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Fig. 1. Geologica map of Qoyjeh Y eylaq deposit
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Fig. 2. A: View of basaltic andesite and andesitic lavas (OM¢™) in the Qoyjeh Yeylag 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 OMS™ 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
Yeylag area. A: Porphyritic texture consist of plagioclase and clinopyroxene phenocrysts set in fine-grained groundmass in
basdtic andesitelava, B: Ophitic texturein basdtic 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, PI: plagioclase).

YU) Cin U y slassh st Ypens b3,lS B Ll (Bl boly) ((ld LS s gors s a5 L

Glols olE g arils 5o Sls S baas b Lls IS5 (2o sl SLalS s (o130 sl b lasls sladf, ;uscu

)LAA?)JJJ‘JJQa\?}dg.;vdj-l;l:)bﬁw&u)jl:
=250 Il e iz salin L5 s 5 ol S Olas
C}) 4_l>).6 ! ou\_fhtldg Lff-‘j‘ﬁlf('jb 4.\>J.A Ja_w}: s_,..Lf—‘

Jal o ol S5 o o o s a0 BV S
(SIS 5y il (I Lokl e 5 5187 s

A-b JS8) 355 g0 asmda b b ol 5 Olos 5 1S5 )


http://www.SId.ir

o0) e Ogeelindlpn g5 (0,8) aly ©lils Loy gl lals

OYAA L) ¥ o)loss ) al>

crl 03 L gze 05101 L ls S (la sk b JSCa g sk

iy by g i o (SO 35 0 olss eSS

5 g 0555 S 50355 31305 Sladyl
oS g il gy 8T S g ds 5 S

L 55 iie glaanS ) &) poa CodS 5l b 5618
33 paiia (650 abline b (53l patas slaanS s
Sl 03, S o8 1) ol ado o gle B sla 5 85 8
Lbfﬁ\):kg%ﬁj_wu.}\_fs\_};@_ﬁ.(DJC—b Js)

el 0k Jl (glalias S laan® - a S s il i S

Gl sk Oy ot LA S )y o e Sl Y 4 g b

) ol Ryl 5 (bl Gloollas (9,0 BhnazsS LS o (LS aigy by onimoplis limo naai AP Ko
(L el olabs BA-L) 6,55 oS sloaxs, 5| Spop sl :D

Fig. 4. A: Field photograph showing the location of mineralized zone at the Qoyjeh Yeylag 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 Yeylag deposit. A: Stage-1 quartz-sulfide veins. B: Stage-1 breccia with quartz and
sulfide cement. C: Subpardld 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).


http://www.SId.ir

bAY e Oty 55 (0,8) Al S5l b o) sl5als

OYAA L) ¥ o)loss ) al>

Sy goins La 55,158l 0l LS5 515487 Lol dl> 5
L s s (6 0 g 505 an iipa U g 5y sl b
2o F Ol 5 LaaS, 55 e sl ¥ o3I L (g puSTs
bS53 Y sans oS (F-5 JSK8) Wl g ba S
gl on os b (b s (6 5,1 Olanw Jl gl L
L Ll S slaysh &y pois LS (F-9 JSs)

REI TN Ly WS Wt S AT PSR TR Y CO- IO
o o i Bl £ LS 3 S oS54 Iy
Lot JSis L sl ado o (VIS8 3 58 ot o
S5t (g SIS 5 g Yl (JE) ok (5 5,15
ol gla i ole ol 5 a8 -0 S
—48 5 lacoil .l of e DL e K (slacKiwos 5
i o ol g (Sl oSl 5 (o eslenS
L 53 e slaanS -85 Juld o5 al o gy oo sladie
S ol (S abline U (g5 groes SanS jarus
il G L S 5 s (S (o SIS

el (5509 2 Sladu] ) p g o o 42 b s o kil

9 21845 Sl psuy (o bwudpmn ) (Sl

Qb o o jlus
S St o 5 (S e o ) S s
SLaoiS 53 4 5 Gl S Sla sl S b s o (s s
Tl el 54l gla i3 5 O s T 5 Abes 54T
O S HLlS” (lad g Sl e T sy gl sloay s

ol okal Y Jgudem s

B Dbes pols @395 599!
Slaojli 5 JsalS sla tsu ¢l S OlaS wlie o K
i e 48 By £ LS 3 030l £ 5 o e
A S8 3 cileus ylaig (Nakamura, 1974) o, .S
5 ol Ol je slao 5198 s gas ol el ool 0 30305

9 4?) L53l> le.&aj‘.kf} a.UZrQLw)fb le.hc)‘.\f ‘LS-’-U‘GK g_)de

I R

il Cdlb g ool 9wl ST

Slaaig el ils s slaas sad (LK sla o
(IS pa sdasilis B £ LS s laasls”
23 Cajs g 5 s S S Sl g SIS 5 2 i
Ailodds |5 51505 5 gladsl )

oml ooy adbl sl Lol alis LS (CdS 5 51,8
S LAl Col sy opl bl itias o LS5 5L
oSy 0S|yl (b cslnS -8 Jols albl sl e
el il g bilel ¢ Jl slas

ol ol Bty LS 3 Gukan 4157 500513 IE
JSiar s S hang S slas b e LI G
e SLag hls Ygens 5 ol ol e e ¥ o311 6
3l ebadbsl daw gos 51 5 5 55 .(C 5B A-g JK2) el
—§ JS8) 35h 0 0s JE sy 55y SIS 5 ol
ol ol 50l S5 S5 an Laanile 51 sene )6 (B
o SLadlssl &yt Y game il (D 5 C-5 1)
Slaosh by B-5 JSK8) I8 055 JSas ans b IS
il st etalin (C-F JS0) JETL alpen o S
5 I o Sy il 5355 5k Sl o 5 3,10
el e SISl IS 5 2y il Ol a5 gk
A 05 S o U S is s aas gladlssl &) s
S ol 3555 Kb oS (B-f ISK8) 358 o0 otalie
St 53 ey o SIS Ll Bl g5 55 JE 6 o
(558 an La S slizel s g Laadl> 31 sl s
(D-# JS2) aileds olw S35 8 5 o SIS
313050 Glw 85 Jpmame 5 8 5 s S 0 SIS
JS8) s a KenSa slazel 3 5 bl 1oy 0 SIS
S ol g 31303 5 gl Sl 3 Suz o8 (E 5D-#
b blesl L 5 okl S JE 5y o SIS 1 oLl s
sl aMJSM Slo g

L Olejon 4 ol Do 5 LIS 3 ol albl 51587


http://www.SId.ir

olatdl lidyue OLBen 5 5 3L aof

LREE jiy Sus g 55 bl pm s 5l slaojliS 13 (g SIE= 2y Ik JLE) Sstdl y slaanS
JSC8) dias e 0L a0l §5 5 Il (glaa 087 L aylie 3 1, i L LREE 1 2 (50K 5035 al o (sl
Vw3, Shae U L5 e tl g oo olie opl Sas 5 (A Aas e 0L |, HREE ebs 6 831 5 sy LREE/HREE

il o e 51T s 55 e S 3 s S A5 8 w00l 5 slaeu S s (A JS5)

A S8 355 n odalie (Il (gloe 1087 L i s LREE

5 S msslS la Lol b G5 B ie slag, b G5 A lodmsS Luils jo albl 5 Gome Gla I 5l (o58us S pslas & JSb
Sl L s B g & I GlosFo b olon s 5 g @ oIS oS3 D LIS b S0 o il € e o
e alea s a8 5 abolie o M (55508 598 0 F pgai o U5k j55 WE LA pglad . oS lows )0 5,155 5, slaysh F g (oIS JS
2 590 OB s gSIS CCL 1 55U CCP cdS Cl) el 0025 oLl (Whitney and Evans, 2010) 51l 5 s 5l b SIS (5 Lais]

(2 Mlinsl 15 (35 ))55 QZ w558 Gth (JIE G wzdggs Cv
Fig. 6. Photomicrographs of ore and gangue mineras at the Qoyjeh Yeylag deposit. A: Galena with triangle cleavage,

B: Gaenawith chalcopyrite and sphaerite inclusions, C: Sphalerite intergrown with galena, D: Alteration of chalcopyrite to
chalcocite and covellite along with dteration 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 minera
abbreviations follow Whitney and Evans (2010) (Cdl: 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
Y eylaq deposit. All datain 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 01 589 2279 23 6 23 329 <05 15 >3% 10 3.7

G-24 474 06 503 3236 2 8 13 344 <05 14 >3% 6 3.7

G-26 289 08 198 4476 11 6 17 225 <05 16 >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 75 154 342 83 6341 21 25

G-40 06 117 654 132 159 13 23 216 549 1586 206.25 44.62 19.48

Sr Ta Th U \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 <005 32 2.2
G-24 07 019 068 02 20 44 12902 18 1 1 <005 34 169
G-26 14 021 107 03 19 252 12348 22 10 24 215 121 301
G-31 68 101 524 11 170 289 4025 116 19 42 459 225 56
G34 30 09 518 12 175 268 3387 109 15 34 378 197 486

G-40 3316 176 894 234 1387 280 5232 1912 2875 63 6.84 3028 6.28

Eu Gd Tb Dy Er Tm Yb Lu

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

G-22 12 08 019 08 066 013 06 0.13

G-24 081 084 017 075 063 012 06 011

G-26 082 291 062 371 297 043 25 0.4

G-31 204 45 086 495 358 051 32 0.46

G34 176 41 079 458 334 048 31 0.46

G-40 200 501 087 492 349 051 31 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 Y eylag deposit
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Fig. 9. A: Histogram of trace elements in quartz-sulfide veins and altered basaltic andesite and andesite lavas with
quartz-sulfide veinlets at Qoyjeh Y eylaq 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 Y eylaq 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 Yeylag deposit with typica examples of intermediate-
sulfidation type of epithermal base metal (Ag) deposits from Mexico

Palomositas- Los Acros

Cobre-Babilonia Qoyjeh Yeylaq

Location Sinaloa state, Mexico Taxcoe area, Mexico SE Zanjan, Iran
o . . . Basdltic andesite,
Host rock Rhyolite, ignimbrite Rhyolite, dacite, andesite andesite
_T'm"?g Of Oligocene Oligocene Miocene (?)
mineralization
Ore-
controlling Normal faults Normal faults Normal faults
structures
. 5 Py, Po, Apy, Sp, Gn, Ccp,
Ore Minerals Gn, Sp, Ttr-Tnt, Ccp, Py Ttr-Tnt, Mrc Gn, Sp, Cep
Vein-veinlet, breccia, vug Vein-veinlet, breccia, Vein-veinlet,

Ore texture S
infill

crustiform, vug infill breccia, vug infill

Silica, carbonatic,
propylitic

Silica, sericitic, argillic,
propylitic
References Gonzalez-Partida et al., 2006 Camprubi et a., 2006 This study
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).

Alteration Silica, sericitic, argillic
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Table 3. Comparison of main characteristics of Qoyjeh Yeylag deposit with some intermediate-sulfidation type of
epithermal base metal (Ag) depositsin Iran.

Qoyjeh Qomish . Cheshmeh Gandi and
Yeylaq Tappeh Arpachay Ay Qalasi Hafez Abolhassani
Location SE Zanjan SE Zanjan Takab Takab Torud-Chan — Torud-Chah
Shirin Shirin
Basaltic Acidic tuff, :A;Stsg:z Tuff, Andesite,
Host rock andesite, crystal-vitric Gabbro ' andesite, pyroclastic
. i, feldspar .
andesite dacitic tuff dacite rocks
porphyry dyke
Timing of . :
. . : . Oligo- Mid-late .
M ? Pl ? _ ) M ? E ?
mmegzllzatl iocene (?) iocene (?) Miocene () Miocene (?) iocene (?) ocene (?)
Ore- Normal
controlling  Normal faults Normal faults Normal faults  Normal faults faults Normal faults
structures
Ore Gn, Sp, Ttr- B:y’GC; pépA pT{r Gn, Sp, Cep, Py, Cep, Sp, Gg’csp I’;y’ Sp, Gn, Ag,
Minerals Tnt, Ccp, Py Tt Py Gn, Ttr-Tnt Tr-Tnt Py, Ttr, Ccp
Vegr‘;g”'et' Veinveinet, Ve Venvenle,
Vein-veinlet, Vein-veinlet, coIIoforar’n breccia, comb, veinlet, breccia, vug
Ore texture breccia, vug breccia, vug lUMoSe ' crustiform, breccia, infill,
infill infill, crustiform P ' vug infill, comb, vug crustiform,
comb, vug o
- colloform infill colloform
infill
. I Silica, - -
Silica, Sifica, sericitic, oo, Sllica Silica Silica,
. . carbonatic, . sericitic, sericitic, .
Alteration carbonatic, . carbonatic, - - argillic,
propylitic aglic, argillic agillic, agilic, propylitic
propylitic oropylitic propylitic propylitic
Shirkhani,
Salehi, 2009; . 2007, Mehrabland o ian et
Selehi et al Talebi, 2015; Mohammadi Ghasemi o 2003
References This study Talebi eta., Niael, 2014; Siani, 2012; U
2011; Salehi et . i Shamanian et
a. 2015 2017 Mohammadi Mehrabi et ol 2004
” Niaei et d., a., 2014 h
2015
Abbreviations. Ag: silver, Apy: arsenopyrite, Bn:

bornite, Ccp:

chalcopyrite, Gn:

gaena, 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 Y eylaq 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) mineralization 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 Hajian, 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 Yeylaq 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
elsewhere.

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 Y eylaq 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 Yeylag 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 basdltic 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 alteration 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
basdltic andesite and andesite lavas may have
been involved in mineralization.

The geological, mineralogical, geochemical,
textural and structural characteristics of the
Qoyjeh Yeylag 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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