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The role of sulfidation of Fe-carbonate rocks in increasing gold contents at the Zarshuran deposit ...

EXTENDED ABSTRACT

Introduction

Sediment-hosted disseminated gold deposits with high
gold grade (> 1000 g/t) are known to contain gold as
participating in chemical bounded (Au* and Au*®) or
nanoparticle inclusions (Au®)in the pyrite composition
(Deditius et al., 2014). The Zarshuran gold deposit (155
t @ 2.63 g/t Au; Madan-Zamin Company, 2020) is
situated 35 km north of Takab in the Takab-Angouran
metallogenic district, NW Iran. According to Mehrabi
etal. (1999) and Asadi et al. (2000), gold mineralization
in the Zarshuran deposit is in many respects like the
Carlin-style and Carlin-like gold deposits, respectively.
Gold substitution has been reported to be below
detection limit to a maximum of 0.64 wt.% and 3 wt.%
in arsenian pyrite and arsenopyrite lattice, respectively
(Voute et al., 2019). Here, we examine the relationship
between geochemistry and textures of pyrite, with a
view to constraining the mechanism of gold
precipitation. We use electron probe microanalysis
(EPMA) to study the composition of different pyrite
types. The results show that distribution of ferrous iron
(Fe?") is controlled by the initial diagenesis of Fe-C-S
systems.

Materials and methods

During field studies, mineralization outcrops and their
associated host rocks were identified. After preparing
thin and thin-polished sections, mineralogical studies
were carried out by transmitted and reflected polarizing
ZIESS Axioplan2 microscope. To identify and classify
different pyrite types and investigate the possibility of
presence of gold and trace minerals, eight thin-polished
sections were prepared, and carbon coated. This study
was carried out by scanning electron microscope (SEM)
with EVO MA15 model in the Central Laboratory of
Kharazmi University (Tehran, Iran). Then, to achieve the
chemical composition of different types of pyrite, 104
points were examined by EPMA (model JEOL JXA-
8530F) in the Laboratory of Geo Forschungs Zentrum
(GFZ). Spot analysis was performed with a voltage of 20
kV, electron beam current of 10 nA, X-ray diameter of 2
p and radiation time of 5 to 20 seconds. The standard
examples used to calibrate the various elements in this
experiment were as follows: FeS; (for Fe and S), CoAsS
(for As and Co), and free gold (for Au). The detection
limits of the elements are Fe (300 ppm), As (200 ppm),
S (300 ppm) and Au (200 ppm). To identify rare
minerals such as mackinawite (FesSs), HR microscopic

confocal Raman technique was used in the Central
Laboratory of Shiraz University (Shiraz, Iran). The
experiment was performed with an X50 laser, a
wavelength of 785 nm with a power of 100 mw and a
radiation time of 20s.

Results and discussion

Based on SEM and optical-microscopic studies, six
types of pyrite have been identified in the Zarshuran
deposit. They are (1) framboidal pyrite (Py0) (avg. = 30
um in diameter), (2) fine-grained disseminated pyrite
(Pyl) (< 20 pm in diameter), (3) coarse-grained
euhedral pyrite (Py2) (avg. = 100 um in diameter), (4)
porous/sponge pyrite (Py3) (avg. = 300 um in
diameter), (5) colloform pyrite (Py4) (avg. = 550 um in
diameter), (6) vein pyrites (PyS) (avg. = 55 um in
thickness). Decalcification and sulfidation of host rocks
are two important mechanisms in genesis of sediment-
hosted gold deposits, and the importance of sulfidation
depends on the reactivity of Fe?* and H.S rocks (Voute
et al., 2019). The interaction of H,S-rich hydrothermal
fluids with reactive iron originating from the host rocks
(Cail and Cline, 2001) or through hydrothermal fluids
added to the environment (Reich et al., 2005) which
results in formation of Au(-As)-rich pyrite. Arsenic in
pyrite can occur in various oxidation states that
correspond to different crystallographic sites in the
lattice and different substitution mechanisms. As~
substitution for S*~ is found in reducing conditions and
often in sediment-hosted gold deposits; while As
cations (As?*, As**, As>*) replace Fe?* under oxidation
conditions (Reich et al., 2005; Deditius et al., 2014).
The diagram of arsenic versus sulfur in the Zarshuran
deposit shows that the concentration of As in the
formed pyrites is strongly related to the decrease in
concentration of S. Based on this, it can be concluded
that As replaces S in the pyrite structure and in the form
of As™; Moreover, As species are common in pyrites
of gold deposits with sedimentary host rocks. In the
Zarshuran deposit the occurrence of gold in As-Hg-Sb
sulfides in late drusy quartz veins (Daliran et al., 2018)
is more important than the presence of gold in various
pyrites. Finally, all evidence suggest that gold
mineralization in the Zarshuran deposit occurs well in
response to sulfidation process of Fe-bearing carbonate
rocks. The correlation between gold content and degree
of sulfidation in the Zarshuran deposit indicates that
sulfidation process is a much more important
mechanism to gold precipitation relative to addition of
pyrite (pyritization).
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Fig. 2. Photographs of hand samples of host rock and mineralization in the Zarshuran deposit. A: Powdered limestone from the
Zarshuran deposit, B: Purple fluorite gangue, C: Cinnabar red crystals within black siltstone, D: Pyrite veins within Chaldagh
limestone, E: As-sulfide within the Zarshuran black shale, and F: As-sulfide veins within siltstone. Abbreviations after Whitney
and Evans (2010) (As-Sulfide: Arsenic sulfide, Cin: Cinnabar, FI: Fluorite, Py: Pyrite, Qz: Quartz).
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Fig. 3. Representative figures from various hydrothermal alterations at the Zarshuran deposit. A: Photomicrographs (transmitted cross
polarized light, XPL) of silicification with As-sulfide veins, B: Outcrops of argillic alteration (looking to northeast), C: Outcrops of
sericitic alteration (looking to north), and D: Outcrops of decalcification alteration (looking to southwest). Abbreviations after Whitney

and Evans (2010) (As-Sulfide: Arsenic sulfide, Qz: Quartz).
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Table 1. Petrographic and textural characteristics of different pyrite types at the Zarshuran deposit (Heshmatnia, 2021; Tale Fazel, 2022)

Mineralization —
Environment Symbols Texture range Figure
stage
(um)
Sedimentary Py0 Framboidal 10—-60 Fig. 4A
Fine-grained .
Pyl disseminated <20 Fig. 4B
Early Coarse-
Py2 grained 50—150 Fig. 4B
disseminated
Hydrothermal Py3 Porous 200-500  Fig. 4C
Middle
Py4 Colloform 300-800  Fig. 4D
Late Py5 Vein-type 10—-100 Fig. 4E
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Table 2. EPMA results of major and trace elements in pyrite types of the Zarshuran deposit (Heshmatnia, 2021; Tale Fazel, 2022).

. Py0 Pyl Py?2 Py3 Py4 Py5
SN (n=8) (n=22)  (n=24)  (n=20) (n=17) (n=13)
Fe 45.01-46.10 PT346. 4334747 A3T6746. s 09 4768 45.80-47.51
@verage) " 547 76 15 1 (47.08) (46.61)
: (45.64) (45.96) (45.78) ' '
s wiop 52395404 50'476;53' 51.02357 S 1'826£ S 5137-5336  50.94-53.67
(average) (53.11) (53.21) (53.27) (53.27) (52.06) (52.73)
As wto  bdF049  bdl399  001-365  001-086  bdi-0.21 bdl-3.13
(average) 70 (0.16) (0.30) (0.53) (0.10) (0.06) (0.48)
Au o bdl=0.03  bdl-004  bdl-0.05  bdi-0.03  bdl-0.06 bd1-0.03
(average) PP (0.01) (0.02) (0.03) (0.02) (0.04) (0.01)

bdl= below detection limit, n= point of analysis.
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Fig. 4. Photomicrographs (reflected polarized light, PPL) and BSE images of various minerals in the Zarshuran deposit. A: BSE
images of framboidal pyrite (Py0), B: fine-grained disseminated pyrites (Py1) with coarse-grained disseminated pyrites (Py2), C:
sponge or porous pyrite (Py3), D: colloform pyrite (Py4), E: vein-type pyrite (Py5) with framboidal pyrite (Py0), F: orpiment, G:
realgar with quartz, H: arsenopyrite with porous pyrite, I: sphalerite with dolomite, J: intergrowth of magnetite with coarse-grained
pyrite, K: chalcopyrite inclusions in porous pyrite, and L: pyrrhotite inclusions in coarse-grained disseminated pyrite. Abbreviations
after Whitney and Evans (2010) (Asp: Arsenopyrite, Ccp: Chalcopyrite, Dol: Dolomite, Mag: Magnetite, Orp: Orpiment, Po:
Pyrrhotite, Py: Pyrite, Qz: Quartz, RIg: Realgar, Sp: Sphalerite).

DOI: 10.22067/ECONG.2022.75417.1042 Fosled OF 055 OF ) (bl ulid e


https://doi.org/10.22067/ECONG.2022.75417.1042

w0y 5855 HLilS (M sle SRl s s oaT 6l S sleeSKin O gl dadd g EE oy

LS 5 Llaio

L;.p| L;Ldmlé & L oslazal Q\Ab ;,a.:]o)‘ C_,a._)l.;l.n J:éb Sl 6‘},
2ol 3, PP YFCM 5 \¥) Y CMt glacals )3 o skiSTle

(B-o S5 85

35585k ifj)co.,\_i»eaj‘?'ﬁ&)pl{ (FeoSs) s gbus "o
ol o 005 Sn Y+ Lo st slal 53 (i (63 8 0l o555 087
(A-0 Jg_.i).l_.i,e:bu.a:&,_&? C,.lﬁjg,.::;iuj\:@; JT 3l 40

%00—

180

_ﬂ_ﬂ
X O N B D
S 3553

lntensit_y (counts)

=N
=t

W PZ2 2bM_L785nm_F100_50x_G600_900-1800 cm-1_Accq20Accus D
O
ol )
o ER
L >
- 3
| ALY
0
X (um)
o
‘xz
<
~
}("‘1
I
=
I3
len
s
I
J \""‘v ‘lvw" ¥ Yy
W g N I st e NP i
: :
500 1000 i 1500
Raman shift (cm™)

30Uy )3 amcads s SIB 5 Oy sy Jdls 53 xS 5 T slpe Lol o o gkSTle SIPPL c(ssle 3L 55) o Ky Soo 5o A0 S
Mag (s slS L :MaK ¢yls oy S JT 03l :CM) Cil i L3l (Whitney and Evans, 2010) 5isl 5 x5 5l b S8 s laa e CaslS

>

(S

Fig. 5. A: Photomicrographs (reflected polarized light, PPL) of mackinawite with carbonaceous material and magnetite in the
Zarshuran deposit, and B: Raman laser spectroscopy pattern from mackinawite. Abbreviations after Whitney and Evans (2010)
(CM: Carbonaceous material, Mak: Mackinawite, Mag: Magnetite).
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Fig. 6. Photomicrographs (reflected polarized light, PPL) and BSE images of various mineral stages in the Zarshuran deposit.
A and B: lamination of framboidal pyrite (Py0) associated with nodular mackinawite, magnetite, and carbonaceous material, C:
BSE images of Fe-dolomite with EDS pattern, D: fine-grained disseminated pyrite (Py1) which from their aggregations the
coarse-grained disseminated pyrite (Py2) were formed, E: BSE images from sponge pyrite (Py3) which enclosed by colloform
pyrite (Py4), F: vein-type late stage pyrite (Py5). Abbreviations after Whitney and Evans (2010) (Cal: Calcite, CM: Carbonaceous
material, Dol: Dolomite, Mak: Mackinawite, Mag: Magnetite).
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Fig. 7. Paragenetic sequence of minerals in the Zarshuran gold deposit. The thickness of the lines indicates the abundance of

minerals in each stage.

Aot 3l 8 s )T 5 &S, Tl oS
o LS 5 als o154 &S 555 0 o 5 (Bagby and Berger, 1985)
Eo o > (FE) ot o T Dbl o s el 53 S ol
oSS WS S Ol gt 5 3 3 g 25 Sl ) 5 A3
a5 5 (Shenberger and Barnes, 1989) uS” . e i Mo
Slad sl 53 15 HoS Wl 5 5o 5 55 VL 608 S 5
o 31 cwcsia (Hofstra et al., 1991) whos 5"l Llsobs

&

<o

Wo i 30 F30 Jolge
ol (g5 O o b b (sl LS 5o Mo Ol e G o e S ey
LH2S gl glo 3 <NVl ol b 5 (Deditius et al., 2014)
Ut Ol K 3 JloaT slacls S s yls aT slada g
(53l i 31 g3y Ol on S b DL (DU 155,80

Olazlw 55 5ol (Db b3 Ol sie 4 g s VL el (6l

DOI: 10.22067/ECONG.2022.75417.1042

¥ oyl OF 055 VoY (onlasil ulis e


https://doi.org/10.22067/ECONG.2022.75417.1042

w0y 5855 HLilS (M jle SRl s s oaT 6l S seeSKin O gl dadd g 28 o 5

Q‘)&M}Léw

2 S 3 § Ogpmlil g (Sl $ 5 Ko dus o
Olygwy Jlils”

1y Ol sy SeilS 5o Wb 5 sy o aldaly s gy o eI
3557 s S K (gl yai 3y 5 AT (glsome 51 15 g0
Jl i Al gl g 45 s S 5 FE (gl s et ol 55 (¥ Jgel)
s FelAl s se5 & S 5 (Hofstra and Cline, 2000) Lo
5(5 5308V 5 ) Mo (VL e slacipes sl SIAT i
ol o310l (7 5305V 51 )M ol e ladises sl
33 Go 3 el Wb sl il 3l 358 o odaline o Ol o
Oy S B3 b Sy Ol Sl 31 L oSST 51 e S )
Al p L lgmme GRIEIL A Sl olen (55 slae 1)
oz o8 ol sme s ol (4 ) Ll Gt O sl g
latedl o 20) ol e L ol jon LS ol 53 M 5
Codl 155 o (6,55 $LaaS ) 5 Ol aT —o g ST
4ol Al ails (e (ol 3 s 4 o (6 0
0553 Jke Rl 53 O el g Ll 5 01 )5 HLdlST 55 Ay 0
IS ol Sl 4 il (g 55 i gl3ailS sl
A g5 b b B b Ol HladlS Jeol sla D
S S35 05205 JdlS 358 g0 Cor 0 4 Sl 5 0 et
Ak Ol 1y )8 s Ll

Ogaliadlgu 4250 duwlmo
Lo 5 1y O sl s 4,3 (Kettler et al., 1990) ol )Sen 5 A8
:u\i‘ab; %ﬁl)Q)yQDOS dslre

DOS = (Swt.%) / 1.15 * (Fe wt.%)

AT e il g 457 AL lojiil a3 85 (gl g ol s 6
IS Bl g 5 ATyl S oo Sy 5 K 333 50
03,81 ¥ Jgd 530y 55 ,Ludls 53 UU-38 6L 51 o me ysb 4
O gl gn dm 53 LMD (6 s Oln B3I AN Sl o

5 potaline S 1yl 534S Ol das o 0L 1y Oy 955 5LilS”

S - JPIENE P N P T P
Cniisas b ozl ) 2 - (Shenberger and Barnes, 1989)
HOFSIra et) Lol a1 O guulbdd gos b (0l (glo 3 (lactdd s Ole o0
s o 281y g 0 g sk S b 75,8 ) 5@l 1991
S P &g (5 p iy 55 4 AU (2 530 galikdd 3 ot
&S S5 o K gty &yt s glo & Jlw HaS 5 0L e
4 ES035 lales b 86 b oS5 gl sladil 4y JlaT Can o
Wong and Oldershaw, ) dlesls cuus 51 & sl azy5 Voo
Tl 46055 sl 3 JlaoaT (glacan J53 cimmen (1981
Dickson ) das e aslsl 5 55 (¢ ,8 JS i Blasl b g o s S5
Jhs o A3 o 55 Sl O selted] s (@nd Coleman, 1980
aslS” sasls STy s o aT Ol e <K bl s 3l 2 S 8
(Kettler et al., 1990) das | a5 1) s g b Sl jlo el
3 slne Slosdl o b EAS Ll T ol C iy
Calg 53 godd o 8 Il 53 (6l s g (1o oSS (540
b a0 STy b Mo Cankits
(0) ,aSTy

FeCO; + Au(HS);~ — FeS, + CO; + H,0 + Au
S 5255 5 8T olie b5 (it IS 5o s
Lledl 8 sla o o341 &8 das o OLES Oy 5055 ,LulS” (oK
2l SV same JlaoaT slaly Sl os gy ol job O goslitid] 5
o o 4 T ¢ 8 Wl e (Tl 5o 51 (58 Dl 53 530
Maynard, ) s )l 3L oke 5 o S5l 8 Sl S K3k glalases
Sy o oS 33 5 oy (Vb Jlairl g 5 g0 ol 4 4 5 1.(1982
O gl 5w Lo 5 0y 55 5Ll 55 (PY2 5 Py1) ozl
(IS ssbu B AN ) sl § S s oaT oty S
AT 13 ¢ 2580 (sl gy S Oy 5 )5 HdlS s
o S 5 itn 54157 O 5ok g ) SR 4y o 6
S a3 g0 O 13457 (o goi (535 2 ol EDS S, st
A3 VO ) T 31 g s (glyls adbata ol 55 5 o 30 (SlaCa o 53
(CA o) azen (G5

DOI: 10.22067/ECONG.2022.75417.1042

)

o

¥ osled OF 6555 VY (3Ll pwlis e


https://doi.org/10.22067/ECONG.2022.75417.1042

0855 SLlS 6 e I 53 s AT Gl S S b el g B s 0L 5 Lot

b slaaS Lol on (AUY) 53T (Db (YL yslie Ol y sy
Daliran ) e o iy 8 ol 8 o Yl 5 ;&) syl
Oy sy 5 Jldls j3 48 das o Ol dal 42 ol (et al., 2018
ol 3353 o158 3 ol (58 0L e (Sl O el ur
e o bl o 5 o oy 1a5 0 (PYA) olS” T (Slas Ol

(B-Y+ JS8) )15 1y (5 53 p 8 4/ i) Db (g1 gome

L » .

jajls5)?}0&»\@}»4?):3%6\%&6)1;@@
Sl bl o 3 55 ke (DOS >1) DOS e 2l 31
1 0 B Sy S tal 358 S s
Oy 33 il Sy ¢ > e 40 Ll 03035 5 8 gl 5
4 ST ol aa M g i Sl 5 2 (b (6l goma I e

)u\;)b.@‘eM}J‘)Qﬁ@)b(Au+)-\Alq-d}lzﬁg:))j.p

1.3+
Caka

1.1

10.8

KCnt

10.5-

1.00 2.00 3.00

LSecs:

C ax32'genesis'\genmaps.spc 22-Feb-2020 10:4293:31

Element

21.77 36.86

24.51 31.15

16.06 13.43

33.78 17.14

03.87 01.41

Correction ZAF

00 5.00
Energy - keV

BT b

600 7.00 800 9.00 10.00

O LS 53 (PY2) i yaails 5 (PYL) 5 pails OLasl (glacs b ol jon JlooaT (slacun dss 5| gy 55 S o sSus Sn (sla s 5uzi B s A A o

(& PY (oI55 :DOD) ol 0 o3l (Whitney and Evans, 2010) il 5 s 5 s 557

Fig. 8. A and B: BSE images of Fe-dolomites with fine-grained pyrite (Py1) and coarse-grained pyrite (Py2) in Zarshuran
gold deposit, and C: EDS pattern of dolomites shows Fe content about 4 wt.% in their composition. Abbreviations after

Whitney and Evans (2010) (Dol: Dolomite, Py: Pyrite).
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Table 3. Representative whole rock data from UU-38 drill hole (location in Fig. 1) in Zarshuran deposit. Based on ppm.

no Elements Elements Elements
Fe Al S Au o Fe Al S Au o Fe Al S Au
1 19701 1181 1290 0078 38 30872 2057 17176 0005 75 13302 986 5966 0489
2 23382 1207 1693 0217 39 14555 13A 208 0008 76 11230 504 32 0971
3 1779% 1262 871 0037 40 3038 223 400 0005 77 6845 247 144 1534
4 16236 843 703 0051 41 19779 339 360 0005 78 3687 179 193 1097
5 24064 1541 664 0046 42 22265 4528 256 0009 79 3942 231 148 074
6 22045 851 821 0051 43 16460 1853 246 0027 8 6300 131 1% 1621
7 16857 1781 252 0112 44 21720 1537 451 0011 8 3063 1711 227 0775
8 23436 2667 203 0108 45 17201 1746 414 0011 82 4442 266 181 0936
9 29793 8053 297 013 46 20434 1736 229 0026 83 9837 308 149 138
10 22432 3229 239 0142 47 53343 3306 769 0146 8 16125 169 234 2016
11 16028 2158 181 0104 48 8505 776 173 002 8 2209 116 249 0177
12 16038 2589 187 0144 49 8577 502 213 0031 8 3205 141 362 0168
13 14252 2197 211 0148 50 17160 635 1005 0005 8 904 250 294 1287
14 20642 2965 208 0218 51 21401 1230 581 0044 8 9271 B2 309 1455
15 21228 1980 401 0077 52 9589 443 408 0049 89 7538 M1l 30 0955
16 24760 1606 364 0052 53 11640 1148 1667 0087 90O 3H20 165 273 039
17 31538 1348 8752 0015 54 12479 516 581 0062 91 8919 333 391 067
18 20971 1280 529 0005 55 23126 586 8671 0005 92 2374 102 167 0123
19 26011 2911 11967 0261 56 11771 488 6219 0011 93 3967 170 264 0141
20 63118 2782 55669 0075 57 12408 4% 9303 0013 94 1307 102 193 0063
21 18269 736 872 0013 58 83 360 417 0013 95 2203 140 188 0078
2 7053 36 126 0005 59 9685 358 A7 0012 9% 48649 3B7 54760 0017
23 9719 546 121 0005 60 12941 @ 783 370 0032 97 1947 182 154 0155
24 14238 1236 119 0011 61 9143 603 525 0413 98 2970 253 247 0321
25 14879 699 167 0013 62 4387 217 1216 0118 99 25300 291 4273 002
26 8641 468 146 0022 63 10286 656 356 0195 100 26317 392 3348 0011
21 7582 832 769 0026 64 7421 608 662 0067 101 2425 188 139 0203
28 10243 596 434 003 65 5562 253 461 0023 102 484 2719 173 039
29 7639 417 186 0005 66 23179 958 10183 0067 103 2388 193 444 01%
30 6023 233 136 0005 67 15035 635 74 0134 104 2939 246 668 0276
31 8757 489 149 0018 68 12301 718 6520 0036 105 1621 263 167 0148
32 25303 2929 194 0226 69 10578 532 4505 0031 106 2874 175 243 0232
33 938 659 214 0041 70 13781 687 3182 0082 107 12711 404 6379 0451
34 15926 1030 783 0024 71 8166 366 3688 007 108 6181 235 2243 0126
3B 9%B76 M8 1530 0058 72 14160 661 2622 0079 109 7687 452 11718 2171
36 20021 2003 176 0054 73 4374 234 1761 0074 110 5715 410 84%4 197
37 18072 1103 127 0013 74  40% 223 1490 0103 111 6515 453 9674 1472
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Table 3 (Continued). Representative whole rock data from UU-38 drill hole (location in Fig. 1) in Zarshuran deposit.
Based on ppm.

Elements Elements Elements

TR A s A ™ TR A s A YTR A s A

112 12841 861 1489 0011 124 10551 350 4812 065 136 1397 162 1808  05%4
113 3855 210 500 0139 125 8291 385 597 044 137 384 141 10236 0519
114 7899 52 3% 035 126 4014 179 269 0588 138 6031 184 15957 0406
115 8310 402 731 0309 127 1355 107 184 0479 139 4548 227 6189 1243
116 8782 575 374 0745 128 31910 666 39791 0484 140 6809 432 9881 1618
117 13720 615 6203 1% 129 4801 312 293 0192 141 25629 1049 39802 761

118 9773 542 617 0467 130 4386 172 490 0406 142 30225 1089 42971 3008

119 11463 607 4127 0251 131 7914 701 706 0508 143 69225 574 97574 1112
120 13646 583 155 0083 132 8269 326 521 0871 144 13146 798 21994 3144
121 2558 909 105 0026 133 5039 221 476 0355 145 4823 34 7730 1517
122 7666 467 126 1031 134 12712 492 12327 0641 146 5264 472 8296 1341
123 5615 356 144 0023 135 33429 701 41624 1685 147 2141 206 2801 0991
1000 ~
O Au<1 ppm
A Au>1 ppm Addition of Fe2*
Se?;r?ent-fglosited > ©)
gold (Nevada 0
100 - O@
S °
10 -
Addition
of sulfur
1 T T T T 1
0.01 0.1 1 10 100 1000

Fe/Al
5 0lys5 LS IUU-38 4l S 6K (gl gos 33 O 2w 5 O smoleledd goo (Slacl b gl slaie & FRIAL laa y3 STAL obss i pe5 4 JKS
Gap o) M e 2ol 355 o odalie SOl (Ye et al., 2003) (K ol) 1515 55 g3y Objpo UMb 153 SlaaT s a0 (loosls b 0T auslis
(5 0208V 3 M 515 5icml laske (04b ) Jases &y OAs S 5 Col Lo 53 (O gl o 01 3) sl 131 Gl
sl 0kl (Kesler et al., 2003) 01y Kan 5 S 5l 15 505 .ok Jlo i Al s s S s F l 503 5l 55 1355 0 w50

Fig. 9. Binary diagram of S/Al vs. Fe/Al to compare the processes of sulfidation and pyritization in UU-38 drill hole of
the whole rock samples from Zarshuran deposit and comparison with data from the sediment-hosted gold deposit in
Nevada (America) (Ye et al., 2003). Based on, the increase of gold grade (red triangle) corresponds to the increase in
sulfur (sulfidation process) in the environment, and the addition of pyrite to the environment (pyritization) causes lower
grades of gold (< 1 ppm). Note: Fe and S are normalized to Al. The base diagram from Kesler et al (2003).
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Fig. 10. A: Binary diagram between gold content and degree of sulfidation (DOS) in whole rock samples of Zarshuran deposit, and
B: Box diagram of gold grade changes in different pyrite types by microprobe analysis
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Fig. 11. Photomicrographs (reflected polarized light, PPL) of pyrite formation in the Zarshuran deposit. A: Pyrite formation through
conversion of Fe-monosulfide phases such as Mackinawite, and B: The formation of fine-grained disseminated pyrite in Fe-rich
dolomites without Fe-monosulfides. Abbreviations after Whitney and Evans (2010) (CM: Carbonaceous materials, Dol: Dolomite,

Mak: Mackinawite, Py: Pyrite, Mag: Magnetite).
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Fig. 12. A: Fe-As-S ternary diagram (Deditius et al., 2014) from distribution of various pyrites of the Zarshuran deposit
(reduced As™ species) compared to other pyrites of Carlin deposits (cross sign) (yellow arrow shows divalent metals Me?*
for Fe), and B: The negative correlation between As and S elements in different pyrites of the Zarshuran deposit indicates
that the pyrite composition is Fe(AsxSi.x)2 in which As™ is substituted in sulfur.
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Fig. 13. A: Photomicrographs (reflected polarized light, PPL) of the coarse-grain pyrite, and B: BSE images of pyrrhotite
inclusions in coarse-grained disseminated pyrite (Py2) of the Zarshuran deposit. Abbreviations after Whitney and Evans (2010)

(Po: Pyrrhotite, Py: Pyrite).
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