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1-Introduction

Antimony is widely used in alloys, and a small amount of antimony causes its strength and hardness. About
60% of antimony is consumed in flame retardants, and 20% is used in alloys for batteries, plain bearings,
car battery sheets, and solders. In addition, pure antimony is used to make certain types of semiconductor
devices, such as diodes and infrared detectors. The compounds of this element are also used to make flame
retardants, paints, enamels, ceramics, glass, and pottery (Butterman and Carlin, 2004). In 2021, according
to the U.S. Geological Survey, China was the top producer of antimony with approximately 52% of the
world share, followed by America, Australia, Bolivia, Russia, Tajikistan, and South Africa.

More than 15 antimony deposits and occurrences have been identified in Iran, with reserves of about
300,000 tons, which include about 8% of the world's antimony reserves (Ghorbani, 2013). These reserves
are located in four regions: 1-Qorveh-Bijar-Takab, 2-Central, Iran, 3-Ferdows-Kashmar-Torbat-e-Jam; and
4-Sistan and Baluchestan. Arabshah (Heidari et al., 2017; Najafzadeh et al., 2017), Shurab (Mehrabi et al.,
2011, 2019), Choupan (Mehrabi et al., 2011), Lakhshak (Mazloum, 2018), Kuh-e-Shuru (Malekzadeh
Shafaroudi et al., 2020) and Sefidsang and Dargiaban (Boomeri et al., 2018) deposits are some of the vital
antimony deposits in Iran, some of which are currently being mined. Moghanlou deposit (Central Iran zone,
36° 38' 38'E, 47° 55' 02°N) is the only antimony deposit in Zanjan province that was mined for several
periods between 1971 to 1978, 1985 to 1991, and 1996 to 2000. Since 2014, the Gostaresh-e Maaden and
Sanaye-e Sang Gohareh Company have started new exploration and mining activities on this deposit, which
has led to the identification of 60,000 tons ore reserve with 30 wt.% antimony grade (Mehdikhani, 2016).
Despite ancient and new mining activities in the Moghanlou deposit, no detailed studies have been
conducted on this deposit yet. In this paper, we investigate the geology, mineralogy, structure and texture,
geochemistry, and fluid inclusion studies of the Moghanlou deposit to constrain the type of its
mineralization. The results of this research may have implications for the recognition of similar
mineralization in this area and other parts of the Central Iran zone.

2-Material and methods

Detailed fieldwork has been carried out at different scales in the Moghanlou area. A total of 50 samples
were collected from various parts of ore veins and breccias, and host rocks. The samples were prepared for
thin (n=17) and polished-thin (n=13) sections in the laboratory of the University of Zanjan Iran.
Representative eleven samples from the mineralized veins and breccias and altered and fresh host rocks
were analyzed for rare and rare earth elements using XRF and ICP-MS in the Zarazma Analytical
Laboratories, Tehran, Iran. Fluid inclusion measurements were conducted on 4 doubly polished thick (~150
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um) sections including crystalline quartz, and calcite from the second, and third stages of ore formation.
Microthermometric measurements were performed using a Linkam THMSG-600 heating—freezing stage
attached to an Olympus microscope in the fluid inclusion laboratory of the University of Tabriz, Tabriz,
Iran.

2- Results and discussions

The oldest rock units exposed in the Moghanlou area are the Pre-Cambrian Kahar Formation (P€Ksch) that
thrust over Cenozoic rock units and was intruded by Late Proterozoic-Early Cambrian (Honarmand et al.,
2018; Najafi et al., 2018) granitoid intrusions. The Kahar Formation covers the northwest part of the
Moghanlou area and consists of an alternation of amphibolite, actinolite schist, biotite schist, muscovite
biotite schist, chlorite schist, and meta-rhyolite with intercalation of altered andesitic lava. The Cenozoic
rock units include the Lower Red Formation, Qom Formation, Upper Red Formation, and Plio-Quaternary
and Quaternary units. Lower Red Formation (Olrc) is composed of an alternation of pink to dark red and
brown, thick-bedded conglomerate, and sandstone with red marl. It covers the southern part of the
Moghanlou area. Qom Formation (OMqIm) covers the south part of the Moghanlou area and consists of an
alternation of cream, medium- to thick-bedded fossiliferous limestone, and cream-to-green marls with the
minor lime conglomerate. Locally, dark grey basaltic lava with amygdaloidal texture (OMgba) is also
observed in the Qom Formation. Upper Red Formation (Murms) consists of an alternation of marls with
red to grey, medium- to thick-bedded sandstone with coal traces. It covers the northwest, west, southwest,
and southeastern parts of the Moghanlou village. Plio-Quaternary units (PIQc) in the Moghanlou area
consist of cream to light grey, medium- to thick-bedded polygenetic conglomerates covering the southwest
part of the area. Quaternary units (Qt) comprise old and young alluvial and alluvium terraces. Late
Proterozoic-Early Cambrian granitoid intrusions cover most parts of the Moghanlou area. These intrusions,
named Moghanlou granite (Lotfi, 2001), can be divided into three granitoid bodies, namely grl, gr2, and
gr3. The grl body forms the central part of the Moghanlou granite and has a gradual boundary with the gr2
body. It ranges in composition from syenogranite to monzogranite with mylonitic fabrics. Syenogranite is
composed of alkali feldspar (45 vol.%), quartz (35-40 vol.%), plagioclase (20-35 vol.%), and biotite (5-8
vol.%) and shows mylonitic, microgranular, granoblastic, porphyroblastic and myrmekite textures.

Monzogranite consists of plagioclase (30-40 vol.%), alkali feldspar (20-35 vol.%), quartz (25-35 vol.%),
and biotite (15-30 vol.%) and shows granular, mylonitic, granoblastic, porphyroblastic and lepidoblastic
textures. The gr2 body includes low-level areas of the Moghanlou granite and shows extensive argillic and
feldspathic alterations in the marginal parts and along the faults. Based on microscopic studies, the gr2
granitoid ranges in composition from leucosyenogranite to leucomonzogranite and shows extreme
mylonitic fabrics. Leucosyenogranite is composed of alkali feldspar (55-60 vol.%), quartz (30-35 vol.%),
plagioclase (~10 vol.%), and biotite (<5 vol.%) and shows mylonitic and granoblastic textures.
Leucomonzogranite consists of alkali feldspar (~40 vol.%), quartz (~30 vol.%), plagioclase (20-35 vol.%),
and biotite (~10 vol.%) and shows mylonitic, granoblastic, porphyroblastic and lepidoblastic textures. The
gr3 body is observed as small apophyses with a distinct gneissic fabric within the grl body. It ranges in
composition from biotite syenogranite to biotite monzogranite and shows extensive mylonitic fabrics.
Biotite syenogranite is composed of alkali feldspar (~45 vol.%), quartz (~40 vol.%), plagioclase (~10
vol.%), and biotite (~5 vol.%) and shows mylonitic, granoblastic, lepidoblastic and myrmekite textures.
Biotite monzogranite includes plagioclase (~35 vol.%), alkali feldspar (~20 vol.%), quartz (~30 vol.%),
and biotite (~15 vol.%) and shows granular texture.

Antimony mineralization at Moghanlou occurs as a 2-3 meters siliceous-sulfide zone consisting of up
to 10 centimetres wide quartz-stibnite breccia veins. The ore zone is hosted by amphibolite enclaves within
feldspathic gr2 granite and has N50E-trending that generally dips to the southeast at 750. The hydrothermal
alteration includes feldspathic, silicification, carbonatization, and propylitic. The feldspar, quartz, and
carbonate alteration types are spatially associated with the ore zone, whereas propylitic alteration affected
amphibolite host rocks. Three stages of mineralization are distinguished at Moghanlou. Stage 1 is
represented by silicification, carbonatization of host rocks, and minor disseminated pyrite. This stage is a
pre-ore stage, and later stages usually crosscut it. Breccia clasts of this stage have been recognized in the
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hydrothermal cement of stage 2 breccias. Stage 2 is the primary ore stage at the Moghanlou deposit. It is
characterized by 2 to 10-cm wide quartz (calcite)-stibnite veins and breccias that usually cut stage 1 and, in
turn, crosscut by stage 3 calcite veins. Stage 3 is a barren post-ore stage marked by calcite as vug infill and
1 cm wide veins. The ore minerals at Moghanlou are stibnite and minor pyrite. Stibiconite and goethite are
the supergene assemblages, and the gangue minerals include quartz, calcite, actinolite, chlorite, and talc.
Ore minerals display disseminated, vein-veinlet, brecciated, comb, crustiform, cockade, plumose, vug infill,
and replacement textures.

Comparison of Chondrite—normalized rare elements and REE patterns of altered and fresh host rocks
and the mineralized samples at Moghanlou indicate that leaching of some elements from the host rocks
may have been involved in mineralization. Compared to fresh amphibolite, the mineralized samples are
enriched in Rb, Th, Nb, Ta, Zr, Hf, and Sb and depleted in other trace elements and REE. Also, these
samples are enriched in Ba, U, Ag, Pb, Zn, Sb, and S elements compared to altered amphibolite and depleted
in other REE. Compared to talc schist, mineralized samples are enriched in Ba, U, Ag, Pb, Zn, Cu, and Sb
and depleted in other trace and rare earth elements. Two-phase aqueous inclusions and H2O represent ore-
forming fluids associated with the quartz-stibnite veins—NaCl fluids with moderate-temperature (143-221
°C) and moderate-salinity (7.9-19.7 wt.% NaCl equiv.). Estimated trapping hydrostatic pressures are 30 to
70 bars, corresponding to entrapment depths of 360 to 840 m below the paleowater table. Fluid inclusion
data indicates that fluid boiling and mixing were essential processes in the evolution of the ore-forming

fluids at Moghanlou.

4-Conclusion

The ore geology, mineralization, hydrothermal alteration, ore structures and textures, geochemistry and
fluid inclusion investigations of quartz-stibnite veins and breccias at Moghanlou indicate that this deposit
is an epithermal deposit and is comparable with other epithermal antimony deposits in Iran.
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Pre-Cambrian |~ §# schist and meta-rhyolite with intercalation of altered andesitic lava (Kahar Fm.)
i~~~ Amph: Amphibolite enklaves that altered to tale schist
INTRUSIVES
da: Dacitic-rhyodacitic subvolcanic dome
(Miocene?)

gr3: Gneissic biotite syenogranite and biotite
ey monzogranite (Late Proterozoic-Early Cambrian)
gr2: Gneissic leucosyenogranite and

leucomonzogranite (Late Proterozoic-Early Cambrian)

grl: Gneissic syenogranite and
monzogranite (Late Proterozoic-Early Cambrian)
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Fig. 1. Geological map of the Moghanlou Sb deposit.
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enclaves (Amph) within gr2 granitoid body, looking to the west, and (c) and (d) Views of Lower Red Formation (Oy°)

and Qom Formation (OM,™) and their thrust boundary with Upper Red Formation (My™), looking northeast and
northwest, respectively.
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Fig. 3. (a) View of grl granitoid body with gr3 apophyses, looking northwest, (b) View of grl and gr2 bodies, looking
northwest, (c) Close view of gneissic fabric with pyroclastic texture with coarse-grained feldspar within gr3 body and (d)

View of dacitic (da) dome intruded within Qom Formation (OMy'™) in the southeast of Moghanlou village, looking
northwest.
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Fig. 4. (a) General view of extraction tunnels and location of the quartz-stibnite vein within gr2 granite with extensive
feldspathic alteration (Fds alt.), looking northeast, (b) Close view of quartz-stibnite veins within extraction tunnels, (c)
Close view of a quartz-stibnite vein in contact of amphibolite enclaves (Amph) within granite and (d) Close view of
alteration of amphibolite enclaves to talc schist near the mineralized veins within extraction tunnels. Mineral abbreviations
follow Whitney and Evans (2010). (Qz: quartz, Sth: stibnite, Tlc: talc)
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Fig. 5. Field photos and photomicrographs (transmitted polarized light, XPL) of hydrothermal alteration types in the
Moghanlou deposit. (a) View of feldspathic alteration (Fds alt.) within gr2 granite in the north of Moghanlou village,
looking southwest, (b) and (c) Silica alteration as veinlets and hydrothermal breccia cement. In both photos, type-1 of
carbonate alteration is observed, (d) Tye-2 of carbonate alteration within mineralized veins, (e) Type-3 of carbonate
alteration as calcite veinlet, and (f) Propylitic alteration within host amphibolite as replacement of hornblende by actinolite
and chlorite, and plagioclase by calcite. Mineral abbreviations follow Whitney and Evans (2010). (Act: actinolite, Cal:
calcite, Chl: chlorite, PI: plagioclase, Qz: quartz, Stb: stibnite)
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Fig. 6. Photomicrographs (transmitted polarized light, XPL) of mineralization stages in the Moghanlou deposit. (a) and
(b) Stage 1 mineralization as silicification and carbonatization of host rock that is cut by stage 3 calcite (a) and stage 2
quartz-calcite (b) veinlets. In a, fine-grained disseminated pyrite is also observed, (c) Breccia clasts of stage 1
mineralization with stage 2 hydrothermal cement, (d) and (e) Stage 2 mineralization as hydrothermal breccia cement (d)
and quartz-stibnite veinlets (e), (f) Stage 2 quartz-calcite cement, (g) and (h) Stage 3 calcite veinlets crosscutting stages
1 and 2 mineralization and (i) Stage 3 calcite as vug infill. Mineral abbreviations follow Whitney and Evans (2010). (Cal:
calcite, Py: pyrite, Qz: quartz, Stb: stibnite, Vug: open space).
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Fig. 7. Hand specimen and photomicrographs (f in transmitted polarized light, XPL, and the rest in reflected light) of ore
mineralogy at the Moghanlou deposit. (a) Euhedral coarse-grained stibnite crystals in hand specimen, (b) Subhedral to
anhedral disseminated stibnite crystals, (c) Stibnite with veinlet texture, (d) Banded twin in stibnite crystals, (e) and (f)
Stibnite altered to stibiconite, (g) and (h) Fine- to coarse-grained disseminated pyrite locally altered to goethite and (i)
Pyrite crosscut by stibnite veinlet. Mineral abbreviations follow Whitney and Evans (2010). (Gth: goethite, Py: pyrite,
Stb: stibnite, Stc: stibiconite)
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Fig. 8. Photomicrographs (transmitted polarized light, XPL) of quartz textures in the Moghanlou deposit. (a) to (c) Quartz
with comb and vug infill textures, (d) and (e) Crustiform texture of quartz, (f) and (g) Cockade texture of quartz, and (h)

and (i) Plumose texture of coarse-grained quartz crystals. Mineral abbreviations follow Whitney and Evans (2010). (Cal:
calcite, Qz: quartz, Stb: stibnite, Vug: open space)
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Fig. 9. Paragenetic sequences showing the relative abundance, structure, and texture of gangues and ore minerals at the
Moghanlou deposit.

ooy gosls -V
el 00 03,91 ¥ g ) slaJgaz ;0 ghilie [LulS sladiges 1 odel Camdds olosds slads j20 ulis

il oo (Fh9 oy e polie glilie Ll o b e K g JlodilS sladiges gl ol jolic Sluod 4o mlis -Y Joux

A...ubu’.a u‘?"*-’—‘ FHLRCRP W E Q] cde oS cel Voo )“ i Cogdu |—)‘3)l5f LsLmd.f) LS‘)'.‘ [EYSIN Egomo
Table 1. Geochemical data of major elements for mineralized samples and host rocks from the Moghanlou deposit. All
data are in wt.%. Total data for quartz-stibnite veins are >100 which is based on the separate calculation of Sh.
SiO; AlLO; BaO CaO Fe03 KO MgO MnO NaO Py0s S TiO, LOI Sb Total
DL 005 005 005 005 005 005 005 005 0.05 005 005 005 0.05 0.05 -
M-01 587 935 <005 7.13 345 081 461 0.05 1.2 0.05 0.28 0.12 13.81 <0.05 99.56
M-02 7342 1385 <0.05 159 193 234 116 <0.05 154 <005 035 018 271 0.1 99.17
M-03 3538 1432 <0.05 524 1344 275 629 014 342 092 049 3.06 1398 <0.05 99.43
M-04 89.11 123 <0.05 167 1.99 0.2 131 <0.05 03 <0.05 031 0.12 3.6 0.06 99.9
M-05 4749 994 024 413 112 265 4.46 0.1 289 016 062 209 1325 <0.05 99.22
M-06 3587 0.34 0.18 0.3 0.19 <0.05 0.18 <0.05 0.06 0.09 1759 <0.05 20.73 31.71 107.24
M-07 29.61 0.26 <0.05 0.6 0.25 <0.05 0.35 <0.05 <0.05 0.09 18.28 <0.05 31.36 32.99 113.79
M-08 75.28 11.3 <0.05 157 087 225 111 <0.05 214 <0.05 0.12 0.08 5.09 <0.05 99.81
M-09 73.25 11.72 <0.05 1.12 0.3 452 244 <0.05 687 005 0.32 019 <0.05 <0.05 100.78
M-10 11.8 0.14 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 259 <0.05 5212 4251 13247
M-11 7155 15.13 <0.05 0.6 181 6.02 014 <005 352 0.1 <0.05 0.22 0.7 <0.05 99.79

M-01: altered amphibolite, M-02 and M-08: host altered granite, M-03: talc schist, M-04 barren quartz vein, M-05:
fresh amphibolite, M-06, M-07 and M-10: quartz-stibnite veins, M-09: feldspar, M-11: dacite-rhyodacite
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Table 2. Geochemical data of rare and rare earth elements for mineralized samples and host rocks from the Moghanlou
deposit. All data are in ppm.

Ag Ba (u: (r: Hf Nb Pb Rb S sb St Ta Th Tm U
DL 01 1 1 1 05 1 1 1 50 05 1 01 01 01 01
M- <0, 14 222. 117
oo 4 e s ' oss 13 20 38 13 2 1o YT oe4 56
'(\)"2' <f' 3 8 5 144 45 10 30 843 1045 961 0.82 158'5 027 16
'(\)"3' <f' 142 14 59 198 152 55 157 3450 375 1719' 141 259 041 2
'(\)"4' <f' 163 16 10 1i1 <1 101 6 857 605 859 029 094 <01 09
'(\)"5' 02 2450 16 40 16 118 60 112 4471 141 Q%O' 073 182 031 335'
M- 1.0 2120 53000 >1000 27,
Moos3 o o125 0 a A0 g ; S 10 033 067 <01 2
M- 1.0 53000 >1000 1.
Moos o1 w005 0 a as o« ; S 44 031 068 <01 O
M- <. 14 185
WD a2 1 o645 60 473 0 933 11 9% 020 2
M- <0. 13 145
. R A T 60 938 053 %7 <01 1
M- 91 a4 2 3 L0 o g o 80000 >1000 44 597 083 <01 01
10 8 0 0
'}"1 08 1119 3 11 897 398 14 141 027 08 678 2.23 323'4 028 3.9

Y Zn Zr ; Ce Pr Nd Sm Eu Gd Tb Dy Er Yb Lu
DL 05 1 5 1 05 005 05 002 01 005 01 002 005 005 01
'(\)"1' 33 31 15 37 71 847 335 751 071 824 126 1‘1'9 418 2.9 ois
'(\)"2' 13' 46 14 41 77 878 355 616 038 525 071 345 279 12 oiz
'(\)"3' 32' 60 58 24 47 62 293 624 248 71 105 651 337 24 053
'(\)"4' 09 149 <5 6 9 099 53 052 011 094 024 088 017 03 <f'
'(\)"5' 88 54 30 18 31 419 202 425 162 343 059 274 103 13 Oél
M-  <0. 1933 <0.0 <00 <00 <.
MY B s 2 1 o1z 08 9% <1 02 o017 o046 <D 0
M- <0, 1332 <0.0 <00 <00 <.
D B2 s 2 2 o3 08 0% <1 02 0w 0w 00T
'(\)"é 11' 61 14 46 91 1%5 434 799 026 689 088 458 226 13 062
'(\)"9' 44 13 5 61 108 1%'9 465 653 04 478 06 236 066 03 <10'
M- <. <0.0 <00 <00 <.
WP e s o2 1 om 08 9% <1 o3 o7 ose < 20
M- 15, 0.3
> 131 45 66 110 895 262 382 092 336 046 282 178 17 O

M-01: altered amphibolite, M-02 and M-08: host altered granite, M-03: talc schist, M-04 barren quartz vein, M-05:
fresh amphibolite, M-06, M-07 and M-10: quartz-stibnite veins, M-09: feldspar, M-11: dacite-rhyodacite
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Fig. 10. Photomicrographs (at room temperature, plane-polarized light, PPL) of fluid inclusion types from Moghanlou
deposit. (a—c) Coexisting of primary LV, VL, and V fluid inclusions in stage 2 quartz as evidence of boiling and (d—)

Primary two-phase LV fluid inclusion in stage 3 calcite.
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Table 3. Microthermometric data summary for primary LV fluid inclusions from Moghanlou deposit. The digit in the
parenthesis is the mean value of inclusion measured. The few homogenization temperatures for VL inclusions are not

listed here but are described in the text.

. Size o o Salinity (wt.% o Density

Mineral (um) Te(°C)  Tmice (°C) NaCl) Th ot (°C) (g/cm?)

Stage 2 Qz (n = 37) 8-21 -9.8t0-24  13.7-24.9 (19.7) 174-279.5 (221) 0.9.1.13
Stage3Cal (n=35)  8-17 -1.3t0-95  2.2-13.4(7.9) 107.8-175.5 (143)
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Fig. 11. (a) Chondrite-normalized (Thompson, 1982) rare element patterns for the mineralized samples and host rocks in
the Moghanlou deposit and (b) Chondrite-normalized (Sun and McDonough, 198) REE patterns for the mineralized

samples and host rocks in the Moghanlou deposit.
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Fig. 12. (&) Loss and gain histogram of rare elements in the altered amphibolite, talc schist, barren quartz vein, and quartz-
stibnite veins from the Moghanlou deposit that normalized against fresh amphibolite (sample M-05, Table 2). (b) Loss
and gain histogram of rare elements in the talc schist, barren quartz vein, and quartz-stibnite veins from the Moghanlou
deposit that normalized against altered amphibolite (sample M-01, Table 2). (c) Loss and gain histogram of rare earth
elements in the altered amphibolite, talc schist, barren quartz vein, and quartz-stibnite veins from the Moghanlou deposit
that normalized against fresh amphibolite (sample M-05, Table 2) and (d) Loss and gain histogram of rare earth elements
in the talc schist, barren quartz vein and quartz-stibnite veins from the Moghanlou deposit that normalized against altered
amphibolite (sample M-01, Table 2).
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Table 4. Comparison of main characteristics of the Moghanlou deposit with some epithermal Sb deposits in Iran.

Moghanlou Shourab Choupan Kuh-e-Shuru Lakhshak
Host rock Amphibo! ite, granite- psor;glhey?irl?c Polraai);reyttliggig:-r . Dacite and Dacite,
amphibolite boundary dacite boundary thyodacite porphyry diorite porphyry microdiorite
Gn, Sp, Stb, Py,
Ore Sth, Py, Stc Cep, Apy, Ttr-  CM SP- S, PY. Apy. o by st RIg,  Stb, Gn, Sp, Py
Minerals Tnt Ccep
Gangue Qz, Cal, Dol, Chl, 1lt,  Qz, Cal, Chl, Ep,
minerals Qz, Cal, Tlc, Act. Chl Qz, Sd, Cal Ser Ser Qz, Cal, Chl, Ser
Vein-veinlet, comb, Vein-veinlet,
disseminated, disseminated, Vein-veinlet, Vein-veinlet, . .
Ore texture  cockade, brecciated, brecciated, disseminated, vug brecciated, vug Vem'\ﬁlf?llf t vug
crustiform, colloform,  crustiform, vug infill infill
plomuse, vug infill infill
Feldspathic, Sericitization Silicification,
Alteration silicification, Silicification, carbonatizatio;l Silicification, sericitization,
carbonatization, sericitization chloritization ! sericitization carbonatization,
propylitic chloritization
H . 0 _ - 0 - - 0 -
ncusion 13295°C 79107 GRRET wa0z0ec 4tz g oL EL R
4 Wt% NaCl equiv. & D Wt% NaCl equiv. & WO O W
ata equiv. equiv. equiv.
Mehrabi et al Malekzadeh
References This study ' Mehrabi et al. (2011)  Shafaroudi et al. Mazloum (2018)
(2011, 2019) (2020)

Abbreviations: Act: actinolite, Apy: arsenopyrite, Cal: calcite, Ccp: chalcopyrite, Chl: chlorite, Dol: dolomite, Ep:
epidote, Gn: galena, llt: Illite, Py: pyrite, Qz: quartz, RIg: realgar, Sd: siderite, Ser: sericite, Sp: sphalerite, Stb: stibnite,
Stc: Stibiconite, Tlc: talc, Tnt-Ttr: tennantite-tetrahedrite. All mineral abbreviations from Whitney and Evans (2010).

Lugie gls b H20-NaCl v O oolilie Luls
VAV B V) lawgin (5,98 g (01,5 il a0 YY) BV TY)
Aigy dosly pl bl conl (i Sad Jolae F39 duo o
5 bzl slaasld L LS pl o sleals Jlw JolSS
Slid aeo oo lid Wosls b ojls Slgaa Ollew jidg>
Goe gL Ve BYe o slilie Lsls jo llew yolidl pls o
009 g3 slac] caw p e AT L YEe  Slhals
Lol Sy bl g oljals og laS, @ axg b .ol
3 (P93 Dlalllas plnil ( Sl )S g (mabew slaSla S0
Obime Sow 5 GloyFs (SHgiSS slaosls 3l 35k
plo g aghie opl o b feily sble olulis 4 Wl

20,8 e alie (oolidiinne; b 635 0 oolnl slagio

Sloyud

U"‘ r:l.?d‘ 6‘)-.’ ul"-’) oislo L;L" slcole> )‘ ulf"*“"“"ﬁ"
Pl 093 p (Babmy rizmes ableie SIS hagh
S8 (el alome 0 oo ()5l 5 e o 5lasils oo
clie @ e a5 oudj)l wole ‘5L®L§Lo.’\.%‘) Sy as iy
Aol el |y Sad S il 0ags )5 Lol dlae i

Y

GrSazss -V
2° Gl — gk atgy o 50 bl plaenil LS
Cadl S 009 )0 D290 (Sudgial GlagUSST Jls 4 cSLUS
aoled a4 axgr bocwl el JSas oud Slewald
8l g ol (ol SIS ¢ Sl 50 ¢ oAl ¢ cwlid s
hal Jlw slaylibe 5 (oontiiney Sldllas @l
B 585 ol 51 5 03 Jlagal 55 5 lS il 5o lyma]
Ll Gl e lgenisl Jlo g ol sl olials ple b awslio
S SleS 5 SleeS polie ol lxigy 595 Wy, Calid
ool G eass lis bie oK ¢ ,lodilS sladiges (o
oy Ml e als sleaS ) gly ol el o L
ghlio JLudls yo yolie (Sabgé g (Sabo lojloges
Ba, U, Rb, Th, Nb, wle s 0be ;5 05 oaumsgjlas
ok sl2a3 ) 5 Sb 4 Ta, Zr, Hf, Ag, Pb, Zn, Cu
o )log0s cpl )0 (S GlwS olie Sab 45 .col jloails
sl 5 ol Sl o STy UL e Sk
lesyy; leosls ablige LSl 0 liee
5 2hal Jorue Sl aos oo lid Jlow slo,liles


https://ijcm.ir/search.php?sid=1&slc_lang=en&auth=Malekzadeh+Shafaroudi%EF%80%AA
https://ijcm.ir/search.php?sid=1&slc_lang=en&auth=Malekzadeh+Shafaroudi%EF%80%AA

w

Vooyleds VY oy0 NFLY L Ayl (69,215 gwlid (e f’ﬂ’d'/;’#'f’g’*

&l

Aghanabati, A., 2005. Geology of Iran. Geological Survey of Iran, p. 706.

Albinson, T.F., 1988. Geologic reconstruction of paleosurfaces in the Sombrerete, Colorado, and Fresnillo
districts, Zacatecas State, Mexico. Economic Geology 83(8), 1647-1667.
https://doi.org/10.2113/gsecongeo. 83.8.1647

Bavi, M.H., 2011. Geology, geochemistry, and genesis of Moghanlou Sb deposit, west of Zanjan. MSc. thesis,
University of Zanjan, Zanjan (in Persian with English abstract).

Bodnar, R.J., 1993. Revised equation and table for determining the freezing point depression of H,O—-NaCl
solutions. Geochemical et Cosmochemical Acta 57(3), 683—684. https://doi.org/10.1016/0016-7037(93)
90378-A

Bodnar, R.J., Reynolds, T.J. and Kuehn, C.A., 1985b. Fluid-inclusion systematics in epithermal systems. In: Berger,
B.R., Bethke, P.M. (Eds), Geology and Geochemistry of Epithermal Systems. Reviews in Economic Geology
2, pp. 73-97. https://doi.org/10.5382/Rev.02.05

Boomeri, M., Mojadadi Moghadam, H., Biabangard, H., 2018. Petrography and geochemistry of igneous rocks
and Sb and Au mineralization in Sefidsang and Dargiaban areas, southeastern lIran. Iranian Journal of
Petrology 9(3), 193-216 (in Persian with English abstract).
https://doi.org/10.22108/ijp.2018.110097.1077

Bouzari, F., Clark, A.H., 2006. Prograde evolution and geothermal affinities of a major porphyry copper
deposit: the Cerro Colorado Hypogene Protore, | Region, northern Chile. Economic Geology 101(1), 95—
134. http://dx.doi.org/10.2113/gsecongeo.101.1.95

Butterman, C., Carlin, Jr., J.F., 2004. Mineral commodity profiles: Antimony. U.S. Geological Survey Open-
File Report 03-019, p. 35. https://doi.org/10.3133/0fr0319

Camprubi, A. and Albinson, T., 2007. Epithermal deposits in Mexico, update of current knowledge, and an
empirical re-classification. In: Alaniz-Alvarez, S.A., Nieto-Samaniego, A.F. (Eds), Geology of Mexico:
Celebrating the Centenary of the Geological Society of Mexico. Geological Society of America, pp. 14—
39. https://doi.org/10.1130/2007.2422(14)

Canet, C., Franco, S.I., Prol-Ledesma, R.M., Gonzélez-Partida, E., Villanueva-Estrada, R.E., 2011. A model
of boiling for fluid inclusion studies: Application to the Bolafios Ag—Au-Pb-Zn epithermal deposit,
Western Mexico. Journal of Geochemical Exploration 110(2), 118-125. https://doi.org/10.
1016/j.gexplo.2011.04.005

Cooke, D.R., McPhail, D.C., 2001. Epithermal Au-Ag-Te mineralization, Acupan, Baguio district, Philippines:
numerical ~ simulations of mineral deposition. Economic  Geology 96(1), 109-131.
https://doi.org/10.2113/96.1.109

Cooke, D.R., Simmons, S.F., 2000. Characteristics and genesis of epithermal gold deposits: Society of
Economic Geology Reviews 13, 221-244. https://doi.org/10.12691/jgg-6-3-4

Fan, H.R., Hu, F.F., Wilde, S.A., Yang, K.F., Jin, CW., 2011. The Qiyugou gold-bearing breccia pipes,
Xiong’ershan region, central China: fluid-inclusion and stable-isotope evidence for an origin from
magmatic fluids. International Geology Review 53, 25-45. https://doi.org/10.1080/00206810902875370

Fathian, L., Aliani, F., Saadat, S., Baharifar, A.A., Zarrinkoub, M.H., 2018. Petrogenesis and tectonomagmatic
setting of Moghanlou granitoid (NW Iran). Iranian Journal of Geology 46(12), 33-48 (in Persian with
English abstract).

Fournier, R.O., 1985. The behavior of silica in hydrothermal solutions. In: Berger, B.R., Bethke, P.M. (Eds),
Geology and Geochemistry of Epithermal Systems. Reviews in Economic Geology 2, pp. 45-61.
https://doi.org/10.5382/Rev.02.03

Ghorbani, M., 2013. The economic geology of Iran: mineral deposits and natural resources. Springer. p. 569.

Goldstein, R.H., 2003. Petrographic analysis of fluid inclusions. In: Samson, 1., Anderson, A., Marshall, D.
(Eds.), Fluid Inclusions: Analysis and Interpretation. Mineral Association of Canada Short Course 32, pp.
9-53.

Goldstein, R.H., Reynolds, T.J., 1994. Systematics of fluid inclusions in diagenetic minerals. Tulsa, Oklahoma:
Society for Sedimentary Geology (SEPM).

A


https://doi.org/10.2113/gsecongeo.%2083.8.1647
javascript:;
javascript:;
https://doi.org/10.5382/Rev.02.05
https://ijp.ui.ac.ir/?_action=article&au=211102&_au=Mohammad++Boomeri&lang=en
https://ijp.ui.ac.ir/?_action=article&au=203333&_au=Habib++Biabangard&lang=en
https://ijp.ui.ac.ir/article_23559.html?lang=en#aff3
https://doi.org/10.22108/ijp.2018.110097.1077
http://dx.doi.org/10.2113/gsecongeo.101.1.95
http://pubs.usgs.gov/of/2003/of03-019/of03-019.pdf
https://doi.org/10.3133/ofr0319
javascript:;
javascript:;
https://doi.org/10.1130/2007.2422(14)
https://doi.org/10.%201016/j.gexplo.2011.04.005
https://doi.org/10.%201016/j.gexplo.2011.04.005
http://dx.doi.org/10.2113/96.1.109
https://doi.org/10.1080/00206810902875370
javascript:;
javascript:;
https://doi.org/10.5382/Rev.02.03

w

Vooyleds MY 0,00 VF-Y L iy 65,8 bl (e ;,ﬂ,uf/:#;,ﬁ},

Haas, J.L., 1971. The effect of salinity on the maximum thermal gradient of a hydrothermal system at
hydrostatic pressure. Economic Geology 66(6), 940—946. https://doi.org/10.2113/gsecongeo.66.6.940
Hedenquist, J.W., Lowenstern, J.B., 1994. The role of magmas in the formation of hydrothermal ore deposits.
Nature 370(6490), 519-527. https://doi.org/10.1038/370519a0

Hedenquist, J.W., Arribas, A., 1998. Evolution of an intrusion-centered hydrothermal system: Far southeast
Lepanto porphyry and epithermal Cu—Au deposits, Philippines. Economic Geology 93(4), 373-404.
http://dx.doi.org/10.2113/gsecongeo. 93.4.373

Hedenquist, J.W., Arribas, A., Gonzalez-Urien, E., 2000. Exploration for epithermal gold deposits. In: Hagemann,
S.G., Brown, P.E. (Eds), Gold in 2000. Reviews in Economic Geology 13 pp. 245-277.

https://doi.org/10.5382/Rev.13.07

Heidari, M., Ghaderi, M., Kouhestani, H., 2017. Arabshah epithermal Au mineralization within
sedimentary host rock, SE Takab, NW Iran. Scientific Quarterly Journal of Geosciences
27(105), 265-282 (in Persian with English abstract). https://doi.org/10.22071/gsj.2017.53971

Henley, R.W., Hughes, G.O., 2000. Underground fumaroles: “Excess heat” effects in vein formation.
Economic Geology 95(3), 453-466. https://doi.org/10.2113/gsecongeo.95.3.453

Honarmand, M., Xiao, W., Nabatian, G., Blades, M.L., Dos Santos, M.C., Collins, A.S., Ao, S., 2018. Zircon
U-Pb-Hf isotopes, bulk-rock geochemistry and Sr-Nd-Pb isotopes from late Neoproterozoic basement in
the Mahneshan area, NW Iran: implications for Ediacaran active continental margin along the northern
Gondwana and constraints on the late Oligocene crustal anataxis. Gondwana Research 57, 48-76.
https://doi.org/10.1016/j.gr.2017.12.009

Jébrak, M., 1997. Hydrothermal breccias in vein-type ore deposits: a review of mechanisms, morphology and
size distribution. Ore Geology Reviews 12, 111-134. https://doi.org/10.1016/S0169-1368(97)00009-7

Jobson, D.H., Boulter, C.A., Foster, R.P., 1994. Structural controls and genesis of epithermal gold-bearing
breccias at the Lebong Tandai mine, Western Sumatra, Indonesia. Journal of Geochemical Exploration
50(1-3), 409-428. https://doi.org/10.1016/0375-6742(94)90034-5

Klemm, L.M., Pettke, T., Heinrich, C.A., Campos, E., 2007. Hydrothermal evolution of the EI Teniente deposit,
Chile: Porphyry Cu—Mo ore deposition from low-salinity magmatic fluids. Economic Geology 102(6), 1021
1045. https://doi.org/10.2113/gsecongeo.102.6.1021

Lattanzi, P., 1991. Applications of fluid inclusions in the study and exploration of mineral deposits. European
Journal of Mineralogy 3(4), 689-697. https://doi.org/10.1127/ejm/3/4/0689

Li, H., Tang, J., Hu, G., Ding, S., Li, Z., Xie, F., Teng, L., Cui, S., 2019. Fluid inclusions, isotopic
characteristics, and geochronology of the Sinongduo epithermal Ag—Pb-Zn deposit, Tibet, China. Ore
Geology Reviews 107, 692—706. https://doi.org/10.1016/j.oregeorev.2019.02.033

Liu, J., Mao, JW., Wu, G., Wang, F., Luo, D.F., Hu, Y.Q., Li, T.G., 2014. Fluid inclusions and H-O-S-Pb
isotope systematics of the Chalukou giant porphyry Mo deposit, Heilongjiang Province, China. Ore
Geology Reviews 59, 83-96. https://doi.org/10.1016/j.oregeorev.2013.12.006

Lotfi, M., 2001.Geological map of Mahneshan, scale 1:100000. Geological Survey of Iran.

Lottermoser, B.G., 1992. Rare earth elements and hydrothermal ore formation processes. Ore Geology
Reviews 7, 25-41. https://doi.org/10.1016/0169-1368(92)90017-F

Malekzadeh Shafaroudi, A., Karimpour, M.H., Javidi Moghaddam, M., 2020. Sb-As vein mineralization of
Kuh-e-Shuru area, southern Ferdows: Evidence of alteration, mineralogy, geochemistry, and fluid
inclusion study. Iranian Journal of Crystallography and Mineralogy 28(4), 869-882 (in Persian with
English abstract). https://doi.org/10.52547/ijcm.28.4.869

Mazloum, Gh., 2018. Mineralogy, geochemistry, and genesis of Lakhshak Sb deposit, NW Zahedan. MSc.
thesis, Shahrood University of Technology, Shahrood (in Persian with English abstract).

Mehdikhani, B., 2016. Exploration report of Sh in Moghanlou area. Industry, Mine and Trade Organization of
Zanjan, Zanjan, p. 198 (in Persian).

Mehrabi, B., Tale Fazel, E., Nokhbatolfoghahaie, A., 2011. The role of magmatic and meteoric water
mixing in mineralization of Shurab polymetal ore deposit South of Ferdows: Isotope geochemistry and
microthermometry evidence. Iranian Journal of Mineralogy and Crystallography 19, 121-130 (in Persian
with English abstract).

£4


https://doi.org/10.2113/gsecongeo.66.6.940
https://doi.org/10.1038/370519a0
http://dx.doi.org/10.2113/gsecongeo.%2093.4.373
https://doi.org/10.5382/Rev.13.07
https://doi.org/10.22071/gsj.2017.53971
https://doi.org/10.22071/gsj.2017.53971
https://doi.org/10.2113/gsecongeo.95.3.453
http://dx.doi.org/10.1016/j.gr.2017.12.009
https://doi.org/10.1016/S0169-1368(97)00009-7
https://doi.org/10.1016/0375-6742(94)90034-5
https://doi.org/10.2113/gsecongeo.102.6.1021
https://doi.org/10.1127/ejm/3/4/0689
https://doi.org/10.1016/j.oregeorev.2019.02.033
https://doi.org/10.1016/j.oregeorev.2013.12.006
https://doi.org/10.1016/0169-1368(92)90017-F
https://ijcm.ir/search.php?sid=1&slc_lang=en&auth=Malekzadeh+Shafaroudi%EF%80%AA
https://ijcm.ir/search.php?sid=1&slc_lang=en&auth=Karimpour
https://ijcm.ir/search.php?sid=1&slc_lang=en&auth=Javidi+Moghaddam
https://ijcm.ir/article-1-1554-en.pdf
https://ijcm.ir/article-1-1554-en.pdf
https://ijcm.ir/article-1-1554-en.pdf
https://ijcm.ir/browse.php?mag_id=81&slc_lang=en&sid=1
http://dx.doi.org/10.52547/ijcm.28.4.869

w

Vooyleds VY oy0 NFLY L Ayl (69,215 gwlid (e f’ﬂ’d'/;’#'f’g’*

Mehrabi, B., Tale Fazel, E., Yardley, B., 2019. Ore geology, fluid inclusions, and O-S stable isotope
characteristics of Shurab Sh-polymetallic vein deposit, eastern Iran. Chemie der Erde 79, 307-322.
https://doi.org/10.1016/j.geoch.2018.12.004

Moncada, D., Baker. D., Bodnar, R.J., 2017. Mineralogical, petrographic, and fluid inclusion evidence for the
link between boiling and epithermal Ag—Au mineralization in the La Luz area, Guanajuato Mining
District, México. Ore Geology Reviews 89, 143-170. https://doi.org/10.1016/j.oregeorev.2017.05.024

Moncada, D., Mutchler, S., Nieto, A., Reynolds, T.J., Rimstidt, J.D., Bodnar, R.J., 2012. Mineral textures and
fluid inclusion petrography of the epithermal Ag—Au deposits at Guanajuato, Mexico: Application to
exploration. Journal of Geochemical Exploration 114, 20-35.
https://doi.org/10.1016/j.gexplo.2011.12.001

Muntean, J.L., Einaudi, M.T., 2001. Porphyry-epithermal transition, Maricunga Belt, northern Chile.
Economic Geology 96(4), 743—772. https://doi.org/10.2113/gseconge0.96.4.743

Naden, J., Kilias, S.P., Darbyshire, D.PF., 2005. Active geothermal system with entrained seawater as modern
analogs for transitional volcanic-hosted massive sulfide and continental magmato-hydrothermal
mineralization: The example of Milos Island. Geology 33(7), 541-544. https://doi.org/10.1130/G21307.1

Najafzadeh, M., Ebrahimi, M., Mokhtari, M.A.A., Kouhestani, H., 2017. The Arabshah occurrence:
An epithermal Au-As-Sb Carlin-type mineralization in the Takab—Angouran-Takht-e Soleyman
metallogenic zone, western Azerbaijan. Advanced Applied Geological Journal 6(22), 61-76 (in Persian
with English abstract). https://doi.org/10.22055/aag.2016.12709

Ouyang, H., Wu, X., Mao, J.W., Su, H., Santosh, M., Zhou, Z., Li, C., 2014. The nature and timing of ore
formation in the Budunhua copper deposit, southern Great Xing'an Range: Evidence from geology, fluid
inclusions, and U-Pb and Re-Os geochronology. Ore Geology Reviews 63, 238-251.
https://doi.org/10.1016/j.oregeorev.2014.05.016

Pirajno, F., 2009. Hydrothermal Processes and Mineral Systems. Springer, Berlin, p. 1250.

Rabiei, M., Chi, G., Normand, C., Davis, W.J., Fayek, M., Blamey, N.J.F., 2017. Hydrothermal rare earth
element (Xenotime) mineralization at Maw Zone, Athabasca Basin, Canada, and its relationship to
unconformity-related uranium deposits. Economic Geology 112(6), 1483-1507.
https://doi.org/10.5382/econge0.2017.4518

Ramboz, C., Pichavant, M., Weisbrod, A., 1982. Fluid immiscibility in natural processes: Use and misuse of
fluid inclusion data: Il. Interpretation of fluid inclusion data in terms of immiscibility. Chemical
Geology 37(1-2), 29-48. https://doi.org/10.1016/0009-2541(82)90065-1

Roedder, E., 1984. Fluid inclusions. Reviews in Mineralogy 12, Mineralogical Society of America, p. 644.

Roedder, E., Bodnar, R.J., 1980. Geologic pressure determinations from fluid inclusion studies. Annual
Reviews of Earth and Planetary Science 8(1), 263-301. https://doi.org/10.1146/annurev.ea.08.050180.
001403

Ronacher, E., Richards, J.P., Johnston, M.D., 2000. Evidence for fluid phase separation in high-grade ore zones
at the Porgera gold deposit, Papua New Guinea. Mineralium Deposita 35(7), 683-688.
https://doi.org/10.1007/s001260050271

Rusk, B.G., Reed, M.H., Dilles, J.H., 2008. Fluid inclusion evidence for magmatic-hydrothermal fluid
evolution in the porphyry copper-molybdenum deposit at Butte, Montana. Economic Geology 103(2),
307-334. https://doi.org/10.2113/ gsecongeo.103.2.307

Shepherd, T.J., Ranbin, A.H., Alderton, D.H.M., 1985. A practical guide to fluid inclusion studies. Blackie,
Glasgow, p. 223.

Simmons, S.F., Brown, K.L., 2006. Gold in magmatic-hydrothermal solutions and the rapid formation of a
Giant ore deposit. Science 314(5797), 288-291.

Simmons, S.F., Browne, P.R.L., 2000. Hydrothermal minerals and precious metals in the Broadlands-Ohaaki
geothermal system: implications for understanding low-sulfidation epithermal environments. Economic
Geology 95(5), 971-1000. https://doi.org/10.2113/gseconge0.95.5.971

Simmons, S.F., White, N.C., John, D.A., 2005. Geological characteristics of epithermal precious and base metal
deposits. In Hedengquist, J.W., Thompson, J.F.H., Goldfarb, R.J., Richards, J.P. (Eds.), Economic Geology
One Hundredth Anniversary Volume, pp. 485-522. https://doi.org/10.5382/AV100.16


https://doi.org/10.1016/j.geoch.2018.12.004
https://doi.org/10.1016/j.oregeorev.2017.05.024
https://doi.org/10.1016/j.gexplo.2011.12.001
https://doi.org/10.2113/gsecongeo.96.4.743
https://doi.org/10.1130/G21307.1
https://doi.org/10.22055/aag.2016.12709
https://doi.org/10.1016/j.oregeorev.2014.05.016
https://doi.org/10.5382/econgeo.2017.4518
https://doi.org/10.1016/0009-2541(82)90065-1
https://doi.org/10.1146/annurev.ea.08.050180.%20001403
https://doi.org/10.1146/annurev.ea.08.050180.%20001403
https://doi.org/10.1007/s001260050271
https://doi.org/10.2113/%20gsecongeo.103.2.307
https://doi.org/10.2113/gsecongeo.95.5.971
javascript:;
javascript:;
javascript:;
javascript:;

w

Vooyleds VY oy0 NFLY L Ayl (69,215 gwlid (e f’ﬂ’d'/;’#'f’g’*

Simpson, M.P., Mauk, J.L., Simmons, S.F., 2001. Hydrothermal alteration and hydrologic evolution of the Golden
Cross epithermal Au-Ag deposit, New Zealand. Economic Geology 96(4), 773-796. https://doi.org/
10.2113/gsecongeo.96.4.773

Sun, S.S., McDonough, W.F., 1989. Chemical and isotopic systematics of oceanic basalts: implications for mantle
composition and processes. In: Saunders, A.D., Norry, M.J. (Eds), Magmatism in the Ocean Basins,
Geological Society of London Special Publications 42(1), pp. 313-345.
https://doi.org/10.1144/GSL.SP.1989.042.01.19

Takacs, A., Molnar, F., Turi, J., Mogessie, A., Menzies, J.C., 2017. Ore mineralogy and fluid inclusion
constraints on the temporal and spatial evolution of a high-sulfidation epithermal Cu—Au—Ag deposit in
the Recsk ore complex. Hungary. Economic Geology 112, 1461-1481.
https://doi.org/10.5382/econge0.2017.4517

Taylor, R., 2009. Ore textures: Recognition and interpretation. Springer-Verlag, Berlin, p. 287.

Thiersch, P.C., Williams-Jones, A.E., Clark, J.R., 1997. Epithermal mineralization and ore controls of the
Shasta Au-Ag deposit, Toodoggone District, British Columbia, Canada. Mineralium Deposita 32(1), 44—
57. https://doi.org/10.1007/s001260050071

Thompson, R.N., 1982. Magmatism of the British Tertiary volcanic province. Scottish Journal of Geology
18(1), 49-107. https://doi.org/10.1144/sjg18010049

Urusova, M.A., 1975. Volume properties of aqueous solutions of sodium chloride at elevated temperatures and
pressures. Russian Journal of Inorganic Chemistry 20, 1717-1721.

U.S. Geological Survey, 2021. Mineral commodity summaries 2021. U.S. Geological Survey, p. 200.
https://doi.org/10.3133/mcs2021

White, N.C., Hedenquist, J.W., 1995. Epithermal gold deposits: Styles, characteristics and exploration. SEG
News Letters 23(1), 9-13.

Whitney, D.L., Evans, B.W., 2010. Abbreviations for names of rock-forming minerals. American Mineralogist 95,
185-187. https://doi.org/10.2138/am.2010.3371

Wilkinson, J.J., 2001. Fluid inclusions in hydrothermal ore deposits. Lithos 55(1-4), 229-272.
https://doi.org/10.1016/S0024-4937(00)00047-5

Whitford, D.J., Korsch, M.J., Porritt, P.M., Craven, S.J.,, 1988. Rare-earth element mobility around the
volcanogenic polymetallic massive sulfide deposit at Que River, Tasmania, Australia. Chemical Geology
68(1-2), 105-119. https://doi.org/10.1016/0009-2541(88)90090-3

Yardley, B.W.D., 2005. Metal concentrations in crustal fluids and their relationship to ore formation.
Economic Geology 100(4), 613-632. https://doi.org/10.2113/gsecongeo.100.4.613

Yardley, B.W.D., Bodnar, R.J., 2014. Fluids in the continental crust. Geochemical Perspectives Letters 3(1),
1-2. https://doi.org/10.7185/geochempersp.3.1

Zhai, D., Liu, J., Wang, J., Yao, M., Wu, S,, Fu, C., Liu, Z., Wang, S., Li, Y., 2013. Fluid evolution of the
Jiawula Ag-Pb-Zn deposit, Inner Mongolia: Mineralogical, fluid inclusion, and stable isotopic evidence.
International Geology Review 55(2), 204-224. https://doi.org/10.1080/00206814.2012.692905

Zhu, Y.F., Zeng, Y.S,, Jiang, N., 2001. Geochemistry of the ore-forming fluids in gold deposits from the
Taihang Mountains, northern China. International Geology Review 43(5), 457-473.
https://doi.org/10.1080/00206810109465026

\Al


https://doi.org/%2010.2113/gsecongeo.96.4.773
https://doi.org/%2010.2113/gsecongeo.96.4.773
https://doi.org/10.5382/econgeo.2017.4517
https://doi.org/10.1007/s001260050071
https://doi.org/10.1144/sjg18010049
https://doi.org/10.3133/mcs2021
https://doi.org/10.2138/am.2010.3371
https://doi.org/10.1016/S0024-4937(00)00047-5
https://doi.org/10.1016/0009-2541(88)90090-3
https://doi.org/10.1016/0009-2541(88)90090-3
https://doi.org/10.2113/gsecongeo.100.4.613
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.7185%2Fgeochempersp.3.1?_sg%5B0%5D=4QX-vrMUwyX2qH5RibSJEOj_WnMDVlkh-LAmz3LdksJvxU7xdrUa4GUPQZQGVt0S1dd9yYNKlpaQq6vQGgGrTKIluA.JTYvUXvnPvYbzOFQAt2z3NGnnO9dNt6hmytMA2r2aHUoVsvBoe1xQfQ1ollN-V6fcGSuMjtNjgR9dSmEFZhcVw
https://doi.org/10.1080/00206814.2012.692905
https://doi.org/10.1080/00206814.2012.692905
https://doi.org/10.1080/00206810109465026

