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Determination of Sulfate Sources in Karst
Springs in Southwest Iran Using Sulfur Isotope
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Abstract

Karstic springs, which are one of the main sources of drinking water
supply in Khuzestan Province, are highly vulnerable and susceptible
to contamination and their hydrochemistry is influenced by natural and
anthropogenic factors. The aim of this research is to investigate the
hydrogeochemistry of major ions and determine the origin of sulfates
in sulfuric springs, non-sulfuric springs (springs contaminated with
oil), and oil field water samples in southwestern Iran using stable
sulfur isotopes. For this purpose, six samples of sulfuric groundwater,
seven samples of non-sulfuric groundwater, and six samples of oil field
waters were collected and analyzed for major ions and stable isotopes
5%Ss04 and 8*0s04. Hydrochemical composition diagrams were used
to infer the rock/water interaction and identify hydrogeochemical
processes. Isotopic diagrams of 8*Sso, and 5'®0sos, as well as
combined diagrams of sulfates and major ions, were used to identify
the origin of sulfates. Groundwater samples exhibit three specific
anionic facies: sulfate - calcium resulting from gypsum dissolution,
bicarbonate - calcium from calcite dissolution, and chloride-sodium
from contamination by oil field waters. Based on hydrogeochemical
and isotopic composition diagrams, three interacting processes of
water and rock (gypsum dissolution, carbonate dissolution, and halite
dissolution) were identified in the karstic aquifers under study. Among
these processes, gypsum dissolution appears to be the primary
contributor to the composition of solute in karstic aquifers. The
isotopic values of §%Sso4 in groundwater range from 18.06 to 33.06,
and the values of §'80so4 range from 11.07 to 16.07, indicating that
sulfate is derived from the interaction of water and evaporitic rocks
(gypsum dissolution in the Gachsaran Formation or gypsum present in
carbonate reservoirs). Considering the oxygen-18 and sulfur-34
isotopic values of sulfates, it was determined that the sulfate in the
sulfuric springs of S2 and S6 samples (Garu sulfate spring and
Dehloran bitumen spring) and in the oil field water from well W1 is
influenced by the decomposition of petroleum substances. The
geochemical dataset obtained from this study, along with previously
published data, provides a comprehensive understanding of the origin

of groundwater sulfates in this region.
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Fig. 1- The location of sulfuric samples (Group A), non-sulfuric samples (Group B) and oil field water
samples (Group C) studied in Khuzestan province and the studied springs from previous studies including
large karst springs (Group D, Farhadi, 1400), sulfuric springs (Group E, Aboudi et al., 2019), salt springs

(Group F, Rezaei et al., 2021)
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Table 1- Sampling points located in the SW Provinces of Iran
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Fig. 2- Sulfate precipitation steps for measuring 5%?S-SO4 and §'®0-SO; isotopes, adding cadmium acetate to
precipitate H.S in sulfuric samples (a), adding ten percent BaCl: for sulfate precipitation (b), sulfate
precipitation (c), separating the precipitated sulfate from the solution (d), sulfate precipitation on the 0.45
micrometer filter (), separating barium sulfate from the filter (f)
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Table 2- Physicochemical parameters measured on site and laboratory
2ol g x4 o (6505051 (o2 Loouni oS 5 (5l ol Y g

2+ 2+ + + - 2- -
Group C(BE EC 4 TDS(mgL?) T(°C) pH ca M9 Narke HEO: SO c
() (uS cm?) (meq L)
Min 0.16 1413 918 22 7.1 4.74 2.05 0.04 0.61 171 2.16
Group Max 2.48 5704 3632 29.5 7.8 13.97 6.32 33.22 5.95 15.24 31.05
A Mean 11 3102.5 2058.83 24.5 7.36 9.83 4.08 8.62 2.83 9.16 10.38
SD 0.94 1699.6 1046.02 2.5 0.28 3.66 1.55 11.37 1.93 5.28 9.44
Min 0.89 400 260 19 7 3.07 0.52 0.08 0.8 0.013 0.09
Group Max 4.82 3560 2300 24 8 8.38 5.1 8.92 8.55 791 10.01
B Mean 2.13 1483.4 958.42 22.5 7.51 5.22 3.22 1.97 3.25 2.62 4.56
SD 1.18 1303.1 845.83 1.89 0.36 2.09 1.41 2.89 2.71 2.92 3.86
Min -0.05 157520 102000 - 6.1 79.84 79.98 2538.2 3.82 6.25  2653.51
Group Max 131 380000 266000 - 6.8 1497.08 42558  5288.6 79.98  30.44 5907.82
C Mean 0.22 270013 183144 - 6.36 519.7 1915 3503.5 2515 20.84 4151.63
SD 0.49 80290.4 58351.8 - 0.23 470.625  110.7 883.13 25.40 7.80 1123.8

Table 3- Physicochemical parameters of previous studies; Group D (Farhadi et al., 2021), Group E (Rezaei et
al, 2021), and Group F (Aboudi et al., 2021)
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(Aboudi et al., 2021)

G T CBE TDS H Ca? Mg? Na*+K*  HCOs;~  SO.* Cl-
rou e
P p % (mg L?) P (meq L-1)
Min -2.30 248 6.39 243 0.72 0.09 2.87 0.11 0.08
Group CaHCO, Max 274 3542 7.88 10.20 3.60 33.46 662 1082 3540
D Mean -0.05 646.4 7.25 4.39 1.66 3.89 4.42 1.76 3.84
SD 1.15 731.86 0.31 1.68 0.75 8.04 1.02 241 8.23
Min -4.83 42269 71.86 31.60 575.65 1.20 29.17 599.10
Grou Max 418 402911 172464 54507 45953 1883 1588 563157
P Nacl
E Mean -1.02 179640.9 215.58 136.10 2559.7 2.61 92.94 2869.99
SD 2.52 107834.7 418.84 118.74 1244.1 0.78 30.34 1456.50
Min -0.64 563.5 7 22.40 4.75 23.26 0.02 0.08 24.44
Grou Max -0.03 133000 8 66.75 22.30 143.69 51.19 69.52 99.89
P caso,
F Mean -0.22 17071.06 7.66 46.91 11.54 49.50 18.8 29.43 51.73
SD 0.16 41088.67 0.47 13.73 5.46 39.37 16.67 23.64 24.04
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Fig. 3- Piper diagram of karst groundwater samples and oil field water samples. The present study includes
group A (sulfuric samples), group B (non-sulfuric samples), group C (oil field water), group D (Farhadi,
1401), group E (Aboudi et al., 2019) and group F (Rezaei et al., 2021).
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Table 4- Summary of geochemical data (average values) of samples of group A, group B, and group C
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Water samples Na/Cl SO./CI Ca/Cl HCOs/CI
S1 0.17 0.25 3.39 0.09
S2 1.07 0.49 0.85 0.19
Group A S3 1.06 1.84 0.98 0.47
S4 1.11 1.33 1.65 1.9
S5 0.83 1.51 0.71 0.08
S6 0.01 1.34 1.48 0.32
Average of Group A 0.7 1.13 151 0.51
P1 0.03 0.16 5.9 0.28
P2 1.68 0.02 237.69 13.35
P3 0.89 0.79 0.68 0.07
Group B P4 0.04 0.18 5.32 0.09
P5 0.51 1.8 0.85 0.28
P6 0.89 1.55 23.21 40.22
pP7 1.18 0.86 2.95 4.69
Average of Group B 0.74 0.77 39.52 8.43
o1 0.5882 0.0014 0.0482 0.0235
02 0.5223 0.0120 0.0978 0.0106
03 0.6195 0.0082 0.0339 0.0089
Group € 04 0.6285 0.0139 0.0171 0.0131
05 0.5968 0.008 0.0343 0.0031
06 0.4266 0.0042 0.1596 0.0012
Average of Group C 0.86 0.0058 35.37 0.0058
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1- Principal Component Analysis

2- Hierarchical Clustering Analysis
3- Electrical Conductivity

4- High-Density Polyethylene

5- Flame Atomic Absorption Spectrophotometer
6- National Iranian Oil Company

7- Chromatography lon

8- Echarge Balance Error Percntage
9- Isotope Ratio Mass Spectrometry
10- Hydrochemical Facies Diagram
11- Total Dissolved Solids
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