diagram (Figure 5) shows waters in which Cl
and Na constitute the two major elements. This diagram
shows also a bicarbonate and calcium enrichment due to the
dissolution of limestone that constitute the main reservoirs.

Saline formation waters can originate from dissolution of
halite and/or infiltration of subaerilly evaporated seawater
(Hanor, 1987; Land et a., 1988 in lampen and Rostron,
2000). Halite dissolution as main source for the sodium and
chloride in the studied groundwaters is suggested by the
fact that most of the investigated waters samples have ratios
close to the unity (lundt, 1971; Sadki, 1998; Grobe et 4.,
2000; Grobe et Machel, 2002) (Table 1).
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Figure5: Distribution of waters from the study area
Schoeller-Berkaloff semi logarithmic diagram.

With the exception of some samples, which correspond to
the shallow hydrogeological wells of the Hameima region,
the thermal waters of studied area seem to have had long
circulation before rising. The evaluation of the degree of
water-rock interaction reached by each sample alows us to
establish whether these waters have been in equilibrium
with amineral phase (Sadki, 1998; Gemici and Filiz, 2001).

Most of studied waters are over saturated or close to the
saturation with respect to calcite (Figure 6). Such saturation
is acquired by waters in the presence of high pco.. By
becoming progressively more aggressive towards reservoir
rocks, waters rich in CO, favour the solubility of chaky
rocks and rise their concentration in HCO; and Ca.
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Figure 6: Calcite saturation index vs. temperature.

Furthermore, some therma springs (Hammam Mellégue
and Hammam Biadha), precipitate large quantities of
travertine. The carbonate precipitation occurs as the
consequence of three types of process. physico-chemical,
physical and biological (Roques, 1964 in Casanova, 1986;
Bakalowicz, 1988 and 1990 in Andreo et al., 1999). The
first process is the more important, upon expulsion of the
water at the surface, CO, will be released to the atmosphere
and carbonate precipitation will occur by the following
reaction (Ellis, 1970 and 1979, in Sadki, 1998; Minissale,
2004):

Ca?* +2HCO; ——— - CaCO; + H,0 + CO..

Most of the sampled waters lie in the undersaturtion field of
the gypsum equilibrium diagram (Figure 7). In fact, water
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dissolves different calcium salts such us calcite and
gypsum, so that the dissolution can be saturated in calcite
and, a the same time, not saturated in gypsum, and
therefore the water will continue dissolving this mineral.
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Figure7: Calcite saturation index vs. temperature.

In the other side, the I.I.R.G. (Internationa Institute of
Geothermal Researches) diagram (Figure 8) can give an
idea about the water’ s reservoir (D’ Amore et al., 1983).
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Figure8: I.1.R.G. (International Institute of Geothermal
Resear ches) Diagram.

In this study, amost al the samples correspond to the
standard diagram y which indicates the flowing of thermal
fluids through fractured levels, mainly the cretaceous
limestone (Figure 9).
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Figure9: I.1.R.G. diagram applied to studied waters.

4. CONCLUSION

North-Western Tunisia is characterized by numerous
Triassic outcrops and hydrothermal springs and drillholes.
The sedimentary succession in the region is characterized
by permeable formations, which can constitute regional
aquifers, aternating with impermeable layers. Based on the
geological features and the interpretation of hydrochemical
data, it is suggested that water reservoirs are represented by
the different cretaceous fractured limestones. The reservoir
structuring in the region is closely influenced by the diapers
ascent. In fact, the Triassic evaporitic structures constitute
hydrogeological barriers which limit groundwater's
circulation.

Thus, the structuration of the aquifers is closely influenced
by the outcropping diapirs, while the hydrochemical nature
took place during the up flowing of waters from deep
reservoirsto the surface. Interpretation of chemical analyses
provides evidence for the leaching of Triassic salt rocks,
mainly the halite, by the waters during their ascent to the
surface. Studied waters seem to have had long circulation
into chalky reservoir before rising.

The compilation of geological and hydrochemica data,
gives an idea about the relation between the evaporitic
Triassic layers and the mineralization of studied waters in
North-Western Tunisia. It seems that the reservoir
structuring and the hydrochemistry of studied waters are
directly related to the presence of Triassic structures.
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(Valuesinmg Kg*, T.D.S. = Total dissolved waters, *: thermal springs, others are drill holes, nd: not determined)

Table 1: Chemical composition of groundwatersfrom North-Western Tunisia
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Ne | Sample Dﬁ;h pH (OTC) TDS | ca | Mg | Na | K cl SO, | HCO; | mNamCl
1| soBGa nd | 75 | nd | 7800 | 170 | 684 | 2530 | 195 | 35855 | 8928 | 2928 | 1087
2 | SOBG5 | 146 | nd | nd | 710 | 40 | 36 | 1081 | 39 | 1491 | 144 | 1525 | 1117
3| Elca nd | nd | nd | 560 | 64 | 24 | 64 | 14 | 244 48 | 1136 | 0,404
4| ElGtaz | 142 | 76 | 303 | 638 | 64 | 324 | 667 |195| 12425 | 576 | 2806 | 0827
5| ElGfaz | 168 | 751|274 | 650 | 9 | 13 | 925 | 28 | 170 | 456 | 238 | 0838
6 | ElGfs nd | 737|213 | 2010 | 167 | 50 | 3% | 46 | 510 | 380 | 347 | 1193
7 [ J.Koutif2 | 218 | 7.3 | 201 | 2040 | 100 | 384 | 4071 | 195 | 5751 | 27814 | 2501 | 1.091
8 [AinBabouch | 61 | 707|228 | 1140 | 140 | 26 | 122 | 68 | 241 | 146 | 314 | 0780
9 | J.Saa | 199 | 78 | 393 | 832 | 6613 | 3404 | 1586 | 196 | 27302 | 17003 | 14032 | 08%
10 [ Hamemal | 93 | 7.6 | nd | 2910 | 112 | 96 | 897 | 858 | 136675 | 192 | 2318 | 101l
11 | Hamema2 | 151 | 746 | nd | 2100 | 170 | 125 | 497 | 6 | &4 3 | 402 | 0907
12 | Hameima3 | 263 | 6.2 | 346 | 14680 | 260 | 156 | 4554 | 975 | 72775 | 1056 | 915 | 0.964
13| SABS1 | 132 | 728|287 | 670 | 78 | 175 | 140 | 25 | 184 75 | 200 | 1172
14| SABS2 | 421 | 766|225| 1300 | 142 | 29 | 220 | 33 | 35 | 175 | 320 | 0955
15| SKD12 nd | 756 | 216 | 1950 | 150 | 40 | 385 | 43 | 527 | 310 | 348 | 11260
16| SKD19 86 | 758 | 241 | 1900 | 150 | 48 | 352 | 48 | 495 | 304 | 314 | 1.0%
17| SKD23 | 204 | 73 | nd | 5800 | 72 | 316 | 1380 | 39 | 111825 | 252 | 2745 | 1902
18 | BouJabeur | 150 | 692 | 38 | 6000 | 286 | 175 | 1500 | 15 | 2600 | 348 | 567 | 0.889
19| AL . | 634]387| 50000 | 1202 | 120 | 1360 | 164 | 22036 | 1600 | 732 | 0.969
20 | H.Biadha* | - | 607 | 415 | 56000 | 1039 | 360 | 16600 | 273 | 34100 | 4900 | 1708 | 1048
21| H.Bazazr | - | 635|482 | 14000 | 650 | 175 | 4150 | 376 | 6900 | 890 | 1104 | 0927
22 |H. Mdlsgue | - | 671 | 411 | 8600 | 400 | 65 | 2580 | 17.3| 4400 | 510 | 607 | 1205
23| H.Sayaar | - | 71 | 455 | 14400 | 300 | 42 | 4390 | 267 | 7000 | 510 | 656 | 0.966
24 | H. Sollah* T [669] 71 | &0 | 8 | 6 | 178 | 5 | 280 23 | 29 | 103%




