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g -2+ 1Q2l Recent alluvium, fluvial channel deposit a2 Thrust fault
B QB: Low-level alluvium deposit Fault
; Qt2: Young terraces Drainage
o Q': Old high-level terraces Road
” ’:§§'§ Msm: Alternation of red-grey thin-bedded sandstone and red-green marl ) ?;?I?:h Xilaq
Z Mms: Red-green marl with inrecalation of medium-bedded sandstone Village
53 OM,!: Medium to massive limestone with coral, bivalve and shell fragments
O OM,!': Medium- to thick-bedded limestne with intercalation of tuff and shale
g OM,P?: Basaltic andesite and andesite
18 ‘ OMs™: Alternation of sandstone, marl and siltstone interlayered with agglomerate
| OM™s: Red-green marl with intercalation of medium-bedded sandstone
Post Miocene -Da: Dacitic dome Q Km 2
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Fig. 1. Geological map of Qoyjeh Yeylaq deposit
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Fig. 2. A: View of basaltic andesite and andesitic lavas (OMy*) in the Qoyjeh Yeylaq deposit (looking to the east).
Alternation of marl and sandstone layers of OM™ unit can be seen at the upper right corner of the photo, B: View of
basaltic andesite and andesite lavas and alternation of marl and sandstone layers of OM*™ unit in the north of the study
area (looking northwest), C: A close view of agglomerate unit, and D: View of Quaternary deposits (Q® unit) which is

used as farm lands (looking northwest). Dacitic domes of Qomish Tappeh deposit can be seen at the upper left corner of
the photo.
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Fig. 3. Photomicrographs (transmitted cross polarized-light, XPL) of minerals and textures of lavas and dykes in the Qoyjeh
Yeylaq area. A: Porphyritic texture consist of plagioclase and clinopyroxene phenocrysts set in fine-grained groundmass in
basaltic andesite lava, B: Ophitic texture in basaltic andesite lava, C: Plagioclase phenocrysts with zoning and sieve texture in
andesite lava, D: Hornblende phenocrysts with thin oxidation rims along with vug infill calcite in andesite lava, E and F:
Porphyritic texture consist of plagioclase phenocrysts with sieve (E) and zoning (F) textures along with clinopyroxene
phenocrysts set in fine-grained groundmass in microdioritic dykes. All mineral abbreviations follow Whitney and Evans
(2010) (Cal: calcite, Cpx: clinopyroxene, Hbl: hornblende, Pl: plagioclase).
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Fig. 4. A: Field photograph showing the location of mineralized zone at the Qoyjeh Yeylaq deposit within host basaltic
andesite and andesite lavas (looking southwest), B: A close view of quartz-sulfide, C: A close view of breccia structure
with sulfide and quartz cement, and D: A close view of late calcite veinlets (BA-L: basaltic andesite fragments)
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Fig. 5. Mineralization stages at Qoyjeh Yeylaq deposit. A: Stage-1 quartz-sulfide veins. B: Stage-1 breccia with quartz and
sulfide cement. C: Subparallel sheeted stage-2 calcite veins crosscutting stage-1 quartz-sulfide veins. D: Stage-2 calcite veinlet

crosscutting host basaltic andesitic lava. Photomicrographs are taken in transmitted polarized-light, XPL. All mineral
abbreviations follow Whitney and Evans (2010) (Cal: calcite, Cpx: clinopyroxene, Pl: plagioclase, Qz: quartz).
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Fig. 6. Photomicrographs of ore and gangue minerals at the Qoyjeh Yeylaq deposit. A: Galena with triangle cleavage,
B: Galena with chalcopyrite and sphalerite inclusions, C: Sphalerite intergrown with galena, D: Alteration of chalcopyrite to
chalcocite and covellite along with alteration of galena to cerussite, E: Goethite with colloform texture, and F: Fine-grained
quartz cemented by calcite. Photomicrographs are taken in reflected light (A—E) and transmitted XPL (F). All mineral
abbreviations follow Whitney and Evans (2010) (Cal: calcite, Ccp: chalcopyrite, Cct: chalcocite, Cer: cerussite, Cv: covellite,
Gn: galena, Gth: goethite, Qz: quartz, Sp: sphalerite)
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Fig. 7. Paragenetic sequences showing the relative abundance, structure and texture of gangues and ore minerals at the

Qoyjeh Yeylaq deposit
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Table 1. Geochemical data of trace and rare earth elements for mineralized veins (samples G-22, G-24 and G-26), fresh
and altered basaltic andesite and andesite lavas (samples G-31 and G-34, and G-40, respectively) from the Qoyjeh
Yeylaq deposit. All data in ppm. Sample G-40 is the average of 6 analysis.

Ag As Ba Cd Co Cr Cs Cu Hf Nb Pb Rb Sc

DL 01 05 1 0.1 02 01 0.1 0.1 0.1 0.1 0.1 0.1 0.2

G-22 419 0.1 589 2279 23 6 23 329 <0.5 1.5 >3% 10 3.7

G-24 474 06 503 323.6 2 8 1.3 344 <0.5 1.4 >3% 6 3.7

G-26 289 08 198 4476 1.1 6 1.7 225  <0.5 1.6 >3% 7 5

G-31 04 92 1168 248 123 10 3 63 3.61 9 1456 22 2775

G-34 06 69 459 1252 132 9 7.5 154 342 8.3 6341 21 25

G-40 0.6 11.7 654 132 159 13 23 21.6 549 1586 206.25 44.62 19.48

Sr Ta Th ] \V Y Zn Zr La Ce Pr Nd Sm

D.L. 05 01 02 0.1 7 0.1 1 0.1 0.1 0.1 0.02 03 005

G-22 05 019 062 02 20 51 8717 18 1 1 <0.05 32 2.2

G-24 0.7 019 068 0.2 20 44 12902 18 1 1 <0.05 34 1.69

G-26 14 021 107 03 19 252 12348 22 10 24 2.15 12.1  3.01

G-31 6.8 101 524 1.1 170 289 4025 116 19 42 4.59 22.5 5.6

G34 30 095 5.18 1.2 175 26.8 3387 109 15 34 3.78 19.7  4.86

G-40 331.6 1.76 894 234 138.7 28.0 5232 1912 2875 63 6.84 30.28 6.28

Eu Gd Tb Dy Er Tm Yb Lu

bD.L. 01 005 001 005 003 001 005 001

G-22 12 089 019 08 0.66 0.13 0.6 0.13

G-24 081 084 0.17 075 0.63 0.12 0.6 0.11

G-26 082 291 062 371 297 043 25 0.4

G-31 204 456 08 495 358 051 32 0.46

G34 176 41 079 458 334 048 3.1 0.46

G-40 2.00 501 087 492 349 051 3.1 0.48
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Fig. 8. Chondrite-normalized REE patterns (Nakamura, 1974) for the quartz-sulfide veins and fresh and altered host

basaltic andesite and andesite lavas at Qoyjeh Yeylaq deposit

—@“al:wéL““—zg)ﬁgJ)Jéu'%Wﬂucww
Gol 0w §5 lasjIuE 5 sdzilu §5 (slae 318 (il gur
21308 0 5 L Lol b aslie s LsalS bl
LS ole 3 Sas g (B4 JS8) ol il 2als
o ST Ol polie 5 el sl S S
S Gl 5 Db b i polie Sud 65 oimper
050l 53 (slao U8 51 o (g 5 by 63,15 pkiome B 51 Ol oo
OAd s saslS slaaS ol ol £ ol Can o
Sl g ke SanS 5 5 5 55 500353 Ss g
S 534S A e OL ¢ b gn pl by oo e o s
0L e K 3l 550 olie Gt oo & SVl s Shas

Lo C)\:'- .]a::u j‘ 9 odddid @j-\a“‘-} é‘)b\:,i)-bT

jéf))buwﬂt&jM&j;ML;&CA—QJQ)J
9 ov\_ﬁ:QijfJ Lguej\.l_( Cd-@ﬁﬂ_w 6‘—‘“—’75?)
o8 b awlin s Llsals” s, (ol Olu £ (glae IS
U‘i| BE “SLSJ,}—E‘\—’ el 0l 0alaOlis &‘)‘b\f Q}Ju 9 vj\.w
aor ;3Cd 57Zn Pb Cu Ag ,sle 555 0ol b
ol ;oo iy 5 U ls atnin S oo 50 (Sl gas
oo luS 5l Sas g 5 S b o Sdd o dias o b g
5ol L;LA‘\_?) s> Quf; L;LMJ'\J_? @ a..\‘i,o\...‘)fa
b o I o]y o slrnS 5 5 €5 ol
ol W ;.«L&u’.@; (.oJ.iQL.»Jfé ‘_;Lhc)‘u\f BE] Ag s
33 o.k_.i.()l_.»jf: slas 18 4 by e Slad gai (puoman das o

as o O |y as Sas 26Sc 3V Cs Ba jwle



LS 5 555 8L

boHA

1000

100

10

0.1

0.01

Ag Cu Pb Zn Cd As Ba Rb Cs

0.001

U

Co Cr Sc Ta Hf Zr

10

rrFErrrrirre
0.1
2
0.01 A %
0.001 La Ce Pr Nd Sm Eu Gd Th Dy Er Tm Yb Lu

B Qz-sulfide veins

B Altered basaltic andesite and andesitic lava

B Altered basaltic andesite and andesitic lava with Qz-sulfide veinlets

22 0al slaaS, sl g oadlu S (il s lilcg sl laojlas 5 Gaslpur 35,155 GloaS; glp DleaS polis jlogei A A4 IS
Slzmige O Jga> G-40 assed) (1545 eas 9 ol oo jail 5 (dlibeg ;05T sleoslas slaesls (Kl 45 s 45 $Muazy S Luils
Glaa S, o5l 5 ool S 300l 5 by 30l Gloo)laS 5 sapilgur 5,155 <o, gl S luaS yolic logei B 5 wiloas
O\ Jgoz G-40 ass0i) ohals e 5 ol oo jail 5 (b 5031 slaoslas sleesls 1 Sile 4 Cod a5 Dhydz oS Luils [0 loasls

Qlodds )M

Fig. 9. A: Histogram of trace elements in quartz-sulfide veins and altered basaltic andesite and andesite lavas with
quartz-sulfide veinlets at Qoyjeh Yeylaq deposit, normalized against average data of fresh and barren basaltic andesite
and andesite lavas (sample G-40, Table 1), and B: Histogram of rare earth elements in quartz-sulfide veins and altered
basaltic andesite and andesite lavas with quartz-sulfide veinlets at Qoyjeh Yeylaq deposit, normalized against average
data of fresh and barren basaltic andesite and andesite lavas (sample G-40, Table 1).
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Table 2. Comparison of main characteristics of Qoyjeh Yeylaq deposit with typical examples of intermediate-
sulfidation type of epithermal base metal (Ag) deposits from Mexico

Palomositas- Los Acros

Cobre-Babilonia Qoyjeh Yeylaq

Location Sinaloa state, Mexico
Host rock Rhyolite, ignimbrite
.T'm"Tg Of Oligocene

mineralization
Ore-
controlling Normal faults
structures
Ore Minerals Gn, Sp, Ttr-Tnt, Ccp, Py

Vein-veinlet, breccia, vu
Ore texture ’ - Vug

infill
Alteration Silica, sericitic, argillic
References Gonzalez-Partida et al., 2006

Rhyolite, dacite, andesite

Py, Po, Apy, Sp, Gn, Ccp,

Vein-veinlet, breccia,

Silica, sericitic, argillic,

Camprubi et al., 2006

SE Zanjan, Iran
Basaltic andesite,
andesite

Miocene (?)

Taxcoe area, Mexico

Oligocene

Normal faults Normal faults

Ttr-Tnt, Mrc Gn, Sp, Cep
Vein-veinlet,

crustiform, vug infill breccia, vug infill

Silica, carbonatic,
propylitic

This study

propylitic

Abbreviations:  Apy: arsenopyrite, Ccp:

chalcopyrite,

Gn: galena, Mrc: marcasite, Po: pyrrhotite,

Py: pyrite, Sp: sphalerite, Tnt: tetrahedrite, Ttr: tetrahedrite. All mineral abbreviations follow Whitney and Evans

(2010).
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Table 3. Comparison of main characteristics of Qoyjeh Yeylaq deposit with some intermediate-sulfidation type of
epithermal base metal (Ag) deposits in Iran.

Qoyjeh Qomish . Cheshmeh Gandi and
Yeylaq Tappeh Arpachay Ay Qalasi Hafez Abolhassani
Location SE Zanjan SE Zanjan Takab Takab Torud.-.Chah Torud.-('jhah
Shirin Shirin
. . Siltstone, .
Basaltic Acidic tuff, saL dSS:)OTe Tuff, Andesite,
Host rock andesite, crystal-vitric Gabbro ’ andesite, pyroclastic
. o feldspar i
andesite dacitic tuff dacite rocks
porphyry dyke
Timing of . .
. .. . . Oligo- Mid-lat .
mlnegillzatl Miocene (?) Pliocene (?) Miocleg;::: @ Miolceni ??) Miocene (?) Eocene (?)
Ore-
. Normal
controlling  Normal faults Normal faults Normal faults ~ Normal faults faults Normal faults
u
structures
Py, Ccp, A Gn, Sp, P
Ore Gn, Sp, Ttr- Y, %P, ADY: Gn, Sp, Ccep, Py, Ccp, Sp, 1, 5P, 1Y, Sp, Gn, Ag,
Minerals  Tnt,Ccp,py o0 O SP. Tt P Gn, T-Tnt P B o
e Y Tnt Y n Ttr-Tnt Yo LR
in-veinlet
Vein Ve¥n b Vein-veinlet, Vein- Vein-veinlet,
. . . . breccia, . . .
Vein-veinlet, Vein-veinlet, breccia, comb, veinlet, breccia, vug
. . colloform, . . .
Ore texture breccia, vug breccia, vug crustiform, breccia, infill,
. . . plumose, . .
infill infill, crustiform vug infill, comb, vug crustiform,
comb, vug .
. colloform infill colloform
infill
i
. Silica, sericitic, Silica, Silica, Silica, .
Silica, . sericitic, . . Silica,
. . carbonatic, . sericitic, sericitic, o
Alteration carbonatic, e carbonatic, - - argillic,
.. argillic, s argillic, argillic, ..
propylitic coovlitic argillic, roovlitic roovlific propylitic
propy propylitic propy propy
Shirkhani,
Salehi, 2009; . 2007 Mehrabiand o) ian et
Salehi et al Talebi, 2015; Mohammadi Ghasemi al.. 2003:
References This study . Talebi et al., Niaei, 2014; Siani, 2012; CTT
2011; Salehi et . . Shamanian et
L 2015 2017 Mohammadi Mehrabi et L2004
a Niaei et al., al., 2014 b
2015
Abbreviations: Ag: silver, Apy: arsenopyrite, Bn: bornite, Ccp: chalcopyrite, Gn:

galena, Py: pyrite,
Sp: sphalerite, Tnt: tetrahedrite, Ttr: tetrahedrite. All mineral abbreviations follow Whitney and Evans (2010).
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Fig. 10. Schematic representation of mineralization evolution stages at Qoyjeh Yeylaq deposit. A: Formation of Oligo-
Miocene volcano-sedimentary and Miocene sedimentary units, B: Folding and development of fissures and cracks in
Oligo-Miocene and Miocene rock units, C: Dacitic subvolcanic plutons intruded into the Oligo-Miocene and Miocene
rock units. Intrusion of these plutons caused circulation of meteoric waters and formation of mineralized quartz-sulfide

veins within volcanic units in the area, and D: Regional exhumation and development of weathering and erosion
processes
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Introduction

The Qoyjeh Yeylag Pb-Zn (Ag) deposit located
120 km southeast of Zanjan, is situated in the
Urumieh-Dokhtar magmatic arc.

apart from Prior to this research no work has been
published on Pb-Zn (Ag) minerdization at the
Qoyjeh Yeylag except for small scale geological
maps of the area, i.e. 1:250,000 geological maps
of Kabudar Ahang (Bolourchi and Hgjian, 1979),
1:100,000 geologicdh maps of Marzban
(Majidifard and Shafei, 2006) and a number of
unpublished Pb-Zn exploration reports.

The present paper provides an overview of the
geological framework, mineralization
characteristics, and results of geochemistry study
of the Qoyjeh Yeylag deposit with application to
ore genesis. ldentification of these characteristics
can be used as amodel for exploration of this type
of Pb-Zn (Ag) mineralization in this area and
elsawhere.

Materials and methods

Detailed field work has been carried out at
different scales in the Qoyjeh Yeylag area. About
26 polished- thin and thin sections from host
rocks, mineralized and altered zones were studied
by conventional petrographic and mineralogic
methods at the University of Zanjan. In addition, a
total of 11 samples from fresh and altered host
rocks and ore zones at the Qoyjeh Yeylaq deposit
were analyzed by ICP-MS for trace elements and
REE compositions at Zarazma Co., Tehran, Iran.

Results and Discussion

The host rocks at the Qoyjeh Yeylaq deposit
consist of Oligo-Miocene volcano-sedimentary
rocks which are overlain conformably by Oligo-
Miocene sedimentary rocks. Volcanic rocks are
mostly basaltic andesite and andesite lava flows.
Basaltic andesites with porphyritic texture consist
of predominantly plagioclase (70 vol%) and
clinopyroxene (25 vol%) phenocrysts with
accessory Hornblende (<5 vol%) crystals.
Andesites consists of plagioclase (75 vol%),
hornblende (15 vol%), and clinopyroxene (10
vol%) phenocrysts set  in  fine-grained
groundmass. The Oligo-Miocene sedimentary
units consist of alternation of sandstone, red marl,
and siltstone as well as medium-bedded to
massive limestone with interlayers of tuff and
shade. The Miocene sedimentary units consist
mostly of alternations of red and green marl and
red to grey sandstone.

Mineralization at Qoyjeh Y eylaq occurs as quartz-
sulfide veins in Oligo-Miocene basaltic andesite
and andesite lavas. The ore zone reaches up to 150
m in length and 10 m in width. It has NNW-
trending and mostly dips 70-80° to SW. Three
stages of mineralization can be distinguished at
the Qoyjeh Yeylag deposit. Stage-1 is the most
abundant, widespread, and economicaly
important ore forming stage at Qoyjeh Y eylag and
is represented by quartz and sulfide (galena,
sphalerite, and chalcopyrite) veins (up to 5 mm
wide) plus breccias cement. Stage-2 is represented
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by 2 mm wide individual or sets of late calcite
veins and veinlets that usually cut stage-1
mineralization. No sulfide minerals are recognized
with stage-2. Covellite, cerussite, Fe-oxides and
hydroxides are formed during the supergene stage
(stage-3). They usually show replacement and vug
infill textures.

The hydrothermal alteration assemblages at
Qoyjeh Yeylag grade from proxima quartz and
calcite to distal sericite, epidote, calcite and
chlorite (propylitic ateration). The quartz and
calcite dteration types are spatialy and
temporally closely associated with Pb-Zn (AgQ)
mineralization. The propylitic ateration marks the
outer limit of the hydrothermal system.

The ore minerals at Qoyjeh Yeylaq are formed as
vein-veinlet and hydrothermal breccia cements,
and show vein-veinlet, wvug infill, and
disseminated textures. Galena, sphalerite, and
chalcopyrite are the main ore minerals; covellite,
cerussite, and goethite are supergene minerals.
Quartz, and calcite are present in the gangue
minerals that represent vein-veinlet, breccia, vug--
infill, and replacement textures.

Comparison of Chondrite normalized (Nakamura,
1974) REE patterns of Oligo-Miocene fresh and
dtered basaltic andesite, andesite lavas, and the
mineralized samples at Qoyjeh Yeylag indicate
that mineralization is probably genetically related
with basaltic andesite and andesite lavas. In this

case, leaching of some elements from the host
basaltic andesite and andesite lavas may have
been involved in mineralization.

The geological, mineralogical, geochemical,
textural and structural characteristics of the
Qoyjeh Yeylaq deposit reveals that mineralization
at the Qoyjeh Yeylag deposit is an example of
intermediate-sulfidation type of epithermal base
metal (Ag) mineralization.
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