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1. Introduction

ABSTRACT

This study characterized the hydrogeochemical properties of water resources and evaluated their
application to exploration geochemistry in the Sarcheshmeh copper, Gol-e-Gohar iron-ore, and
Pabdana coal mining areas of Kerman Province, Iran. In May 2024, 28 water samples—nine from
Gol-e-Gohar, nine from Sarcheshmeh, and ten from Pabdana—were collected from 18 springs,
seven wells, one open-pit water body, one source associated with an underground mine, and one
mine-drainage outlet. Physicochemical parameters and major ions were measured, and the data
were interpreted using Piper and Gibbs diagrams, ionic relationships, chloro-alkaline indices, and
hierarchical cluster analysis. Electrical conductivity ranged from 9,140 to 102,700, 277 to 2,960, and
635 t0 9,740 uS/cm in Gol-e-Gohar, Sarcheshmeh, and Pabdana, respectively. Gol-e-Gohar samples
displayed a Na—Cl facies and indicated the possible influence of a saline component associated with
the Kheirabad salt pan. Ca—HCO: was dominant at Sarcheshmeh, whereas the SW5 mine-drainage
sample was distinguished by a Ca—SOu4 facies. Pabdana showed more diverse facies, and PW4 had the
highest salinity, consistent with evaporation and water—rock interaction. Cluster analysis identified
four, four, and five groups in the three areas, respectively. Water chemistry reflected water source,

lithology, hydrogeological setting, water—rock interaction, mine drainage, and evaporation.

The chemical composition of water resources in mining areas
reflects the combined effects of natural and human-related factors.
Lithology and mineralogy, geological structures, flow paths,
residence time, mixing, evaporation, and water—rock interaction
can all modify the concentrations of dissolved constituents.
Mining and mine drainage may further alter flow conditions and

increase contact between water, exposed rocks, waste materials,

and mineralized zones. However, the type and magnitude of these
effects vary among sites and cannot be attributed directly to mining
without adequate hydrogeological and geochemical evidence.
Hydrochemical facies, ionic relationships, and salinity therefore
provide an essential baseline for interpreting water chemistry in
both environmental studies and mineral exploration.

Graphical and multivariate methods are commonly used to separate
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these controls. Piper diagrams classify hydrochemical facies,
Gibbs diagrams provide a broad indication of precipitation, water—
rock interaction, and evaporation—crystallization tendencies, and
bivariate ionic plots help evaluate possible dissolution, mixing, and
ion-exchange patterns. Hierarchical cluster analysis (HCA) groups
samples with similar chemical compositions and reveals within-
area heterogeneity, but statistical similarity alone does not prove a
common origin or hydraulic connection. Accordingly, such results
must be interpreted together with geology, hydrogeology, source
type, and sampling location.

Previous investigations have generally focused on individual
mines or aquifers. In the present study, the Gol-e-Gohar iron-ore,
Sarcheshmeh porphyry-copper, and Pabdana coal mining areas
were treated as three independent case studies with contrasting
geological and hydrogeological settings; no hydraulic connection
among them was assumed. The purpose of the comparison was
neither to rank water quality nor to attribute differences solely to
deposit type. Instead, a common analytical framework was applied
to distinguish locally controlled hydrochemical features from
patterns that can be compared among the three areas. The study
aimed to define the range of hydrochemical variation and facies in
each area, identify chemically similar and anomalous samples, and
assess how this information can support exploration geochemistry
while reducing the risk of interpreting salinity, evaporation, mixing,
or water-rock interaction as direct evidence of mineralization or

mining impacts.

2. Research methodology

The three study areas are located in Kerman Province, southeastern
Iran. Gol-e-Gohar lies southwest of Sirjan, Sarcheshmeh southwest
of Rafsanjan, and Pabdana north of Zarand. Sampling was
conducted during one campaign in May 2024. The 28 samples
comprised nine samples from Gol-e-Gohar (GW), nine from
Sarcheshmeh (SW), and ten from Pabdana (PW), collected from
18 springs, seven wells, one body of water accumulated in an open
pit, one source associated with an underground mine, and one mine-
drainage outlet. The sampling network was selected to represent the
main water-source types and the geological and mining conditions
of each area.

Water temperature, pH, and electrical conductivity (EC)
were measured in the field using a portable HACH HQ40D
multiparameter meter. Samples were filtered through 0.45-pm
membrane filters and stored in clean polyethylene bottles. Aliquots
for cation analysis were acidified with nitric acid to pH < 2,
whereas samples for anion analysis were kept unacidified. Sodium,
potassium, calcium, and magnesium were determined according to
ISO 14911:1998, and chloride and sulfate according to ISO 10304-

1:2007, using ion chromatography. Bicarbonate was measured by

acid-base titration. Analytical consistency was evaluated using
charge-balance error; absolute values ranged from 0.17% to 4.68%
and were below 5% for all samples.

Before interpretation, major-ion concentrations were converted
from mg/L to meq/L where required. Piper diagrams were used to
classify hydrochemical facies, and Gibbs diagrams to evaluate broad
tendencies associated with precipitation, water-rock interaction,
and evaporation—crystallization. The Na-Cl relationship and
the chloro-alkaline indices CAI-I and CAI-II were examined to
assess relative ionic excesses and the probable direction of cation
exchange. Major-ion concentrations were also plotted against total
dissolved solids (TDS) after base-10 logarithmic transformation,
and linear regressions were used as complementary statistical
evidence rather than as stand-alone proof of ion sources. HCA was
performed separately for each area using Na, K, Ca, Mg, HCOs, Cl,
and SO4. Data were normalized by the Min—-Max method, Euclidean
distance was used as the dissimilarity measure, and Ward’s linkage
was applied. Cluster numbers were selected from dendrogram

structure and major linkage-distance changes.

3. Results and discussions

The three areas displayed markedly different physicochemical
ranges. Gol-e-Gohar had the highest salinity, with EC values
of 9,140-102,700 uS/cm, TDS of 6,133-51,600 mg/L, and
pH of 6.50-8.55. The four pit-wall springs (GW1-GW4) were
substantially more saline than the surrounding wells. Sarcheshmeh
had lower mineralization, with EC of 277-2,960 uS/cm, TDS of
152.3-1,480 mg/L, and pH of 6.10-7.90. SWS5, collected from
mine drainage, had the highest EC and TDS and the lowest pH in
that area. Pabdana showed EC of 635-9,740 uS/cm, TDS of 318—
5,649.2 mg/L, and pH of 7.29-8.10. PW4, water accumulated in the
Khomrud open pit, was clearly separated from the other Pabdana
samples by its high salinity.

Piper classification further emphasized these contrasts. All Gol-
e-Gohar samples had a Na—Cl facies, with negligible bicarbonate
and generally minor sulfate contributions. Most Sarcheshmeh
samples had a Ca—HCO:s facies; SW5 was distinguished by a Ca—
SOs facies, and SW8 showed a mixed ionic composition. Pabdana
was more heterogeneous and was dominated by Ca-Mg-HCOs and
Na-HCO:s facies. PW1 had a Na—Cl facies, PW3 tended toward
Na—Cl composition, and PW4 was transitional between chloride-
and sulfate-rich water with a mixed cation composition. These
facies differences indicate that water chemistry cannot be explained
solely by the type of mineral deposit.

At Gol-e-Gohar, samples tended toward the evaporation—
crystallization field on the Gibbs diagrams, although this
position may also reflect mixing with saline water or brine. TDS

was most strongly associated with Cl and Na (R? = 0.957 and
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0.942, respectively), consistent with increasing salinity being
accompanied mainly by these ions. All samples plotted below the
1:1 Na—Cl line and had positive CAI values, indicating an excess
of chloride relative to Na + K and a possible cation-exchange
effect in the alluvial deposits. HCA separated the samples into
four groups: GW7-GW9 with the lowest relative salinity; GW5—
GWB6, distinguished by higher Ca and SO4; GW?2 as an intermediate
single-sample group; and GW1, GW3, and GW4 as the most saline
pit-wall waters. Taken together, these patterns are consistent with
possible influence from a saline component associated with the
Kheirabad salt pan, evaporation-related concentration, and water—
rock interaction, although the contribution of each process cannot
be quantified from the available data.

Most Sarcheshmeh samples plotted in the water—rock interaction
field. SW5 contained 1,220 mg/L SO+ and had a Ca—SOa facies,
reflecting the influence of mine drainage and being compatible with
sulfide oxidation, dissolution of sulfate phases, and subsequent
neutralization reactions. Its pH of 6.10, however, indicates
circumneutral rather than strongly acidic drainage. SW8 and SW10
had higher EC, TDS, Na, and Cl than the least mineralized springs
and are located near phyllic and argillic alteration zones; this
spatial association suggests stronger interaction with altered rocks
but does not by itself prove clay-mineral dissolution. CAI values
were negative for seven samples and positive for SW4 and SW10,
indicating that the probable direction of cation exchange was not
uniform. HCA produced four groups: SW5 alone; the low-salinity
SW6-SW?7 group; an intermediate group comprising SW1, SW3,
SW4, and SW9; and SW8-SW 10, which had relatively higher Na,
Cl, and TDS.

In Pabdana, most samples also occupied the water—rock
interaction field, whereas PW1, PW3, and especially PW4 shifted
toward higher TDS and the evaporation—crystallization side of
the Gibbs diagrams. PW4 contained high Na, Cl, and SOs, and
its location in an open pit is compatible with concentration by
evaporation and prolonged contact with pit walls and sediments.
PWI1 and PW4 had positive CAI values, while the other eight
samples had negative values, suggesting spatially variable cation-
exchange behavior and possible contributions from reactions with
clay-bearing and coal-bearing units. HCA defined five groups: PW4
alone; PWS, PW6, and PW 10, characterized mainly by bicarbonate
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waters; PW2 as a separate low-TDS sample with relatively higher
K; PW7-PW9 with generally low TDS; and PW1-PW3 with
comparatively higher Na, Cl, and TDS and a tendency toward Na—
Cl composition. The clustering identifies chemical similarity and
anomalous samples but does not establish water origin or hydraulic

connectivity.

4. Conclusion
The results demonstrate that the three mining areas have distinct
hydrochemical baselines. Gol-e-Gohar is characterized by high
salinity and a consistent Na—Cl facies, with the pit-wall waters
being more saline than nearby wells. The combined evidence is
compatible with influence from saline water related to the Kheirabad
salt pan, evaporation, and water—rock interaction, but the relative
contribution of these processes remains unresolved. Sarcheshmeh
is dominated by lower-salinity Ca—HCOs waters, whereas SW5
represents a distinct Ca—SOs mine-drainage sample. Pabdana is
dominated by bicarbonate facies but contains the highly saline
PW4 sample, whose composition is compatible with evaporation
and interaction with materials exposed in the Khomrud open pit.
HCA classified the Gol-e-Gohar, Sarcheshmeh, and Pabdana
samples into four, four, and five groups, respectively, and
highlighted distinct samples such as GW2, SW5, PW2, and PW4.
This classification is useful for describing within-area heterogeneity,
selecting representative samples, and identifying locations that
require closer monitoring. Nevertheless, clusters should not be
interpreted as direct evidence of a common water origin, hydraulic
connection, or a quantified mixing contribution.
Overall, water chemistry in the studied mining areas is controlled
not only by deposit type or mining activity but also by water
source, lithology, hydrogeological position, flow path, water—rock
interaction, cation exchange, mine drainage, and evaporation.
Establishing the hydrochemical background of each area
before interpreting aqueous anomalies can therefore reduce
misinterpretation in exploration geochemistry. Because sampling
was conducted only once, seasonal monitoring is needed to test
the stability of the observed facies and clusters. Environmental
isotopes, saturation indices, and groundwater-level and flow-
direction data are also recommended to constrain salinity sources

and process contributions.



www.gsjournal.ir : s 62éuo Sigay

D9 5y allio

9 355 AT (Ao g w0 (IR0 S0 g (S ) 33 ) ST (comighjg sid dwslio
by bt 38 Bl i JE;

s 0L 95 0L Lo juwed ¢! ks Sy gt S

Q‘J.;l ;Q‘J.g.; ‘L;"":“"é" S SKisls RreS) r_}l.b oA s gb.jj Jv\.’ﬂ wu‘ﬂ»} a);f‘

oS>

o okt

05294 (S Odne Sl IMab ool Ll ST 5 oack Jilge Olajon il s otan (b0 28 53 OT e bt OS5
ST ot o S35 ¢ ne 3lg0 5 laalbl S b T wlad 2l 315 O s oS b 815 0 cOdne (25005 5 ] el
0 S ol 5 (S5 5500n (b s Lol b 5 o OLSG D5l 40d )3 il St 5 5l cplly iy i |
)nglw:‘};jQL’JLEA)ALAQTDj)K&LLJ.)‘}ET)TCLQ&M):S})MGLA‘;}‘}C}‘;&JMl{ﬂ}};dl.})‘}L;Z\—-I
S 6,28 51 OT 4505 YA slidad VY gl 3 o plowl Uil SKndle ) 5 68 J o TS chotir o or Gibro o 25
60T 5105518 ke 5 Jows 53 Los 5 PH ¢ (SO Sl uln s Cosls  Bll oK JIe 5 5 168 IS aT cadir o o ke
Sl Jlo 5 STy IS (sla oo ¢ G Ll e S 5 sl (slaslsmi b aesls 128 8 515 ot 35 90 oo T 3 Lol
YV B AV 5 s Ul 5 antir e 68 S (slao 28 OT wbie s (SO0 Syl atals 48 8 515 i 5 (o2 3550
S ezt s 31 s S o)ty SOl 6 S (Lot g sl it za Sl y peies 55,Sn AVE S B SO 5 YA B YWY
oyl ) LSWS Suae SToj 5 ol o Sl S eedS ol cadar o 53 LS e LT o (S aiST L L e )5 4l s
S O ol 5 e L oS 3,505 5 (555 o i PWA 5 Sl (53 50 (sl sty (51,15 Bl sl oo ez Ol g oS
;.)T‘Su:.ibl:bw@u.u\iﬂf@)‘}&fci})%A)%)b%jqaﬁfuéhﬁﬂé‘&fJ.:WJLJJ.:.ML.JJ\?J}LN

Wl s 5 Odme 2885 Kewm OT 1S ‘fu&;ngu;pcu adllas 5y 50 Gdme slae 2§

4l ameie U

S ZANVAL SR g
VB O/Y e Ly
VO V/e Y 1l gy

ns313ulS
@bt ol
S T A5 a
Soss

S5 b

5| pdada glad g s

3l g iy —

3 6lasml i ST mle (glocd oS 5 Jae Jelse Cls 6l

(olondig s (b slust ) puni (Sl Swly 15 gad .3 58 oo oslinul Calides (LT
Sl gad 5 ped 5 Km T (2T (ool G5B a5 1y S 13503
Sl slakiy, slals 5 odas la0s Obe Lalgy oy 0t
Piper, 1944; Gibbs, 1970;) Wy, oo L84 S Il 5 LAl (Dl
DAL (Sheadde glad g |5 (Hem, 1985; Appelo and Postma, 2005
2550 GBS (03 8 6 )3 el bk Sl 855 s law el 0315
;,'L.d@rgbsl,w,.,;;rbwuﬁo&ﬂux{@,&;ﬂ,m:\; 45 gazen 53
Giler et al., 2002; Kim et al., 2005; Ayenew et al., 2009; Belkhiri et al.,)
ol T ol odinsOlis Lo s g5 &G 3 @03 ki 5 5 13 el 1L (2011

) abede Aol p &K L S oie bl S e laie olgia 5 ol T

b Bl Oljen Sl Gas sl 8 53 OT wle gl oS5
Slastle 0T ol JSC5 G G5 5 Ko p 5 ol Sl glacdles
5 s o bMes ;Q\}ﬁ-g_.;-‘— BE uT syl Ode Ol e (ol )
s Jglone a0y Sl fge Jalge o en 5K 5 OT Db 25T
,:...Am,'ap.ul,:@j:;m.wL;Sajjcl;.;.ﬂ\njiﬂ“_;)lfow‘_gu;gw
stbasd Sl S35 ¢ Gtne slsm 5 Laalbl e b T les (1531 5 0L
o QLS O3las o )3 Sk 0l Dok 5 8 5 el pll s i 15 T
(ol gl 63,15 (Ko 028 a5 (55 5500 oalihiopes ul 4
Sl 4 ( S5 dalsh Osb OlF b 1y eddodalin gled sl
Appelo and Postma, 2005; Liu et al., 2017; Qin et al.,) 315 S (5,8 e

(2019

E-mail: h-nassery@sbu.ac.ir ¢(g ol Lo jda 1 s odies 6 *

PP LXETR

dalihuad Ble S il 53 Ll &K I3 5 8 IS AT et oo e gikon (Sl 28 (0525 ST gmnd 55558 Amglin VF20 0. ¢ Glrcde 1 650l o el oS85 (sukinr

d- doi: 10.22071/g5j.2026.572346.2245

-https://doi.org/10.22071/gsj.2026.572346.2245 NOF-\¥V (\FY (YNFF (e e ale
B&E’ dor: 20.1001.1.10237429.1405.36.3.7.9 Ll b g dlin O A 5 5 e ke anlilad 51y s (5 sime G s

This is an open access article under the by-nc/4.0/ License (https://creativecommons.org/licenses/by-nc/4.0/)
BY NC

V¥



1OFE= 1PV :(F) ' <1 F oo (o pole/l 5o g e Sy 53usm le/.... 0wuiaz jaw uo (55390 (5106 jiwnS (0 1 j ST ouiigs jo 3 sulio

el 0 7208 as Olis e L5 (sl SN

AT gl plady,dn S Sy cola agy ol el O
ST k55 Ollas 5 o g 5 DMl ol 5,8 ) 50 2E
eherdgydn glaojlus ) 5 Ol puas asls Tl cCoda pl 4 Sbiaws ol 5wl
@L':.ﬁ&lﬁ,:%{;L_;bl;‘ﬁuajgﬁe;y:@&:gaﬁfﬁ);chm
obaml gl 5s 5 bials caalsl 53 5 Lsd o ololid plate glaw sas
4 G g Gt s ) ol Uk SSE K Sl
S 1Sos5 3l (AU el sl 1Kl E oo Al 5L (6 e (o) 2
3575 b 5 ke Sl Ilob e 4L Ol o S OT (2S5 L L3l
S (6,8 Sl Sdas 3

g3 gy —Y

aadllan 3390 S0 yuS paldl g Cutdgo —1—Y

3 dndir o or S 8 AT O3lan Jald (o 3550 Sibre 0 28
Sls L3 Ol s 53 Ol ST Okl s & s Ll (Kendle
Alibabaie) Olor g b i (6 20 kS 00 390> 53 8 & Sidma o 28
b Lo s e kS B0 sl 43 deda e Sdme o a8 det al, 2020
PO s9d- 53 LIl Sime ej:.wf 9 (Doulati Ardejani et al., 2008) Ol>wd
el g Cosd 5o (Mehrabi et al., 2023) Llos Sl L5 4 Jls (6 e 5kS
Ll bl ok o3l 0Li ) S 55 Sdme (glae 28 pl 4 g s (slaol 5
DS gl ol Sy 5 p s 55 sl st Sdan o 28 d ol ol
WP s st VL ok Sl b oSt (Bl (g1l 168 S Gbae o 28 s
e 018 el 51 F Sl w53 WA sgde Ve glos S0l 5 e s
VLo 3L 63l 513 oSt aas b oSast b8l L Slen 587 (slab )3 aedr
spd Sl Gl ola o 53 Isa Gles 5 Sl e s 00 B e sgus 0T
.(Doulati Ardejani et al., 2008) "\Ss‘ gty ;\,fguu YO LY i
ol JLT bl g Sl 3 S o1 sTls 5 Ul goas 0 28
Fn ke VA sk 5 ey bl AL slos 5 25k 80k (5 gl 50
.(Aghaloo and Sharifi, 2023) ol 31 & sle 4 ,5\V/Y 4

aallla 9590 SLa0 yuS’ 53999939 30 § (wlisimo; —Y—Y
0 S a3 Gl5 phige LB Cambge 5 b S ((Sw glausly SaST,
JmT&M S AJ:.M? sl ol esls QLIS Y Jg:u 5> anlllas 3,50 Sdae
o3gdoes )3 5 Obr pwr i (GHlle gy Gy s adl o AL
(Valeh et al., 1985 (\YAL ¢ SLBT) 5,05 513 5 0 VY0 v v s wlid e 42
OT 0,8 s laeKiw 5 odd S S I bkes 0 28 opl 0T 0,503
et 33353 085 o b S gial 5 CI3Lke pa e (o (S fals
Slhaig b ity (5)ls e 028 mlaw (Alibabaic et al., 2020) Lz
(Terraces) L& sl 5 glanls Sbgu, (gl 6l 0SS Ol 5T
Sai aiS (a-Y i ¢Sabzehei etal., 1997) Sl odds odil s (5 5 3155 (gloya
6 oS 5 Slas b bl 53 5028 ol Jled gkl Sally 5 55 5LT
53083855000 51O O 5 ) il a3 § IS il
G F 0 opl 55 ConncKan 0l ST 5 3,7 01O Joli 55T a1
Jahanshahi and Zare,) 5,14 5 2 5 LT Ole (glazw g BU3 585 4 Y 5 ol 0l
Yoslad gdme I3 S e e T I oidw 5 LT 5 (S aiS 0le (2017
Ol T os8 Wbl 63503 352y glard g5 5 (Sdosdn b5
(Sl ST 2 5 sl S (S S 4 b O el 1) St

OB O 5 6 pinr) 358 a8 & b5 s b 30 bl 5 3,5 slaaly s

VF)

S b ol jon L (6)l5 505 5 sobT sla iy, b ool A8 ed DL
5 s (5313 8 305 LU Lo g0 5 O e 6 505 955008 5 ool

13 8 g Jama O oty 3 (BLSTT (a5 Dlalllas s 3l 5 oo OT ibee
S bt 5 b S K Lo O s 53 ST 1) i s 03lisal
Jize K3 bli 1y Jole OLS 5 51 2du 5 dasgr STy Gdas 31
b e el (i b ble 55 05 54 (oard #5500 ¢ 5 ap 4 ST 0
350 gilne 3ln g g JoSe Sl s 51 (S Ol () Gume 53
(Leybourne and Cameron, 2010; Kidder et al., 2022) .l 4 jf BIECSY
(atbondiosien ol s O OT olad Glagg lnial s (J- il
Sl S B T 2815 5 LYt e L5l a3 1 5 5553 Ol oo
0313 S (Gl 53 3 p ol Jowe b (ank (Glags)brial 3 58 o
O] lads god gladigydor huadl 5 odas SO 5 (o) 2 ol oy s
65 Ll S a3 ST b 55 Glaesls e sln 1y p3Y @l
ST D) (ke 0,53 65 Uit b § 55 05 15 oo

2 T mlie glasds)ds G S5y 0yl it Sldlls Ol s
Dot 487 Lisls (Les (1Y) O, e 5 (6 ol il i plosl gite sls 2.8
ot S5 w53 (Sadles gba¥ 5 OT Hae 5 kS Gl
5 o L OY) 0L 5 Bty s ik O 5 aakie OT e
LT 5 dme sl 5 s Sl cdador pw as Oudms eyl
b5 oss 55 (YA (0l 5 6Ol s S 5515 1y i) 5 ek
w5t OF 558 il 5 g8 IS Odan Soyslaen 5 auslls s ST ol
ST st e ()2 L (OVFF) OLGs 5 (i 387 o a1 01 T
Lot o la Pl 285 LT o (a5 4S5 48 Y o)l Oubas fn 25
o) @l LS Gl LT pled oS 5 6,8 JSE 5o 1, Gl ol
RPN SN ST gl glasdssds Gl S5y aas s 0lts Slalas
WLl )5 6 728 Olos (S5 I 555 0n 5 ool s Ll 5 4
sbe 28 s T e B, Sl 5 S e )3 sdbelnil Slllas

T gl (w2 b (Kusimi and Kusimi, 2012) ase S le3 8 dub 15 Gdno
eIl 5 aidate wlidope boT CuiS Lol ke 53150 Some aikaie s
S WS 5,18 (Liu et al,, 2017) 0, 8aa 5 5 osls Ol 15 Mo ] puzad
S I3 5 LGS oy s Il i (B ¢ Sndle 0 28 S s
ST ISy Gl OIS OT slacd S Oljea ke Ll
S50 5 o 4 5 e Odme K 028 (6 (Qin et al,, 2019) O, 5
Sl e 5 O T ol b OT (placd Dledd eends (512 457 il 0L
o 18 &K 53 (Zhou et al., 2020) Oan 5 55 L yd 43 8 L ,5 55 0l >
Mo Do & 0 28 3 (Bokar et al., 2020) O, 8es 5 )8 5 5 (Sewdle)
FIF 5 Opel g Lame il 5 OT whe y Gidne sl 1 lis 35
L;}f.l\&b\jgu'f.l;n@ O iy sl iy il ct}aqu)b.u\ié;
.:\:M@mdho%w@bu&.ﬁd\:&f&})@

5 e Ol OT K L Odan 65y i g3 b ¢y Slalllas 5525 L
sl s sl Sluls gl 0L Mo gla by, 5l eslizul 5 Llos s
Rl as 53 el 8 I3 a5 5yse S ikt Gdae slae S
Ol st Ul Sl 5 dadr o (5855 ot ¢S S 2T (slro 28
o Dol GBS0 5 i) i b L Jis (63550 4l 4
o) i sl o a5 S L 53 WOT Ole (Sgsdes bloy o 5 Lles
oo talin (Slal g5 0315 S b ST b CokS” (slvas) Bta Lo 28w
S oslizel cnglie pl 51 Cods Sl ol plal Gitme 03le g5 4 b
S o Ll s amls Sl S5 035 W (s o5 e Mo 2y, &K



10E= 1PV :(F) P9 1 Fod 2o pgle/l jSa g Lile Sy (53ummw Gle/.... 0wz pw guo (55390 (5100 S o 1) SdT ouivgs jg 3 suwlio

Kiomeses

N
L
S

Slaads 488 53 Ole S Ol o8 (@ 1anllan 3550 Gan (Sloo 28 o oo 23 (lool) 5 Sl s Cond o =) IS
Bl K dle) Sdne o 28 (d 5 ttatir oo s Gdrs 0 28 (€ 4,68 8 aTeKiss Sitns 0 28 (b 101 ,) (65528

VY 6l e Olejla) Ol s glaely 1) e v e bl s

Figure 1. Geographical locations and access roads of the studied mining areas: a) location

of Kerman Province on the administrative map of Iran; b) Gol-e- Gohar iron-ore mining

area; c¢) Sarcheshmeh copper mining area; and d) Pabdana coal mining area. Source of the
1:100,000 Atlas of Iran’s Roads (National Cartographic Center, 2024).

9 k&f:)}’.d‘l’: ‘LAJ.«? :J,ila& (\WY ‘6}"2) 3 C;‘:u‘u:u) J..;)\: @}U&A
b e 55 5l ) Y Cud Sl odd Lo go gl s K505
Dl slad=ts 55 (6,15 54 503 LG OYAY () LS k5 4 5590 35
SAT glad s 6Kiad 03 8 4 iy Lo (ol 3Le S domn 5L
Jolo 028 ol 53 0k sy b (oY JS8) lad 8515 5T (slawnigs 5
33,05 3bss oS 53 lpans OT 5 e Odan OT dlaoly claaaier
LgLMJ‘: J,_....\.aS BE) QT O}A‘Jﬁ: wuwﬁ) .b-‘} 9 UT C.n C}; ‘))&i‘)" [N

Wl ok 4 S 5 ) g lach 555 )

o ki g T @il 5519 pigoi —F—Y
e slae 28 s T gl aled f5s0n B S5y p sk
YA g smma 53 VEY gyl 53 «(PW) ULl 5 (SW) a1 o GW) L8 JS
G503 8 g IS Gme 0 1S 31 55008 Joli as sazen ol s il ST 4 g
(6312 16 505 S 35 Uy itms 0 28 510503 V0 5 ety o Gino 0 25
G Glas JIs S s @l mens OT 514505 oS5 ol ail V canii 423 WA
bl s S5 Odne 2805 O Sl @505 65 5 (e 0o ST 1 45503
5 b it 5 OT e p 55 o L4l Ol g6 S e 6ol 40
OLE Y s 55 (o)1 paiges blS Cumbsn lins 2ig |y 0 2l a8 Jdme
ol 0k 0313

5 G2 p65m5 L Olesen T (slos 5 (BC) (S S Syl H plis
Ldd (5,805l HACH HQ40D fax b (5 ol )btz o&aws I eslizal L
o3ls He jias Sn +/FO blie o3I L slad Bl 51 Bl 5 ey b sas
4 Bl jolant] Glad sl . Ldd ‘SHTC"” SISVl P P TP RN NG
s Skl Y51 S PH 4y Oy B 80 25 ol b 05518 (60510

7@MT4;M)J‘Pk@)ﬂdjtﬁ-l.u%):%ﬂwL;Moﬁf
B SBARE sl 3 5 aSea b mas LS Sl Gk ase)
;Soheili et al., 1995 \YAQ ¢ SLBT) 5,15 515 Ol e 5 Oloindy VYO 2+
Jols ailaie Lol slaus g (Zohrehbakhsh and Vahdati Daneshmand, 1992
Laos g5 5 &lsTH3T 4 GL:.A.;JTLgLA&M (g 4l S gy éuéi;.u
o 0,55 a5 (Shahabpour, 1982) ditws Cpwsee (&,855 cLeSls 5
eSSl Gl 5 2ol 8 b lhess Ssb L anta
sweXe. (Shahabpour, 1982; Boomeri et al., 2010) sl LU oT 4 el
5 ST WS Saly L_gLAd'L.:Jf: PR o:):..‘f Jsba aakls
S o St S ot s 5 Sy 0 i SIS 5 bl £ 15 Sl
Soyslees 3 (G5 paiges bl (Boomeri et al., 2010) dizws OT (gubid o
5 BT ety (il F gbesg (AL U 2wl SlaassT claasy
oytﬂchmfﬁ;,_a;ﬁ;:xb-r JSK8) Ll 13 5,505 Sad sais
Doulati Ardejani et) Gl ot o3ls bl Sdre GaTo) 5555 b 5 Ocdre
(al., 2008

035does 33 5 (555 o Ol 5ok le atgy 53 LIl SKewdle Guas o 28
(Mahdani, 1996 $\YAS ¢ SLBT) 5,05 5135 50, Vi¥Or e e ulid e 4l
. e . /‘ . -t , . . -
aJ.J:J:g.Zu di.:j))j'a&fﬂjdh&»)‘awjjb@@wbw)u}‘f
ol sladle; Mg (Huckriede et al., 1962) dzws ¢S doea 5 galol ¢ =T
Ol Jols odes 5 sba 53505 528 Sl &Sy 55 b ey ol 5 3l 028
Mehrabi et) Gl K dle; cbaay &JJ ) (Ko (Kinanls
WSlcis 9 03 gm0l JAL;I aabie HIsdlE) éh‘\;ﬁ J_JJV.G_A .(al., 2023
Sl S 5 e b Kl sl K s diea sy 5 oS e

VFY



10F= 1PV :(F) ' <1 Fod (o) pole/l 5o g Lile Sy (53usmw le/.... 0wz jaw mo (55390 (5106 S (10 12§ ST ouiogs j9 38 sulio

S Bl T 4 gland Gla tonin plosil (11 5 SIMENS paions 531 52
A Jae Ol g5 Ol (slaalaze ST

G (3Lt O3k 05T (6,8 0510 & Lgy o sladigas 4 I )
j;\)fsﬂb a3 F gl les )3 alls Sl e koo BB o god  oled

336750

339750

(a)

3225400

Legend
&  Sample
Fault

3217549 336750

Road

ate and

3N7568

339750

[ Fluvial ate, Pi
[ ] Low level piedmont fan and vally terrace deposits

388131

3918381

Legend

&  Sample
Fault
—— Road

! 3938381

3918381

3908381

8 T
5 388131

3908381

Andesitic to basaltic volcanic
] Granite

High level piedmont fan and vally terrace deposits
| Teravertine

!

0 05 1 2

4
Kilometers.

458416

461416

(©)

Legend

* Sample
—— Fault
—— Road

3464184

3434184

N
P-01 \
2\\_0 \ \\_\

3433184 458416
[

S P05
o

461416

of coal and shale ( HOJEDK FM )

1 Al of and sandy to shale with i
[ Dark grey shale and sandstone ( SHEMSHAK FM. )

7] Dark grey, well — bedded, oolitic v s
] Low level piedmont fan and vally terrace deposits
7] Massive to thick — bedded orbituina limestone
] Polymictic conglomerate and sandstons

and shale ( Badamu Fm )

LIl (€ 5 taatior o (b ¢ 48 8 @1 Sune glae 28

33 13 8500 bl Combge 5 (S glats g a2 Y S8

(L ¥ 055 UTM Sl 4lela)

Figure 2. Geological maps showing the rock units and sampling locations in the mining

areas: a) Gol-e- Gohar; b) Sarcheshmeh; and ¢) Pabdana (UTM Zone 40N).
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Table 1. Physicochemical properties and major-ion concentrations of water samples from the Gol-e- Gohar iron-ore (GW), Sarcheshmeh
copper (SW), and Pabdana coal (PW) mining areas in May 2024.

Water source Sample TDS EC pH HCO, Cl SO, Ca Mg Na K
ID (mg/L) | (uS/cm) (mg/L) | (mg/L) | (mg/lL) | (mg/l) | (mglL) | (mg/L) | (mg/L)
Pit 2 northern-wall spring GW-01 50762 96800 6.9 486 33965 2399 2300 221 19956 66
Pit 2 eastern-wall spring GW-02 19941 40200 7 296 9600 3912 2850 180.3 5120 66
Pit 2 southern-wall spring GW-03 51600 102700 6.88 396 36006 2420 2360 269 21044 53.06
Pit 2 western-wall spring GW-04 38600 78100 6.5 400 25685 2423 1435 423 16532 68
Well near Pit 1 GW-05 11819 17780 7.45 146.4 7106.76 | 2574.45 | 1193.87 173.47 | 3661.68 | 34.76
Well near Pit 3 GW-06 7077 10720 7.24 | 10736 | 4558.56 | 743.13 910.18 152,51 | 190521 | 42.72
Northwestern observation well GW-07 6133 9140 8.55 97.6 5558.56 287.71 325.05 66.08 3012.25 24.2
Northeastern observation well GW-08 8377 13650 6.82 122 6146.72 940.72 553.29 78.9 3289.58 13.62
Well near the administrative building GW-09 11873 16980 6.74 78.08 6735.62 997.24 558.25 153.29 | 3605.36 13.52
Khomrud-e Bala village spring PW-01 1368.8 2360 7.78 186.05 466.1 178.9 86.09 42.64 276 7.24
Khomrud-e Pa’in village spring PW-02 363 725 7.63 320 15 70 58.6 16 47 44
Mohammad Amin village spring PW-03 724.4 1249 7.66 172.63 179.27 144 48.66 34.53 138 8.14
Khomrud open-pit lake PW-04 5649.2 9740 7.6 179.34 | 1885.05 1893.1 344 362.4 1037.3 50.07
Khomrud abandoned-mine well PW-05 482.9 878 7.89 321.47 63.07 56.96 42 26.2 96.14 4.88
Khomrud underground-mine water PW-06 718.85 1307 7.29 | 328.18 89.46 79.17 52.68 30.13 97.75 5.62
Begeshtu’iyeh village spring PW-07 380.05 691 8.1 254.37 25.83 37.22 28.76 12.34 82.57 5.38
Banan village artesian well PW-08 318 635 7.33 200 21 80 23.4 242 40 26
Mursi village spring PW-09 451 903 7.69 265 21 132 54 33 48 14
Banan village spring PW-10 556.6 1012 7.6 349.53 30.95 72 74 18 61.64 528
Emamzadeh Abdollah village spring SW-01 439.4 799 7.26 403.21 13.57 41.62 105.2 8.4 39.1 7.26
Moghuiyeh village spring SW-03 455.9 829 7.86 270.23 46.15 57.6 82 15.6 345 7.8
Bozgir village spring SW-04 361.3 657 7.9 215.94 71 39.78 86.4 11.08 345 5.98
Sarcheshmeh mine-drainage water SW-05 1480 2960 6.1 165 156 1220 340 50 216.5 5.62
Spring east of the Sarcheshmeh copper plant SW-06 196.3 357 7.76 | 212.65 7.1 10.41 34.6 10.09 25.3 2.93
Spring southeast of the Sarcheshmeh copper plant SW-07 152.3 277 7.74 183.61 5.5 3.43 44.44 4.85 11.5 523
Bagh-¢ Sanat spring SW-08 623.7 1034 7.36 250.71 159.7 129.4 82 25.02 115 3.79
Spring between Smh;z}r‘;“:h village and Bagh-c SW-09 | 517.9 893 74 | 290.69 48 80.26 88.67 11.8 383 8.87
Sarcheshmeh village spring SW-10 748.5 1361 7.19 408.7 159.7 31.21 145.5 13.2 76.3 8.92
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Figure 3. Spatial distribution of phyllic and argillic alteration zones and sampling locations in

the Sarcheshmeh copper mining area.
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Figure 4. Piper diagram of water samples from the Gol-e- Gohar (GW),
Sarcheshmeh (SW), and Pabdana (PW) mining areas.
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Figure 5. Gibbs diagrams of water samples from the Gol-e- Gohar (GW), Sarcheshmeh (SW), and
Pabdana (PW) mining areas: a) Cl/(CI+HCO:s) and b) Na/(Na+Ca) ratios versus TDS.
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Figure 6-a) Relationship between Na and CI relative to the 1:1 line and b) relationship between the
chloro-alkaline indices CAI-I and CAI-II in water samples from the Gol-e- Gohar (GW), Sarcheshmeh (SW),

and Pabdana (PW) mining areas.
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Figure 7. Relationships of the major-ion concentrations (Cl, Na, Ca, Mg, SO,, and HCO,) with total dissolved solids (TDS) in water
samples from the Gol-e- Gohar (GW), Sarcheshmeh (SW), and Pabdana (PW) mining areas.
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Figure 8. Dendrograms resulting from hierarchical cluster analysis of water samples

from the mining areas: a) Gol-e- Gohar, b) Sarcheshmeh, and c) Pabdana in May

2024. Colors indicate membership in the hydrochemical clusters.
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