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Hydrochemical Investigation of Khuzestan
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Abstract

Sulfur springs are distinguished from other groundwater
sources by their specific therapeutic, thermal and
hydrochemical properties. Golgir, Meydavood, Naft Sefid,
pole Zal, Grasab JaOrdo, Mashrageh, Grab Behbahan, and
Baba Ahmad Springs are low-temperature sulfur springs in
Zagros area of Khuzestan. These springs have temperatures
between 22 and 35 °C and appear along with the Zagros thrust.
By analyzing the hydrochemical data of sulfur springs on two
periods (December 2017 and May 2018) and applying the
hydrochemical methods, principal component analysis (PCA)
and hierarchical clustering (AHC), it has been tried to identify
the factors affecting the chemical quality of the springs. The
first factor includes the electrical conductivity, Na, Cl, K, Ca,
Mg, As and Cd variables, this factor is due to the interaction of
aquifer and water materials, as well as high correlation
between the main ions, arsenic, and cadmium indicates that
these elements have a similar origin.The second factor includes
the SO4, NO3, and S variables. According to the results of
TOC analysis, this factor can be attributed to the influence of
oil brines. Piper diagrams and hierarchical Q-mode clustering
were used to classify the springs studied. The Piper diagram
separated these springs into three groups and the hierarchical
Q-mode clustering method, taking into account further
parameters of sulfur springs in four groups.

Keywords: Sulfur Spring, Principal Component Analysis,
Hierarchical Clustering, Gachsaran Formation, Oil Brines.
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Fig. 1- Geological map of Golgari Spring area
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Table 1- HydroChemical variables of Sulfur spring
AT ] EC-C R PAW SRV EJVE SR I PRES

D EC Ca Mg Na K HCO; SO, Cl S NO; As Cd
ps/cm mg/l mg/| mg/l mg/l mg/| mg/| mg/l ng/l mg/l.  _mg/l. mg/l
Meshrage 1 180000 4.4 350145 3100.6 74767.4 27279 996 2174 1809820 28500 4253 0.2  0.09
Pol Zal 1 1620 57  197.9 24.2 116.5 35 2636 3023 1762 5400 142  0.06 0.04
Pol zal 2 1630 7.2 1935 237 119.8 3.8 2490 2930 1815 1140 111 023  0.03
Baba ’fhmad 966 7.3 1084 12.2 88.1 5.8 284.1 9.4 157.8 7650 128 011 0.2
Golgir 1 4500 58 2484 320 603.2 8.7 2402 3943 10630 16500  79.7 012 0.4
Golgir 2 3900 5.6  200.1 29.7 517.1 95 2665 3175 9129 18300 961 008 0.5
Naftsefidl 2700 75  659.3 66.8 2934 117 1962 1780.0  461.9 170 13 013 004
Jaordo 1 1560 8 2091 26.6 91.3 46 4965 1720 2123 897 67 008 002
Midavood1 ~ 3800 7.3 6653 377 300.0 150 2040 17770 4963 240 23 018 0.04
Babashmad  gos 75 1075 243 79.5 53 2695 93 1424 8000 1555 0.0 0.06
Ja ordo 2 1290 8 1895 474 93.3 27 3310 1559 2155 1046 177 009 0.2
Pol Zal 3 1302 7.3 1794 431 119.1 2.1 1757 2740 1789 6300 377 017 005
Garab 2 7300 65 3972 865 14012 231 4862 3875 22505 650000 1161 025  0.04
Meshrage2 190000 4.5 35517.0 5720.7 790533 29248  87.9 215 1914545 31000 1245 037 0.1
Naftsefid2 4650 6.9 7799 1985 5217 202 2138 21061 8206 100 27 005 005
Golgir 3 3260 69 2689 599 504.1 9.1 2431 4267 8897 19000 142 013  0.04
Midavood 2 5300 7 820 48.6 630.0 230 2319 22090 930 130 40 007 005
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Table 2- Correlation matrix of hydrochemical variables of Sulfur springs
axlas 390 (63,595 (Sdouia (o1lrounig b (SL puiio (Kiumod o yilo —Y Jou>

Variables EC Na K Mg Ca Cl HCO3 SO4 S NO3 As Cd
EC 1

Na 0.994 1

K 0976 0.974 1

Mg 0927 0923 0.923 1

Ca 0.943 0925 0.947 0.961 1

Cl 0993 0997 0976 0.931 0.930 1

HCO3 -0.636 -0.635 -0.649 -0.736 -0.775 -0.630 1

S04 0.234 0.189 0.112 0.189 0.267 0.154 -0.165 1

S 0326 0.381 0.290 0.167 0.056 0379 0.168 -0.422 1

NOs 0.454 0505 0437 0369 0264 0516 -0.140 -0.509 0.830 1

As 0525 0.555 0507 0487 0475 0539 -0485 -0.033 0445 0425 1

Cd 0.702 0.729 0.702 0.732 0.716 0.706 -0.784 0.188 0.162 0.427 0.490 1
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Table 3- Kaiser Mayer and Bartlett Spearman’s data adequacy test
Cli )b CugyS g mlo H 318 2315 Culis g0l -Y Jous

Kaiser-Meyer-Olkin Measure of Sampling Adequacy.

Bartlett's Test of Sphericity
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(Chitsazan et al., 2017)
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Approx. Chi-Square 85.965
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Fig. 10- Diagram of Factors Affecting Water
Quality of study Sulfur Springs
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Fig. 11- Content of S isotope of Khuzestan sulfur
springs (Clark and Fritz, 1997)

G355 Shaosia S iyl (geime — V) JSW
(Clark and Fritz, 1997) oybiw ;95

g ygsh 5l o IS Nlg e sladlhegs sl jlages
s )90 SWrdediar 1S 2 )3 1) 00355 )3 (oleerd sl usite
5 508 o b (S sloeite g5 ol 3 VY JS3) i ol
56 by Job .l oad a3l plis S5y ol bl b badests
& ol ooy e gl Jols w3 e ol ) Juls o 01, o
O w3 e JLE 8l co | i @lils g Sligw bl
> e (s859) S 25 oo Lt Jgl Jale | a5 Sy
YU oMel b slacd 55 @l S 0yl Jole opl 5l 5lie (sl i
2o el plo b alitio K59y W sy oo glol s> 4y 395 (L3
55U e gl Jole 303 o o5 5 iy e S 5556
9 S sloaligd 3909 5l (BU pgd Jolo ilgl Jolo 5l e
5 3,555 @y ey Clilgw Lal clapusls g Spe collad
Lice adhaie Lugi Il jl Slilgw a3 ol jhe Slilgu
el b cou e ol Gl Jhae oS opSLe
b Wil S 2] ool Slilges 0088 s (slagunslSlg Soro
Sl g (HoS ©y0) 355 (sloali] s Slilgus by
ol pg3 Jole 131 cov an )5 Slidgw s doeiiyy Wigd o
Oy ki Cubly Jlgzs 3,565 5 il Ol wlie (609 S

Table 4- Factor loads and component values
Wadlgo 0329 p23le g Jole (o)L -F Jgao

F1 F2
EC 0.947 0.002
Na 0.963 0.000
K 0.927 0.001
Mg 0.898 0.022
Ca 0.890 0.069
Cl 0.957 0.001
HCO3 0.553 0.122
SO4 0.021 0.581
S 0.112 0.756
NO3 0.264 0.628
As 0.389 0.067
Cd 0.655 0.010
Eigenvalue 7.576 2.258
Variability (%) 63.134 18.814
Cumulative% 63.134 81.948
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Table 5- Total organic carbon in sulfur springs
G259 swande ;5 S I )5 -0 Jgso

Spring TOC (mg/l)
Garab 65
Midavood 14

Pol zal 7
Baba Ahmad 10
Golgir 34
Naft sefid 16

Ja ordo 12
Meshrage 140
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Fig. 12- Two-factor diagram of factors affecting the quality of sulfur springs
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Table 6- Mean hydrochemical variables in AHC groups
AHC (glog,5 )3 (orlwowdg i (5L juiio (Sl —F Jga

EC Ca Mg Na K HCO3 SOq4 Cl S NO3 As Cd

pm/em  mg/l  mg/l. mg/l mg/l mg/I mg/l  mg/l pg/l mg/I mg/I mg/I

Group 1 185000 76910 2826 4411 35716 186218 94 216 29750 275 0.30 0.10
Group 2 2080 233 5 32 190 413 282 235 8423 45 0.11 0.04
Group 3 7225 1208 29 62 300 1948 474 292 646500 108 0.19 0.04
Group 4 4112 436 17 88 731 677 211 1968 160 3 0.11 0.05
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