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Extended Abstract

Introduction

Hydrogeochemical characteristics provide a lot of information about the origin of water, the influence of host
rocks, and dominant hydrochemical processes. In areas related to geothermal resources, chemical interactions
between hot water (hydrothermal fluids) and surrounding rocks change the composition of water and enrich
elements such as V, Co, Ni, Cu, Zn, As, Se, Al, Ag, Cd, Sh, Cs, Ba, W, Au, TI, and Pb are included in their
composition. The presence of hydrothermal sources and different rock units (and especially metamorphism) in the
southeastern region of Salmas has caused water sources, especially spring water, to have different chemical
compositions. Considering that in the studied area, a major part of water consumption for agriculture and
sometimes for drinking is provided through underground water sources, especially from springs in the area. Field
surveys, as well as previous studies in the region, indicate the contamination of water and soil resources in the
region and negative and dangerous consequences on aquatic ecology, the quality of agricultural products, and
health. residents of the region. This study aims to investigate the effect of different rock units and the role of
hydrothermal fluids on increasing the concentrations of elements in groundwater resources of the southeast region
of Salmas. For this purpose, selected groundwater sources were sampled and the effects of lithology and
hydrothermal fluids have been investigated based on the results of chemical analysis of the samples.

Materials and Methods

The study area is located in West Azerbaijan Province, about 20 km southeast of Salmas City and 55 km north of
Urmia City, it is considered a part of the catchment area of Urmia Lake. This study, to investigate the
characteristics of springs in the region, as well as investigate the condition of surface water and the effect of rock
units on their quality, from the number of five samples of springs (including the springs of Sharif Abad village,
Isti-So hot spring, Zindasht, Kani Sefid, Shourgol), one sample from a well (Bardian village well) and two samples
from surface water located in springs drainage channels (including a complete breakdown sample from the west
channel of Abgarm village and a sample from the channel north of Abgarm village only for boron element),
sampling was done in August 2017. The EC, T, and pH parameters were measured by a WTW portable device in
the field. For chemical analysis of samples and determination of anions and cations by titration methods (to
determine Ca, HCO3, CI), film photometer (for Na, K elements), spectrophotometry (for SO4) and also calculation
based on Other ions (for Mg, TDS) were carried out in the laboratory of the Municipal Water and Wastewater
Company of West Azerbaijan Province. Also, the ICP-MS method has been used to determine the concentration
of other elements and heavy elements, and this analysis was done in the laboratory of Zarazma Company.

Results and Discussion

The dominant source of water in samples Q1, Q3, Q4, Q5, Q6, and Q7 were influenced by carbonate rock units.
Hydrochemical studies show that groundwater resources of the study area are mainly Ca-HCO3 and Na-HCO3 in
type. The concentration of As and B in some samples reaches 6320 pg It and 644 mg I, respectively. The result
of the study shows that metamorphic rocks of the region due to the release of boron element from their tourmaline
and mica minerals have influenced the concentration of boron in the involved water resources. Moreover, in places
such as the Istisu hot spring due to the presence of hot magmatic bodies in depths, there is high potential for some
elements to enter the water resources. The high concentration of some indicator elements such as As, W, B, and
Cl, which have led to extensive contamination in the hot springs and surface waters of the region, can be related
to their separation from the magmatic and hydrothermal systems. The results of chemical analysis of collected
water samples show that the concentrations and changes of As, Cs, K, Li, Na, Nb, Rb, S, Se, Si, Sr, Ta, Th, and
W elements in the water composition of the cold water samples were not high and as a result, we can consider the
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role and very little potential for the entry of these elements through the rock units of the region, which are mainly
metamorphic.

Conclusion

The results showed that the predominant type of underground water in the study area is calcium bicarbonate and
in the spa spring, it is sodium bicarbonate, and the concentration of some elements such as As, and B is very high
compared to normal water and more than the maximum. The recommended permissible amount is in the drinking
water standard. Hydrogeochemical investigations show that high HCO3 and Ca are due to the interaction between
water-rock and ion exchange, and due to the release of boron from the structure of tourmaline and mica minerals
in the composition of schist metamorphic rocks. Amphibolite and especially gneiss, its concentration has increased
in the waters of the region. In the spa springs of the region with Na-HCO3 type with high sodium concentration,
due to the absence of evaporite rocks, the origin of Na ions cannot be caused only by the influence of the rock
units of the region. The high values of elements As, B, Cs, K, Li, Na, Nb, Rb, S, Se, Si, Sr, Ta, Th, and W and the
results of investigating the correlation between these elements in the underground water resources of the region
and also the concentrations Above mentioned elements in Isti-So hot spring shows that the rock units of the region
alone do not have enough potential and ability to create anomalies in the amounts of these elements in underground
water sources.
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Table 1- The results of the chemical analysis of anions and cations in the surface and groundwater sources of the studied area, as
well as the maximum permissible errors of drinking water (WHO, 2011)
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Table 2- The results of the concentration of elements measured in the surface and underground water sources of the study area (in
terms of mg I'* and pg 1) as well as the permissible errors of drinking water (WHO, 2011)
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Figure 4- The location of the samples of the study area
on the Piper diagram
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Figure 3- Comparison chart of changes in concentration

(logarithmic) of anions, cations, and heavy elements in water
resources of the studied area
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Figure 5- Stiff diagram related to different samples of the studied area
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Figure 6- Location of water samples in the study area on the Gibbs diagram
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Figure 7- Graph of the saturation index of the water samples of the studied area concerning carbonate and sulfate minerals

JOSRELIY (8 (Samsed A3 o s RZ> /Y oS
o 45 5 3 s St RE 210 5 bt S
dalllas 3)50 (sladiges Cuxdge L(Oinam et al., 2012) wqui
@ bgsye Ol Lges a5 amd o jLis A JSKb o puiiagd Hldges y
P oypole 5 bog oled 9 Vb e gusiu] dodn
b )5 (g | sl o0 Iaiged s & Cmd O ol S 5
4 Si-Li 35 9 K-Na W-As jole cas A IG5 4 do98

Lite s 5 (Stwod (wyp yobaiods addlae oyl

5 gsls 5 ool J (B el o itegd (slayloges I olie
Stod oy S ooy (A JS5) ol o o3zl yolis
(e e 4 (Ko o b Sy uto S35) Y (R?)
Pl fo 4 P polie g Cwl jite Cix 9> G 05>
Cuwl P/ jlaline o S g0 jusite 90 (o bLo)l pac
> 3o (Asghari Moghaddam and Barzegar, 2015)



Y4

e )5 OVl i g (S sty w5l

.(Modabberi and Jahromi Yekta, 2013) cul oyl L 53
R2= +/AY L S-S yolic cuis 45 canl S5 LB (mizpn
(RP= </¥YY L) 55 S-B yole cn 5 bugie (Siusen

i3 o LS |y (henid (St

1000000
.
RZ=0.9531"
10000
x *d
100
1
1 100 10000 1000000
Na
10000 . o
1000 R=0248
2 100 '
10 .
L
1 e-ee
1 10 100 1000 10000
As
10000
R? = 0.8609 .
1000 h
- :
S 100
=
10
1
1 100 10000 1000000
Na
100000 N
10000 9,.....coveeemeeees o @ R0
1000
[Ty}
100
10
1
1 100 10000 1000000

B

S (Kt R?=4/2 5 RZ=4/20Y R?=+/20 L sy
Jud 51,500 luS p cas s o i 00K Ly (g58
R?= /A L 54 35 Cl-Na 4 As-Na HCOs-Na
oS it HI3y65 0 (698 (Siumon jI R?2= +/AY 9 R2= < /AY
S g Ol WiSon 5l (alpd byl (Simsan g plio yl

10000
1000 R2 = 0.8173_...
o 100 ° .
10 e
L ]
1
1 100 10000 1000000
Na
100000 R
»
10000 R? = 0_5793._,.
_ 1000
[75]
100
10 ®
1
1 10 100 1000 10000
Se
10000 .
1000 Rz = 0.82':!,3""
100 )
10 o
1 o e
1 10 100 1000 10000
Na
100000
10000 R?=0.9016
1000 ]
- R
100 é
10 ®
1
1 10 100 1000 10000 100000

Si

(52 2 059,50 o ) wlobw §pigian B3guone Of qulie )3 illiSee polic (Shwmod 9 b yaiio 93 (511905 —A JS
Figure 8- Two-variable graphs and correlation of different elements in water resources of the south-east Selmas area (in ug I'%)

il syl bl Ki ol g 0391 (palS g o gusie]

S Jie Glyear (Y JSE) B 1) e paie pilie
)"1 ui" NaF€2+3A|6(503)3Sieolg(OH)4 Jy.»)s L L)"JL")}’

o 1y dilaio 3y ool 3B yaie VL cbale Li

pe &S g ysbd Cul (S sy Jole b bl o olg
G iz ) GFS> g adlale (oS Bles



VO£ b YT Olonio ) £+ ¥ Jlo o€ 5yl € 0,95 [SE 5 O Cy ppte 9 (5o te & yuiis [ 3], g 2313151 Yoo

bSle sbrodg b 5 0395 3bj Jlaisl 0 a5V 9V sla Jgi
@ dtaly (olo)S el 35 5 3,15 )15 (e Blos! 3 oS
sl 3 1y ol i85 &S s Lolgs dlas I daodgs )
ool g 13,8 (g3l dnia cpl )3 0ud Bl ol (g bl
5 wowy X Assadpour et al. (2017) <ldles
@S 38 g 039 (SIS Oada o390 (nl (96550
ol ol omsis )3 45315 392y (o alate Jlaz Jobo 53 Lies
bude & (e Cwl OVl (508 gly o slael,
Cans i omtd oleSle slaaslelw Vengosh et al. (2002)
2t £35S g plie Ll 5 0392 55 e il Gl &
(sl Pyl delir 53 9 YL polia g S @Sl b
pldl ddllas Db Cond obSle Slolw 39 Jle> 4 1y g
slasis ¢4, Pashai Karagoz et al. (2017) lwgs ol
ol 03> G5 35 (ag)) ppogiz o gdly) sblcdn p S
pie 5 S g s Siy] i (g polie (VL (lgime &S
(i slosly S5 b o polis CLlé s LU
ol sloesg @ polie ul (Siuly (bl 5 calaio
ool & andly (olo)S sladslxs 5 odgs ol (35 Wlgioe

S s gy ol ol clale il s 1,
g swn (TDS) Jobro sale slge g5l p S0 ootz
2o g poshyl (St ) coms polie gl cusl (S
Smedley and Kinniburgh, ) xil 30 (5 oleS olie

2002; Zhang et al., 2008; Yoshizuka et al., 2010;
2 edd (gySojlul 4o clale (Bundschuh et al., 2013

i Al S5 Jeob & 2K oy, Jlod daly]
WO L el ol gus sl )50l daiz Ol g 2 ST (sl
I (g o Ve IS 3905 (3 b g 03 3 S e
Lol ) ol 55 oo e39)] |y Cad gl 5 lsnpon (3l
awily by byl wbispy 4 Xl o ks Glbl e 4
sly SBlas Cundg S alml gl (Vb Sl 4L il

S o Sl |y loxe Sl 2o

S5 4o —£
3y90 ddlate ey (slac] e i oS O ol ol gl
I g 039 S Bl Sy iy A 3 g Syl B calng
9 Vb s Jgoro (slact & s B AS L ) polie I 5
ol Oy Ol 3 )0ilil (> 04 duogi jlxe Jade ySls ) i
Ca 9 HCOS u)y\jl) &S D o uLuJ uslw»;)”m dL"’Lr*’))f
s 5 09 S g g Sl g (iSemy o4y

23990 o g o)y o S8 Lo I e pate (gilula,

9 Cign GBS 5 998 o0 Cguine s Jolbo (Lol sla SIS
dilaie (ol g (bl oS )3 )85 & CuggSe
Ol glie & yp paie 3909 3 Sl ol (Vb il
p3lie 539 Vb (ol Y551 (6 plgisas g oo ) (e
bug ods pbul ddlae b cuus aibhie o] e
» &) dibis wlS sSKiw g9, Ahangari (2017)
2olde &S Cuwl 03ld L (W5l0,05 o (glod yiuS w3 dilais
2 b ol bVl s S ol 5 odleys S
Pl dad & bgpyo s Clle 0 5t aslllas 3,90 dilaie
L 39l auslio 0392 yid p p)S ke FYY e b gt
210 L yly & WHO (2011) oy ol jlre clale il
555> Sl joi 2j Sl & ol 1) 1 05 L
oerath g o) gleel bl laodg el g
S lols alon 1 daods (! &) dtly oS cacled
Iy owll (38 dosis (pl 30 jo paie (gylmial dbxl jo &
Asadpour Lwgs 48 )5 &jgo (sla o)y guls LS o L]
p3ul dadis 3 B jaie cbile pe¥L s et al. (2016)
o 5 Comd > Shas g Ol Som 5l (SB35 oo st
oy CoggSume Wil o Jol> oLl oL (slajle
5 S 5eks) (565,55 oS 13 39290 i jom 5 Culgn
sst dob pleSle sl b cboail) 358 5 (Conils
005 plosl Sllls casl lox leSle lacyled b L e
Sl 03y L ;0 Pashai Karagoz et al. (2017) lewgs
ol 4 by olo)S VYl b O bS5l
5 Sl slajlioyed Glbl s3gae 1) AN @W]
Ol plie 4 B juaic 3459 50 SluS ol Jawily (cudaly
ol 93 g pais (YL (Lol ele g 039 YU (s
ol b basye duS Jsb )3 e laglxe joi> b
2 s Sliads] cls

ul.u.u o wl.)).: u] L;LMAJ?AJ L;;L:.A...w 3.3)70 C.:Lu
u] wg); Bol W 9 Th Ja ‘SI‘ ‘Sl ‘Se ‘S 6Rb ‘Nb
oxd 3 (Vg ) sladsir) 08 sk o o slaises
robis ol 2959 iy 32 Hla Jouill 5 A8 Ol
3 A $95,55 ldes &S atlaio (Siw sladsly )b )
2 &ly) gl £ dady oS> Bl j) coS
rolis plo il VL Clale g pate pogde (5] (sl
o 5 lutiwl a5 YL LS polie o Las g 1) ond S5
a3 e b (WHO, 2011) b cuilige slojle opd



yo)

e )5 OVl i g (S sty w5l

.d)Lo] ‘51@4;.}26 «llio e

&
2y ey saels sy (WD) doguans g Sinl
o folpl o Jledm (mdgd )b lacul S Cighee
(FIVO ! (uoled 5 (eolidysly gl S 2y

http://ijcm.ir/article-1-989-fa.html Sav-v\.

(WAY) Gl 9865 5 bl g (ng olis e gl
Slodadz )3 ) paie & (5ol lid e Lie (g, 2
FFEN (Ve VO o pole sog) Jlod cgus gl 5 ]
doi:10.22071/gsj.2016.40688

cald y Sge Jelgs gy IVAY) w0 5 ol pidis (g il
s psle oy ud Slalszel (e Ol 3 Syl (VL
d0i:10.22071/g5].2015.43280 \4-—\VY (AF)VE

(IYRY) s @3Bl g codipe (i) g G518 Slaly
095 <l e 3 (B) sz pais clalé pr (559lstd 5L gy
4abpbl (bl 35l b5 8 B g Sl
cnngy) 51y (oMol 3131 olKutils 1) oolih S

ool Vheeee ol ey 4B (WWAY) ,STle wanbis
095 (ne LS g wliiyee; olojls

Sl Sl 36 bl (VF4) Sl el 9 Lo) n
ol 5 pymd el does (hiojs Sloc] CuaS e
DE ) SE g O Cype g (gilo fto oo
doi: 10.22098/mmws.2022.11367.1123

S i O (698 p3lSe g Lite (s (VF4Y) Do ¢ o 6
Oldllas 1 eslitwl b olpl 5yd g Sidday dilaio
(V) ST g ol Cyprte g (il o oy yien § K505
doi: 10.22098/mmws.2022.11298.1119 NV \-AY

Oloile el pl (wlidipme; p (glaalod (VWD) .y oo ¢ 550

02V S Sdme bLEST 5wl e

WS e bl 5 ol ol S (c00)S qul (2 e (s
2B L e ol kS Sl g Sloj oy (VF1Y)
Copdo 5 sjloJto 930 ) 03 1> ixkio B)luao
doi: 10.22098/mmws. 11311 ()f B 5 o
2023.12220.1211

(S pogadas 5 Clguisl Cannd G555 (SlaSin Sy
Pyl sladadis )3 sl &l Lol adhaie clac] p o clale
deg pae Jdday Vb i cdale b Na-HCO3 i L adlais
Wb j b b wlg e Na e Lite (gpos (slacSin
K Cs B AS yolic yolio gl 15k ailate St (glaisly
sy @5 s W 5 Th Ta Sr Si Se S Rb Nb Na i
g dilaie uaip; Ol e p yolie ol o (Siuwen
Ol gucgtnal o1 daiie 3 y80e pole (Y glackile
bl g ity o oo & dlate | Siuw (glasoly o5 am 0
0350 i A @lia 3 yolie oyl palie 13 (g loxiali slox >
P Slmodgs ypin oy guo sl p)Sol detiy ore > it
4 yole (B 095 sy (@YU sl Jouily cslos] > LS
polie ) Sy clale eVl & g)gbdy 29 00 013 lie
Lol o) Ltalis 4 lgi e Cl 9B W AS s Lasls
Sl sl 4 o yol gl & A3k bisye oS g leSlo

ool 025 dibaio o § )5 (glac] ) 03428

Sl Sl
o el el OB 5 O 8 ps culos b Gimgy ol
S5 ol pyome s pobel (il 8 sl 0nd plos
S 8 pyme po s Ml 385 B Clasj il jogade;

OB Ny g5 28l LS
33 (omdlio 3L g8 & 1)l e pYlel alis 1yl 5B My

5515 D929 g s ol gols Uil g (8,5 joguad

o3> 4y ow ywd
ol 00 &l dlde 4o )3 gls g OleMbl don

O@M’ “93 C&S)L&o
8g) B IS5 culss S s oo 103131 & i
b pbul y (lid B9 356518 (Lol g tellis


http://ijcm.ir/article-1-989-fa.html
https://doi:10.22071/gsj.2016.40688
https://dorl.net/dor/20.1001.1.22517480.1399.9.3.8.0
https://dorl.net/dor/20.1001.1.22517480.1399.9.3.8.0

VO£ b YT Olonio ) £+ ¥ Jlo o€ 5yl € 0,95 [SE 5 O Cy ppte 9 (5o te & yuiis [ 3], g 2313151 Yoy

References

Ahangari, M. (2017). Origin of tourmaline and
garnet in west Qushchi mylonite granite (NW
Iran); constrains on petrogenesis of parental
rock. Iranian Journal of Crystallography and
Mineralogy, 25(4), 697-710.
http://ijcm.ir/article-1-989-fa.html. [In Persian]

Alacali, M. (2018). Hydrogeochemical investigation
ofgeothermal springs in Erzurum, East Anatolia
(Turkey). Environmental Earth Sciences, 77,
802. doi:10.1007/s12665-018-7986-1

Asadpour, M., Abbas Novinpour, E., & Nikrouz, R.
(2016). The geological study of the origin of
boron contamination in the Issiso springs,
North of Urmia. Scientific Quarterly Journal of
Geosciences, 100, 61-66.
d0i:10.22071/gsj.2016.40688. [In Persian]

Asghari Moghaddam, A., & Barzegar, R. (2015).
Considering factors affecting high arsenic
concentration in groundwater resources of
Tabriz Plain aquifers. Scientific Quarterly
Journal of Geosciences, 24(94), 177-190
doi:10.22071/gsj.2015.43280. [In Persian]

Assadpour, M., Heuss, S., & Jafari Bari, M. (2017).
Boron contamination in the west of Lake
Urmia, NW Iran, caused by hydrothermal
activities. Procedia Earth and Planetary
Science, 17, 554-557.
doi:10.22071/gsj.2016.40688

Bundschuh, J., Maity, J.P., Nath, B., Baba, A,
Gunduz, O., Kulp, T.R., Jean, J., Kar, S., Yang,
H.J., Tseng, Y., Bhattacharya, P., & Chen, C.Y.,
(2013). Naturally occurring arsenic in
terrestrial geothermal systems of western
Anatolia,  Turkey: potential role in
contamination of  freshwater  resources.
Hazardous  Materials, 262, 951-959.
doi:10.22098/mmws.2022.11367.1123

Dehrami, R., Amiri, F. (2023). Impact assessment of
land-use changes on groundwater quality in
Dahram watershed of Fars province. Water and
Soil Management and Modelling, 3(1), pp. 165-
80. doi:10.22098/mmws.2022.11367.1123. [In
Persian]

Deutsch, W.J., & Siegel, R. (1997). Groundwater
geochemistry: Fundamentals and applications
to contamination. CRC Press.
doi:10.1201/9781003069942

Durrast, H., & Ngansom, W. (2022). Integrated
geophysical and geochemical investigations on

the high-salinity geothermal waters of the
khlong thom hot spring tourist attraction in
Krabi, southern Thailand. Geosciences Journal ,
26, 621-635. doi:10.1007/s12303-022-0007-0

Dutta, A., & Gupta, R.K. (2022). Geochemistry and
utilization of water from thermal springs of
tawang and west kameng districts, arunachal
pradesh. Journal of the Geological Society of
India, 98, 237-244. doi:10.1007/s12594-022-
1964-7

Ebrahimi, D., No, J., & Dashti, A. (2019). Inspecting
geothermal prospects in an integrated approach
within the West Azarbaijan Province of Iran,
Geothermics, 77, 224-235.
doi:10.1016/j.geothermics.2018.09.007

Ellis, A.J., & Mahon, W.A.J. (1977). Chemistry and
Geothermal Systems.Chemical Geology, 25(3),
219-226. d0i:10.1016/0009-2541(79) 90143 -8.

Faryabi, M. (2023). Delineating the source and
mechanism of groundwater salinization in a semi-
arid region of southeastern Iran using geophysical
and hydrochemical approaches. Water and Soil
Management and Modelling, 3(2), 93-111.
doi:10.22098/mmws.2022.11298.1119 [In
Persian]

Fournier, R.O. (1979). A revised equation for the
na/k geothermometer, geothermal resources
council. Water Resource and Protection, 3,
221-224.1000361

Fournier, R.O., & Truesdell, A.H. (1973). An empirical
Na-K-Ca geothermometer for natural waters.
Geochimica et Cosmochimica Acta, 37, 1255—
1275.d0i:10.1016/0016-7037(73)90060-4

Furkan Sener, M. (2019). A new approach
to Kirgehir (Turkey) geothermal waters using
REY, major elements and isotope
geochemistry. Environmental Earth Sciences,
78, 75. doi:10.1007/s12665-019-8068-8

German, C.R., & Von Damm, K.L. (2003).
Hydrothermal  processes.  Treatise  on
Geochemistry, 6, 181-221. doi:10.1016/B0-
08-043751-6/06109-0.

Giggenbach, W.F., Gonfiantini, R., Jangi, BL., &
Truesdell, AH. (1983). Isotopic and chemical
composition of Parbati valley geothermal
discharges, NW-Himalaya, India. Geothermics,
12, 199-222.

Hailu, H., & Haftu, S. (2023). Hydrogeochemical
studies of groundwater in semi-arid areas of
northern Ethiopia using geospatial methods


http://ijcm.ir/article-1-989-fa.html
https://link.springer.com/article/10.1007%2Fs12665-018-7986-1
https://doi.org/10.22071/gsj.2016.40688
http://dx.doi.org/10.1016/j.geothermics.2018.09.007
https://doi.org/10.1016/0016-7037(73)%2090060-4
https://link.springer.com/article/10.1007%2Fs12665-019-8068-8

yor

e )5 OVl i g (S sty w5l

and multivariate statistical analysis techniques.
Applied  Water  Science, 13, 86.
d0i:10.1007/s13201-023-01890-w

Khodabandeh, A. (2003). Geological map 1:100000
of Selmas, Organization of Geology and
Mineral Exploration of the country. [In Persian]

Mahon, W.A.J. (1970). Chemistry in the exploration
and exploitation of hydrothermal systems.
Geothermics, 2(2), 1310-1322.
doi:10.1016/0375-6505(70)90449-9

Modabberi, S., & Jahromi Yekta, S. (2013).
Environmental geochemistry and sources of
potentially toxic elements in thermal springs in
the Sabalan volcanic field, NW Iran.
Environmental Earth Scince, 71, 2821-2835.
doi:10.1007/s12665-013-2660-0

Nabavi, M.H. (1978). An introduction to the geology
of Iran, Geologic Survey of Iran, Tehran, 109p.
[In Persian]

Oinam, J.D., Ramanathan, AL., & Gurmeet, S.
(2012). Geochemical and statistical evaluation
of groundwater in Imphaland Thoubal district
of Manipur, India. Journal of Asian Earth
Sciences, 48, 136-149.
doi:10.1016/j.jseaes.2011.11.017

Pashai Karagoz, T., Derakhshi, M., & Aghazadeh, N.
(2017). Investigating the effect of lithology on
the concentration of boron element (B) in the
water resources of Khoy-Mahabad zone and
the western part of Alborz-Azerbaijan zone.
Master's Thesis, Islamic Azad University,
Urmia, Iran. [In Persian]

Pirajno, F. (2009). Hydrothermal processes and
mineral systems. Springer Science & Business
Media.

Rezaei, A., Javadi, H., Rezaeian, M., Barani, S.
(2018). Heating mechanism of the Abgarm-
Avaj geothermal system observed
with hydrochemistry, geothermometry,
and stable isotopes of thermal spring waters,
Iran. Environmental Earth Sciences, 77, 635.
d0i:10.1007/s12665-018-7828-1

Rezaei, A., Rezaeian, M., & Porkhial, S. (2019). The
hydrogeochemistry and geothermometry of the
thermal waters in the Mouil Graben, Sabalan
volcano, NW Iran. Geothermics, 78, 9-27.
doi:10.1016/j.geothermics.2018.11.006

Smedley, P., & Kinniburgh, D. (2002). A review of
the source, behaviour and distribution of
arsenic  in  natural  waters.  Applied

Geochemistry, 17, 517-568.
doi:10.1016/S0883-2927(02) 00018-5

Subbarao, N. (2011). Geochemistry of groundwater
in parts of guntur district, andhra pradesh, India.
Environmental  Geology, 41, 552-562.
d0i:10.1007/s002540100431

Tang, J., Zhou, X., Zhang, Y., Tian, J., He, M., Li, J.,
Dong, J., Yucong, Y., Liu, F., Ouyang, S., &
Liu, K. (2023). Hydrogeochemistry of fault-
related hot springs in the Qaidam Basin, China.
Applied Sciences, 13(3), 1415. doi:10.3390/
app13031415

Tonani, F. (1970). Geochemical methods of exploration
for geothermal energy. Geothermics, 2(1), 492—
515. doi:10.1016/0375-6505(70)90049-0

Utagi, U.N., & Purandara, B.K. (2023). Tempo-
spatial quality assessment of spring water using
WQI and GIS modeling in Western Ghats
region of India. Innovative Infrastructure
Solutions, 8(11), 1-16. DOI:10.1007/s41062-
023-01275-7

Vengosh, A., Helvaci, C., & Karamanderesi, |.H.
(2002). Geochemical constraints for the origin
of thermal waters from western Turkey.
Applied Geochemistry, 17,163-183.

Wang, Y., Gu, H., Li, D., Lyu, M., Lu, L. Zuo, Y. &
Song, R. (2021). Hydrochemical
characteristics and genesis analysis of
geothermal fluid in the Zhaxikang geothermal
field in County, southern Tibet. Environmental
Earth Sciences. 80(11). doi:10.1007/s12665-
021-09577-8

White, D.E. (1970). Geochemistry applied to the
discovery, evaluation, and exploration of
geothermal energy resources. Geothermics,
2(1), 58-80. 1004712.

WHO (2011) Guidelines for drinking-water quality,
World Health Organization, 4™ edition.

Yazdi, M., Farajpour, G., Hasanvand, M., & Navi, P.
(2018). Hydrogeochemistry of Isti Su hot
spring, Western Azerbaijan, Iran. Carbonates
and Evaporites, 33, 861-867. doi:10.1007/
$13146-018-0458-6

Yazdi, M., Taheri, M., & Navi, P. (2015).
Environmental geochemistry and sources of
natural Arsenic in the Kharagan hot springs,
Qazvin, Iran. Environmental Earth Science, 73,
5395-5404. doi:10.1007/s12665-014-3794-4

Yoshizuka, K., Nishihama, S., & Sato, H., (2010).
Analytical survey of arsenic in geothermal


https://ui.adsabs.harvard.edu/link_gateway/1970Geoth...2.1310M/doi:10.1016/0375-6505(70)90449-9
http://dx.doi.org/10.1007/s12665-013-2660-0
https://www.researchgate.net/journal/1367-9120_Journal_of_Asian_Earth_Sciences
https://www.researchgate.net/journal/1367-9120_Journal_of_Asian_Earth_Sciences
http://dx.doi.org/10.1016/j.jseaes.2011.11.017
https://link.springer.com/article/10.1007%2Fs12665-018-7828-1
https://doi.org/10.1016/j.geothermics.2018.11.006
http://dx.doi.org/10.1016/S0883-2927(02)00018-5
http://dx.doi.org/10.1007/s002540100431
https://doi.org/10.3390/app13031415
https://doi.org/10.3390/app13031415
https://doi.org/10.1016/0375-6505(70)90049-0
http://dx.doi.org/10.1007/s41062-023-01275-7
http://dx.doi.org/10.1007/s41062-023-01275-7
https://link.springer.com/article/10.1007/s12665-021-09577-8
https://link.springer.com/article/10.1007/s12665-021-09577-8
https://www.researchgate.net/journal/0891-2556_Carbonates_and_Evaporites
https://www.researchgate.net/journal/0891-2556_Carbonates_and_Evaporites
https://link.springer.com/article/10.1007/s13146-018-0458-6
https://link.springer.com/article/10.1007/s13146-018-0458-6
http://dx.doi.org/10.1007/s12665-014-3794-4

VO£ b YT Olonio ) £+ ¥ Jlo o€ 5yl € 0,95 [SE 5 O Cy ppte 9 (5o te & yuiis [ 3], g 2313151 Yof

waters from sites in Kyushu, Japan, and a Basin. Water and Soil Management and

method for removing arsenic using magnetite. Modelling, 4(1),119-134. doi:10.22098/

Environmental Geochemistry Health, 32, 297- mmws. 2023.12220.1211. [In Persian]

302. doi: 10.1007/s10653-010-9300-3 Zhang, G., Liu, C., Liu, H., Jin, Z., Han, G., Li, L
Yousefi Mobarhan, E., Karimi Sanghchini, E., & (2008). Geochemistry of the Rehai and Ruidian

Lotfinasabasl, S. (2024). Temporal and spatial geothermal waters, Yunnan Province, China.

investigation of groundwater quality with Geothermics, 37, 73-83.

emphasis on industrial uses in Sefid-Rud doi:10.1016/j.geothermics.2007.09.002


https://doi.org/10.1007/s10653-010-9300-3
http://dx.doi.org/10.1016/j.geothermics.2007.09.002

