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Abstract Groundwater is the most important source of
water supply in Iran and understanding the geochemical
evolution of groundwater is important for sustainable
development of the water resources in Tabas area. A total
of 29 samples of groundwater in Tabas area have been
analyzed for ions and major elements. Groundwater of the
study area is characterized by the dominance of Na—ClI
water type. Groundwater was generally acidic to high
alkaline with pH ranging from 5.42 to 10.75. The TDS as a
function of mineralization characteristics of the ground-
water ranged from 479 to 10,957 mg/l, with a mean value
of 2,759 mg/l. The Ca>", Mg®", SO4*>~ and HCO;~ were
mainly derived from the dissolution of calcite, dolomite
and gypsum. The Cu, Pb and Zn ions are not mobile in
recent pH—Eh, but these conditions controlled dissolved Se,
V and Mo in groundwater. The As is released in ground-
water as a result of the weathering of sulfide minerals like
arsenopyrite.
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Groundwater is often the only reliable source of fresh water
and it is the only renewable water resource in arid regions
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and in such area, groundwater is commonly the only water
resource (Al-ahmadi and El-Fiky 2009). Groundwater
occurs almost everywhere beneath the earth surface not in a
single widespread aquifer but in thousands of local aquifer
systems and compartments that have similar characters.
Knowledge of the occurrence, replenishment and recovery
of groundwater has special significance in arid and semi-
arid regions due to discrepancy in monsoonal rainfall,
insufficient surface waters and over drafting of ground-
water resources (Vasanthavigar et al. 2010). Water short-
ages have become an increasingly serious problem in Iran,
especially in the arid and semi-arid regions of eastern,
southern and central Iran and in these areas groundwater is
the most important source for domestic, industrial and
agricultural purpose. Variation in groundwater chemistry is
mainly a function of the interaction between the ground-
water and the mineral composition of the aquifer materials
through which it moves and is controlled by various
factors, like evaporation, dissolution—precipitation, weath-
ering of silicates, oxidation—reduction, sorption and
exchange reactions, transformation of organic matter and
mixing processes (Carrilo-Rivera et al. 2007; Sharif et al.
2008). Hydrogeological and geochemical studies are the
basis for a scientific groundwater resource management.
Despite importance of groundwater in Iran, little is known
about the natural phenomena that govern the chemical
composition of groundwater or anthropogenic factors that
presently affect them (Jalali 2006). Increased knowledge of
geochemical evolution of groundwater in these arid regions
could lead to improved understanding of hydrochemical
systems in such areas, leading to sustainable development
of water resources and effective management of ground-
water resource. In this article, we reported the results
of hydrogeochemical study at Tabas area and define
the principal hydrogeochemical processes controlling
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groundwater quality, based on the major ion and trace
element chemistry.

Study area

The study area is located around Tabas city, central of Iran
(Fig. 1). The Tabas basin is an intermountain depression
with an elevation of about 660 m above sea level (a.s.L.).
The areas weather is dry, hot and desert. The mean air
monthly temperature is highest during August (50 °C) and
lowest during January (—5 °C) (Karimi Bavandpur and
Hajihosaini 2002). Most months of the year is dry and little
rain. Normally, little rain falls in winter and early spring.
The vegetation is sparse and scattered thorn bushes. The
Tabas area is a part of Central Iranian microcontinent that
is a segment of the Iran Plate, which is part of the Cim-
merian continent collage (Takin 1972). According to
Sengor (1990) this microcontinent, which is a part of a

magmatic island arc complex, separated from Gondwana at
the beginning of the Triassic period to collide with Eurasia,
more specifically with the Turan plate, in the Late Triassic.
Sedimentation on the blocks during the Mesozoic was
partly shallow marine, partly terrestrial in nature. The
Tabas subsidence basin has emerged by drifting of moun-
tains in Eastern and Western of basin in a compression
phase from middle Tertiary to former Quaternary as a
major Graben and filled by Neocene strata’s and quaternary
alluviums (Karimi Bavandpur and Hajihosaini 2002). The
geology of study area comprises a thick sequence of sed-
iments of Mesozoic (Triassic) to Quaternary age. The
surface geology map shows that 60 % of the land is cov-
ered by Quaternary deposits (Fig. 1) and basement rocks in
the study area mainly consist of sandstone, conglomerate,
limestone and gypsum. In the northeast and eastern of the
basin, metamorphic rocks include schist (Precambrian age)
being dominant (Aghanabati 1978) and in the southern
part, there are shale rocks.
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Fig. 1 Geology map and groundwater flow direction of the study area (Modified after Aghanabati 1978)
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Materials and methods

A total of 29 groundwater samples were collected from
existing wells in the study areas in March 2009. The
locations of these samples are shown in Fig. 1. Ground-
water samples were collected following the standard pro-
cedures which included (Halim et al. 2009; Smedley et al.
2002): (1) filtered using 0.45 pm filters and acidified with
supra pure 0.7 N HNO; to pH ~2 for the analysis of heavy
and trace elements; (2) filtered but not acidified for the
analysis of major ions and (3) not filtered and not acidified
for the analysis of alkalinity. Conductivity, pH, Eh and
temperature were determined in the field using portable pH
meter. The cations and all trace elements were measured
with inductively coupled plasma and mass spectrometry
(ICP-MS). The anions (Cl, F, Br, SO; and NO3) were
analyzed using ion chromatography. Total dissolved solids
(TDS) were measured by sample evaporation techniques
and HCO5; was analyzed by potentiometric determination
(Table 1).

Results and discussion

Physicochemical data and major ionic concentrations of 29
analyzed groundwater samples are summarized in Table 1.
Groundwater was generally acidic to high alkaline with pH
ranging from 5.42 to 10.75. The TDS as a function of
mineralization characteristics of the groundwater ranged
from 479 to 10,957 mg/l, with a mean value of 2.759 mg/l.
Values of the redox potential are in the range —39.4 to
645.1 mV. Martino waters show slightly reducing condi-
tions and demonstrate the presence of a oxidizing to
reducing aquifers in the study areas. Among the cations,
the concentrations of Ca”, Mg”, Na' and K" ions ranged
from 33.33 to 369.09, 13.41 to 210.98, 72.97 to 3,514.49
and 1.98 to 104.54 mg/l with a mean of 111.15, 53.17, 805
and 8.66 mg/l, respectively. Their concentrations represent
on average 11.36, 5.44, 82.31 and 0.89 % of all the cations,
respectively. The order of abundance is Na™ > Ca®" >
Mg®" > K'. Among the anions, the concentrations of
HCO;™, CI7, SO42_, NO;™ ions lie in between 96.81
and 833.22, 70.71 and 3,818.1, 95.71 and 2,802.8, 0 and
59.96 mg/l with a mean of 217.2, 857.42, 679.78 and
14.46 mg/l, respectively. The order of their abundance is
Cl~ > SO, > HCO; > NO; ™, contributing on average,
respectively, 48.47, 38.43, 12.28 and 0.82 % of the total
anions. Carbonate is not abundant; it represents on average
0.005 % of all the anions. Under arid/semi-arid conditions,
strong evaporation would have dramatically affected the
groundwater chemistry; therefore, the groundwater from the
discharge area contained more Na™ and CI~ (Sikdar et al.
2001; Guo and Wang 2005). The groundwater samples were

plotted onto Piper’s diagrams that show the relative con-
centrations of the different ions from individual water
samples (Fig. 2). Two groundwater groups have been
identified on the basis of major ion concentrations. The Na—
ClI water type is dominated in the most part of the studied
area except for two samples (number 4 and 9) that placed in
Ca—Mg-S0,—Cl type.

To understand the spatial control of major ions con-
centration, the relationships between TDS (as a useful
indicator of anthropogenic contamination) and major ions
are illustrated in Fig. 3. The CI™ ion tends to have a stable
concentration because it undergoes few chemical and bio-
logical reactions in a natural environment, and has, there-
fore, been widely used as a conservative reference element
to study water—rock interactions. Chloride mainly origi-
nates from the dissolution of halite in evaporate deposits
and the precipitation of dry fallout from the atmosphere
(He et al. 2012). The C1~ and Na™ concentrations increased
with increasing TDS in all of the groundwater samples
(Fig. 3). In arid regions, the build-up of dissolved species
through evaporation is a major control on groundwater
salinity (Richer and Kreitler 1993; Drever 1997; He et al.
2012), especially for the concentration of CI~ and Na™,
which is highly soluble in groundwater. In most ground-
water systems, CI —Na™ and TDS can be used to represent
the intensity of evaporation. This suggests that the disso-
lution of halite is a considerable control on the Na* and
Cl™ concentrations. The TDS and SO42_ concentrations
were strongly and significantly correlated, suggesting that
weathering of gypsum (CaSQO4-2H,0) occurred in area.
Potassium shows weak correlation with TDS and Cl—,
indicating that weathering of sylvite (KCI) partly con-
trols the K* chemistry, other possible sources of K* in
groundwater such as K-feldspars and K-bearing minerals
are rare in the studied area (Figs. 1, 3). Study of the bed-
rock geology of the basin (Fig. 1) suggested that carbonate
dissolution was happening mainly in the study area, which
increased concentrations of Ca** and HCO;™ as:

CaCO; + CO, + H,0 < Ca*™ 4 2HCO; ™~ (1)
The dissolution of both gypsum and dolomite will pro-
mote calcite supersaturation:

CaMg(CO3), + CaS04.2H,0 + CO,
& CaCOs + (Ca” + Mg>") + 2HCO; + SO;~ + H,0

(2)

The study area is a coal sedimentary basin in which
different coal layers of Triassic—Jurassic age seen (Fig. 1).
These layers are in different parts locally or industrial
mining. In addition to coal-mining activities happened in
this area and in many veins of coal, pyrite has been
reported (Zadehkabir 1985). Sulfide minerals, such as
pyrite, would have been oxidized when exposed to air due
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Fig. 2 Piper diagram for the
groundwater samples in the
studied area

Fig. 3 Relationships between
ion concentrations for Na™, K,
Cl~, SO, Mg>*t, Cat,
HCO;™ and pH with TDS
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to coal mining in study area, which produced SO,* and H™
[Eq. (3)] (Guo and Wang 2005).

FeS +9/40, + 5/2H,0 < Fe(OH); + SO}~ +2H*
(3)

The reaction products could be introduced into the
groundwater and increase the concentration of SO4°~ and
decrease pH of the groundwater in this zone. Low pH
caused the following reaction to proceed to the right (Guo
and Wang 2005).

H' +CO} < HCO; (4)

This process decreased the concentration of CO5>~ and
caused an under-saturated state with respect to calcite and
dolomite in the groundwater and promoted dissolution of
calcite and dolomite in the aquifer(Guo and Wang 2005),
which in turn increased the concentrations of Ca** and
Mg*"(Fig. 4).

Concentrations of Si are in the range 5.05-13.12 mg/l
(Table 2). Many of the silicate minerals in the aquifer are
fine-grained (e.g., clays) and easily weathered. Reaction of
silicate minerals is also a key process responsible for the
generation of high-pH groundwater. Reaction of sodic
feldspar, for example, consumes protons and results in a
pH rise. Reaction of albite (NaAlSizOg) to form kaolinite
(AL,Si,05(0OH),4) can be described as (Smedley et al.
2002):

2NaAlSi;Og + 2H" + 9H,0
< Al Si,0s5 (OH)4 + 2Na* + 4H4Si0y4 (5)

The reaction also accounts for the origin of high Na
concentrations in the groundwater (Smedley et al. 2002)
(Fig. 5).

Trace metals

Concentration of metals in groundwater is presented in
Table 2. Arsenic concentrations in the samples ranged
from 1.3 to 31.3 pg/l and six samples were above the WHO
drinking water (WHO 2004) guideline for As (of 10 pg/l).

In many example, arsenic that form oxyanions is released
from Fe and Mn oxides by desorption (Acharyya et al.
2000; Smedley et al. 2002; Mukherjee et al. 2008). The
concentrations of Fe and Mn in the studied groundwater
samples show a distinct relationship with the concentration
of As (Table 2; Fig. 6). The lack of correlation between
dissolved As and both Fe and Mn in the groundwater may
result from the precipitation of secondary Fe and Mn-
mineral phases like siderite (FeCOs3), vivianite [Fes
(PO4),8H,0], pyrite (FeS,) and rhodochrosite (MnCOs;)
(McArthur et al. 2001; Aziz Hasan et al. 2009). A good
positive correlation between As and SO4>~ suggests that
As is released in groundwater as a result of the weathering
from sulfide minerals like arsenopyrite (FeAsS) (Harvey
et al. 2005). A distinct correlation between As and HCO3;™
in the groundwater samples (Fig. 6) further suggests
mobilization of As in the water in anoxic environment
(Halim et al. 2009). A good positive correlation between
As and pH how that arsenic is more soluble in an alkaline
environment (Fig. 6).

Copper, Zn and Pb concentrations are below the WHO
guideline value and not correlated with pH and Eh. Copper
concentrations are in the range 0.4-6.9 pg/l, whereas Pb
concentrations are usually below the detection limit
(0.1 pg/l) and concentrations of Zn show variation between
<0.5 and 49.1 pg/l. Elements such as Ag, Cd, Bi and Hg
are mostly below detection limits in the waters. Selenium
concentrations were found to be between 1.1 and 21.3 pg/l
with two samples (sample 28 and 13) measured exceeding
the WHO guideline value of 10 pg/l. Selenium, V and Mo
transformation and transitioning in natural aquatic systems
are influenced by site specific hydrogeochemical and bio-
logical processes including the source and removal path-
ways, biological productivity in the water and sediment
compartments and alkalinity and oxidization potential
(Somay et al. 2008). Selenium occurs in oxidizing solu-
tions as selenite (SeO3 2) or selenate (SeOy 2) ionic species
in the groundwater (Hem 1985). Vanadium occurs mainly
as trace constituent in pyroxenes, amphiboles; micas and
apatite even if can originate from some own minerals. It
has three main oxidation states: +3, +4 and +5. Vanadium

. 24 2+
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is a highly mobile element, whose solubility is strongly
controlled by its oxidation state. It displays the highest
solubility in oxic environments, where vanadate ions (e.g.,
H,VO,") typically dominate the water chemistry (Dinelli
et al. 2012). Dissolved Se, V and Mo speciation are a
function of salinity, pH and Eh in Tabas area (Fig. 7).
Similar associations have been found in saturated soils
from the San Joaquin Valley, California (Fujii et al. 1988).
Barium concentrations are relatively low, with an observed
range 10.48-78.73 pg/l. Concentrations are limited by
barite solubility. Bromide concentrations are also high in
some groundwater (Table 2), varying between 21 and
4,010 pg/l. Concentrations are highest in the more saline
samples and Br correlates well with Cl. The increases are
therefore likely to be caused by evaporation (Fig. 8).

Summary and conclusions

In the present study, an attempt was made to understand the
geochemical evolution of groundwater in the Tabas basin

@ Springer

using hydrogeochemical data. Based on the analysis of
geochemical data conceptual hydrochemical models were
constructed. The work shows that the hydrogeochemistry
of the groundwater in study area is mainly controlled by
water—rock interaction. Groundwater is mostly Na—Cl type
with C1~ as the dominant anion, Na* as the dominant
cation and only two sample of other type of water
observed. The high salinity values are a problem in arid
regions and are generated by evaporation and this may also
be partially responsible for accumulation of some trace
elements. The dissolution of halite is a considerable control
on the Na®™ and CI™ concentrations and weathering of
gypsum (CaSO,4-2H,0) occurred in area as SO427 con-
centrations. The Ca>*, Mg”, SO427 and HCO;™ were
mainly derived from the dissolution of calcite, dolomite
and gypsum. Carbonate rocks are present at all of the area,
but they may contribute to acid buffering produced by the
oxidation of sulphide minerals, especially pyrite. The
weathering of silicate minerals also appears able to reduce
the acidity. The lack of correlation between dissolved As
and both Fe and Mn in the groundwater and good positive
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correlation between As with pH, SO4*>~ and HCO5~ sug-
gests that As is released in groundwater as result of the
weathering of from sulfide minerals and arsenic is more
soluble in an alkaline and anoxic environment. The recent
pH-Eh conditions controlled dissolved Se, V and Mo in
groundwater and Cu, Pb and Zn ions are not mobile.
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