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Introduction

The Chah Gaz Pb-Zn ore deposit is an inactive mineralization located
approximately 70 km southwest of Shahr-e Babak in Kerman Province, Iran.
It lies within the geologically significant Sanandaj-Sirjan zone, a region
renowned for its massive sulfide deposits and thus the focus of extensive
previous research (Mousivand et al., 2007; Badrzadeh, 2009; Mousivand,
2011). Numerous consulting engineering companies have studied the Chah
Gaz deposit in the past, primarily with an exploratory focus (Sabzehei and
Afrooz, 1989; Kavoshgaran Co., 1990; Tehran Padir Co., 1991; Minook Co.,
1993; Sabzehei et al., 1993). The most recent scientific research by
Mousivand (2011) indicated that, based on a brine pool model, the Chah Gaz
deposit closely resembles the siliciclastic felsic type or Bathurst-type
deposits, such as those in the Bathurst mining district in Canada and the
Iberian Pyrite Belt in Spain and Portugal. The deposit also shows strong
geological similarities to volcano-sedimentary volcanogenic Kuroko deposits
(Soleimani Alh-Dadi, 2017). Kuroko-type volcanogenic massive sulfide
(VMS) deposits are significant submarine hydrothermal mineralizations
formed in back-arc basins, associated with bimodal volcanic activity. They
are key sources of base metals such as copper and zinc, characterized by low-
to medium-temperature hydrothermal fluids and bimodal magmatism. These
genetic features are essential for identifying exploration targets and
understanding metallogenic processes in extensional tectonic settings

g 10.22108/ijp.2025.146146.1368 (Ohmoto, 1996).

The principal objectives of this study were to inclusion studies. Additionally, the Chah Gaz deposit is
investigate the genesis of the deposit through an compared to global massive sulfide analogues based on
integrated  approach, including  geochemistry, key characteristics such as host rock sequences, mineral

petrography, trace element distribution,

and fluid paragenesis, and tectono-magmatic setting.
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Method

The concentrations of 23 trace elements and 14 rare
earth elements were determined in the ore and
metamorphic host rocks using Inductively Coupled
Plasma Mass Spectrometry (ICP-MS), conducted by
ZarAzma Mineral Studies. Six ore samples were
analyzed for gold content using Fire Assay and ICP
methods. Eleven samples of ore and associated
alteration rocks were examined via X-ray Diffraction
(XRD) to identify major and minor minerals.
Temperature-pressure  measurements  of  fluid
inclusions were carried out using a Linkam heating-
cooling stage model THMSG600, TMS94, with a
temperature range of -196 to +600 °C, equipped with a
computer-linked simultaneous imaging system for
video and slide recording.

Results and Discussion
Regional Geology

The Chah Gaz Pb-Zn ore deposit is situated
southwest of Shahr-e Babak, within the southern
Sanandaj-Sirjan structural zone. This area comprises
metamorphosed  rocks such as slate, schist,
metarhyolite, metabasalt, and gneiss. The gneisses are
likely metamorphosed Cambrian granites transformed
into orthogneisses. These rocks are metamorphosed to
the greenschist facies and display diverse structures
including boudinage, foliation, and mylonitization. The
studied host rocks are mainly weakly to moderately
metamorphosed and include semi-gneiss, schist,
mineralized mylonite, quartzite, metarhyolite, and
metabasalt. The schists exhibit chloritic and sericitic
alteration, with chlorite contributing to preferred
foliation. Black slates contain mica and quartz minerals
with relatively weak foliation. Rhyolites in the area
have been tectonically transformed into mylonites,
showing secondary mineralization such as sericite and
goethite veinlets, identified by XRD due to their fine
grain size.

Mineralization

Both hypogene and supergene mineralization are
present. Hypogene minerals include sphalerite, galena,
pyrite, and chalcopyrite, while supergene minerals
comprise covellite, chalcocite, smithsonite, cerussite,
malachite, and iron oxides, especially in the oxidized
zone. The gangue minerals mainly consist of sericite,
quartz, chlorite, feldspar, siderite, ankerite, dolomite,
and barite. Pyrite is the most abundant primary sulfide
in the hypogene zone, occurring as euhedral, vein, and
cataclastic forms, indicating intense deformation and
metamorphic processes. Secondary pyrite appears
rregular and veinlet-like, with iron oxide inclusions

reflecting asynchronous sulfide and oxide phases.
Chalcopyrite forms after pyrite as fracture-fillings,
while sphalerite is a secondary sulfide enriched in zinc.
Covellite is the dominant supergene oxidation mineral,
formed by the alteration of chalcopyrite along its
fractures. Azurite and malachite are observed in
oxidized zones alongside goethite and limonite.

Geochemistry

The highest concentrations of major elements in
the host rocks are silica, aluminum, iron, potassium,
and magnesium. The elevated Al.Os and LOI values in
the host rocks are attributed to clay alteration, resulting
from the formation of minerals rich in volatile
components such as illite, halloysite, montmorillonite,
and other hydrated minerals, consistent with XRD
results. The highest average concentrations of minor
elements include zinc (5.2 wt%), lead (4.1 wt%),
copper (1.9 wt%), sulfur (9.5 wt%), calcium (0.06
wit%), and barium (3.6 wt%), indicating the abundance
of sulfide minerals such as galena, sphalerite,
chalcopyrite, and barite. The anomalous arsenic
content in most ore samples suggests the presence of
gold in the area. Fire assay analysis of six sulfide ore
samples revealed an average gold content of 8 ppm,
exceeding the economic threshold. In contrast, the
silver content in the sulfide ore is significantly below
the economic grade, with an average concentration of
0.003574 wt%, compared to the economic grade of
0.01 wt%. The absence of silver in this deposit may
serve as an important indicator for determining the ore
deposit type (Santagulda and Hannington, 1996;
Tajeddin et al., 2019).

Conclusion

The Chah Gaz deposit represents a typical Kuroko-
type volcanogenic massive sulfide system formed in a
back-arc basin setting, characterized by acidic volcanic
host rocks, stratiform to semi-massive sulfide
mineralization, and a paragenetic sequence dominated
by chalcopyrite, sphalerite, galena, and abundant
barite. It contains economically significant lead, zinc,
and copper, with gold concentrations reaching up to 8
ppm. The mineralizing fluids exhibit moderate
salinities of 10-15 wt% NaCl and are associated with
intense  sericitic  alteration.  Unlike  previous
classifications as Bathurst-type, Chah Gaz differs by its
higher gold -to -silver ratio (~1.4), moderate fluid
salinity (vs. >25 wt% NaCl in Bathurst), dominance of
sulfide minerals over sulfosalts, and a distinctive
abundance of barite. These geological, geochemical,
and mineralogical features support the reclassification
of Chah Gaz as a Kuroko-type massive sulfide deposit.
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Table 1. Major, trace, and rare earth element contents (in ppm) in the ore and associated altered host rock from

the Chah-Gaz deposit.

Sample No. CH-29 CH-26 CH-23 CH-17 CH-16 CH-15 CH-3 CH-1
Pb-Zn Ore Chy Ore Meta Basalt Py-Chy-host Py-Pb-Zn Ore Shale Green Schist Schist
Nb 37 <1 <1 9.2 11 10.5 32 2.7
Nd 135 <0.5 14 24.4 2.6 28.2 145 19.6
Ni 22 4 12 14 12 52 36 17
P 191 268 7 357 71 443 1044 425
Pb 20896 >3% >3% 170 >3% 83 66 192
Pr 4.48 0.34 0.66 7.72 112 7.96 3.43 5.46
Rb 34 <1 7 54 15 86 19 36
S 2914 >3% >3% >3% >3% 11446 83 139
Sb 23.3 33.2 41.8 41 25.7 5.9 2.1 14
Sc 0.9 <0.5 <05 6 <0.5 141 318 6.9
Se 1.48 3.98 9.79 0.85 7.62 <0.5 <0.5 <0.5
Sm 2.82 0.17 0.29 4.09 0.41 5.19 3.45 3.75
Sn 1.7 15 0.7 1.7 1 23 0.7 15
Sr 854 3 10 29 5 74 409 37
Ta 0.18 <0.1 <0.1 0.78 <0.1 0.7 0.22 0.12
Tb 0.29 <0.1 <0.1 0.32 <0.1 0.36 0.39 0.32
Te <0.1 <0.1 0.35 0.31 0.22 <0.1 <0.1 <0.1
Th 14.46 0.98 2.07 15.71 1.85 11.14 1.78 6.53
Ti 256 <10 <10 1406 <10 4463 5000 4247
TI 2.01 11 1.85 12 14 211 0.13 0.28
Tm 0.11 <0.1 <0.1 0.1 <0.1 <0.1 0.14 <0.1
U 5.7 11 15 35 0.7 2.9 <0.5 1
\% 21 8 33 48 32 164 235 85
18 16 1.2 6.4 11 3.7 0.6 0.7
Y 7.1 <05 0.6 6.9 0.8 4 10.8 5.6
Yb 1.2 <0.05 0.1 0.8 0.1 0.6 0.9 0.7
zZn >3% >3% >3% 10245 >3% 352 117 117
Zr 52 7 15 79 15 45 31 41
Ag 4.7 26.4 76.3 0.1 66.5 <0.1 <0.1 <0.1
Al 47988 1746 8601 65774 17257 91119 77832 54929
As 34.2 40.8 0.1 9.9 1.6 69.3 7.1 215
Ba 5028 19 21 465 200 1300 190 393
Be 13 0.4 0.4 15 0.6 28 0.8 15
Bi 35 20.6 169.8 31 165.4 0.4 <0.1 0.1
Ca 1790 132 365 1102 191 2738 85424 27878
Cd 6.2 399.5 677.4 0.7 566.7 41 04 0.2
Ce 49 3 5 76 9 77 29 51
Co 9.5 2.2 3.2 15.6 41 17.6 333 5
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Table 1. Continued.

Sample No. CH-29 CH-26 CH-23 CH-17 CH-16 CH-15 CH-3 CH-1
Pb-Zn Ore Chy Ore Meta Basalt Py-Chy-host Py-Pb-Zn Ore Shale Green Schist Schist
Cr 12 12 8 54 9 134 159 64
Cs 4.4 <0.5 <0.5 2.2 0.7 3.2 15 2.2
Cu 1784 36627 1919 44 812 90 170 23
Dy 1.69 0.12 0.17 1.68 0.22 154 243 1.62
Er 0.97 0.06 0.11 0.92 0.12 0.61 1.33 0.82
Eu 0.9 <0.1 <0.1 0.69 <0.1 1.25 1.12 0.84
Fe 46965.2 51794 66293.6 47923.5 >10% 42401.3 46972.4 24275.7
Gd 2.38 0.17 0.24 3.25 0.35 3.82 3.35 3.17
Hf 1.25 <0.5 <0.5 1.64 <0.5 1 <0.5 0.53
In <0.5 0.86 0.77 <0.5 4.56 <0.5 <0.5 <0.5
K 10878 <100 2639 20496 5363 36437 14637 18579
La 31 1 3 47 6 39 13 26
Li 41 <1 3 49 6 32 43 20
Lu 0.13 <0.1 <0.1 0.13 <0.1 0.1 0.12 0.11
Mg 13727 137 2132 >2% 3508 11004 >2% 5989
Mn 2110 68 289 914 295 286 2088 468
Mo 13.2 40.2 78.7 7.5 63.1 1.2 0.7 12
Na 1753 300 586 1354 378 2660 17828 12754

Oliee Ko 9 SomdlS )0 XRF (55, a0 (PPM 40h 1) (o058 5 (Sse,o b ) hol sl yaie wenST slaosls T Jgu
el Luls o Qi 4 awly Lo, 5o

Table 2. XRF data for major element oxides (in wt%) and minor elements (in ppm) in the ore and associated
altered host rock from the Chah-Gaz deposit.

Sample No. CH-4 CH-5 CH-6 CH-9 CH-10 CH-12 CH-24 CH-26 CH-29 CH-30 Average
SiO, 22.63 42.96 25.74 36.52 23.21 45.63 56.03 32.12 30.52 24.96 34.032
Al,O3 4.45 37.34 1.56 35.86 7.32 26.03 24.52 0.86 18.15 6.98 16.307
Fe,0s 2.65 0.92 0.87 2.66 9.68 1.52 4.56 8.84 11.02 12.32 5.504
CaO 0.15 0.32 0.24 0.07 0.21 0.01 0.08 0.03 0.13 0.12 0.136
Na,O 0.08 0.06 0.03 0.26 0.05 0.56 0.62 0.07 0.05 0.03 0.181
K,0 0.75 0.05 0.16 0.83 1.86 6.53 6.59 0.03 0.96 0.31 1.807
MgO 0.29 0.26 0.27 1.25 0.39 0.9 1.32 0.02 17.88 0.08 2.266
TiO, 0.073 0.183 0.048 0.41 0.06 0.31 0.274 0.017 0.271 0.051 0.1697
MnO 0.008 0.006 0.123 0.014 0.007 0.005 0.009 0.006 0.315 0.006 0.0499
P,Os 0.008 0.005 0.004 0.006 0.005 0.009 0.004 0.008 0.006 0.005 0.006

L.O.l 10.69 17.25 16.05 7.51 9.62 14.26 4.91 2.62 10.72 10.48 10.411
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Table 2. Continued.
Sample No. CH-1 CH-3 CH-15 CH-17 CH-4 CH-16 CH-23 CH-26 CH-29 Average
Zn 117 117 352 1024 103300 55458 51045 198670 54805 51654
Pb 192 66 83 170 73100 46450 122003 105900 20896 40984
Cu 23 170 90 44 44900 812 1919 48300 1784 10893
Ba 393 190 1300 465 168700 200 21 100 13000 20485
S 139 83 11446 32000 46100 30000 189000 190432 20896 57788
Ca 27878 85424 2738 1102 1000 191 365 132 1790 13402
Fe 24276 46972 42401 47923 18500 100000 66294 51794 46965 494581
Ni 17 36 52 14 34 12 12 4 22 22.6
Cr 64 159 134 54 5 9 8 12 12 50.8
Ag 0.1 0.1 0.1 0.1 8 66.5 76.3 26.4 47 22.46
Ti 4247 5000 4463 1406 400 10 10 10 256 1756
As 215 71 69 9.9 18 1.6 0.1 40.8 34.2 18.9
Rb 36 19 86 54 39 15 7 1 34 32
Co 5 33 18 16 18 41 3.2 2.2 9.5 12
U 1 0.5 2.9 35 1 0.7 15 11 5.7 1.98
Th 6.53 1.78 1 16 9 1.85 2.07 0.98 145 7.07
(Fire assay _ig, ) ;5ol> sablgw Kwils ;oMb lads ¥ Jgus
Table 3. Gold contents in Chah Gaz sulfide ore (determined by Fire Assay method).
Sample % CH-19 CH-26 CH-6 CH-18 CH-23 CH-28 Average
Clark (ppm) 0.003 0.003 0.003 0.003 0.003 0.003 0.003
Economic grade (ppm) 1-10 1-10 1-10 1-10 1-10 1-10 55
Sample grade (ppm) 3.86 0.107 4.61 0.05 3.95 0.098 7.99

SSolz JLuils o ol @ ataly Gl S8 Gl Kiw 5 SiwslS 0 XRD) LaS bt SIS slaosls .F Jaus

Table 4. Qualitative mineralogical (XRD) results in the ore and associated altered host rock from the Chah-Gaz

deposit.

Sample No. CH-30 CH-26 CH-24 CH-12 CH-11
o . Quartz, Sphalerite, . . Cerussite, Quartz,

Main Mineral Cerussite, Quartz Quartz, Muscovite Quartz, Muscovite

Barite, Muscovite,
Goethite

Secondary Mineral

Phyllic to
Name Alteration Oxidation

alteration

Galena, Chalcopyrite
Pyrite
Phyllic alteration,

Propylitic alteration,

Silicification

Pyrite, Chlorite

Phyllic alteration,

Propylitic alteration

Cerussite, Jarosite

Phyllic alteration,

Muscovite, Goethite

Montmorillonite, Barite

Phyllic alteration,

oxidation alteration,

Oxidation alteration

Anrgillic alteration
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Table 4. Continued.

ile:)r.nple Main Mineral Secondary Mineral Name Alteration
CH-10 Cerussite, Quartz, Muscovite Montm(_)rlllonlte, Barite,  Azurite, Phyllic, Oxidation alteration
Malachite
CH-9 Natroall_mlte, Chlorite, - Quartz, Muscovite Advanced Argillic
Halloysite

CH-8 Cerussite, Goethite Quartz, Chlorite, Hematite High oxidation alteration, Propylitic alteration

CH-6 Cerussite, Quartz Azurite, Malachite Oxidation alteration

CH-5 Halloysite - Advanced Argillic alteration

CH-4 Cerussite, Quartz, Barite, Muscovite, Chlorite, Malachite, Phyllic alteration, Propylitic alteration, Supergene

Smithsonite Azurite oxide alteration
3ol LS slaislsS 5o Jhw la)lils (g p mls & Joue
Table 5. Fluid inclusion results in quartz from the Chah Gaz deposit.

sample No. S(':El) Filling degree (%) T (°C)  Tmi (°C) Za:'cr:;ty WE% o essure (bar)
8 20 450 -5.6 8.649 6208
12 85 294.4 -8.8 12.63 6268
12 90 213.1 -8.6 12.402 6264
9 90 252.9 -7.5 11.101 6244
8 85 243.2 -4.3 6.815 6183
9 90 308.1 -7.4 10.978 6242
8 85 229.8 -8.3 12.055 6259

CH-31 11 90 272.3 -12.4 16.333 6328
16 85 283.4 -7.9 11.583 6251
15 95 302.1 -9.5 13.408 6280
11 15 210.5 -14.3 18.03 6357
8 95 279.2 -13.6 17.423 6346
11 70 321.3 -10.9 14.876 6303
8 90 358.8 -4.2 6.669 6181
11 25 345.4 -7.3 10.855 6241
13 90 188.7 -5.2 8.098 6201
11 95 139.5 -4.1 6.522 6179
10 15 384.8 -6.3 9.583 6222

CH-25 17 95 279.8 -9.1 12.967 6273
10 5 393.7 -12.3 16.24 6326
9 85 280.4 -7.9 11.583 6251
6 85 2235 -5.9 9.054 6214
14 10 218.9 -3.1 5.012 6159
13 90 265.5 -7.1 10.606 6237
15 90 422.8 -4.8 7.536 6193
11 90 236.9 -6.7 10.101 6229
11 10 289.6 -11 14.977 6305

CH-14 12 90 166.0 -6.2 9.452 6220
15 20 225.4 -4.2 6.669 6181
17 80 278.6 -8.8 12.63 6268
18 70 386.9 -9.7 13.624 6283
14 30 423.2 -12.2 16.145 6324
17 90 232.2 -5.7 8.785 6210
16 85 210.0 -5.9 9.054 6214

Average - 68.7 282.7 -7.85 11.25 6248.35
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Figure 1. A) The location of the studied area in the southern part of the Sanandaj—Sirjan structural zone; B)
Simplified regional geological map of the Chah Gaz area, south of Shahr-e Babak, Kerman Province (adapted
from the 1:100,000 Zardou geological map, with modifications (Sabzehei, 1994)).
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Figure 2. Field photographs of the host rock and ore from the Chah-Gaz area. A) Lithological sequence of the
mineralized zone, showing that overthrusting has caused Cretaceous limestones to outcrop within older igneous
units; B) Gradual contact between the ore material and the host rock at the mine pit; C) Gneissic-like fabric in
the host rock; D) Foliation structure in the schists of the studied area; E) Folded structure in the green schists;
F) Boudinage structure formed by resistant quartz within the less competent host rock; G) Occurrence of
copper carbonates and sulfates as veins and veinlets within the host rock; H) Metarhyolites containing lead- and
zinc-bearing minerals.
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Figure 3. Photomcrographs (in XPL) of the host rocks A) Schists altered to chlorite and sericite;s B) Slates
with scattered pyrite mineralization; C) Mylonitized rhyolite containing metallic minerals in a matrix of quartz,

feldspar; D) The presence of Anhedral barite in mylonites accompanies deformed minerals such as quartz,
sericite, and calcite (Mosivand et al., 2011) (Mineral abbreviations are adapted from Warr (2021)).
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Figure 4. Microscopic images of the studied ore. A) Secondary and cataclastic pyrites indicating metamorphic
processes; B) Chalcopyrite formed as fracture fillings after pyrite formation; C) Sphalerite formed as fracture
fillings, indicating a time delay in its formation after pyrite and chalcopyrite mineralization; D) Intergrowth of
galena in sphalerite and a unique blade-like (triangular) habit in galena, elongated due to tectonic processes; E)
Intergrowth of covellite and chalcopyrite; F) Formation of spongy hematite during martitization in oxidizing
zones with intense weathering, leading to porous texture within primary iron oxides; G) Presence of hematite
with broom or fan-shaped (specularite) texture indicating highly oxidizing conditions; H) Formation of
boxwork structure due to secondary leaching of iron sulfides and their transformation into goethite and

limonite; I) Visible malachite occurrences exhibiting colloform (cauliflower-like) textue (Mineral abbreviations
are adapted from Warr (2021)).
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Figure 5. Correlation diagram of Pb, Ag, Ba, Cu, and Fe elements with Zn.
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Figure 7. Determination of boiling depth using depth versus H>O-NaCl boiling curves plot (Hass, 1971) in the

quartz from the Chah Gaz deposit.
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Figure 8. Determination of ore-forming fluid type using homogenization temperature versus salinity plot

(adapted from Kesler, 2005).
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Table 6. Comparison of the Chah-Gaz ore deposit with the typical Kuroko-type massive sulfide deposits in
Japan and Batorst-type mining district deposits in Canada (Ohmoto, 1996; Goodfellow et al., 2003; Mercier-
Langevin et al., 2011; Tajeddin et al., 2019; Xu et al., 2024).

Feature

Kuroko-type

Bathurst-type

Chah-Gaz deposit

Formation
Environment

Submarine volcanic
arcs, predominantly felsic volcanic rocks
(felsic > mafic) in back-arc basins

Host Rock Dominantly felsic volcanic rocks with
Composition subordinate mafic
. Stratiform massive sulfide lenses with barite-
Deposit . X . .
rich caps; underlying stockwork zones;
Structure :
slumped/redeposited ore
Main Pyrite, sphalerite, galena, chalcopyrite,

Mineralization

barite, Au

Rifted continental margins and back-arc
basins with mixed felsic volcanic and
sedimentary rocks (felsic > mafic)
Mixed volcanic and sedimentary rocks,
with  significant  felsic  volcanic
dominance and sedimentary intercalations
Stratiform massive sulfide lenses with
stockwork and disseminated sulfides;
abundant barite

Pyrite, sphalerite, galena, chalcopyrite,
barite, Ag

Pb-Zn rich, Zn/Pb >1; Cu moderate; Ag
elevated

back-arc basins

Rhyolite, Metamorphic
rock
Stratiform massive
sulfide lenses

Pyrite,
galena,
barite, Au
Cu-rich base, Zn-Pb-
rich top; Au and Ag

sphalerite,
chalcopyrite,

Metal Zoning Strong vertical zoning: Cu-rich base, Zn-Pb-
and Ratios rich top; Au and Ag present

. Silicification, sericitization, chloritization;
Alteration

zeolites, montmorillonite

Salinity of Ore low to medium salinities

Fluids
Global Hokuroko (Japan), Kidd Creek (Canada),
Examples Penn (USA)

Sericitization,
alteration; abundant barite

Moderate salinity

Bathurst
Buchans (Canada)

present

Silicification,
sericitization,
chloritization

silicification; chlorite

low to medium

salinities

Mining Camp (Canada),
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