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Introduction

Varmazyar Pb—Zn (Ag) occurrence, 65 km north of Zanjan, is located in
the Tarom—Hashtjin metallogenic belt (THMB). The THMB has been
recognized to be one of the most important epithermal metallogenic
belts in Iran (Kouhestani et al., 2018b). It hosts numerous small- to
medium-sized epithermal deposits (i.e., Gulojeh, Agkand, Aliabad—
Khanchy, Chodarchay, Khalyfehlou, Chargar, Zajkan, Marshoun,
Abbasabad, Zehabad, and Shah Ali Beiglou). These epithermal deposits
are temporally and spatially related to late Eocene granitoids (Mehrabi
et al., 2016; Kouhestani et al., 2018b).

Although the general geological characteristics of the region, where the
Varmazyar occurrence is located, have been already determined (Faridi
and Anvari, 2000), no detailed studies have been conducted on its
mineralogy, geochemistry, and characteristics of the ore-forming fluids
of the Varmazyar occurrence. In this paper, we investigate the geology,
mineralogy, geochemistry, fluid inclusions, and alteration styles of the
Varmazyar occurrence to constrain its ore genesis. These results may
have implications for the regional exploration of epithermal deposits in
the THMB.

Materials and methods

Detailed field work has been carried out at different scales in the
Varmazyar area. A total of 70 samples were collected from various parts
of ore veins and breccias, host tuff units and granitoid intrusion. The
samples prepared for thin (n=15) and polished-thin (n=27) sections in
the laboratory of the University of Zanjan, Zanjan, Iran.
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Seven representative samples from the mineralized
veins and breccias, one sample from host
intermediate tuff unit and one sample from barren
and fresh granite intrusion, were analyzed for rare
and rare earth elements using ICP-MS in the
Zarazma Analytical Laboratories, Tehran, Iran.

Fluid inclusion measurements were conducted on 4
doubly polished thick (~150 um) sections including
crystalline quartz, and sphalerite from the second,
and  third stages of ore  formation.
Microthermometric measurements were performed
using a Linkam THMSG-600 heating—freezing stage
attached to a ZEISS microscope in the fluid inclusion

laboratory of the Iranian Mineral Processing
Research Center, Tehran, Iran.

Results and Discussion

The geological units hosting the Varmazyar

occurrence are mainly Eocene volcanic and
volcaniclastic rocks that were intruded by late
Eocene granitoids. The volcaniclastic rocks can be
divided into two units as acidic (lithic tuff, lithic
crystal tuff and crystal tuff) and intermediate (lithic
crystal tuff, crystal tuff, and lithic tuff) units. They
are metamorphosed to clinopyroxene hornfels facies
near contact intrusions. The granodiorite intrusion is
the main rock units in the Varmazyar area. It crops
out mainly in the south, southwest and northeast of
the VVarmazyar occurrence. It ranges in composition
from monzogranite to syenogranite and shows
porphyritic and granular textures.

Mineralization at VVarmazyar occurs as an epithermal
base metal quartz-sulfide brecciated vein that occupy
NS-trending faults in the Eocene acidic and
intermediate tuff units. The ore vein extends up to
300 m along, from several cm to 2-3 m wide, and
generally dip steeply (65-80°) to the west. Wall-rock
alterations developed at the VVarmazyar occurrence
include silicification, intermediate  argillic,
carbonate, and propylitic alteration; the first three are
closely related to Pb—Zn (Ag) mineralization. The
alteration styles show a systematic zonation pattern,
from silica, via intermediate argillic, to propylitic
alteration. Four stages of mineralization can be

distinguished at VVarmazyar. Stage 1 is represented
by silicification of host rocks along with minor
disseminated pyrite. This stage is a pre-ore stage and
it is usually crosscut by later stages. Stage 2 is the
main ore-stage at the Varmazyar occurrence. It is
characterized by up to 5 cm wide quartz veins and
breccias that contain variable amounts of
disseminated galena, sphalerite, and minor pyrite.
Clasts of this stage and associated wall-rock
alteration have been recognized in the hydrothermal
cements of stage 3 breccias. Stage 3 is marked by
guartz-calcite-manganese  oxide  (psilomelane,
pyrolusite, braunite) veins and breccia cements. It is
usually crosscut by previous mineralization stages
and, inturn, is cut by stage 4 calcite veinlets. Stage 4
is a barren post-ore stage represented by < 1 mm
wide calcite veinlets. This stage usually crosscuts
previous ore stages. No sulfide minerals are
recognized at stage 4. The ore minerals at VVarmazyar
have been formed as vein-veinlet and hydrothermal
breccia cements, and show disseminated, vein-
veinlet, brecciated, comb, crustiform, colloform,
cockade, bladed, plumose, and vug infill textures.
Galena, sphalerite, pyrite, psilomelane, and
pyrolusite are the main ore minerals; smithsonite,
cerussite, goethite, secondary pyrolusite, and
braunite are supergene minerals. Quartz, calcite, and
sericite are present in the gangue minerals.
Comparison of Chondrite—normalized rare elements
and REE patterns of host intermediate tuffs, barren
and fresh granite intrusion, and the mineralized
samples at Varmazyar indicate that mineralization is
probably genetically related with granite intrusions.
In this case, leaching of some elements from the host
tuff units may have been involved in mineralization.
Ore-forming fluids associated with the quartz-sulfide
veins are represented by two-phase agueous
inclusions and H,O-NaCl fluids with moderate-
temperature (135-249 °C) and low-salinity (0.2-6.4
wt.% NaCl equiv.). Fluid inclusion data indicates
that fluid boiling and mixing were important
processes in the evolution of the ore-forming fluids
at Varmazyar. Our data suggest that Varmazyar is an
example of intermediate-sulfidation type of
epithermal base metal mineralization.
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Fig. 3. A: Field photograph showing the location of mineralized quartz-sulfide vein at the Varmazyar occurrence (looking

southwest), B and C: Views of mineralized quartz-sulfide vein and intermediate argillic alteration halo in its hanging-wall
(both photos looking to the west), D, E and F: Quartz-sulfide vein crosscutting by Mn-bearing quartz-calcite veins that

formed breccia texture.
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Fig. 4. Photomicrographs (transmitted polarized light, XPL) of hydrothermal alteration types in the VVarmazyar occurrence. A
and B: Silica alteration as veinlets and hydrothermal breccia cements, C and D: Intermediate argillic alteration as replacement
of plagioclase by clay minerals, sericite and calcite, E: Carbonate alteration as quartz-calcite-Mn oxides veinlets, and F:
Propylitic alteration as replacement of clinopyroxene by chlorite and calcite. Abbreviations after Whitney and Evans (2010)
(Cal: calcite, Chl: chlorite, Gn: galena, Lith: tuff fragment, Mn Ore: manganese ore, Qz: quartz, Ser: sericite).
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Fig. 5. Photomicrographs (transmitted polarized light, XPL) of the mineralization stages in the Varmazyar occurrence.
A, B and C: Stage 1 mineralization as silicification of the host rock that crosscut by stage 2 quartz-sulfide veinlets (B and C). In
A, fine-grained disseminated pyrites (often oxidize) are observed in the silicified rock. D, E and F: Stage 2 quartz-sulfide veinlets
crosscutting by stage 3 quartz-carbonate-oxide veinlets. G, H and I: Stage 4 mineralization as late calcite veinlets crosscutting
previous stages. Abbreviations after Whitney and Evans (2010) (Cal: calcite, Gn: galena, Mn Ore: manganese ore, Py: pyrite,
Qz: quartz, Sp: sphalerite).
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Fig. 6. Photomicrographs (E in transmitted polarized light, XPL, and the rest in reflected light) of ore minerals in the Varmazyar
occurrence. A: Anhedral galena crystal with triangle cleavage, B: Anhedral galena crystal altered to cerussite along boundaries,
Cand D: Intergrowth of galena and sphalerite. Both minerals, respectively, altered to cerussite and smithsonite along boundaries,
E: Anhedral sphalerite crystals altered to smithsonite along boundaries, F: Anhedral pyrite crystal with relict texture that altered
to goethite, G: Intergrowth of psilomelane and primary pyrolusite, H and I: Anhedral to subhedral psilomelane crystals altered
to secondary pyrolusite and braunite along boundaries. Abbreviations after Whitney and Evans (2010) (Br: braunite, Cer:
cerussite, Gn: galena, Gth: goethite, Py: pyrite, Pyrl: primary pyrolusite, Pyr2: secondary pyrolusite, Ps: psilomelane, Qz:
quartz, Sm: smithsonite, Sp: sphalerite).
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Fig. 7. Photomicrographs (transmitted polarized light, XPL) and hand specimens of quartz texture in the Varmazyar occurrence.
A and B: Quartz with veinlet and breccia-cement texture, C: Vug infill quartz, D and E: Crustiform texture of quartz in quartz-
sulfide (D) and quartz-calcite (E) veinlets. In D, plumose texture of quartz is also observed, F and G: Cockade texture of quartz
developed around brecciated fragments, H and I: Bladed texture of quartz. Colloform texture of quartz is also observed in both
photos. Abbreviations after Whitney and Evans (2010) (Cal: calcite, Gn: galena, Lith: rock fragment, Qz: quartz).
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Varmazyar occurrence
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Table 1. Geochemical data of rare and rare earth elements for mineralized veins, fresh host intermediate tuff and granitic
body from the Varmazyar occurrence. All data are in ppm.

Ag As Ba Cd Ce Cu Dy Er Eu Gd Hf K
DL 01 0.1 1 0.1 0.5 1 0.02 005 0.1 0.05 0.5 100
V-02 <01 15 404 0.1 83 55 4.29 2.67 0.72 465 136 51657
V-06 0.7 9.7 1074 0.2 25 25 3.12 189 103 2.389 0.96 34535
V-11 518 128 31 56.2 <1 155 1.02 056 0.11 043 0.68 1611
V-13 169 20.9 68 63.9 10 35 6.02 325 079 455 0.69 2708
V-35 1453 57.9 32 1342 <1 816 0.78 034 <01 0.9 0.66 101
V-41 3.9 4 53 2.5 2 68 0.66 024 016 032 0.88 4427
V-46 1.3 2.6 60 25.9 <1 24 0.49 0.16 <0.1 <0.05 0.68 1018
V-48 651 4.9 40 1.9 2 175 0.8 033 015 0.37 0.65 2283
V-68 301 3.2 14 425 <1 32 0.61 021 <01 0.08 0.64 685
La Lu Mn Nb Nd P Pb Pr Rb S Sh Sm
D.L. 1 0.1 5 1 0.5 10 1 0.05 1 50 0.5 0.02
V-02 45 042 450 589 30.8 556 258 859 229 145 0.9 5.02
V-06 13 027 5253 31 14.4 716 171 313 121 128 13.8 2.8
V-11 <0.1 2468 2.4 2.7 92 >30000 0.09 <1 26315 746 0.31
V-13 6 0.31 >20000 2.2 103 154 3937 1.67 9 1054 62.9 2.93
V-35 <1 <01 1998 3.5 25 77 >30000 <0.05 <1 >30000 >100 0.16
V-41 2 <0.1 720 3.1 43 185 5894 055 21 1081 91.9 0.51
V-46 <1 <01 1332 2.2 22 105 1790 <0.05 <1 6597 95.4 0.08
V-48 4 <0.1 2827 1.6 3.8 268 >30000 0.38 <1 17919 83.6 0.39
V-68 <1 <01 1272 15 2.1 81 >30000 <0.05 <1 16837 68.2 0.09
Sr Ta Tb Te Th Ti Tm Y Yb Zn Zr
D.L. 1 0.1 0.1 0.1 0.1 10 0.1 05 0.05 1 5
V-02 230.7 3.6 0.67 0.12 37.18 3254 0.38 218 23 100 15
V-06 251.6 158  0.46 0.13 556 5465 0.26 147 21 400 12
V-11 104 037 0.11 <01 <01 137 <0.1 5.9 0.5 >30000 <5
V-13 2296 0.35 0.9 018 <01 <10 0.39 32 2 28822 <5
V-35 1355 0.38 <0.1 012 <01 <10 <0.1 34 0.2 >30000 <5
V-41 273 046 <01 <0.1 025 206 <0.1 2 0.1 6514 6
V-46 237 033 <01 <01 <01 <10 <0.1 1.3 0.1 14993 <5
V-48 2978 031 <0.1 011 <01 118 <0.1 3.2 0.3 3892 <5
V-68 639 029 <01 <01 <01 <10 <0.1 1.8 0.2 27628 <5

V-02: Barren and fresh granite, \VV-06: Barren host intermediate tuff, VV-11 and V-68: Qz-Pb-Zn vein with bladed texture,

V-13: Mn ore, V-35 and V-48: High-grade Qz-Pb-Zn vein, V-41 and V-46: Low-grade Qz-Pb-Zn vein
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Fig. 9. A: Chondrite—normalized (Thompson, 1982) rare element patterns for the mineralized veins, host intermediate
tuff, and barren fresh granite body in the VVarmazyar occurrence, and B: Chondrite—normalized (Boynton, 1984) REE
patterns for the mineralized veins, host intermediate tuff, and barren fresh granite body in the Varmazyar occurrence.
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Fig. 10. A: Loss and gain histogram of rare elements in the mineralized samples from the VVarmazyar occurrence that
normalized against barren granite sample (sample VV-02, Table 1), and B: Loss and gain histogram of rare elements in the
mineralized samples from the Varmazyar occurrence that normalized against host intermediate sample (sample V-06,
Table 1).
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Fig. 11. A: Loss and gain histogram of rare earth elements in the mineralized samples from the VVarmazyar occurrence
that normalized against barren granite sample (sample V-02, Table 1), and B: Loss and gain histogram of rare earth
elements in the mineralized samples from the VVarmazyar occurrence that normalized against host intermediate sample
(sample V-06, Table 1).
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Fig. 12. Photomicrographs (at room temperature, plane-polarized light) of fluid inclusion types from Varmazyar
occurrence. Inclusions showing variable L/V ratio as evidence for boiling. A—C: Coexisting primary two-phase LV and
VL fluid inclusions in stage-2 quartz, probably formed due to boiling, D—F: Coexisting elliptical or negative-shaped

primary LV and VL fluid inclusions as evidence of boiling in stage-2 sphalerite, G-I: Primary two-phase LV fluid
inclusions in stage-3 quartz. L: liquid, V: vapor, PS: pseudosecondary fluid inclusion
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Table 2. Microthermometric data summary for primary LV fluid inclusions from Varmazyar Pb—Zn (Ag) occurrence.
The digit in the parenthesis is the mean value of inclusion measured.

Mineral ~ Size (um)  Tfm (°C)  Tmice (°C) (Wffga/':r,‘\ilg’cn Tn (°C) %32;']?)/
St(‘;‘]gze go()?z 430 211026 —3t0-06 115(33) 1?2&2};’5 0.8-0.9
Szf]gf i??p 7-146 (n;ggetgtfgm 4to-1 1764 (5) 15(;62519 0.9-1.0
St(igj 26?2 143  21t0-26 -05t0-01 0.2-09 (0.6) 13&;(15?4 0.8-0.9

318 Sl a3 YO U VPA 03 5udme 55 o 5 4 215405 g5

318 Sl amys YFALNOV 5 (5 5 sl aarys Yoo 5 50Le)

s a0 Sas mle 564 0 o) Jlow slasbibe oles
ngJJiJLZ-‘LS})J{L;L*’c:’h‘J“;@A‘ﬁ}? :\.&)tﬁj
Ods Kan (glos ol sdiiidlos! o (o yboke Os - Kea

DOI: 10.22067/ECONG.2021.51947.86716

\ o)Lq..'I: AF 693 AFY gé:l..a;é‘ gf“'uu:")


https://dx.doi.org/10.22067/ECONG.2021.51947.86716

C)Ua ‘_)jls-\.ujasL_)Lf)j(ﬂjﬂd)‘_Q}) Uﬂ$w>lb)ww

OKanr 5 L3

J.l.)l.aa (B—“‘ Js__:lj Y d}v\?‘) C__.»A‘J:v'r.".a ()‘}?@L_m 4:'-‘))
VG A G 5 s ebee Sl 53 Jlw slasboke ol J&

Y J)ub-) Sl ol Cowdady vxgﬂ j:‘Lg:"L‘“J" CJ?

(B S 5 Y Jgts) Sl (51 8 Sl a5 Vo8 )
SIS 53 3 g Jl (Slasbike 3 olgi 05 Kan slos

W 5S5ke) ol S Sl 453 VF B YO oy 215608 p s dl o

Frequency

254

151

5
0-2 2-4 4-6

Salinity (wt.% NaCl)

@

Frequency
¢

W
1

240

120 150 180 210

Total homogenization temperatures (°C)

270

. Stage 2 Qz . Stage 2 Sp .Stage 3Qz

(o)) (S35 o (a3l 5 )3 LV 6 ad sl Jln (a5 b00kn 05 K 5los 5 (5550 403 G313 (sl smi o3 5 4B S ALIY UKD

b

Fig. 13. Frequency histograms, respectively, of equivalent salinities and total homogenization temperatures for the
primary LV fluid inclusions from Varmazyar Pb—Zn (Ag) occurrence
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Fig. 14. Total homogenization temperatures vs. equivalent salinity diagram for primary LV fluid inclusions from Varmazyar Pb—Zn
(Ag) occurrence. Typical ranges of fluid inclusions in porphyry, epithermal and MVT deposits worldwide are modified after Wilkinson

(2001). Diagonal contours show fluid densities of H2O-NaCl fluids in g/cm? for pressures along the L-V curve (Haas, 1971).
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Fig. 15. Estimated pressure for fluid inclusions in the Varmazyar occurrence that exhibited final homogenization by vapor
disappearance of LV fluid inclusions (modified after Bouzari and Clark, 2006).
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Table 3. Comparison of main characteristics of Varmazyar occurrence with some intermediate-sulfidation type of

epithermal deposits in the Tarom—Hashtjin metallogenic belt

. Aliabad- Lubin- Shah Ali
Varmazyar Zajkan Marshoun Khanchy Agkand Zardeh Beiglou
Location N Zanjan SE Zanjan SE Zanjan E Zanjan N Zanjan SE Zanjan N Zanjan
- - Intermediate -
Acidic and Acidic and Andesitic .. Quartz
- . - . tuff, pyroxene Andesitic : :
Host rock intermediate intermediat lavas, tuff Tuff units monzonite
quartz - basalt lavas
tuff e tuff _ units dyke
monzodiorite
Ei?é?gl?zfati Late Eocene Late Late Eocene Late Eocene  Late Eocene  Late Eocene Miocene
on ?) Eocene (?)  (?) ?) ) @) @
Ore- . Normal Normal Normal Normal
controlling Normal faults Normal faults Normal faults
faults faults faults faults
structures
Gn, Sp, Py, Ccp, Gn,  Sp, Gn,
:\)/lriierals g’nr Sp. Py, Ps, Ccp, Py, Sn, Sp. Cep, ﬁg?n Py, Ccp, Hem Sp, Ttr—Tnt, Ccp, Py,
y Hem y Bn, Au, Ag Ttr—Tnt
Vein-veinlet, \\//e?nnlét Vein-veinlet,
breccia, vug S breccia, vug Vein-veinlet, Vein-veinlet, Vein-veinlet, .
o breccia, S . . . Vein-
infill, comb, o infill, comb, breccia, vug  breccia, vug  breccia, vug .
! vug infill, ! . e . veinlet,
crustiform, crustiform, infill, comb, infill, infill, .
Ore texture comb, ! ! ! breccia,
colloform, . colloform, crustiform, crustiform, crustiform, .
crustiform, crustiform,
plumose, plumose, colloform, colloform, comb,
colloform, comb
cockade, cockade, cockade plumose colloform
plumose,
bladed bladed
cockade
Silica,
Silica, Silica Silica, Silica argillic,
intermediate : b intermediate S Silica, Silica, chloritizati
. - intermediat i chloritization S L
Alteration argillic, S argillic, A chloritizatio argillic, on,
- e argillic, o , argillic, " 2. .
carbonatization - carbonatization . n, propylitic  propylitic carbonatiza
. propylitic L propylitic .
, propylitic , propylitic tion,
propylitic
Kouhestani Mokhtari et Feizi et al. Zamanian et
References This stud et al Kouhestani et al. (2016); (2016); al. (2019); Mikaeili et
y (201.9a) al. (2019b) Kouhestani Kouhestani Zamanian et al. (2018)
etal. (2018b) etal. (2017)  al. (2020)

Abbreviations: Ag: native silver, Au: native gold, Bn: bornite, Ccp: chalcopyrite, Gn: galena, Hem: hematite, Py: pyrite,
Pyr: pyrolusite, Ps: psilomelane, Sp: sphalerite, Tnt: tennantite, Ttr: tetrahedrite. Abbreviations after Whitney and Evans

(2010).
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Table 4. Comparison of main characteristics of Varmazyar occurrence with some intermediate-sulfidation type of
epithermal deposits in Iran

Qoyjeh Qomish . Cheshme Gandi and
Varmazyar Yeylaq Tappeh Arpachay Ay Qalasi h Hafez Abolhassani
Torud-
Location N Zanjan SE Zanjan SE Zanjan Takab Takab Chah Torggﬁ;hah
Shirin
Western . . . .
Tectonic zone Alborz- Uromieh- Uromieh- Uromieh- Uromieh- Alborz Alborz
- Dokhtar Dokhtar Dokhtar Dokhtar
Azerbaijan
Siltstone,
Acidic and Basaltic Acidic tuff, sandstone, Tuff, Andesite,
Host rock intermediate andesite, crystal-vitric Gabbro feldspar andesite, pyroclastic
tuff andesite dacitic tuff porphyry dacite rocks
dyke
Timing of Late Eocene . o . o Oligo- Mid-late Miocene o
mineralization 0] Miocene (?) Pliocene (7) Miocene (?) Miocene (?) ? Eocene (?)
Ore-controlling Normal Normal Normal
structures faults Normal faults ~ Normal faults Normal faults faults faults Normal faults
Gn, Sp,
Ore Minerals ~ C™ SP: Py, Gn, Sp, Ttr= Péncéew épy, Gn, Sp, Cep, Py, Ccep, Sp,  Py,Cep,  Sp, Gn, Ag,
Ps, Pyr Tnt, Ccp, Py N, S, Py Gn, Ttr—Tnt Bn, Ttr— Py, Ttr, Ccp
Ttr—Tnt Tnt
Vein-
vel_nlet, Vein-veinlet, Vein-veinlet, . . .
breccia, vug . . . . Vein- Vein-veinlet,
A . . Vein-veinlet, breccia, breccia, . .
infill, comb, Vein-veinlet, X veinlet, breccia, vug
. . breccia, vug colloform, comb, . M
Ore texture crustiform, breccia, vug S . breccia, infill,
. infill, plumose, crustiform, .
colloform, infill . . comb, vug crustiform,
crustiform comb, vug vug infill, -
plumose, infill colloform infill colloform
cockade,
bladed
Silica,
intermediate - Silica, argillic,  Silica, argillic, Silica, Silica,
L Silica, 2. 2. L L . .
. argillic, o carbonatizatio  carbonatizatio argillic, argillic, Silica, argillic,
Alteration - . carbonatizatio L - P - 7.
carbonatizati L n, argillic, n, argillic, argillic, argillic, propylitic
n, propylitic . . . .
on, propylitic propylitic propylitic propylitic
propylitic
Shirkhani Mzrr‘lgab'
. ) (2007); .
h Salelhlh_(ZOOSIJ), Talebi (2015);  Mohammadi Gh‘?‘sem' h .
References This study Bagherpour et Salehi et a - Talebi et al Niaei (2014); Stani Shamanian et
al. (2020) (2011); Salehi ' N (2012); al. (2004)
(2017) Mohammadi .
et al. (2015) L Mehrabi
Niaei et al. etal
(2015) (2014)

Abbreviations: Ag: native silver, Apy: arsenopyrite, Bn: bornite, Ccp: chalcopyrite, Gn: galena, Po: pyrrhotite, Py: pyrite,
Pyr: pyrolusite, Ps: psilomelane, Sp: sphalerite, Tnt: tennantite, Ttr: tetrahedrite. Abbreviations after Whitney and Evans

(2010).
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Fig. 16. Schematic representation of mineralization evolution stages at Varmazyar occurrence. A: Formation of Eocene
volcano-sedimentary units, B: Folding of Eocene rock units during Pyrenean orogeny (late Eocene) and intrusion of
granitic bodies within rock strata. Intrusion of these plutons caused contact metamorphism and circulation of meteoric
waters and formation of mineralized quartz-sulfide veins within volcanic units in the area, and C: Regional exhumation
and development of weathering and erosion processes
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