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Fig. 1. Simplified tectonic map of Iran showing various

geological divisions and distribution of the Cenozoic magmatic

assemblages (Alavi, 1991). The square shows the location of the Arasbaran and the Masjeddaghi in northwest Iran.

oz 23 Wge 6358 Glaos g shs 5 o Sl 0L
3 eslial Uy cObleml 53 5L 5 andior da (JAS 0 5K g
syd oJ gl 5 S g Ar- AT 5 oS 5 U-Pb sl s,
(Hassanpour et al., <l od i puni Jlo O gkes YY 514
LSl 055 48 aS e slgiy O Ktagy onl 2015)
Jd G 4 0l pl 2 dled 51 a8 Sl eSS Ol |

a3l Sldzel Oloub3T 5 Oltaie,l B
(3o ailate ;5 oL ESKn Sladsly o 5 e b
S el gl 458 il glaeKi | (slas gazes Joli
03) 5 pr Dokbay 5 @l Ol pl B dled 3 o35 B
5 et (ST ceKwanle 1 2 sladaig .ol 0allS
e 3 G S5 (S IS eV Lol jen K

Ol b,5T =5 23 055 8 bl 55 Dbyl (21558 O35
Iy S5 Olomby3T 5 sl Oliwl 51 ols jidw 55,05 413
by o i pl 3 a5 BB SlaazsT JUT gl bl gy o
=S 5 b ST el ool bl el oYL 4l S
LS ol o il y3 e wlgis — S db o,
A s uas Sayss er Lasb ol 3 JT oo S
B Lwﬁ‘ju‘)ﬁ .:}_ﬁ:@jlﬁc—\ Sy — Sbl anl 555
S5 o 5 Bl I (gl diles 45 ljesS SIS > il
(S 5 el Al (53 548 SLaes g (555 e 01l 5
03,5 545 gl SLiasT lacKnw Jols 4l 5 S
(Abdollahi et al., 1996) ..l



solatdl alid e

oh)ar g ol ory

..U‘cMJ.,aB

Sl
53013 ey 5 a8 st aibite j3 gL S Sl B
L Casm3sise 5olsS 5 T (S5 sladslyosm sa
33 di_:.::J Lgué.;l_..ujfb Y JQ) Sl osls H 3 Jgﬁ S
Skd (Snly Jols (Elsdon s (5l GLS i
Wl Sty 5y (e e g S 5T S 5T

(Emamalipour et al., 2010) oI, 5 55 Jaslol
L b e SLa 85 6La0s5 35 oloont 15 Sl
L ol Saa g5 ol clilosls plol e &I 5 5l S
Sloslital U 5 odsile §5 sladsei olbawd 3BT Sl oslizal
Na,0, K,0, sla_.S|Zr, Pb, Ba, Sr, Cu, AS , sle
oo 5 Slw $3 slad s ¢S 4 Si0,, ALOs, MgO
DL La s ol s st ls s Gl 8 ol S
S 55T sty ST ¢ Sl 55 s
3035 S5 5Lw S5 DLyl s eSaky s 5 dawl

Bl 528 0 e 4 S s Sl
(e ¥ ore Taam) s gomn 5 28 oSly Lo 8
Lal oY ) 5 5d o 0> (Lol )T allsin gy acil> s
L ol 85 ool 2 Sl e o 2878 slas i
O TG Y SRS P § P L VLSO B Rt PR S S
Mpbﬁfgu:f\éuuufuﬂuﬁ@u,ﬁ
J._>\j4_3:).\_>ucd§:_.~l:i6§l_mjf: Syl3 55629 6,0,
S Ay (S s sban Ll tCanl Sy 2555055155
U eSmly Sl S5l osls 45 50 Cow 11y <ol
5458 3 S 5T 5 oK Gl ile S St Cow s
4S5y pbas sl ot sloul Sl yen b Sl S5 ol o
s Sl 05 3 4 P S g g lmitls ety sl S
095 opl emlid S5l okl Jodd ) 5 S IS (s

Jolo s 6 b5 e bt Sl (6ol ke Sl

Sladsls 08wl (s Sl p fsay 5 Sl ot |05
&il.d_w\asj_f:l_?r_i\&’:&\sﬁW§jj})y¢OTd-li5=ﬂ
ol o gy gl SLEAET GaeKis Lo g gy 45 sans
U ool oS5 glaanT glacKan ol (Y JS5) ol
S ks S e S 5 s il 5T ST
LS T caabie 3,8 slaca s —wlseXe .
Hs el (o5 Gl S5 L) Ly 5 2 505T S5
LosoS 5 0ben b olacKin 1) o3 gdoms )8 (slaund
3| O E g RGN P PR K-+ S W BV
Sl o3l3g 5 o0l 5 (slacSiw oyl )3 (LT 035k
S350 5155 6355 03 45 S0 pmpen (Y JS5)
03,5 55k JlaansT glacKin Jobs 4 (Do s 0
a:j_?O_ilui}:_wf.:)bwf)l:m{:jojﬁcbjsgﬁmi
bz o (ool Oljn s (F JSC8) 0352 3L 5 Gas o
g55 4 4 5 b (Abdollahi et al., 1996) ol 2lsuzens
5 ol 6 g e (93 4 0355 5 ST slad
s SLaT as gazes Ay oo s (LT LS
.(Mohammadi et cul d3 S o b (glare SlaaisT

al., 2005)
SLaissT clacKin 1S (g5lw S Lol Ol e K
FNS 055 (A-F JS8) sl o Slo $5 Jammie S ol
ONS 5= 5D gl iy Jold (6,85 o Sy 39550
03 Ldinsn 5 51T (Sl C e ( JLSIT Sl
dly (B-F S 8) cmal Gl — 55,15 S (gl
OL.{J‘,:A&}JJ‘)@J)&)H}J%QJ&T;‘;
slayboiys b oK ol ol g5l SLST Lol
S s A s il (e IS s
35b g gt (5 S 5 1Ak din) )3 ¢S g IS

(C-¥ S2)
Gloy 5 Js adl> 55 Elsdonme dibite SlainsT lacKen
by SS15T SS e oSG Ui S 5 25l55 55 4 4l
o) 5 4 (Yaddollahi et al., 2011) uleusT uouy

33 3 Yazo| _lsdomme ailain 53T (LS 0l Kin g3



NN

bl Sl SdlS Sl sla S g 9 (ool S ¢ ol e

OYa8 JL) ¥ ojles A ul>

U oidm s pban o JSb s 5 15 sla)sh b4 56 oo s
G5 g el o il g 5 ad 5l Sl s il oS
(B0 JSKa) ol 43l drmn g5 3 K e ) >

— by (A0 JS8) Sl Sz 5 sy bl - el
(U g o 5 €S 58 Slaysh ) ot (S 56 Ll

ol o s aia3 il sb e 5 IS 50 il

s

AABOBAOBAANAAANNAY

e

s,
A8 :‘*’t‘l+‘_¢*nt‘o’**o:**‘&:*-t*t*&: L CCIC L C L L L 2
SO 0 ) +*+*+*9*+*+*t‘_+*¢*¢¢0*0*+*+*t*9*¢*¢*;
L L 0 L 0 L 0 L L 2L 2L 2

(000000 et 0 0L AL LY * ¥
- ‘e WS N ;
o ANSANNL L2020 K00242608,

v

LA N

AL DL L L I L L L LN
b b

Z

45" 55°563*
7777 Qm: Quartz monzodiorite porphyry
' with Potassic alteration

Eta: Trachyandesite with Argillic overprint
| I | | Etp: Trachyandesite with Propyllitic alteration

Etph: Trachy andesite with Phyllic alteration
(Overprinet by Argillic zone)

7

Et: Trachyandsite

1 Ef: Flysch

Pww
. % ' Qf Farm

| Q:0ld terraces
/ Fault

}--—-{ Cross Section .
A B / Quartz vein

0 200m 495721

@ Boreholes on epithermal system

O Boreholes on porphyry system

Slasst slaasled o850 {Mohammadi et al., 2005) _cloom e g5l S 035050 00 0ol Jdme — ol yao) dids ¥ JSC&

el 00l azie J_u(_gj.d)y (Sirnains

@ by Gros sloailed jsbiren 9 Jbo g ol pmnw 4 by o

Fig. 2. Simplified geological- mineral map of the Masjed Daghi area (after Mohammadi et al., 2005), Locations of the

boreholes related to epithermal and porphyry systems are shown.
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Fig. 4. A: Main auriferous vein (V3) east Arpachay River in andesitic host rock with argillic and phyllic alterations,
silicified wall rock and Fe- oxide/hydroxides in Masjed Daghi, (view to the northeast), B: Microscopic image from
quartz monzodiorite with phenocrysts of plagioclase in quartz - feldspar groundmass; plagioclase crystals are partly
replaced by k- feldspar; secondary biotite developed in matrix. Sample from Bh4, 115m depth, and C: Microscopic
image from trachyandesite, marked by plagioclase phenocrystsin a very fine-grained matrix. Plagioclases are partially

altered to sericite and clay minerals; minor chloritized hornblende, can be distinguished. Sample from Bh4, 42m depth.
(Biotite: Bt, Hornbelende: Hbl, Plagioclase: Pl). (Abbreviations after Whitney and Evans, 2010).
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Fig. 5. Microscopic and macroscopic images of typical alterations in the Masjed Daghi area, A: Potassic alteration with
secondary pinkish K- feldspar and minor dark biotite; associated with malachite staining as a supergene product, B:
Potassic alteration with secondary biotite and K- feldspar in the groundmass of rock and replacement of plagioclase by
alkali-feldspar, C: Phyllic alteration; plagioclase replaced by quartz and serscite, D: Residual quartz in the silicic
alteration, E: Argillic alteration; plagioclase completely replaced by clay minerals, and F: Propylitic alteration;
plagioclase replaced by chlorite and epidote. (Alkali feldspar: Afs, Malachite: Mlc, Magnetite: Mag, Biotite: Bt, Quartz:
Q, Sericite: Ser, Epidote: Ep, Chlorite: Chl). (Abbreviations after Whitney and Evans, 2010).
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Fig. 6. Cross sections of two boreholes (Bh1- and Bh2) on the V3 vein in Masjed Daghi, with argillic, silicic, propylitic
and potassic alterations, and mean gold assay (Py: Pyrite, Hem: hematite, Ccp: Chalcopyrite, Mag: Magnetite, Lm:

Limonite). (Abbreviations after Whitney and Evans, 2010).
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Fig. 7. Porphyry mineralization in the Masjed Daghi area, A: Chalcopyrite associated with quartz in a quartz-sulfid
veinlet in quartz monzodiorite (potassic alteration), samplefrom borhole M-05; 397m depth, B: Chalcopyrite and
pyrrhotite in trachy andesite with phyllic alteration; sample from borehole M-05, 458m depth, C: Molybdenite grain in
quartz monzodiorite host rock with potassic alteration; sample from borhole M-05, 463m depth, D: Veinlet of magnetite
in quartz monzodiorite host rock with potassic alteration; sample from borhole M-05, 463m depth, and E: Chalcopyrite

replaced by chalcocite and covellite in quartz monzodiorite host rock with phyllic alteration; sample from borhole M-
08 , 97m depth.
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Fig. 8. Macroscopic images of some textures from epithermal veins in Masjed Daghi, A: Hydrothermal breccias from
the V3 vein with andesite fragments in quartz groundmass associated sulfide minerals; sample from bore hole Bh2, 64m
depth, B: Breccia texture associated with andesitic fragments in the milky quartz which consist galena, sphalerite and
some chalcopyrite , sample from bore hole Bh5, 23m depth, C: silica with bended texture from the V3 vein, and D:
Open space filling texture, filled by clear quartz, sample from bore hole Bh3, 30m depth
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(Whitney and Evans, 2010) 35l 5 0
Fig. 9. Gold bearing quartz vein in Masjed Daghi. A: Coarse to medium grains of quartz; sample from borehole Bh3,
30m depth, B: Coexisting of chalcopyrite and galena in silicic groundmass, sample from borhole Bh4, 64m depth, C:
Anbhedral pyrites related to the post main mineralization, sample from borhole Bh4,70m depth, D: Microprobe image of
specular anhydrite from the late stage of main mineralization, sample from borhole Bh3, 53m depth, E: Euhedral to
subhedral pyrite from the mineralization stage ; chalcopyrite replaced by covelite, sample from borehole Bh3, 19m
depth, and F: Chalcopyrite replaced by bornite and covelite from the supergene mineralization, sample from borehole

Bh5, 23m depth. (Galena:Gn, pyrite :Py, bornite: Bn, quartz: Q, anhydrite: Anh, chalcopyrite: Ccp, covelite: Cv).
(Abbreviations after Whitney and Evans, 2010)
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Fig. 10. Mineral paragenesis for Masjed Daghi vein system
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Fig. 11. Fluid inclusion images in quartz and sphalerite from Masjed Daghi deposit, A: Primary fluid inclusion in
quartz; B: Coexistence of liquid- rich (L) and vapor- rich (V) inclusions in - quartz; C: Fluid inclusion in sphalerite;

some displaying necking down features.
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Table 1. Microprobe analysis of pyrite and sphalerite (%wt) in Masjed Daghi area vein type deposit; samples from 70m
and 40m depths, Bh3 and Bh4, respectively, of V3 vein

Vein,
Bore
hole,
Elements Fe Cu Zn Ag Cd Sb Au As S Total  Depth
Detection
Limit
WT.% 0.04  0.01 0.01 0.002  0.01 0.002 0.002 0.05  0.05
39.9- 0.012- 0.02- 0.026-  0.004- 52.9- 88.2- V3-
Pyrite 46.5 0.50 0.41 0.053 0.038 53.7 10091 Bh4-
(n=4) (44.9) <0.01 (0.18) <0.002 (0.17) (0.031) (0.0235) <0.05 (51.8) (97.2) 40
0.62- 66.7- 0.29- 32.5-  100.2-
Sphalerite  0.97 65.9 0.39 33.1 100.3
(n=2) (0.82) <0.01 (66.3) <0.002 (0.34) <0.002 <0.002 <0.05 (32.8) (100.15)
46.4- 0.01-  0.02- 0.01-  0.01- 0.007- 0.1-  49.6- 99.0-  V3-
Pyrite 479  0.06 0.04 0.1 0.05 0.02 32 53 1014  Bh4-
(n=5) (47) (0.03) (0.03) <0.002 0.07 (0.03) (0.016) (2) (51.8) (100.3) 40
46.6- 0.01-  0.01- 0.05- 0.01- 0.35-  50.2- 98.2-  V3-
Pyrite 473  0.04 0.05 0.1 0.04 0.03 53.7 101.3  Bh3-
(n=5) (47.1) (0.02) (0.03) <0.002 (0.08) <0.002 (0.027) (0.02) (52.1) 99.9 70
04- 0.03- 558- 0.1- 0.02-  0.01- 0.01- 31.8- 98.1-
Sphalerite 8.7 0.56 65.9 0.5 0.71 0.1 0.16 32.9 100.4
(n=8) 34) (0.29) (62.3) (0.26) (0.39) (0.07) (0.05) <0.05 (32.1) (98.2)
Elaze 1L )15 laaT, jo o Jlanl 5 5,155 S I sln Jlw JLokes laosls Y Jguxr
Table 2. Fluid Inclusion data for Quartz and Sphalerite from Masjed Daghi gold bearing veins
Vein , Mineral FI N Th range Th Tmrange Salinity Phases
Bore hole Type Avg. range
Depth (wt% NaCl
equiv.)
V3-Bh3-37  Gray Quartz P 37 148-298 206 -1.2,-9 2,12.8 L>V
V3-Bh3-38  Gray Quartz  P,PS 36 123-258 182 -1.1,-52  1.9,8.1 L>V
V3-Bh3-64  gphalerite P 42 112-218 174 1.1,-76 19,112 L>V
V3- Bh3-91

Sphalerite P 6 129-141 135 -1.9,-3.1  3.2,5.1 L>V
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Fig. 13. Distribution of (Th) vs. ice- melting (Tm (i)) temperatures for grey quartz and sphalerite minerals in the
Masjed Daghi deposit. Homogenization temperature and fluid salinity for grey quart exist in the two A and B areas
which implying mixing of a saline, high temperature fluid with a lower salinity and cooler fluid, and the occurrence of

boiling.
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(Arribas, 1995) and Masjed Daghi gold bearing veins

(Ohmoto and Goldhabber, 1997) ,aulS 5 45 sl
Il (glos ol o o5lial _miwles ey (S 0311 (51
A Ve g A S ges i 90 il 3 g e 9 0]
Glales 31 Sglite Hlws 457 Cul odd deulous 5,8 sl
Sl i 2 Tl Sl SO 3l odaT s
Sl 4 e 5L Jslas &7 ol ol Ol _a&islo3T
Lyl i LaglS cpl ol K 5 o s 552 Jolas
(Haghighi et al,, a_ibedis jolae o355l 0SS
S I lmt = (S 5 a5 51 2013)
AJ)L;»\)TQLA‘SZSQ)H&U:“\;Y”&S@).U@

)lﬁfwﬁksud\_{uﬁ&jﬁ)ﬂ‘dbujuw

(Li 55 I HoS wdl g 5 553 &SS Julo Sl oolinal |
Slas o i 5 50 oo S slie sand Liu, 2006)
a3 ¥ I 5 IY )l sla,lole el alos
E4¥/% o oo S w3 £ 5 5550 S 5 (18 Sl
Sl slos (gl =+ /Y B 4Y clos o aS (6l 158 43—+ /A
(Y Jgd) 55b o s Lod o iis 61— /P LHV/Y
4:_M,{|3L_a:4__3¢;4_24_3&j_73ﬁ\¢§_:§63gﬁj_¢
S 5 510l g s 950 51 4(Ohmoto, 1986) <.
S5 Lo o 53 S ot Sl g GO S (o 555
S i 55 3l 5 shia st (Ohmoto, 1986) 5 S oslizl
Ly o syl S o i )l ealizal b JE — o Il



oM

 aleles leSaiils’ Jlow lo S5y 9 (owlid SB oulidiiee;

OYa8 JL) ¥ ojles A ul>

35 5585 Isl 355 4 8 o) and Goldhabber, 1997)
253 5 ok 53 (i o el o sl LS O

‘.uj_;wt}:i,uchb_wj&ssugﬁ&du;&t
(Haghighi et al., 2013) ol oz 3 |5

Jpgﬁip;@Tuuupcﬂuﬁs;mmﬁ@
JJ)J&})_?NLA;GJ_MJJJC_W))‘CJS':JM
S Sl L a8 b TS L s e slaeS
MUQ)}JJ‘JJL@‘G‘I«AGQ?L)@#&W

(Ohmoto Sgd o 25595 Jolas 348 Lol Ltuilfc_f»

((Li and Liu, 2006) o 5 J 5l oo anlone 8*'S HaS) (Lo domans 5145, e ;5 3,555 5ol slaosls ¥ Jgus
Table 3. Sulfur isotope data from the Masjed Daghi vein system (8**S H,S calculated from Li and Liu, 2006)

Number  Vein,Drillhole ~ Mineral  Values 3*'S H,S 8'S H,S 8'S H,S
of sample Number and depth of 3*'S (Th=120-C) (Th=184°C) (Th=3000C)

M-929 V3- Bh3- 64m Pyrite 1.2 -14 -0.7 0.0

M- 936 V3- Bh4- 37m Pyrite 0.8 -1.8 -0.9 -0.4

M- 938 V3- Bh3- 64m Galena -0.7 3.6 24 1.2

M- 939 V3-Bh3-91m Galena -1.1 3 2 0.8

M- 923 V3- Bh3- 64m Sphalerite -0.2 -0.8 -0.7 -0.5

M- 924 V3-Bh3-91m Sphalerite -0.2 -0.8 -0.7 -0.5
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Introduction

The Masjed- Daghi gold deposit lies in an area of
widespread Cenozoic volcanic and plutonic rocks
at the intersection of the Alborz- Azarbaijan and
Urumieh- Dokhtar belts. The area was covered by
a detailed exploration program, including
geological maps at 1:1,000 scales (~8 km?),
several hundred meters of trenches and systematic
sampling for Au, Ag, Pb, Zn, Cu, As, Hg analysis,
and 16 diamond drill holes at a total of 1200
meters (Mohammadi et al, 2005). The vein type
gold deposit in Masjed- Daghi is closely
associated with a porphyry type Cu-Au deposit.
Our study focuses on the gold bearing veins
system in an attempt to understand the
characteristics of ore fluids and mechanisms of
ore formation, and to develop exploration criteria
for Masjed Daghi and similar occurrences in
Alborz and other Cenozoic magmatic assemblages
in Iran.

Materials and methods

Various rock types, alteration assemblages and
mineral parageneses were characterized by
transmitting and reflected light microscopy, X-ray
diffraction (XRD) and electron microprobe
analysis. Microprobe analyses were performed
using a JEOL 8600 Superprobe electron
microprobe at  Saskatchewan  University.
Operating conditions were an accelerating voltage
of 15 kV and a beam current of 50 nA.

Representative samples from drill holes were
selected for fluid inclusion studies. Fluid inclusion
data were obtained using a fluid Inc. adapted
USGS gas flow heating and freezing system at the
Department of Geological Science at the
University of Saskatchewan, Canada.

To investigate the source of ore fluids,
representative sulfidic samples from drill holes
were selected for sulfur isotope studies. Isotopic
analyses were performed using a Thermo
Finnigan DeltaPlus at the G.G. Hatch Stable
Isotope Laboratories, University of Ottawa. The
standard error of analyses is less than 0.1 per
mil.

Results

Auriferous quartz veins in Masjed- Daghi are
associated with porphyry style mineralization.
Various alteration assemblages including argillic,
silicic, potassic, phyllic, and propylitic occur in
the district (Emamalipour et al., 2010). The
auriferous quartz veins are hosted by silicified and
kaolinitized volcanic rocks, dominated by
trachyandesite. The mean grade of Cu is 0.15%
the gold assay varies from <2 to 30 ppm. The
veins were covered by 16 diamond drill holes, and
the drill cores were analyzed for Au, Ag, Mo, Cu,
Hg, As, Pb, Zn and Sb (Mohammadi et al, 2005).
The V3 vein, about 700 m long, and on the
average 5 m wide, is the largest vein in the
district. Two types of quartz occur in the veins: an
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early medium to coarse grained grey quartz joined
by milky quartz in later stages. Ore minerals
include chalcopyrite, galena, and sphalerite.

Fluid inclusion data from the ore stage quartz and
sphalerite yielded Th values in the range 123-298
and 112-218 °C, and salinities in the range 1.9-
12.8 and 1.9-11.2wt% NaCl equivalent. The wide
range in salinity can be explained by mixing of
two fluids with different salinities, and/or
condensation of vapor. The §**S values for pyrite,
galena and sphalerite from the main
mineralization stage, fall in a narrow range around
(-0.2 to -1.1 per mil) around 0.0 permil, implying
a magmatic source for sulfur.

Discussion

Hydrothermal activity in the Masjed Daghi
epithermal veins can be divided into two stages:
an early stage of acid leaching that is responsible
for vuggy silica and advanced argillic alteration,
and a later stage when gold and sulfide minerals
were deposited. Considering the ore mineralogy
and hydrothermal alteration products (the
occurrence of barite in the veins, low Pb and Zn
contents, lack of carbonates), the Masjed Daghi
can be classified as a high- sulfidation epithermal
vein system.

In most high sulfidation systems, ore fluid is
considered to be of a mixed magmatic- meteoric
origin, resulting from the adsorption of magmatic
vapors or brines by shallow meteoric water
(Hedenquist et al, 2000). The involvement of a
magmatic fluid component in Masjed Daghi is
supported by the sulfur isotope ratios, the
relatively high salinity and oxidizing nature of ore

fluids, as well as the large variation in salinity,
1.9- 12.8 wt% NaCl equivalent, that can be
explained by concurrent boiling and condensation
of vapor, fluid mixing.
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