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Fig. 1. Geographic location of Cheshme Zard district and the distribution of gold-bearing veins (modified after

Alaminia et al., 2010).
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Fig. 2. Geologic map of the Cheshme Zard district. The legend of map is prepared based on relative age observations in
the field and age dating (Alaminia et al., 2013a). Fossiliferous limestones in the above map include fosulina and
nummulite, which have different age, but because of small outcrops are not divided.
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Fig. 3. Drill core (3601 and 3602) locations on the calcite-quartz vein in the alteration map from Au-III ore deposit in

Cheshme Zard district.

e 4y g sl CBL L F)lsS 5l a8, i (SS90 Sl
2 LYol SLS ol sas LSid codS 5 L Vool S5
IS KIAL (ol yany Ol pants) 95 o0 0030 45 ) aiil>
o‘)_o.m )‘J&M)TWIAJ 9 S .(0)‘0 d,....b; U] Lu )...a (A
wloads oS Ll 3550 50 9 35055 slaaS, (6,5 S L
5 (20,S1) eSS g Codl wdS (5,165 L ol o a8
a8, aile g 35 e 10 SOz &l s 4) Wl o 0090
Sl 5o S an byl wals JISIT (048 4z g5 O JSi
0,00 6 p 3 CamdS b cuSis 5 cudl 3T 0 5 wilons
5 00] oSy oun LS5 s (S35lsn load atigs
0ylame S sl 00l Gas o5 ok o (oidgilS
“_gﬁ}i_: Lng..\.uT)B ).».:L SOt g 0dd Glw S el

andl iy SaS a4 &ly)S 5 (o) S E5 (o sk
455 93 oSy SlyedS (loyed (o p 9 S
5 ol B-F 5 A-F lods i) JIodb a5ls)S 5 condinw
Lol Ll (595 1 455 2 9508 Sjgots plaie ()10 paiged
e jedaiedny o cand o) Dl oS o) g Sl 00l
b jaie g Fojlil g (o3 (ol jolie oliortia 25

sl 05 gl
Uiged Caid ¢ e VO Zwlied b oMb pudlow o5 (55, 5
5 el SLS Olyodd )y Baa L a S, 05 wc
oo cils y Blbl Sl )Ss g a8, 065 5l oleowd e
o Ve 5l s Aol b s o8, (A F S5) o
Szl odgad (Lo S0 1) s gl S Ol S



O 5 LS solel

YeA

5 5l S (Y L0 abged 51) ol 5o 3ble Caoms 4 SO3

vein alteration

il |

- Quartz vein
1 silicification zone
Weak argillic zone (Early Eocene granite)

0,550 S 5 a3ln,S a5, B ool lu S0 0,050 K g 5,15 45, A

00030 B IS 10 45 g bl el osd sy g 6lis,S
Kigad) 35 10 51 SI0; 5 SO; Fer05 Pb As polie 55 s
R N T R B
Sl yeds (0,95 o0 i 4 a8 55 e 50 laasdlgns 55 505)

EZ3 calcite vein
- Sericitic zone

alteration vein
>

- -

——= 05m

Argillic zone

[ Attered Early Eocene granite

) jdeie dilaie oMb slad ) 5l olsl oo ,e alade g0 F PSS

o s T ol 5

Fig. 4. Selected two cross sections of gold bearing veins of Cheshme Zard. A: Quartz vein and altered wall rocks, B

Carbonate vein and altered granite wall rock.
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Fig. 5. Four samples from the vein (1, 2, 3 and 4) and three samples from the wall rock (5, 6 and 7) have been selected
in Cheshme Zard district. The alteration extend over ten meters.
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oxides and trace elements are reported as percent and ppm, respectively.
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Fig. 7. Logging of drill hole 3601 from Au-III ore deposit in Cheshme Zard district.
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Fig. 8. Logging of drill hole 3602 from Au-III ore deposit in Cheshme Zard district.
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Fig. 11. Logging of drill hole 2301 from Au-III ore deposit in Cheshme Zard district.




o

o S9SN gl 55 4528 SeS 4y oy oleS polie x99 55l S

OTAF JL) ¥ ojles V ul>

Stage Early

Late

Mineral Hypogene

Supergene

Pyrite

Arsenopyrite
Chalcopyrite
Sphalerite
Galena
Hematite
Chlorite
Epidote
Zoisite
Quartz | -
Chalcedony
Opal
Adularia
Microcline
Albite —— =
Sericite
Dickite
Kaolinite
lllite

Calcite

Dolomite

Iron oxyhydroxides
Jarosite
Epidote
Gypsum
Clay

S5b ablae 215550 5 6, Koly Oldllas bl o) jaeis SlaaSTosgase jo A5 554 s 50V S

Fig. 12. Generalized paragenetic sequence in the Cheshme Zard district, based on graphic logging and thin section

petrography.
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Table 1. Characteristics and chemical composition of pyrite types in the Cheshme Zard gold district (Values in at %).

Location and type of pyrite Fe S As Ti \% Total
Anbhedral, veinlet 4394 56.05 99.99
Anhedral, veinlet 41.88 57.59 99.47
Anhedral, veinlet 42.19 57.8 99.99
Anbhedral, veinlet 41.89 58.10 99.99
Anhedral, veinlet 428 57.04 99.84
Anhedral, veinlet 41.25 56.73 97.98
Anhedral fine-grained, Disseminated 4097 56.86 1.54 99.37
Anbhedral fine-grained, Disseminated 4553 5247 2.02 101.02
Anbhedral fine-grained, Disseminated 41.38 56.86 2.1 100.34
Anbhedral fine-grained, Disseminated 4142 5568 2.9 100
Anhedral fine-grained, Disseminated 40.81 5828 0.6 99.69
Core of framboidal pyrite 42.09 579 99.99
Framboidal pyrite 4231 57.68 99.99
Rim of framboidal pyrite 41.29 57.09 1.62 101
Radiating aggregate, open space 40.83 56.16 3 99.99
Radiating aggregate, open space 4596 499 3.62 99.48
Radiating aggregate, open space 41.59 55.60 2.81 100
Radiating aggregate, open space 4252 5441 281 99.74
Euhedral coarse-grained, Disseminated 42.6  55.01 236 0.02 99.99
Euhedral coarse-grained, Disseminated 41.4  54.8 2.34 0.53 99.07
Euhedral coarse-grained, Disseminated 42.4  53.2 391 0.53 100.04
Euhedral coarse-grained, Disseminated 42.12  57.60 99.72
Euhedral coarse-grained, Disseminated 42.03 57.28 99.31
Euhedral coarse-grained, Disseminated 42.65 56.81 99.46
Euhedral coarse-grained, Disseminated 42.7  56.8 99.5
Euhedral coarse-grained, Disseminated 42.01 57.9 99.91
Euhedral coarse-grained, Disseminated 42.06 57.94 100
Euhedral coarse-grained, Disseminated 41.97 58.02 99.99
Euhedral coarse-grained, Disseminated 42.16 57.82 99.98

Fine-grained, Disseminated 42.57 57.98 100.55



vy e S9SN SinglS sy 4525 SaS s oy OlisS polie 55 5 3l S

OFAF JL) ¥ ojles V ul>

Olallas o a s F-VY JSC8) (ol c o slaslsl jo
SRRSO S PESC OV I SHLS T
g (S9SN SaglS 5y (slaasids i oy90 Zo 555 2
Au, Fe, aile e b g Lol yolic 5 mi55 b sl o
AL O 5o g i o83 L 1) S, As, Te, Cu, Pb
G 5l o 3L ahate ales giluaiine (SIS
oS 5 5 2l pegdle i Gl TY - ) 4L s xa VDY
5 Ol obe g lomal sgrg o FAIY JSC0) wglie
Srmais Gimgy ;S35 8 ax gl 3550 Ca 50 sl
L blo,l o Laaods ol oged Bpo |,y g0l olej e
2 onl ) sleraly o il @l g sl e FIY S

1S pyriras)] oo Lot ol sial i

o
azey ;o 1) yolie Gulosind Slsld sl 5 s oy
(o2l gleaia 8k laes o lis axaT ) ails
513 0090 0 1, Lesl jgd o pms 5 sl Ol 0,565
A 09> 5 Soimwy)l (VO JSTS) s oo L gy s
Wgd e 00y 4zaS ) [ 0 S g b 0 (o5 Sl
0dnd o5 Hladie 4 Sy @)lS 5 BN p3 0g 9 M
Sl 22l L £98 Cnl )3 (e jlade gD o0
b 4375 s BSE yolas (10 JK5) b ol ol
PETRURTIINE FRN/FCEN PR Pt JURPE K SRRWINPININ IS o
9 S 5l eSS A e g 00d ALSLE 039 ponilis
sbadslne oS (paSTy cnl ol oud o s S,
U POUPECE JERNC X R
Sl 00, 5 caidar BlLbl o 10 Shogs slaasls S
L33, (Shahabpour, 2005) yo—i soudlsw 2 STy
L3555 5 b ol (sledslons o8 55550 oy (sloj Db
S Lol 50) s o i STy o)l S ;0 FeO
Coy9058L,5 9y 4 aS Sl 03y (900 Sule S oyl
Pl 3l (28 o)l iS50 g Cl 03gad 35i3
O S a o L gy 9) S 5 (Gl s 052
Olesen Mo (adaiigi b oS 8,5 oo S (Bl poilis
Sy ol ails A WS o slgitiny <l ol i s
Ly 45 a3y ool (sloaied | capiifie 51 558 (oS 5
il sl 4y s, 5 i slr ¢ Sy sl

el 85 O js0

1.  X-ray analysis

SlSo) cHlESs (o jsba (oS5 B i S
3 oslmal s LesT 51 5y Ll azen (AYF 5 A-\Y
Sy oS ol p o s oS Iy o e S0 olic
5 IS lainsslsil Ly ol yam sl UK &5y
B-F J o) elas S5 ST S 25gd o0 000 koo
g 93 e (L s b by 095 oS (il b
L (CF 5 B JS8) Jladsesl 3 o jg0n (55
JSCs alS 5 (C-\Y St W o Jses Sals  al5 .l
w3k Jd 5l 6,50 slgsls A g ablad —ols
Ol S0 (DY USCl) Hlocsa )T L 5 jaiils slo
A by e Wil oo (LS Co Ly K 0 Dl s ailead

)&l (pekow Sl jolSST Sl 2
399 Ol S L Cosm 5l (oldygegls daazdS, (S o
ol Uy gy S5 ol (B USE) ol ol yen S
5 el Glsals JUSIT ole )5 slgilS L ol yan (ot
et yog (52 0950 09 (g 4o 50 Cily]
ol (FAY JSn) poilns 5 ik 5l (oladsn 5915
S5l o g9 90 lahais 4o Olalllas )3 .aied o
~ S Ll ol yon a5 5 jails (Slet 109800 003
Sloplns acie sl o g Mgl oo 00y Codl g lwals
(C 5 AN lelsis) wigds oo 00md CoibT ol o oS
Sl E eSS g ool olend oS 5 jails sl nn
Lo olod (59,500 B olasl L Loty (29,5 5 ST a8
S )l 5 00T (el CondS iadS s s
ol yon ool (Gloy o Az aT,; Adle K03 )0 09 ce 00y
g 000 Ll &jgoay Jlewald JSIT 5 Coaglgo
adtl 3 S50 50 (59,55 L b als sl 28
oL QL3S 5o 3 (S it S8k des 9 Wigd oo 03 45
LS55 e o ety sl (FIY JSC0) ams oo
0301 b L 0l o o b Coals] 51 g, 6T L s,
) a5 il Shilos 4y (o 6551 yio s IV Langie
5 Il CpitiSe ez dS 5l )5 40 o8 S oo JLis
0ad 00S Ty Cygmds 4 S 5l vg g oSl Co
SV SC8) ol oS 5 oy azaS ) Al )0 il oo
05239l 5908y ool psatsel] Ao 5 axsls (D

g gn 0333 ol 4o



olamdl cwlispe ) alxo oL g Lo sole! A

S0 slgs C Sl gunl 3 locs :B s oLadl 5 ails dl-ér'-‘)-’-’ A 3 ) jdoui ‘;L*S‘ 039350 4O o o 3 BSE pglar NY Sl
55y 5 (59,65 b USS 095 Sy F  JB lad jo elad SESTL JlocSiiw,l Coym B uxas) o I o Cupm D sl el o
Fig. 13. Back-scattered electron images of pyrite in the Cheshme Zard district. A: Disseminated fine-grained pyrites, B:

framboidal pyrites, C: Euhedral coarse-grained pyrites. D: Anhedral pyrite in veinlet. E: Arsenian bearing pyrite with
radiating aggregate in open spacing. F: Euhedral pyrite with a corrosion in center.
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Fig. 14. Reflected light microphotographs of pyrite. A: Disseminated fine-grained pyrites, B: Arsenian bearing pyrite
with radiating aggregate in open spacing, C: Framboidal pyrites, D: Euhedral coarse-grained pyrites in veinlet.
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Fig. 15. Some microchemical maps of EMPA of distributions of major and trace elements for pyrite crystals in
Cheshme Zard district, in sample 3201-115.2 (please see Fig. 13. F). Variation in Fe and S values follow the morphology
of pyrite. The core is enriched with Ti and Ba and the rim is composed of Te, Pb, Hg and K. This type of pyrite contain

Ti- and V-rich inclusions. Note, there is Ti and V in the enriched part and around of pyrite is related to sulfidation
alteration feature.
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Table 2. Classification of pyrite types in Cheshme Zard gold district.

Location and type of pyrite As Ti \%
Anbhedral, veinlet — _ _
Anhedral fine-grained, Associated with 0.6-2.9 - -
Disseminated chalcopyrite and galena

Framboidal pyrite — — —
Rim of framboidal pyrite 1.62 — _
Radiating aggregate, open Associated with 2.81-3.62 — -
space arsenopyrite

Euhedral coarse-grained, Associated with rutile — 2.34-391 0.02-0.53
Disseminated

Fine to coarse-grained, Barren pyrite — — —
Disseminated

aalol o g wlas 3 s Mo g S, | g9l ail> L
ool Sty sl S 5 8,555 ool slelslons
Q5,15 65 omb @b ke a5 wlos gl S99 1) pgms Juus
o 9k i o ez oyl ut 0 65 B slet g
Mo (g 5bu,lusls 03l Yool a5 sl aiilaie 4y jlo S 56

SIoyud

2 ae pll blay (S 2Ss 5 K8 jsudsy
5 oy 3l Grizren D9 g0 ST (e pl S gl oSl
b olpl golatl puliline; e g oyl
Dg oo Soya8 lisles

B30 E) o) Sledarme 50 base Jladsusl b o
o o) Slas 5 G555 (b 9 Sl (San 5 >
e JlaSsaal 8 sl o (Scott et al., 2009) »,.5 IS
wliw Lg:L:.o.».w oS 5 A dxgl b o) el ddlale (pgo
s obeF GleSe by Wi Jlay Jol Jud Cupm
Ly oS 5 g Sl addllae ululp oplplo aail i8S
5wl 63V sles ol Gl S Jlow 00,5 oo slping
Coym oazas, o)l sleoass S il cos
Skl L Gz Sogeds 5 ool SO lacSia j
Mo g o Jlanl (I s8I u i, Gonilgw
JoSsael 8 slesn o jlid g los alS b s sl 0] jo



oo g L oolel

YyYy

References

Abraitis, P.K., Pattrick, R.A.D. and Vaughan,
D.J., 2004. Variations in the compositional,
textural and electrical properties of natural
pyrite: a review. International Journal Mineral
Process, 74(1): 41-59.

Agangi, A., Hofmann, A. and Wohlgemuth-
Ueberwasser, C.C., 2013. Pyrite zoning as a
record of mineralization in the Ventersdorp
Contact Reef, Witwatersrand Basin, South
Africa. Economic Geology, 108(6): 1243-
1272.

Alaminia, Z., Karimpour, M.H., Haidarian Shahri,
M.R. and Homam, S.M., 2010. Mineralization
and Interpretation of geophysical survey,
IP/RS, in Hassan Abad Gold-Antimony,
Northeast of Iran. Irananin Journal of
Crystallography and Mineralogy, 18(4):723—
734.

Alaminia, Z., Karimpour, M.H., Homam, S.M.
and Finger, F., 2013a. The magmatic record in
the Arghash region, NE Iran, and tectonic
implications. International Journal of Earth
Sciences, 102(6):1603-1625.

Alaminia, Z., Karimpour, M.H., Homam, S.M.
and Finger, F., 2013b. Geochemistry and
geochronology of the magnetite series
granitoids in Upper Cretaceous, Arghash-
GhasemAbad, NE Iran. Iranian Journal of
Petrology, 3(12):103—-118.

Alaminia, Z., Karimpour, M.H., Homam, S.M.
and  Finger, F., 2013c. Petrology,
Geochemistry and Mineralization of Tertiary
volcanic rocks associated with sub-volcanic
intrusive bodies, with special reference to age
dating and origin of granites from Arghash-
GhasemAbad area, NE Iran. Iranian Journal of
Economic Geology, 5(1):1-22.

Ashrafpour, E., Ansdell, K.M. and Alirezaei, S.,
2012. Hydrothermal fluid evolution and ore
genesis in the Arghash epithermal gold
prospect, northeastern Iran. Journal of Asian
Earth Sciences, 51(1):30-44.

Barton Jr, P.B., 1969. Thermochemical study of
the system Fe-As-S. Geochimica et
Cosmochimica Acta, 33(7):841-857.

Butler, I.B. and Rickard, D., 2000. Framboidal
pyrite formation via the oxidation of iron (II)
monosulfide by hydrogen sulphide.
Geochimica et Cosmochimica Acta, 64(15):
2665-2672.

Cook, N.J., Ciobanu, C.L. and Mao, J., 2009.
Textural control on gold distribution in As-free

pyrite from the Dongping, Huangtuliang and
Hougou gold deposits. North China Craton
(Hebei Province, China). Chemical Geology,
264(1):101-121.

Earth Science Development Company (ESD Co).,
2001. Overview exploration in Arghash gold
ore deposit, Southeast Neyshabour,
unpublished report, Tehran, 51 pp. (in Persian)

Earth Science Development Company (ESD Co).,
2002. Report of geological map and ore
explorations of Arghash-Cheshme Zard gold
ore deposit, Southeast Neyshabour,
unpublished report, Tehran, 79 pp. (in Persian)

Johnson, J.W., Oelkers, E.H. and Helgeso, H.C.,
1991. SUPCRT92, a software package for
calculating the standardmolal thermodynamic
properties of minerals, gases, aqueous species,
and reaction from1 to 5000 bars and 0 to 1000
°C. Computers and Geosciences,18(4):899—
947.

Large, R.R., Maslennikov, V.V., Robert, F.,
Danyushevsky, L.V. and Chang, Z., 2007.
Multistage Sedimentary and Metamorphic
Origin of Pyrite and Gold in the Giant Sukhoi
Log Deposit, Lena Gold Province, Russia.
Economic Geology, 102(7):1233-1267.

Larocque, A.C.L., Hodgson, C.J., Cabri, L.J. and
Jackman, J.A., 1995. lon-microprobe analysis
of pyrite, chalcopyrite and pyrrhotite from the
Mobrun VMS deposit in northwestern Quebec:
evidence for metamorphic remobilization of
gold. Canadian Mineralogist, 33(2):373-388.

Oberthur, T., Weiser, T., Amanor, J.A. and
Chryssoulis, S.L., 1997. Mineralogical siting
and distribution of gold in quartz veins and
sulfide ores of the Ashanti mine and other
deposits in the Ashanti belt of Ghana: genetic
implications. Mineralium Deposita, 32(3):107-
118.

Richards, J.P., Wilkinson, D. and Ullrich, T.,
2006. Geology of the Sari Gunay epithermal
gold deposit, Northwest Iran. Economic
Geology, 101(S2):1455-1496.

Samadi, M., 2001. Exploration in Arghash Gold
Prospect.  Geological Survey of Iran,
unpublished report, Tehran, 73 pp. (in Persian)

Scott, R.J.,, Meffre, S., Woodhead, J., Gilbert,
S.E., Berry, R.F. and Emsbo, P., 2009.
Development of framboidal pyrite during
diagenesis, low-grade regional metamorphism,
and hydrothermal alteration. Economic
Geology, 104(8):1143-1168.



Yy e S9SN gl 5 SaS s Ly Dl ol w558 5 (55l SIS

OFAF Jlo) ¥ olas V ol

Shahabpour, J., 2005. Economic geology. Shahid
bahonar university of Kerman university
publishing, Kerman, 543 pp.

Simmons, S.F., Arehart, G., Simpson, M.P. and
Mauk, J.L.,2000. Origin of massive calcite
veins in the golden cross low-sulfidation
epithermal Au—Ag deposit. New Zealand.
Economic Geology, 95(1):99-112.

Stefansson, A. and Seward, T.M., 2004. Gold (I)
complexing in aqueous sulphide solutions to

500 °C at 500 bar. Geochimica et
Cosmochimica Acta, 68(20):4121-4143.

Vaughan, J.P. and Kyin, A., 2004. Refractory
gold ores in Archaean greenstones, Western
Australia, mineralogy, gold paragenesis,
metallurgical characterization and
classification. Mineralogical Magazine,
68(2):255-2717.



Journal of Economic Geology
Vol. 7, No. 2 (2015-2016)
ISSN 2008-7306

=

D

] @»l.a.wu.w) alxo
= (1394 JL) 2 o )leis T ol
A 443 clmio

Mineralization and trace element distribution in pyrite using EMPA in
exploration drill holes from Cheshmeh Zard gold district, Khorasan Razavi
Province, Iran

Zahra Alaminia™*, Mohammad Hassan Karimpour? and Seyed Massoud Homam?®

1) Department of Geology, Faculty of Science, University of Isfahan, Isfahan, Iran
2) Research Center for Ore Deposit of Eastern Iran, Ferdowsi University of Mashhad, Mashhad, Iran
3) Department of Geology, Ferdowsi University of Mashhad, Mashhad, Iran

Submitted: Nov. 23, 2014
Accepted: Nov.7, 2015

Keywords: Trace element, pyrite, CheshmehZard, gold district, NE Iran.

Introduction

Pyrite is the most abundant sulfide mineral in low
sulfidation ore deposits. Experimental studies
have shown that low-temperature (<150°C) pyrite
that formed rapidly is more likely to be fine-
grained and framboidal in shape compared to
pyrite crystals that formed more slowly and at a
higher temperature (> 200°C) from hydrothermal
or metamorphic fluids (Butler and Rickard,
2000). Framboidal pyrite mostly occurs in
sedimentary environments, though it could also
form during metamorphism and hydrothermal
alteration (Scott et al., 2009). The pyrite formed
tends to be enriched in various trace elements
such as Au and As. For this study we have
combined the geology, alteration, mineralization
with recent studies of the description of the
deposit from core logging and underground
mapping and geochemistry in the CheshmehZard
gold district and also investigated the
compositional variation and textural differences
between pyrite types. This study is based on the
results of our alteration and mineralization
mapping and detailed logging of 1937.8 m of drill
core.

Materials and Methods

Geology, hydrothermal alteration and
mineralization were examined in drill holes along
several cross sections. Host-rock alteration
minerals and veins were determined for 11
samples using standard X-ray diffraction (XRD)
and X-ray fluorescence spectrometry (XRF)
techniques. Polished sections were studied by
reflected light microscopy and backscattered
electron images (BSE). In this study, the trace-

*Corresponding authors Email: z.alaminia@sci.ui.ac.ir

element composition of pyrite samples from the
Au-11l vein system was obtained using electron
microprobe  analyzer (EMPA) data. All
analyseswere carried out at the department of
Materials Engineering and Physics of the
University of Salzburg in Austria. The EMPA
measurements and BSE imaging were made using
a JXA-8600 electron microprobe. Spot analyses of
30 pyrite grains from CheshmehZard are given in
Table 1.

Results

The study area is located in the north of Khorasan
Razavi Province 45 km to the south of
Neyshabour. The area near CheshmehZard could
become important as a site of economically
significant gold mineralization. Six gold-bearing
vein systems were recognized east of Arghash.
The estimated resources are about 2 million
metric tons of potential ore with an average of 1.9
g/t Au (Samadi, 2001;Ashrafpour et al., 2012).
Multiple intrusive events are recognized in the
region including Precambrian to post-Oligocene-
Miocene igneous rocks (Alaminia et al., 2013a).
This includes the Arghash diorite pluton, upper
Cretaceous granitoids (minor diorite, mainly
quartz monzodiorite and granodiorite), early
Eocene granite and several lamprophyre and small
intrusions of quartz monzodiorite porphyries.
Volcanicsinclude andesite, dacite, pillow basalt
and tuffs. Sedimentary rocks are conglomerate
and minor limestone. Gold veins are hosted by
intermediate to silicic volcanic rocks, tuffs,
granite, granodiorite, and conglomerate. Veins
consist of calcite and quartz. The main alteration
zones mapped at the surface and underground are
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sericite-quartz-pyrite-calcite, withsilicified,
propylitic, argillic, and carbonate zones.

The mineralization associated with
sericiticalteration and silicificationoccurs
asveinlets and disseminated in the propylitic zone.
Gangue minerals are quartz, chalcedony, calcite,
adularia, illite, and kaolinite. Mineralization
occurs as veinlets, breccia filling and
disseminated. The veinlets are comprised of
pyrite,  arsenopyrite,  minor  chalcopyrite,
sphalerite, galena, magnetite and hematite. Pyrite
is the main sulfide mineral in the hypogene ore.
Samples were collected with the objective of
studying the pyrite in the Au (lIl) vein systems.
All samples were therefore pyrite rich. The
paragenesiswas determined to show four stages
of mineralization based on the following
microscopic observations: 1. an initial pyrite
veinlet stage with associated quartz, chlorite,
epidote. Pyrite is fine to medium grained,
anhedral and gold-poor. 2. a second pyritic stage
(polymetallic  sulfide stage) contains pyrite,
chalcopyrite, galena, sphalerite, quartz and
chalcedony, minor adularia and arsenopyrite. 3.
An As-bearing pyrite stage with sericite,
chalcedony and quartz. The pyrite isframboidal..
4. Finally, a carbonate-dominated stage. The
pyrite is euhedral to anhedral and coarse grained.
The Au concentration in Stages 2 and 3 pyrite is
higher than that in Stage 4 pyrite.

Conclusions

The gangue mineral assemblages of carbonate,
chlorite, quartz, and minor sericite and potassium
feldspar in the ore-forming process of the
CheshmehZzard gold district suggest that the pH
value of the hydrothermal fluids was near neutral
to slightly acid (approximately 4.5 to 5.3 under
250 to 300 °C and 1 kbar conditions) and that
gold would be transported mainly as Au(HS),
(Stefansson and Seward, 2004). Three types of
pyrite based on the chemical composition have

been investigated: As- bearing pyrite, Ti-V -
bearing pyrite and pure or barren pyrite. EMPA
analyses of the pyrite in gold wveins show
maximum concentrations of As (3.62 wt.%), Ti
(3.91 wt.%) and V (0.53 wt.%) respectively. The
occurrence of the gold is usually associated with
arsenian pyrite and Ti-V - bearing pyrite. Veinlets
of the Pyl coexisting with arsenopyrite and gold
Py2 implies the substitution of sulfur by arsenic.
Gold precipitated under relatively reducing
conditions in framboidal pyrite. Py3 formed prior
to barren pyrite (IV).
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