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Introduction

Iran hosts numerous porphyry and epithermal ore deposits which have
mostly been formed at discrete time periods within different tectonic
assemblages. Porphyry and epithermal ore deposits are considered to be
the important sources of base metals in Iran. Well-known porphyry
deposits include the Sarcheshmeh, Meiduk, Sungun, (Shahabpour and
Kramers, 1987; Hezarkhani and Williams, 1998; Taghipour et al., 2008),
and well-known epithermal deposits include the Sari Gunay, Chah Zard,
Touzlar, and Narbaghi (Richards et al., 2006, Kouhestani et al., 2012,
Heidari et al., 2018). The Choran deposit exists in the Urumieh-Dokhtar
Magmatic Belt (UDMB). This deposit is located in the southern part of
the Cenozoic Urumieh-Dokhtar Magmatic Belt, 70 km SW of Bardsir
city, SE Iran. In this area, mineralization is associated with Oligocene -
Miocene quartz diorite and granodiorite intrusions emplaced within
Eocene volcanic—pyroclastic sequences. This study has focus on the
spatial and temporal relationships between the porphyry and epithermal
styles of mineralization in this area.
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Geology and geochemistry of the Choran porphyry-epithermal Cu-Au deposit in ...

Materials and methods

A camp was set up in the field and sampling was
performed during the 2017-2018. During the field
observations, 286 rock samples were collected from
the outcrops and drill core, and 67 thin sections were
prepared and studied using a polarizing microscope
in the Shahid Chamran University of Ahvaz. In order
to correctly characterize the chemical composition of
silicates (plagioclase and biotite), samples with least
traces of alteration have been selected. The chemical
composition of plagioclase and biotite were
determined on the carbon coated thin section samples
using an Electron Probe Micro Analyzer (EPMA).
All the analyses were conducted at the
Montanuniversitat Leoben, Austria using a
superprobe Jeol JXA 8200 instrument.

Results

Based on drill core logging and petrographic studies,
mineralization in the Choran deposit is mainly
accompanied with granodiorite intrusions. Overall,
both hypogene and supergene mineralizations have
been identified in the study area. The hypogene
mineralization mainly occurs as disseminated blebs
and veins which consist of pyrite, arsenopyrite and
chalcopyrite with minor amounts of sphalerite. The
supergene mineralizations that involve chalcocite
and covellite. The first generation of hydrothermal
veins (A-type) are characterized by assemblages of
quartz + K-feldspar = magnetite occurring roughly in
the potassic alteration. This is followed by B-type
veins characterized by assemblages of quartz + pyrite
+ chalcopyrite + feldspar + biotite + magnetite +
calcite. Type C veinlets (1 mm to 5 cm width)
contain quartz + pyrite £ chalcopyrite and exhibit an
intense stockwork texture in the potassic and phyllic
alteration zones. The supergene sulfide zone is
dominated by chalcopyrites and it is completely or

partly replaced by chalcocite, digenite, and covellite.
The hydrothermal alteration consisting of sodic-
potassic, potassic, phyllic alunite and kaolinite are
associated with granodiorite and quartz diorite
intrusions. The result of EPMA analyses showed that
all of the plagioclases in granodiorite and quartz
diorite are consistently of andesine type. Based on
the diagram of Al / (Ca + Na + K) (a.p.f.u) vs. An%,
(Williamson et al., 2016) plagioclase samples of
granodiorite intrusions plot collectively in the field
of fertile calc-alkaline rocks associated with
porphyry mineralization, while the quartz diorite
samples are mostly plotted in the barren field. The
results of biotite analyses indicate that all biotites of
granodiorite and quartz diorite intrusions are of Mg-
biotite type. The amounts of IV (F), IV (Cl), and IV
(F/CI) in the biotites of quartz diorite and
granodiorite are between (2.28 to 4.08), (-5.62 to -
5.52), (7.87 to 9.64) and (2.03 to 2.45), (- 5.81 to -
5.66), (7.74 to 8.18), respectively.

Discussion
Most of the characteristics of the Choran Cu-Au
deposit, i.e. geological setting, textural and

structural, mineralogical with alteration features, are
analogous to that of porphyry systems having high-
sulphidation epithermal lithocap (Hedenquist et al.,
1998; Muntean, 2001; Sillitoe, 2010).

Acknowledgements

This research was made possible by a grant (No:
SCU.EG98.582) from the office of vice-chancellor
for research and technology, Shahid Chamran
University of Ahvaz. We acknowledge their
support. The fifth author expresses his appreciation
to the University of Shahrood Grant Commission
for research funding.

Journal of Economic Geology, 2022, Vol. 14, No. 1

40

DOI: 10.22067/ECONG.2021.52017.87614


https://dx.doi.org/10.22067/ECONG.2021.52017.87614

TEYF-OAPD ( SSp,SUI L YAV S Ll Ll

$ ¥ aois VF Y ) o e VF o0

g,t;::g*chj

&-’:;{:(ﬂ/; b?" o

https://econg.um.ac.ir

Q 10.22067/ECONG.2021.51017.87614

ISP Q')gg Jl.o;@'—gsﬁé)% 63’&:—&)@5({ w‘x&)gwu‘ﬁ) )y
F8 —dwgyl b5 Olos” H 490 sl —zedd

°A3w9.oc,.lé)§¢ ig;L»Jél:‘ r@L'a}M¢ "gs::lbv\.ﬁquc *‘6&5»')}[.’0}31:

1A 1l Slal s g ol8ails ¢ psle 0dSTails ¢ gl 5 05,8 ol |

12 S1sal Sl pal Ol oo g olails ¢ p sl 0dSLails ¢ gl 3 05,8 (555> (5 ol
Ot 3lal 3lal Ol oar g oSl e p sk oudSCiils ¢ ol 3 03 8 5okl "
1A 1sal Slpal Ol ooy g ol8tils ¢ p sl 0dSLiils ¢ gl 03 05 8 5Lils ™

Ol ea Ala i5,8ls aaio oBlails (e ke 0 dSCls ¢ gl e 03,5 liils®

oUw>

*

dho Ot

LSl a8 g i 53 5 s p Ol b (2 kST VY 53 Ol s b = e 5 LIS
58S 5 sl 8 slaess b das e dibate ol 53 ol34ilS .ol 4§15 s —aey )l
250 Llos 87355 w8l g gy — SLEAET N5 55 4 el s gn — S o b Sy
Glalis b gtd s ki (a8 HLuslS b glaad 3l by g 5 JE
ot b 4y oo 51U l 53 ba Gl S5 oo 358 oo 0> (e Sl 101 BOY) ice
S 5T (5, Sl K 4 by 0) $SKs (Sl (Sl S gl L s
ol ol S Gl B b glacand 55 5 (b ol Slale &5 0 b g j0) S T
g5 51 S35 a8 (slaes i (sl 5 50 (Al o s Sl )
s An% Jolas ;5 Al / (Ca + Na + K) (apfu) s ses olsl 5 ccal o 5007
SIS 5 M 5 alST (la(s3 52 05 gudmms 53 Ol g HLIES 6:.1)}.1:}3\; 0355 e NS 4 3O
AV(F), 5558 0l jen ol 43 815 555k Coomn 5 3,LL (Slacs3 5 3 5dmn 55 Zu 323555155
FIBY/Y o5 4 ey 00 5018 sas s 03 IV (FICH) IS 4 g5 oo 5 IV (CI) K
MY GYIN) 5=0/5 G =0/ X/F G Y/0 55 au Syl S 53 54/ LV/A 0/ G -0/%
15 st gl e Slaltin 5 Gl S5 ¢ 541 ¢ 55 Ol ok e ol S5 4 5 L
S s s 6 I bl SG Je Ol b — e HLilS S (o sls HLb!

WA/ I8l s sl
WA YA 1 S5

WAVt bl b

Soals™ sao ity

Mo~ e

Oy s

Sz

YL O gl b 0 Jle 5 o

NIPRITE> TE) Vs

J ghme o o3
Sl Lo e
zarasvandi_a@scu.ac.ir &

Wlo ol 4 !

Ju;&téﬁéméyL—W,qu:;w;,wuw,'w,ﬁ.m\ 4&_5)‘xﬂyjdgb‘gusw‘&u,s.xgmsw (Lo e (g gl y;

SN oolal wlid e i3~ gl oLl OLS™ 1 as L —gRs e ) 2 Oy
https://dx.doi.org/10.22067/ECONG.2021.52017.87614


https://dx.doi.org/10.22067/ECONG.2021.52017.87614
https://dx.doi.org/10.22067/ECONG.2021.52017.87614
https://portal.issn.org/resource/ISSN-L/2008-7306
https://portal.issn.org/resource/ISSN-L/2008-7306
https://portal.issn.org/resource/ISSN-L/2008-7306
https://portal.issn.org/resource/ISSN-L/2008-7306
https://econg.um.ac.ir/
https://www.um.ac.ir
https://econg.um.ac.ir
https://econg.um.ac.ir
https://dx.doi.org/10.22067/ECONG.2021.52017.87614
https://dx.doi.org/10.22067/ECONG.2021.52017.87614
mailto::zarasvandi_a@scu.ac.ir
https://dx.doi.org/10.22067/ECONG.2021.52017.87614
https://dx.doi.org/10.22067/ECONG.2021.52017.87614
https://dx.doi.org/10.22067/ECONG.2021.52017.87614
https://dx.doi.org/10.22067/ECONG.2021.52017.87614
https://dx.doi.org/10.22067/ECONG.2021.52017.87614
https://dx.doi.org/10.22067/ECONG.2021.52017.87614
https://www.orcid.org/0000-0001-9821-6747
https://orcid.org/0000-0003-0937-8766
https://www.orcid.org/0000-0002-3380-0632
https://orcid.org/0000-0002-1008-7010
https://orcid.org/0000-0003-0305-0794

e 22 Oy b5 gl (6 by g B — e HLilST (gadi pae ) 5 (ol pne ) (o) Ol 5 ksl

400

j') 2 Ls)t’b Qw L )‘ )L“"K u'.’.‘ Sl oﬁé‘}
3503513 s maes )l (LSl OLS i adsssle—gas wg
(O S8

B Y8 5 aiis V) 5 a3 08 5 Ik oo ail YA 5 4ids
Ole S Ol g oo g (6 e kS 70 53 (3,5 b

South Sanandaj-Sirjan Zone \ Thrust Fault

Turkmenistan
Caspian Sea

North Sanandaj-Sirjan Zone

- Urumieh-Dokhtar Magmatic Arc
Ophiolitic rocks

\ Anticline I

Porphyry deposits

Keder porphyry

JIN e ; Meiduk

Zporphyry

. /
g g

:| Alborz Mountains
7
-

]

4

>

Central |
Iranian |
Microcontinent

Tabas block

Afghanistan

Chahmesi
deposit

X

Legend
I Plio-Pleistocene alkaline basalts
#m Pliocene piedmont fans
5.4 Pliocene volcanic rocks

2+ Late Miocene-Pliocene volcanic rocks
B Late Miocene-Pliocene subvolcanic rocks
izzsm Middle-Late Miocene Intrusive rocks
gzm Oligocene-Miocene sedimentary rocks
izt Late Eocene-Oligocene intrusive rocks

. » Eocene-Oligocene volcanic-sedimentary rocks

Late Cretaceous-Eocene ophiolite mélange

mm Cretaceous turbidite and flysch

« x Jurassic volcanic-sedimentary rocks

+, + Jurassic intrusive rocks

y - Triassic sedimentary rocks

+—aThrust fault

—— Fold axis
— Strike-Slip fault

29N

JL"J:&_‘&u)ng)v\{‘}s.‘—ﬁ‘)ﬁ‘dsjv\:ﬁ‘wﬂ&)}’;—0-“6}:’)}?_W&u)ugdbﬂgdb;ég:gjjwdljbdw‘ JLS;
(Shaﬂel et al . 2009) ol Pl a\>_.- 9 Q\)}a—

Fig. 1. Kerman Cenozoic magmatic arc that hosting several giant and large copper porphyry deposits such as
Sarcheshmeh, Meiduk, Daraloo, Keder and epithermal systems such as Choran and Chahmesi, Modified after Shafiei et
al. (2009).

DOI: 10.22067/ECONG.2021.52017.87614 Vosled OF 55 e\ gl kit e

Y


https://dx.doi.org/10.22067/ECONG.2021.52017.87614

)JQ‘)}P;JL»JJ&“_;J;&)}{‘_;W—Jw)uls@éw)}wuw)w)j

OS5 (b gml

S 53 e gl ULl Vgama 53515 5 g5 (K355 sl
S8 Ll ol 51 oS Aol bog (5,0 5 HLaslS &S5 (VL
Ol ki 5y 30 33 Emy g oy e iR ol 5l Coda il S
Sl 53 slads5 Dk salS i) gl 5 ulsals
230 035 50 S 4 Gas 3 S 035 G
oz 5 SIS (o 3530 53 Lo 5 el 55 o5 )

e (9,
2 4 ¢ i o g 2 ] S
aibote 31 ol e Glaa b o Sl 3 gla0s5 5 eSS
slws s 33l ol 53 AT Jas 487 -40 sla Jlo )5 Ol g
(358 Gros 5 5 Sl p — (el (S8 1 453 VA
35 ok lao e (Slad god Ll piomen ST S5
o o WY 6 gazme )3 Lo ol o 45.\..%1:.;7\ ez Ju.
Caliee Lo Gas 1 4505 YA Sl g b ) (s)li>
(SIS (gla n s p (51 s Sl Oy s SLIST (slao sa
23 54l GlaenS = o) ol gy s 5 ol s SIS
23 e —S U dfjb'daj.n FY sliw Ol e HLwilS
O ooy gt ol e she 0utSils (68581 o8y e3T
S S0 2 s p S g s A )y g g 4 S5l
Oy SLilS )3 (63585 (e 5 b g 5 IS 50 D Sla SIS
S Bl o o8 ils o823 5" s 2SI 557505 Bas &
3 mosleT I mg clialy ol 53 s plonil 2 5155287 o
e el fblie (655 g (25 A sl 1 ey 5 blie
kol F4 )5 ¢ gazeayd S 5 55N gloed S 5
Jeol IXA 8200 Jue s S 58 5, sy by o 3I0T
DS SIA sl aSOST 5 530 (ot (o 2 Mgl
Ll s pbed Gl 5 g b friopes Ad 4 uloe

"o e 1l 5 05T WSIYY Gl 55 T 5550

Ol ) 254 (s 81 S g 21553 5153 okl O35
Jsb soedig)s b ad idmcsd 5 il wle wdS) G5
Takin, ) Coul ol sbowl (sl ol oete ST 515058 0533
o) #155.(1972; Berberian et al., 1982; Alavi, 1994
033 05530 5 Gy S 55350 358 Glres 5 (Bl 5
b st —an )l 035 o3 87 555l S ) (sl
bdas e oS 557 5 6855 (6 5SS (95 Sl
adlate o e 4 b gl SLoLilS 5 s gl 5 (slaes g
;! .(Shafiei, 2012) ¢l alio g Ol 51 55 Db 5 s
WV:L;Lgu,u\sqa\jsdsjgméuﬁuafw41‘.?
Mt @ 0.6% Cu and 0.02% MO ) wei> o (5,5, 5
5 (M and 0.7% Mt @ 500 7.+ V) 5,85 s (1200
s S i LIS ki 5 S s s Lo st (sla LS
3,8 oyl sUT e 5 6y 053 ¢ 15 (AST cojs 5 ol
Hezarkhani and Williams, 1998; Zarasvandi et al., )

2005; Shafiei and Shahabpour, 2008; Taghipour et
db s gl glabln b L e gl ,Luls i ioean (@l., 2008

ol Y5 ¢ Bl slalulS 4 0l s WS L 0l oyl s
Richards et al., 2006; ) 5 S o ,Lsl 55 558 solw 53,5
A 3 S Jds mes 4o (Kouhestani et al., 2012
Ols ey b g ol s Gmss sbaylls S is el
039 Osomar 3,55 1 3l e 9 G255 1 slalad e
@313 e i st wlwl o Cils s —ag )| v_m_:ufu
«((Hedenquist et al., 1998) ol,as 5 s 5SS Jibo
«Sillitoe, 2010) sl (Hedenquist, 2000) & SSus
9 G cba,l_wilS s, » (Muntean, 2001) oLz s
dbj gl e by Sl gbable g5, » omsp 5 by gl
HLwilS” —w, s «(Franchini et al., 2015) L Ju—s ;s
5 (Chang et al., 2011) -pzil3,T 55 a5 ol =6 b5
ol 0315085 ¢ ks 53 Jlo 3 ol =6 1 (S, LS )
LIV O gl s o5 ) 5 S o LSS o S

DOI: 10.22067/ECONG.2021.52017.87614

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


https://dx.doi.org/10.22067/ECONG.2021.52017.87614

)JQ‘)}P;JL»JJ&“_;J;&)}{‘_;W—Jw)uls@éw)}wuw)w)j

OS5 Gk gmly

el osbszy Sl gl (SLaj 093 53 53 LacJlad
Codlad sdae o (Berberian and King, 1981)
by i3 maa gyl 5kl 055 53 er 21585 5 LS Le
Ahmadian et al., ) S = o 51 (1 ¢ Gloj 093 4 &
Kirkham and Dunne, ) :p—ws 5 gl o sSJ1 (Y (2009
Shahabpour and ) e 5 Slee —wsee (7 5 (2000
S5 e SlaylilS iy .ol (Kramers, 1987
S50 Ol S S 555w 2 lS e 0S5 Ol pl 3 el bamstlid
(Shafiei et al., 2009; Richards et al., 2012) .l o3ls
o 3 ST I 0l S S5 e S OLS
DS B s sl i 53 () (S8 S A 9
(Asadi et al., 2014) 5,15 O gaisy 53 —aag,)l LS L
2 3l o b Olesen DS ol sla ol s AL
OLS™ .l oslsz 5 bl = Sla pwsee 55 S ) s, S gl
3 Sl b OLS r oS L LS S5 5 LS
ol 5 OS5 sn ol o O e (S gy e e LS
»l=3 op 2iw (Shafiei et al., 2009) Ju 5 ol babla s

(O JSK) canlyls 1y de 5 gl 5 6 by s e
St 55 m g S shST A (o B Cons b Oy (Sibne adlata
s (Hosini et al., 1994) Ol . VY0 v v e ul b )
3,05 41,3 (Khan nazer, 1995) u§ ,Lg > ViYerees
GaeKu Jols 2ty o3 gdows ol 55 4Bl saisy glads
eSS 5 (BVE) o g5 i w;tw\ﬂ,;\ Jol=
b Cappssl § bulsd> 6358 slaesy 5 (EaN) 50T
Wl ST 5 Sl S s dmes Ol dn 5 Sy 3 541S
Sl o fKS” 5 03l ylaY Joli aidate cpl 53 el sla JIy
Al sz 5 oo Cbdlad ol Gl e i s &
Glaes g o 510K IS 5 Y JST8) digls 5 a8 03 o
Slaes s (Glms eagdme ol 53 GSLST L Las e (6358

Wl a3 55158 5 a8 Lo g

YKV 5Wsedmsoks 55 36T .(Yavuz, 2003) di awlow
1 ossd b5 aG,L 5ldsplest YANA 0L 2> 450 s
o ) g i o3l 4Gl Ve BY e sles Ol Lpm
Mg s Al Ti Si «Ca (Na K F Cl Mn Fe sle i
o 8 (S (35, (ZanlSTBT (b, 5T (glas il
@ e is oAb eslanal el g S WY gyl Y
NESEIN S3) p ol )\J‘é\(j' 2 sWL% &y o
Ao oS el Ol p3Y 5 op sl 55 ST
sgde ol Sl YO F gl 50 /0Y Na zie 6l jadeis
Fe Ti «l,culg ;5 5+/+) Cl sMg Al Si Ca K .,

.Qﬂ\@j}M})'/'fﬁ‘jMn}

C R

S dilue 9 (STl Wl o)

oSl 035 (b s S (S sS Sde (es t 2550 i
S5 0l bl 4y b s bl )3 5 e
V0 sl o e b gdshi— SlaaisT o) ol () JSK2) ol
035 g0 & 358 5 SLad i 515 6 &) o 4 joshS
035 (e 4 Ol 5 o ool 4538513 Olor o = i (55l L
S gid 2195 313 dlab (gle B adle 53 63585 - SlaazsT
) bbb 4 T 68 2 Ol 55 4 o 5L
3,5 ookl el s e (T (515058 0595 b 53 0disss 6
,s.(Takin, 1972; Berberian et al., 1982; Alavi, 1994)
0353 5 VL aeli S -SG5k slaes 5 Hls ol S
i 3l dsles S 358 A wls S oy glacSw 040
a3 bT SR ot (g bl 095 pl ¢ ol bR
Gl G355 5 T el e amatls (5L ST 5 (St 5
o b Sl 8 (635 slres s Lo & ol oS
Il LT (Alavi, 1994) wiled b ol o yn S

73 el Slsons3 4 by e 095 nl 43 6358 - SlaissT

DOI: 10.22067/ECONG.2021.52017.87614

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


https://dx.doi.org/10.22067/ECONG.2021.52017.87614

w33 0Lz Jbo g gl 855 M — s JLST candme 5 (ol pa) g 2

Q‘)&QA E) ‘_;.\J}.NIJ)'

29°48'0"N

Legend
< E Reccent alluvium
© === Travertine
Plio -~ - Ash tuff, lahar and breccia

Andesitic lawa, volcanic breccia
#a Dacitic and trachytic tuff breccia
¥ Tuff and tuffaceous sandestone .,

Eocen

29°44'0

Granite,granodiorite
#588 Quartz diorite, granodiorite

—— Major fault

56°10'0"E 56°12'0"E 56°14'0"E 56°16'0"E z
! 3
-t
i) S
cd R [ N
o q VDA a
Qq ) & |
a0 B c
b ’
pd b3 = el
i L IR
Sqdp @ q 3 ¢ W W W
4, 4p9, v e o v w
aeo Do Z
apvea v w w W =
b - = v » = |O
94 b o pg ¥ v v ¥wO
aqdp ¥ é o o e w <t
4, 4,%, 4 w W oW oW o
= oS v v v |
] w W W
W W W
4 .
Z
- 2
w 5
< / N
¥ w ow W a
NN W
v W W W
v W W W
¥ W W W 7
¥ W W W RS
v e v e «
v W W W W W o =
. o e o o
v W W W W | g
v W W W W W |
AR T A S I
oW W W W W W
Jk)!nesers N e
E L% R S T B A
T T T T
56°10'0"E 56°12'0"E 56°14'0"E 56°16'0"E

(Khan nazer, 1995) 8 jlga ViV e oo pwlid e 4t 54 8 5 01y s ailaie cwlid s ol o5l 4l ¥ S
Fig. 2. Simplified geological map of the Choran area, based on 1:100000 geological map of Chargonbad (Khan nazer,

1995)

(o g T & 3) Ol g LS (63585 e 5 5 (EAN) oy 54T (BVE) O 5 (gladls O 5o

S el VS

Fig. 3. Land view of the tuff (Evt), andesite (Ean) units and Choran intrusive rocks (view to the southwest)

DOI: 10.22067/ECONG.2021.52017.87614

o

\ cJLui': AF 09> GF ‘6JL£§‘ G“L“:'LJ':"J


https://dx.doi.org/10.22067/ECONG.2021.52017.87614

)Jdbﬁdlﬁj&“_;x})ﬁ63&.]9—&)@\5@?3“)3&\.&&)&)}

b\)&aﬁj ‘_;-U}..u‘))'

Freolire) 5O 550 (el SIS S 5 LY I il
WA G YD) ol g (Ao ;3 1O B Y ) SOlwatls JISIT (s 55
SHA-F Sl CndS 5 (Ao 53 YO L #) 55,157 (o s
T o310l 503 JSKi o IS 505 (slay b ¢ o lis SIS b
Laysb ol bbb oS 5 cul it e L YO LY
Ly K sl S oy s ¥ i S — 5T
aad s 55 e (B-F S 2) a0 S5
Rl S S5 Sl GG b5 s s S

RGO PR

Granodiorite

SOed Sdvodyl  wlidbeSw
S s e DL (5358 Sres 5 ol (58w Son i (o
0 B iy 6 S S5 L s SIS (6358 Slaes g
rosk plas B il Lo gza (O 5m il o Y 515 3L sl
G S els (w5 L 51 (C-F S el
o g (Ao s Vo BA) JmieT (oo s Fr 5 F0) SIS 5 500
23 et Sl (A y3 Y2 B10) 5,168 5 (Ao )5 AL #)
Ol 5 o e 0 NS 4 86 Sl SIS (b Cad I s

shls C_.f_)ﬁ{,.}\;éf:}&i sos s (D-¥ J.{.i) 3gh g0 0dyd

ST NS 5050 Gl S5 ol o8 V51,8 il b oy 505515 doly B Ol s SLadlS ) 53515 (63585 035 31 wd 45505 1A L KD
j'.?)|;.,\.>‘_9ZD_3ija_}:)‘;és‘}i}c:}]j‘@»:d}dlcc@‘j‘)‘;}fé\{bu\w)}\??)Q}‘J&i)f&b@ﬁ;d{j@}@ﬂJQJﬁ
sl s s NS solatl pMMNe L(XPL) ad sl (slales s 5 iy g0 ol (s o (ST 015n b 5O 5 50 Sla SIS Jolli oS 2y 5 50

(el el Kfs (5,158 :Qzt (ks s HB (o5 o B OIS 5 55 P csl st Ll (Whitney and Evans, 2010)

Fig. 4. A: View of a granodiorite specimen Choran deposit, B: Granodiorite with granular texture containing plagioclase,
primary and secondary K-feldespar, euhedral primary biotite, reequilibrated biotite and quartz (Qtz), C: Hand specimen
of quart diorite, and D: Quartz diorite containing plagioclase with few sericite traces, hornblende and primary biotite
(XPL). Abbreviations after Whitney and Evans (2010) (PI: Plagioclase, Bt: Biotite, Hbl: Hornblende, Qzt: Quartz,

Kfs:Potassium feldspar).
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Fig. 5. A and B: Outcrop view of the silicic veins with thickness about 50 until 150 cm and with northeast —southwest in
Choran deposit, C: Hand specimen of vuggy quartz, D: Hand specimen of silicic veinlets with pyrite, and E: Hand
specimen of silicic veins with tourmaline veins and iron oxide. Abbreviations after Whitney and Evans (2010) (Py: pyrite).
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Fig. 6. A: Hand specimen of drill core with pyrite and chalcopyrite mineralization, with massive and semi- massive
structure Choran deposit, B: Hand specimen of arsenopyrite mineralization with vein-veinlet structure, C: Hand specimen
of pyrite and galena mineralization, D: Hand specimen of pyrite and sphalerite mineralization, E: Reflected light
photomicrographs of chalcopyrite, pyrite and tetrahedrite, F: Reflected light photomicrographs of pyrite, sphalerite and
chalcopyrite, G: Reflected light photomicrographs of pyrite and galena, and H: Reflected light photomicrographs of
chalcopyrite and chalcocite. Abbreviations after Whitney and Evans (2010) (Py: Pyrite, Ccp: Chalcopyrite, Apy:
arsenopyrite, Sp: sphalerite, Gn: galena, Cct: chalcocite, Ttr: tetrahedrite).
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Fig. 7. Hand specimen of veinlet types associate with porphyry intrusion of Choran ore deposit. A: Hand specimen of
vein-veinlet D type with pyrite and chalcopyrite mineralization, B: Hand specimen of vein-veinlet B type, C: Hand
specimen of vein-veinlet A tayp with magnetire mineralization and potassic alteration. Abbreviations after Whitney and
Evans (2010) (Py: Pyrite, Ccp: Chalcopyrite, Kfs: Potassium feldspar, Qzt: Quartz).
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Fig. 9. A and B, Hand specimen of potassicaly altered rocks of quartz diorite and granodiorite intrusive rocks Choran
deposit with magnetite, chalcopyrite and secondary K-feldspar, C, D and E: Photomicrograph of intrusive rocks that have
potassic alteration, that include vein-veinlets of quartz, anhydrite, hydrothermal biotite, magnetite, secondry K-feldspar,
and plagioclase phenocryst which partly altered to sericite. Abbreviations after Whitney and Evans (2010) (Anh:
anhydrite, Ser: sericite, Ccp: Chalcopyrite, Pl: Plagioclase, Bt: Biotite, Qzt: Quartz, Kfs:Potassium feldspar).
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Fig. 10. A, B and C: Hand specimen of phyllic alteration Choran deposit with B-type vein-veinlet's of pyrite, chalcopyrite
and tourmaline, D and E: Photomicrographs of phyllic alteration with remnant of hydrothermal biotite veinlets, sericite,
and pyrite minerals. Abbreviations after Whitney and Evans (2010) (Tur: tourmaline, Py: pyrite, Ser: sericite, Bt: Biotite,
Ccp: Chalcopyrite).
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Fig. 11. A, B, C and D: Outcrop view and hand specimen of the Choran deposit argillic alteration, some parts hematite
vein-veinlets, and E: Photomicrograph of argillic alteration with opaque minerals
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Fig. 12. A and B: Hand specimen of Choran deposit silicic alteration with pyrite and tourmaline minerals, C: hand

specimen of vuggy quartz, D and E: Hand specimen of silicic alteration with pyrite and chalcopyrite mineralization.
Abbreviations after Whitney and Evans (2010) (Py: Pyrite, Ccp: Chalcopyrite, Tur: tourmaline, Si: silice).
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