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Fig. 1. Position of the south Sabzevar in area the structural-geological zones of Iran (Aghanabati, 2004; Alavi, 1994)
and geographical location and access roads to the Garmabe Paein deposit
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1. X-Ray Diffraction (XRD)

2. Inductively coupled plasma optical emission spectroscopy (ICP-OES)

3. X-ray fluorescence (XRF)
4. Inductively coupled plasma mass spectrometry (ICP-MS)
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Fig. 2. A Schematic drawing for subduction of the Neo-Tethyan oceanic lithosphere beneath the Central Iran plate in
the Late Cretaceous, and formation of a back — arc basin in the Sabzevar subzone (Rossetti et a., 2010), and location of

the Garmabe Paein deposit
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Fig. 3. Simplified geological map of the Garmabe Paein area, based on 1:100000 geological maps of Asbkeshan, Darin
and Doruneh sheets (Vahdati Daneshmand and Saeidi, 1997; Kohansal, 2008; Ghaemi and Moussavi Harami , 2007)
and location of ore deposits, 1) Nakhlak Mn deposit, 2) Qatarboneh Cu-Mn indication, 3) Garmabe Paein Cu deposit, 4)

Salamrud Cu indication, 5) Asbkeshan Ka deposite, 6) Asbkeshan Mn indication, 7) Izad Panah Cu indication and 8)
Karami Mn deposit.With the sections AA', BB', CC'" is shown in figure 4.
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Fig. 4. Schematic drawing of syncline-anticline structure of the Garmab-Asbkeshan area: most of Cu and Mn
mineralizationsare located in thenorthern limb of the anticline (Location of the sectionswas shown in the fig. 3).
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Fig. 5. The Late Cretaceous stratigraphic column inthe south of Sabzevar area and in the Garmabe Paein deposit
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Fig. 6. A: Outcrop view of the trachyandesite unit (as main horizon of Cu mineralization in the Garmabe Paein mine)
that is concurrent with the Late Cretaceous globotruncana-bearing limestone (View to the southeast), B: View of a
trachyandesitic specimen with chloritic alteration which hosts Cu mineralization, C: Microphotograph of that same
andesite with microlitic porphyry texture that its plagioclase phenocrysts have been chloritised in rims, D: Closed view

of the plagic limestones, and E: Microphotograph of the Late Cretaceous pelagic globotroncana-bearing limestone.
Abbrivations include: (Chl= Chlorite, Plg= Plagioclase, Fo= Fossil, Om= Opaque mineral) (Whitney and Evans, 2010)
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5. Bedded ore
6. Exhalites
7. Vent complex

1. Stratabound

2. Stratiform

3. Stringer

4. Massive-semi massive
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Fig. 7. Vein- veinlet facies in the Gramabe Paein Ore deposit, A: A specimen of the silicic —sulfidic veins cutting the
host rock, B: Microphotograph of the 1 and 2 quartz generations, C: Microphotograph of the pyrites in the rims of the
2w silicic veins generation, D and E: A view of a brecciated texture in which pieces of the host rock are surrounded by
sulfides, and F: Microphotograph of the brecciated texture and pyrite and chalcopyrite. Abbrivations include, (Py=
pyrite, Cpy=chalcopyrite, Qtz= Quartz) (Whitney and Evans, 2010)
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Fig. 8. Massive facies in the Garmabe Paein ore deposit, A, B, C and D: Hand specimens of the ore with massive
texture and rich of pyrite, E and F: Microphotographs of the massive texture which involves exenomorph pyrite, G: A
general view of the oxidation zone above the massive facies, H: Hand specimen of hematite, and I: Microphotograph of
oxidation pyrite to hematite. Abbrivations include, (Hmt= hematite, Py= pyrite) (Whitney and Evans, 2010)
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Fig. 9. Bedded facies. A, B, C: Thin lamina sulfides of sulfide rich within the host rock (siltstone), D: Microphotograph

of the sulfide lamina containing pyrite as amorphous, E: sulfide rich lenses within the host rock (siltstone), and F:
microphotograp of pyrite with fine grained aggregates, Abbreviations after Whitney and Evans (2010)
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Fig. 10. Exhalite facies A: A view of the layering in Fe and Mn exhalite facies (View to the north), B: Hand specimen
of the Fe-Mn exhalite facies, C: Microphotograph of the magnetites converting to hematite, and D: Hand specimen of

the conglomerate containing malachite mineralization. Abbrivations include, (Hmt= Hematite, Mt= Magnetite)
(Whitney and Evans, 2010)



223 o I 50 ot g9 Al leassT glodgs dudlguw 008 - e LlalS

(1396 JL) 1 o)les 9 ul>

e 33 0S| wls 5 Glanr S =8, ok 15 Sdas 03le
Gged Sy p ol (B s A-1L K1) ol K
(2 A e ot gl B el (s Sen 5 (o

(D5 C-11 &) cnl mdS 5 2d 555

ol Sl Ll 50 rub o (215417
DL AKZ'AKB Ls)l.:l.?- le.ho};u EXD) B o-&.&r\:u‘ le.hw‘)j

et =3O i 48 s e 0L bl ol LS
OL e K 5,05 51,5 20 15 535 o (slaGas 53 ads

Colw 5 ab Ll o 3T ST 5 SIGL 58T ¢ o148

ro=ad (C el 5000 g cnj00] oK 1o 0aiSTy ails 5 GlazaS ) & jgotr b e ol 5l ctws slaaises B g ALLL S
(Whitney (co,ls =Chl wclg; 7€) el s lais| odle . dsiy Slo 85 51 ooSasg Sae o DD g 2l Sloo S0 31 oS Sio

and Evans, 2010)

Fig. 11. A and B: Hand specimens of native copper mineralisation as veinlet and disseminated in the andesitic and

andesite basalt, C: Microphotograph of chloritic alteration, and D: Microphotograph of zeolitic alteration. Abbrivations
include, (Ze= Zeolite, Chl= Chlorite) (Whitney and Evans, 2010)
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Fig. 12. Formation stages and paragenetic sequence of minerals and their textures and structures in the Garmabe Paein

ore deposit.
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Table 1.Comparison of Garmabe Paein Cu ore deposit with various types of volcanic massive sulfide (VMS)of the
world Based on Franklin (Franklin et al. 2005)

Characteristics Garmabe Nudeh Felsic Bimodal Bimodal Pelitic Mafic
mineralization Paein deposit Cu-Zn siliciclastic felsic mafic mafic (Cyprus
deposit (Bathurst (Kuroko (Noranda (Besshi type)
type) type) Type) type)
Tectonic Back-arc Back-arc Arc and Rift arc and Oceanicridge  Back-arc ocean
setting back- arc arcs oceanic- arcs and rifts backarc,
continent continent oceanic
spreading
ridge
Host rocks Trachy Alkali Dacitic, Rhyolitic, Basalt, Tholeiitic Pilowlava
andesite, olivine Rhyolitic and Dacitic and Andesitic and basalt, basalt and
Basalt, Plagic basalt black shale Pyroclastic Pyroclastic black ultramafic
limestone, lavas, rocks shale, rocks
Siltstone Sandstone siltstone,
- tuff, sandstone
Tuff and
tuff shale
Orebodies Tabular Tabular tabular lenticular to lenticular to Tabular bulbous to
tabular tabular tabular
Texture and Vein-veinlets, Vein- Massive, Massive, Massive, Massive, Massive,
Structure Massive, veinlets, Lamina, Lamina, Lamina, Lamina, Lamina,
lamina massive,  Disseminated Disseminated  Disseminated  Dissemina  Disseminated
lamina and Veins and Veins and Veins ted and and veins
vein-
veinlets
Ore minerals Pyrite, Pyrite, Pyrite, Sphalerite, Pyrite, Pyrite,Cha  Pyrite,
chalcopyrite, Chalcopy Sphalerite, Galena, Chalcopyrite, Icopyrite,  Chalcopyrite
and magnetite rite, Galena, Pyrite, Sphalerite, Sphalerite,
Sphalerite  Chalcopyrite,  Chalcopyrite, Tetrahedrite Pyrrhotite.
and Arsenopyrite,  Tetrahedrite
Magnetite Pyrrhotite,
Tetrahedrite
Gangue Quartz, Quartz, Carbonate, Barite and Chlorite, Chlorite, Quartz,
minerals Sericite, Sericite, Quartz, Quartz Quartz, Quartz, Jasper,
Chlorite Chlorite Sericite, Carbonate, Carbonate Chlorite
Chlorite, Sericite , Sericite
Barite
Metals Cu-Ag Cu-Zn Zn-Pb-Cu Pb,Zn Cu, Zn Cu-Zn Cu,Zn
Alterations Chloritic, Chloritic, Sericitic, Sericitic, Chloritic and Chloritic, Chloritic,
Sericitic, Sericitic, Silicic, Pyritic, Sericitic Silicic, Silicic,
Silicic Silicic Chloritic, Silicic, Sericitic, Sericitic
and Calcite Chloritic Epidote
Epidotic
References This research ~ (Maghfou Bathurst Kuroko Noranda, Windy Oman
r, 2012)  (Goodfellow, (Ohmoto, (Gibson and Craggy  (Dergatchev,
2007); 1996) Galley, 2007)  (Peter and etal., 2010)
Iberia Scott,
(Solomon, 1999
2008)
Examples types Chahgaz Barika Sargaz deposit ~ Bavanat Sheikh Ali
in the Iran (Mousivand, ((?\(Ieposn (Badrzadeh et deposit deposit
azari, (Mousiva
2010) 1901 al., 2010) nd, 2003;  (Monazami,
Yarmohamm Mousivan 1994)
adi et al., d, etal
2008) 2007)
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Introduction

Iran hosts numerous types of Volcanogenic
massive sulfide (VMS) deposits that occur within
different tectonic assemblages and have formed at
discrete time periods (Mousivand et al. 2008). The
Sabzevar zone hosts several VMS deposits
including the Nudeh Cu-Ag deposit (Maghfouri,
2012) and some deposits in the Kharturan area
(Tashi et al., 2014), and the Kharturan area locates
in the Sabzevar subzone of the Central East
Iranian Microcontinent. The Sabzevar subzone
mainly involves Mesozoic and Cenozoic rock
unites. The Late Cretaceous ophiolite mellanges
and volcano-sedimentary sequences have high
extension in the Subzone. Based on Rossetti
(Rossetti et al. 2010), the Cretaceous rock units
were formed in a back-arc setting due to
subduction of the Neo-Tethyan oceanic crust
beneath the Iranian plate. The exposed rock units
of the Kharturan area from bottom to top are
dominated by Early Cretaceous, orbitolina-
bearing massive limestone, dacitic-andesitic
volcanics and related volcaniclastic rocks, chert
and radiolarite  and Late  Cretaceous
globotrunkana- bearing limestone, paleocene
polygenic  conglomerate  consisting of the
Cretaceous volcanics and limestone pebbles
(equal to the Kerman conglomerate), and Pliocene
weakly-cemented polygenic conglomerate
horizon. The Garmabe Paein copper-silver deposit
and the Asbkeshan deposit and a few occurrences,
are located at 290 km southeast of Shahrood and
they have occurred within the Upper Cretaceous
volcano-sedimentary sequence in the Sabzevar
subzone. The aim of this study is to discuss the
genesis of the Garmabe Paein deposit based on

geological, textural and structural, mineralogical
and geochemical evidence.

Materials and methods

A field study and sampling was performed during
the year 2013. During the field observations, 94
rock samples were collected from the study area,
and 45 thin sections were prepared and studied
using a polarizing microscope. Also, 5 samples
for the XRD method, 21 samples for the XRF and
ICP-OES methods were analyzed in the Iranian
Mines and Mining Industries Development and
Renovation (IMIDRO) Company labs.

Results

The Garmabe Paein copper-silver deposit is
located in the Sabzevar subzone of the Late
Cretaceous Volcanio-sedimentary sequence. This
mineralization occurred as stratiform and
stratabound in a specific stratigraphic horizon.
The host rocks of mineralization are andesitic-
dacitic wvolcanic rocks and their related
volcaniclastics. The mineralization occurred as
four ore facies, from footwall to hanging wall:
vein-veinlet-s  (stringer), massive, bedded and
exhalites. Ore textures and structures involve
massive, semi-massive, laminated, banded, vein-
veinlets, replacement and open space fillings.
Minerlogically, the deposit contains primary
minerals such as pyrite, chalcopyrite and
magnetite, and secondary minerals such as native
copper, cuprite, covellite, malachite and Fe-Mn
oxides. Wallrock alterations are dominated by
chloritic and minor siliceous and argillic. The
highest grades of gold and silver in the deposit are
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1 and 19 grams per ton, respectively. The amounts
of Zn, Pb, Au, As, Ag and Mn increase from the
stringer to the upper part of the deposit. It seems
that the occurrence of submarine volcanic activity
in the Late Cretaceous back- arc basin have
resulted in the deposition of this Besshi type
massive sulfide deposit.

Discussion

Most of characteristics of the Garmabe Paein Cu-
Ag deposit including tectonic setting, geological
environment, host rocks, geometry, textural and
structural,  mineralogical and  geochemical
features, are very similar to those of the Besshi- or
pelitic mafic-type (Franklin et al., 2005)
volcanogenic massive sulfide (VMS) deposits.
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