DOI: 10.2478/jwld-2018-0038

© Polish Academy of Sciences (PAN), Committee on Agronomic Sciences
Section of Land Reclamation and Environmental Engineering in Agriculture, 2018
© Institute of Technology and Life Sciences (ITP), 2018

JOURNAL OF WATER AND LAND DEVELOPMENT
2018, No. 38 (VII-IX): 19-26
PL ISSN 1429-7426

Available (PDF): http://www.itp.edu.pliwydawnictwo/journal; http://www.degruyter.com/view/j/jwld

Received  15.06.2017
Reviewed 22.01.2018
Accepted  06.03.2018

A — study design

B — data collection

C — statistical analysis

D — data interpretation

E — manuscript preparation
F — literature search

Statistical and hydrogeochemical
characteristics

of the M’Daourouch-Drea Plain’s groundwater,
North-East of Algeria

Ali BRAHMIA" ABPE™ Nafaa BRINIS? “B°, Tahar NOUAR" *¥

b University 8 Mai 1945, Department of Natural and life Sciences, 19, Bd 19 mars 1956, 24000 Guelma, Algeria;
e-mail: brahmiaalil 6@yahoo.fr, t nouar@yahoo.fr
2 University of Batna, Batna, Algeria

For citation: Brahmia A., Brinis N., Nouar T. 2018. Statistical and hydrogeochemical characteristics of the M’Daourouch-
-Drea Plain’s groundwater, North-East of Algeria. Journal of Water and Land Development. No. 38 p. 19-26.

DOI: 10.2478/jwld-2018-0038.

Abstract

This work was conducted on 23 samples distributed between springs, wells and boreholes tapping the shal-
low and deep aquifer in the M'Daourouch-Drea area located in extreme northeast of Algeria. Ca”', Mg2+, Na®,
K*, CI', SO4, HCO; and NOs~ were analysed. The interpretation of the geological-geophysical data allowed us
to highlight two aquifers. The first consists of conglomerates, sandstones, gravels, sands, marls, limestones, la-
custrine and alluvial deposits varying in thickness from a few tens to a few hundred meters, representing Neo-
gene-Quaternary filling of the studied basin. The second is more important localized in the cracked and karstified
limestones of upper Cretaceous age; these limestones are outcropped on the flanks of the syncline and the bor-
ders of the basin. The first aquifer sometimes rests directly on the second which allows hydraulic communication
between them. The hydogeochemical and statistical study, with the combination of numerous tools, indicates that
the chemistry of groundwater in the M'Daourouch-Drea Plain is controlled both by the dissolution of the miner-
als of the evaporite formations and those of the carbonate formations.
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INTRODUCTION

The M'Daourouch-Drea region is part of the high
plains of northeastern Algeria and constitutes the
Montesquieu syncline in the southwest of the Souk-
Ahras district which covers an area of 96 km? (Fig. 1).
The region's water needs have never ceased to in-
crease and to meet the needs of a population exceed-
ing 40,000 inhabitants; this resource is threatened
with degradation after the establishment of some in-
dustrial units in the region and development im-
portance of agriculture. A situation requires better
knowledge of potential aquifers in the area. It is locat-
ed 50 km South of the Souk Ahras province and far
from the coast. The climate of the study area is con-

sidered to semi-arid climate, the annual average pre-
cipitation being approximately 465 mm. Rainfall oc-
curs from august to June, with a maximum during
January and February of each year. The average tem-
perature is approximatively 14.3°C in winter and
26°C in summer, though summer high temperature
can reach 45°C in July. The mean annual potential
evapotranspiration, according to the C.W. Thornth-
waite formula, is approximately 875 mm. In addition
to the tourist vocation, M'Daourouch-Drea belongs to
the southern zone of the province with strong domi-
nant sheep farming and cereal production. The main
objectives of this study are to determine the main fac-
tors controlling the chemistry of these waters of
M’Daourouch-Drea Plain’s groundwater.
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ALGERIE

Souk-Ahras

Fig. 1. Location of M’Daourouch-Drea Plain in Algeria; source: own elaboration

GEOLOGICAL
AND HYDROGEOLOGICAL SETTINGS

The geology of the study area was investigated by
several authors, i.e. CHOUABBI [1987], VILA [1980].
We will meet from the bottom up from bottom to top.

The oldest known outcrops on a regional scale are
attributed to the Triassic age; these lands are in the
form of diapiric structures in the north (diapir Souk-
-Ahras) and in the North-West (diapir of Djebel
Tifech). These formations are intensely deformed,
crushed and present virtually no normal relations with
the overlying formations. The wall of the Triassic
series is not known at the level of the studied plain.
These lands are characterized by heterogeneity in
their composition. It consists of blocks of limestones,
sandstones, dolomites, all cemented by a gray-gyp-
sum-clay matrix containing small fragments of the
same rocks.

e Marly formations with calcareous intercalations,
with a power exceeding 250 m, from upper Santo-
nian to lower Campanian.

e Marly intercalated limestones (80—-100 m) sur-
mounted by limestone marls (5070 m) of upper
Campanian age.

e Limestones with rare marls intercalations (200-250
m) of lower Maastrichtian age surmounted by clay-
ey marls and marly limestones (100—140 m) of up-
per Maastrichtian age.

e The Palacogene is essentially marly (80-200 m).
The whole is covered by recent Mio-Plio-Quater-
nary formations of conglomerates, sandstones,
gravels, sands, marls, lacustrine limestones and al-
luvial deposits of varying thickness that can reach
several hundred meters. This powerful predomi-
nantly terrigenous series participates in the filling
of the intra-mountainous depressions and consti-
tutes the hearts of the synclinal structures and be-
comes a potential aquifer reservoir.

From a tectonic point of view, the region is inter-
sected by a fault network, which can be grouped into
two main families, the first of orientation NW-SE and
the second NE-SW and a series of parallel folds of
main direction identical to second family of faults.

These two fault families often intersect and facilitate
the infiltration of much of the runoff.

The plain is a Neogene filling characterized by its
heterogeneity, consisting of conglomerates, sand-
stones, gravels, sands, marls, lacustrine limestones
and alluvial deposits. This productive level rests di-
rectly on Cretaceous limestones, which probably per-
mits an exchange of water between these two levels.

For a better recognition of the underground flows
of the Neogene-Quaternary filling waters of the
M’Daourouch-Drea Plain, a piezometric measure was
carried out in May 2016, the results of which were
used to develop the piezometric map (Fig. 2). The
arrangement of the hydro-isohyps curves shows:
two feeding areas from the lower Maastrichtian
limestones forming the northwest and south-eastern
borders of the study area;

a groundwater convergence zone is located to the
North-East of the plain where it is drained slightly
South of the village of Drea to feed the main river
in the region Laghedir Wadji;

curve spacing is relatively stable indicating a stable
hydraulic gradient over the studied area;

the flow of groundwater follows the flow of Laghe-
dir Wadi towards the downstream part of the plain,
which makes it possible to demonstrate a feeding
of this watercourse by the underground waters of
the plain.
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Fig. 2. Sampling points situation and head piezometric map
of the waters of the M’Daourouch-Drea Plain’s; May 2016;
source: own study
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GEOPHYSICAL CONTEXT

The correlation between the results of the vertical
electrical soundings established during the electrical
prospection studies [ALGEO 1982; ICOSIUM 2001]
with the logs of the mechanical soundings enabled us
to establish some values of resistivities of the geolog-
ical formations of the M'Daourouch-Drea region for
a lithology-resistivity correspondence (Tab. 1). This

Table 1. Resistivity value of the main formations of the
M’Daourouch-Drea region

Lithology Age Resistivity, Q-m
Limestone crust Quaternary 170-610
Clays, marls and sands Mio-Pliocene 2-30
Sand and sandstone Mio-Pliocene 30-70
Sandstone and conglomerates | Mio-Pliocene 80-140
Whitish limestones Maastrichtian 40-180
Source: own study.
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Fig. 3. Cross-section and vertical electric sounding position
in the study area; source: own elaboration

information is useful for locating the depth
of the Maastrichtian limestones and conse-
quently the geometry of the undergrowth
of the Neogene-Quaternary filling.

The geo-electric cross section (Fig. 3),
made to the North of the village of
M’Daourouch with orientation NW-SE,
shows compact resistant limestones on the
edge of the plain, then become faulted and
deepen in the form of stairs with low resis-
tivities in the middle of the plain. The
whole is covered by a formation with vari-
able resistivity of very low to average
characteristic of alluvial formations.

MATERIALS AND METHODS

Sampling and analytical methods
groundwater samples were collected for
geochemical analysis at different depths
from 23 production wells tapping the shal-

Calcium
Bicarbonaie
waters

time, samples of nonacidified water were taken in 1.5
dm’® polyethylene bottles and stored in darkness at
4°C. Chemical analyses were undertaken at the labor-
atory of the Department of Geology at the University
of Constantine. The bicarbonates and carbonates were
measured immediately after sampling by titration with
the methyl orange endpoint; the concentration of chlo-
ride was determined by titration and precipitation of
AgCl until silver chromate appears (Mohr’s method);
sulphate was determined by the nephelometric meth-
od; and nitrate, were analysed by the colorimetric
method. Calcium and magnesium were determined by
complex metric titration, and emission spectrometry
was used to determine the concentration of sodium
and potassium [RODIER 1996].

The identification of water facies was carried out
by the software «Diagrams» [SIMLER 2014] by pro-
jecting the points directly on the diagram of piper.
A statistical analysis of the data was performed start-
ing with a descriptive statistic of the measured param-
eters, ending with a multiple correlation by a principal
component analysis (PCA).

RESULTS AND DISCUSSIONS

IDENTIFICATION OF CHEMICAL FACIES IN
WATER

The projection of the results of the chemical ana-
lyses on the Piper diagram (Fig. 4) shows that the
points analysed in the region are grouped into two
chemical families: bicarbonate and chloride. The
analysis of the results indicates that in 70% of the
cases the waters are bicarbonated whereas chlorinated
waters are present in 30% of the cases (Tab. 2). Cal-
cium accompanies bicarbonates and chlorides except
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Fig. 4. Projection of the results on the Piper diagram;

source: own elaboration
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Table 2. Characteristics of the chemical facies of the analysed waters

Chemical facies Characteristic formulas Percent Observation
. . . rHCO;> rCl” > 1S0,> SO, is in 2™ place in some cases
Bicarbonate water | bicarbonate calcium pre 3 - prs 4 - 69.57 = - n‘; —
rCa™ >1Na >rMg™ >r1K Mg is placed in 2" position in some cases
. . CI>rS0>mHco,” | ... |
chloride calcium - 26.09
Chlorides Ca¥>Mg”>mMNa">K" | 7 |
magnesium chloride iCl’> HCO',>rS0,™ E R S —
g Mg® > rNa'> rCa>" > 1K* e —
Source: own study.
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Fig. 5. Representation of the HCO; /Cl™ (meq-dm’3); 1-16, D5, D4bis,
C = wells, Ain Madaure = spring; source: own study

for a single sample where magnesium dominates. The

ratio HCO; /Cl™ indicates mixed water, the passage

from one facies to another is however possible, it is

noted that only 4 samples have a ratio greater than 2

(Fig. 5).

Let us recall the existence of a Triassic diapir that
flushes to the North-West of the study area (Djebel
Tifech and the diapir of Souk-Ahras), knowing that
the Trias can arrive in sub-surface through numerous
accidents that affect the region, on the one hand, and
the Neogene filling of the studied syncline constituted
by conglomerates, sandstones, gravels, sands, marls,
lacustrine limestones and alluvial deposits on the oth-
er. We would expect a dominant facies of evaporite
type generated by these formations. We find that the
minerals of the carbonate rocks control the chemistry
of the studied waters, so we think that this can be ex-
plained by two hypotheses:

— the majority of the water points analysed capture
the limestones especially at the periphery.

— the two layers (filling and Cretaceous) are in direct
contact allowing a water exchange; in reality, both
hypotheses are involved in the development of the
chemistry of the studied waters; indeed, the bore-
holes, particularly from the edge of the plain, cap-
ture the limestones and the two levels (filling and
Cretaceous) are in direct contact, without a water-
proof screen, so we can expect a mixture of the wa-
ters of the two levels.

STATISTICAL ANALYSIS

Elementary statistics and correlation matrix.
The descriptive statistics of the physicochemical and
chemical parameters analysed for the periods (8 nor-
malized variables: Ca®’, Mg®", Na', K', CI', SO/,

HCO; , NO; ) of this study are summarized in Table 3.
Dominate cations are sodium and calcium, which
have an average concentration of 124.78 + 46.74 and
56.77 + 37.56 mg-dm, respectively. Bicarbonates
are generally the major anion, having an average con-
centration of 259.66 + 85.56 mg-dm, followed by
Cl (average concentration, 145.93 + 21 mg-dm°) and
SO4* with an average of 93.36 + 47.87 mg-dm °.

To illustrate anomaly between physico-chemical
parameters; it is assumed that a CV less than 50%
demonstrates certain homogeneity in the amplitude of
the observed values between minimum and maximum
values reflecting a small variation around the average.
On the other hand, parameters with a CV greater than
50% indicate a large deviation from the average of all
the observations and therefore the variation of the
concentrations in a wide range (Tab. 3).

This parameter is high for some elements such as
potassium (150%), magnesium (83%), sodium (66%),
and to a lesser extent chlorides (51%). On the other
hand, the ions of the carbonate minerals (Ca’" and
HCO;") show a fairly regular variation in the aquifer
(CV% = 30%). This can be attributed in our case to the
influence of rapid dissolution of evaporate minerals
giving high grades in contrary of carbonated minerals.

The contribution of the correlation between the
physicochemical parameters in the groundwater helps
to understand some phenomena released by the wa-
ter—rock interaction. It gives an approach on the
common origin of certain parameters. It is assumed
that a correlation is significant if the value of the cor-
relation coefficient r is between +0.537 and 1 (posi-
tive relationship) and —0.5 and —1 (negative relation-
ship). In our case, several links are significant and can
be attributed to geological causes, but to varying de-
grees (Tab. 4).
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Table 3. Descriptive statistics of the physicochemical data

Parameter ca® | Mg¥ | Na | K ] ] cr SO.> HCO; NO;~ EC o
mg-dm
Average 124.78 23.43 56.77 1.83 145.93 93.36 259.66 60.96 10 800 7.49
Minimum 64.13 4.80 11.96 0.05 35.50 25.00 158.60 13.00 584 7.20
Maximum 256.00 92.36 134.00 12.00 319.50 215.00 506.00 120.00 1936 7.80
SD 46.74 19.40 37.56 2.75 74.21 47.84 85.56 20.21 355.40 0.18
CV% 37.46 82.81 66.17 150.06 50.85 51.24 32.95 33.15 3291 7.46
Explanations: EC = electrical conductivity, SD = standard deviation, CV% = coefficient of variation.
Source: own study.
Table 4. Matrix of the correlation coefficients of the physicochemical of water samples
Parameter Ca** Mg** Na* K* N HCO; NO;~ EC pH
Ca* 1
Mg* 0.065 1
Na' 0.537 0.598 1
K" 0.796 0.058 0.654 1
Cl 0.602 0.770 0.826 0.510
SO, 0.655 0.553 0.716 0.488 0.746 1
HCO;~ 0.827 0.103 0.675 0.810 0.545 0.601 1
NO;~ —0.326 0.643 0.176 —0.471 0.351 0.047 —0.348 1
EC 0.652 0.711 0.684 0.406 0.875 0.863 0.528 0.257 1
pH 0.288 0.065 0.228 0.319 0.153 0.433 0.263 —0.279 0.339 1

Explanations: in bold, significant values p = 0.05.
Source: own study.

The correlation matrix shows that the electrical
conductivity (EC) has a very high significant relation
with, Mg%, CI” and SO,*. This reflects the participa-
tion of these elements in the acquisition of water min-
eralization. This relationship is less important with
bicarbonates. Calcium has a strong positive correla-
tion with bicarbonates (0.827), sulphate (0.655) and
chlorides (0.602), indicating both a carbonated and
evaporitic origin of this ion (Tab. 4). Similarly for
Na'—CI" (0.826), Na'—SO,* (0.716) and SO,”—CI°
(0.746) which also have a good positive correlation
(Tab. 4). The high levels of Na', CI', Ca*" and SO,
detected in some samples may suggest the dissolution
of chloride and sulphate salts (Tab. 4).

We note also that the nitrates seem to have an an-
thropogenic origin; its connection with the conduc-
tivity (indicator of mineralization) is insignificant.
This reflects the participation of these elements in the
acquisition of water mineralization. We note also that
the nitrates seem to have an anthropogenic origin; its
connection with the conductivity (indicator of miner-
alization) is insignificant.

Principal component analysis. In order to eval-
uate the different processes that affect the evolution of
hydrogeochemistry of the study area, principal com-
ponent analysis (PCA) were applied. PCA is a method
which includes reducing the overall number of varia-
bles to a smaller number, without losing essential in-
formation. It converts the data matrix into a new set of
principal components based on the variance-covari-
ance matrix. This statistical method has been widely
applied for the study of water hydrochemistry
throughout the world [ANAZAWA, OHMORI 2001; GU-
LER, THYNE 2004; THIVYA 2013; YIDANA et al. 2008]
and in Algeria [BELKHIRI et al. 2010; Brinis et al.
2014; 2015; Maoul et al. 2010; NOUAR, BRAHMIA

2016]. The loadings and contribution for each param-
eter are summarized in the Table 5. The results of the
multivariate analysis indicate that 78.52% of cumula-
tive variance is acceptable to explain the chemistry of
the investigated groundwater (Fig. 6). Factorial axis 1
which explains 54% of the variance has high and
positive loadings (>0.70) driven by EC, Ca*" Na", K,
HCO5, Cl” and SO,* suggest that this variable asso-
ciation is referring to the dissolution of geological
rock of the Cretaceous and gypso-saliferous carbonate
minerals of the Neogene-Quaternary and/or Triassic
filling. Factorial axis 2 (24% of the variance) is repre-
sented positively by Mg”" and NO'; suggest that this
variable association is referring to the dissolution of
geological rock components and pollution of water by
artificial fertilizers. On the circle of variables, we no-
tice the grouping of the ions in two distinct poles, the
first evaporitic associated with the conductivity is
clearly visible to the right of the axis F1, while the

Table 5. Loading and contribution (%) for the factor matrix
of the two-factor model that explains 78.52 % of the total
variance

Elements Axis F1 Axis F2
loadings | contribution, % | loadings | contribution, %
Ca® 0.801 11.840 —0.434 7.755
Mg? 0.577 6.145 0.750 23.112
Na* 0.873 14.066 0.136 0.766
K* 0.733 9.914 —0.543 12.117
ClI’ 0.895 14.788 0.349 5.001
SO,> 0.884 14.401 0.081 0.271
HCO;5 0.788 11.464 —0.449 8.297
NO;~ 0.027 0.014 0.935 35.973
EC 0.889 14.575 0.282 3.276
pH 0.389 2.794 —0.289 3.432

Source: own study.
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second is that of the mineralization due to the car-
bonates encompassing HCO; and Ca®" (Fig. 6). On
the F1/F2 plane of the individuals, the majority of the
samples cluster in the center of the circle indicating
average mineralization, however, some points (3, 17,
19, D4bis and D3) indicate excessive mineralization
whereas the well (c) shows significant pollution by
nitrates (120 mg-dm™). Both factors show that the
groundwater of the region is influenced by the disso-
lution of two types of minerals: evaporitic and car-
bonate, with the presence of nitrate pollution indices
(Fig. 7).

The concentration factor established from the
chloride data dissolved in the groundwater indicates
the evolution of the overall mineralization. The dia-
grams (Fig. 5) show that all elements do not evolve in
proportion to the concentration factor. Thus one no-
tices several trends:

— elements that perfectly follow the evolution of the

concentration factor and concentrate in identical
ways are the elements generated by the evaporate
minerals.

— dice that evolve independently of the overall con-

centration (concentration factor) and seem to focus
in different ways.
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Evolution of evaporate ions. The diagrams pre-
sented in Fig. 8 show a perfect evolution of the evapo-
rate elements with the concentration factor (CF). This
indicates a common origin which is related to the dis-
solution of Neogene-Quaternary filling formations or
probably the influence of Triassic intrusions which
appear in diapir on the side of Djebel Tifech and
Souk-Ahras. The enrichment of the water in ions of
these minerals is done gradually according to the CF.
We believe, therefore, that if the waters of the car-
bonate formations had not disturbed the chemistry of
the aquifer of the filling, it would then be character-
ized by an evaporate facies of the saliferious or gyp-
siferous type. Knowing that 70% of the water ana-
lysed is of bicarbonate facies, this is an argument of
the dominance of carbonates in a mixture of the wa-
ters of the two chemical families (evaporated and car-
bonated).

Evolution of carbonate. The dissolution of lime-
stones (calcite) generates calcium and bicarbonates,
these two elements are in close connection (correla-
tion coefficient = +0.827) therefore a same origin.
The Figures 8e and 8f showed an evolution which
does not follow that of the concentration factor (CF).
The waters are already saturated with calcium and
bicarbonates at the beginning of the enrichment of the
waters in mineral salts. The slope of the lines of calci-
um and bicarbonates is lower than that of the concen-
tration factor.

Moreover, we note that magnesium does not have
a role with this group, the mode of its evolution at-
tribute to it an evaporate origin.

Taking into account the HCO; /Cl ratio, we be-
lieve that the chemistry of the waters would be the
product of the dominance of the waters of the Creta-
ceous carbonate formations in a mixture with the wa-
ters of the Neogene-Quaternary filling formations.
The water points where the ratio HCO; /CI is im-
portant, the waters would be captured directly in the
limestones without mixing.

CONCLUSIONS

The plain of M'Daourouch-Drea is limited by tec-
tonic accidents, the corresponding basin is the result
of a Neogene-Quaternary filling up of heterogeneous
formations (conglomerates, sandstone, gravel, sand,
marl, limestone and lake sediments), resting directly
on a calcareous substratum of Cretaceous age, the
contact between these two levels is direct due to the
lack of an impermeable level between them, which
allows an exchange of water whence the mixing of the
waters of the two layers. The feeding of the filling
takes place from the reliefs in the North-West and the
South-East. The flow converges to the North-East.
The chemistry of the groundwater of this plain is con-
trolled both by the dissolution of the minerals of the
evaporate rocks and those of the carbonate rocks. The
combination of statistical and hydrogeochemical
analysis confirms the existence of these two families,

although they originate from two distinct aquifers
(filling and cretaceous) that appear to be mixed. The
HCOj; /CI ratio close to 1 confirms this mixture (no
net dominance of anion on the other). Monitoring the
evolution of mineralization using the concentration
factor (CF) indicates that ions of evaporate minerals
evolve well with this factor, in contrast to ions of car-
bonate minerals that are already saturated with calci-
um and bicarbonates at the beginning of the concen-
tration. The waters of the Cretaceous (carbonate) mix
with the waters of the filling rich in evaporate ions
and enrich themselves more in these latter. The results
are mixed waters with a dominance of bicarbonate
waters (70% of the samples).

REFERENCES

ALGEO 1982. Etude géophysique par sondage ¢lectrique
vertical de la région M’Daourouch-Dréa [Geophysical
study by vertical electrical survey of the M'Daourouch-
-Drea area]. Algiers. Ministry of Water Resources pp.
98.

ANAZAWA K., OHMORI H. 2001 Chemistry of surface water
at a volcanic summit area, Norikura, Central Japan:
Multivariate statistical approach. Chemosphere. Vol. 45.
Iss. 6-7 p. 807-816.

BELKHIRI L., BOUDOUKHA L., BAouz T. 2010. Application
of multivariate statistical methods and inverse geo-
chemical modeling for characterization of groundwater
— A case study: Ain Azel plain (Algeria). Geoderma.
Vol. 159. Iss. 3—4 p. 390-398.

BRINIS N., BOUDOUKHA A., Diaiz F. 2014. Etude de la
salinité des eaux souterraines dans les zones arides. Cas
de I’aquifere d’El-Outaya Région Nord ouest de Biskra
— Algerie [Study of the salinity of groundwater in arid
zones. Case of the El-Outaya aquifer North West Biskra
region — Algeria]. International Journal of Environment
and Water. Vol. 3. Iss. 1 p. 44-51.

BRINIS N., BOUDOUKHA L., HAMEL A. 2015. Analyse sta-
tistique et géochimique de la Dynamique des paramétres
physico-chimiques des Eaux souterraines du synclinal
de Ghassira Algérie orientale [Statistical and geochemi-
cal analysis of the dynamics of the physico-chemical
parameters of the groundwaters of the Ghassira syncline
Algeria]. Larhyss Journal. No. 22 p. 123-137.

CHOUABBI A. 1987. Geological study of the Hommam. PhD
Thesis. Toulouse. University Paul Sabatier pp. 123.

GULER C., THYNE G.D. 2004. Hydrologic and geologic fac-
tors controlling surface and Groundwater chemistry in
Indian wells-Owens Valley area, southeastern Cali-
fornia, USA. Journal of Hydrology. Vol. 285. Iss. 4
p. 177-198.

ICOSIUM 2001. Forage and engineering services et pro-
spection électrique dans la région M’Daourouch-Drea
[Drilling engineering services and electrical prospecting
in the M’Daourouch-Drea area]. Souk-Ahras, Algeria.
Geophysic and Hydraulic Engineering Office pp. 86.

Maour A., KHERICI N., DERRADJI F. 2010. Hydrochemistry
of an Albian sandstone aquifer in a semi-arid region,
Ain Oussera, Algeria. Environmental Earth Science.
Vol. 60. Iss. 4 p. 689-701.

NOUAR T., BRAHMIA A. 2016. Hydrochemistry and assess-
ment on groundwater quality of the aquifer of Heliopo-
lis in North of Guelma — Algeria. International Journal

© PAN in Warsaw, 2018; © ITP in Falenty, 2018; Journal of Water and Land Development. No. 38 (VII-IX)



26

A. BRAHMIA, N. BRINIS, T. NOUAR

of Scientific & Engineering Research. Vol. 7 p. 318—
324,

RODIER J. 1984. L’analyse de 1’eau: Eaux naturelles, eaux
résiduaires, eaux de mer [Analysis of water, natural
water, waste water, sea water|. Paris. Bordas. ISBN
978-2-04-015615-2 pp. 1383.

SIMLER R. 2014. Hydrochemistry Software multilanguage
free distribution. Hydrogeology Laboratory of Avignon,
Version 6.

THIvVYA C., CHIDAMBARAM S., THILAGAVATHI R., PRASANNA
M.-V., SINGARAJA C., NEPOLIAN M., SUNDARARAJAN M.

groundwater by factor analysis in hard rock aquifers of
Madurai District. South India. Arabian Journal of Geo-
sciences. Vol. 7. Iss. 9 p. 3767-3777.

VILA J.-M. 1980. La chaine alpine d'Algérie orientale et des
confins Algéro-Tunisiens [The Alpine chain in eastern
Algeria and the Algerian-Tunisian border]. PhD Thesis.
Paris. Université Pierre et Marie Curie pp. 450.

YIDANA S.M., OPHORI D., BANOENG-YAKUBOB B. 2008.
A multivariate statistical analysis of surface water
chemistry data — the Ankobra Basin, Ghana. Journal of
Environmental Management. Vol. 86. Iss. 1 p. 80-87.

2013. Identification of the geochemical processes in

Ali BRAHMIA, Nafaa BRINIS, Tahar NOUAR

Statystyczna i hydrogeochemiczna charakterystyka wéd podziemnych M'Daourouch-Drea,
polnocny-wschéod Algierii

STRESZCZENIE

W pracy przedstawiono wyniki badan, ktorych podstawa byly 23 probki wod podziemnych pochodzacych ze
zrodet, studni kopanych i wierconych stuzacych czerpaniu wody z ptytkiego i gtgbokiego poziomu wodono$nego
na obszarze M'Daourouch-Dréa w potnocnowschodniej Algierii. W probkach analizowano stezenie Ca®’, Mg?",
Na‘, K', CI', SO,*, HCO5 i NOs . Interpretacja danych geologiczno-geofizycznych ujawnita istnienie dwoch
pozioméw wodonos$nych. Pierwszy zbudowany jest z konglomeratéw, piaskowcow, zwirdow, piaskow, margli,
wapieni i osadow aluwialnych o migzszosci od kilkudziesieciu do kilkuset metrow, ktore reprezentujg czwarto-
rzgdowe wypelnienie basenu. Drugi, wazniejszy, zlokalizowany jest w spekanych krasowych wapieniach gornej
kredy. Wapienie te maja miejscami wychodnie na obrzezach synkliny i przy granicach basenu. Pierwszy poziom
wodonosny zalega w niektorych miejscach nad drugim, co umozliwia tgcznos¢ hydrauliczng miedzy obydwoma
poziomami. Badania hydrogeochemiczne i statystyczne w potaczeniu z rozmaitymi narz¢dziami wskazuja, ze
sktad chemiczny wod gruntowych na terenie rowniny M'Daourouch-Dréa zalezy od rozpuszczania mineralow
z formacji ewaporatowych oraz z utworéw weglanowych.

Stowa kluczowe: charakterystyka hydrochemiczna, charakterystyka statystyczna, réwnina M'Daourouch-Dréa,
woda podziemna
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