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Sample Host Mineral Stage of Formation Th (°C) Tm;, (°C) Salinity
K-1-1 Garnet Prograde stage 361 -12.1 16.5
K-1-2 Garnet Prograde stage 330 -7.8 11.46
K-1-3 Garnet Prograde stage 322 -10.5 14.46
K-1-4 Garnet Prograde stage 307 -18.2 21.11
K-1-5 Garnet Prograde stage 305 -6.7 10.11
K-1-6 Garnet Prograde stage 281 -16.2 19.6
K-1-7 Garnet Prograde stage 280 -15.3 18.88
K-1-8 Garnet Prograde stage 267 -14.8 18.47
K-1-9 Calcite Retrograde stage 251 -7.1 10.61

K-1-10 Calcite Retrograde stage 243 -23.9 24.9
K-1-11 Calcite Retrograde stage 243 -9.9 13.83

K-1-12 Calcite Retrograde stage 218 -21.7 23.5

K-1-13 Calcite Retrograde stage 212 -23.1 24.4

K-1-14 Calcite Retrograde stage 208 -13.2 17.08

K-1-15 Calcite Retrograde stage 201 -8.1 11.81

K-1-16 Calcite Retrograde stage 193 -13.8 17.61
K-1-17 Calcite Retrograde stage 187 -8.3 12.05

K-1-18 Calcite Retrograde stage 173 -17.1 20.3

K-1-19 Calcite Retrograde stage 148 -5.5 8.55

K-1-20 Calcite Retrograde stage 141 -8.2 11.93

K-1-21 Calcite Retrograde stage 112 -11.8 15.76

K-1-22 Calcite Retrograde stage 111 -12.5 16.43
K-1-23 Calcite Retrograde stage 108 -11.9 15.86
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P=0.5kb § X(CO,)=<0.1 Lo, & o L ol
(Taylor and Liou, 1978) s¢ i oo JoS—i3
COy 58 35 L gs )LilS o anl ) (i
s I sl bls 5 (X(CO,)=<0.1)
b (P=0.5kb) ol jon i Libe s

g s

O gm0 dn Alg oe iligx Sla S i opl
slogls hsis g PH iol53l oo yial S a,
5 el Les slacaslosl o5ag 4 SSLw SIS
50 150l Jlew o ol iedg 500 sladaly
5 S (S g Lac s )8 e JLS lad
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Gl gz Sla Sy ‘SJ_UL G A y0
(Kesler, 2005)
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(Kesler, 2005) 35,5 s 53— 15 sloa WSl oS
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(Buick and il oo ools cas 5L ailelws S

«Shin and Lee, 2003 «Cartwright, 2000

&l — a_1,8 - | Prokoph et al., 2008)
L Stalon (slaiis, s ola T slnclsys

e 870 1l 15 87C sLab s aen
Hoefs 5 Zheng Lwgi (5,12 j5- b ay 5 055
oy 4z Aalol 3 il 20 (53 Jke (VRAT)
5 (Devolatilization) _ls; ,l, 80 1540
&9y )— (Fluid infiltration) JL— . gl ,—5
OS5l s (oS slaossgpl eSOl i

g g0 s,
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26k s Ol Sleg—lie sloo—1,5

Choi et al., osi o ololla SlS 4 cgazo
Ozturk et al., <Shin and Lee, 2003 2003)
(Orhan et <Kamvong and Zaw, 2009 2008
Sl—slllas 3l

aols o plploal, 2011
.1985)
sl polielaolin,S aeignl cus
5Ly SlnS slakiw ,9687C46"0
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Sg5 il o 5Kl lacandS g o o 0 o Slu,S slacKiw 10 87C 580 polis s -Y Jgu

Samples No Rock names Mineral name %05">Cppg %oSIBOSMOW
Kh-13 At least carbonate rock Calcite 2.4 23.6
K-14 Altered carbonate rock Calcite 0.0 15.5
K-3 Marble Calcite 0.3 19
K-2 Marble Calcite 0.7 18.5
K-1 Ore bearing marble Calcite -1.6 12.6
Kh-11 Ore bearing marble Calcite -0.4 13.4
K-17 Skarn Calcite -0.7 12.9
K-12-1 Skarn Calcite 23 13.2
K-11-1 Skarn Calcite 2.2 24.7
K-1-Sk Skarn Calcite -2.9 12.8
K-14-2 Skarn Calcite -2.5 12.2
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.L.'Q -5 4 Magmatic @ Calcite from marble

water ¢ Calcite from limestone
& Calcite from ore marble
.10 M Calcite from skarn
5 10 15 20 25

8'%0 (%o SMOW)
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L ol 5l cml 52l 5 oS auds dnlnes 8'°0
Lo udS g Lo e ,087°C 480 polasas
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ol (A JS5) 8 o Slesean o 4wl
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oS Lo iiSly 10 80 Sa s g5 45 ol
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(Nabelek et al., 1984)
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(Orhan et al., 2011
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Gerdes <Valley, 1986 Bowman et al., 1985)

Coupled C-0 Volatilization trends

Initial Rock

Khut deposit
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7] Rayleigh volatilization
-6 | === Bachvolatilization
# Calcite from limestone
-8 | @ Calcitefrommarble
A Calcite from ore marble
10 B Calcite from skarn,
10 15

20 25

5150 (% SMOW)
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¢ Calcite from limestone
o @ Calcite from marble
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Sample No Sample Name Mineralogy Mineral S vepr (%0)d
X-K-25 Copper-bearing Calcite, Pyrite, Chalcopyrlte, Sphalerite, Chalcopyrite 420
marble Pyrrohotite
K6-m Copper-bearing Calcite, Pyrite, Chalcopyrlte, Sphalerite, Chalcopyrite 238
marble Pyrrohotite
K-5-m Copper-bearing Calcite, Pyrite, Chalcopyrlte, Sphalerite, Chalcopyrite 416
marble Pyrrohotite
Kem Copper-bearing Calcite, Pyrite, Chalcopyrlte, Sphalerite, Chalcopyrite 416
marble Pyrrohotite
K2 Copper-bearing Calcite, Pyrite, Chalcopyrlte, Sphalerite, Chalcopyrite 14
marble Pyrrohotite
. Garnet, Clinopyroxene, Pyrite, .
K-14-2 Calcic skarn . Chalcopyrite +5.2
Chalcopyrite
K-16-1 Calcic skarn Garnet, Clinop yroxene, Pyrite, Chalcopyrite +3.4
Chalcopyrite
” Cu Skarns (Taylor, 1987) —
g Gaspe, Canada —
= Phu Lon, Thailand =
= Big Gossan, Indonesia —
= Wanagon, Indonesia —
© Khut, Iran (This study) CE—
La Caridad, Mexico —
Sungun, Iran —
Butte, USA e
Mineral Park, USA —
5 Panguna, Papua New Guinea —
o Frieda, Papua New Guinea —
_i Ajo, USA —
g Serrita, USA —
Twin Buttes, USA —
El Salvador, Chile —
Mines Gaspe. Canada —
La Escondida, Chile —_—
Sarcheshmeh, Iran i |_ :
-20 -10 0 +10
834 S%o(CDT)

Mo s st )5l g (6 w8 y9m e slo il Koo Ly g5 Ll slacas ;09I 10 84S poliie aumlio -V e S

¢«Calagari 2003 <Lang et al.,

1989 <Taylor,

1987 Eastoe,

1983 <Shelton and Rye,

1982 «Ohmoto and Rye,

1979)

(Kamvong and Zaw, 2009 Prendergast et al., 2005 Padilla-Garza et al., 2004
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) akal,
A=1000 InCuFeS,-H,S =-0.05(1000000)/T*

slwo oyols I, 3L, (Ohmoto and Rye, 1979)
ol il v >0 ¥ slaaals w S5
—9pl claca_ui g(Zahedi et al., 2014)
M polia ) atal) o (F Jgaz) Sy SIS
el s e Sl e YL o
el 0ol a0l )l ¥ Jaaz 10 d b ool 5l Jol>
V/8%0 51 Lasls oaijlaw SV 40 87'S jolie
Ol s polie ol aS 0 sS o ,ns 0/F%0 b
Sl ;o sSIS 40 88 polae 5l iis +/V0%0
ay a5 (B1Y%0 L5 V/F%0) sl 00y s
Bgis oo 0310 o loSle 5,555 Sl
Sl ol YL o9 oSl Sl
oS sloosSonl polie () p g i Do
oSl Sl S, anTE b ST
&S Syso s Gl S slasiw b
(A JK8) g o0 .).,..:L,

polie igs il o jlaw WYl oKl

polae Ly g5 ) Lails slace oSS 50 87'S
Slbsren Bs5 ol Gt 3,555 9593l
(Ohmoto, 1986 Kyser, 1986) (0£3  %o) s,k
ol shls 5,5l slace s SIS L.

s ol e 48 Sl 8 43 65V (gsSel
o0 Fie 3,595 )y aleSle Jlw 5 Lt
S 5 ol g eoly Cad aJgl a_ioT
slaodlS jladly o pleSle Jbmw (25593
ad S Sb plerlcosan byl b o T ggs
St S 5 ad il e Jelge ol
5 =S omba O—ST a5« n5—w; Ly
ol any e 0l oo s (e O (1S 0m
(Seal, 5 Loy, 5ul 1o 5V 5,555 syl
Il Sl 0 HoS s s3] S 5 2006)
lod 3 e JalS glacey SIS Uy Jolss
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ol ol SVl 5 D93 LuilS slaca o oSIS 10 878 Lgigi! polis -F Joax

Sample Ore type 8 **S vepr (%o) Chalcopyrite Calculated **S vepr (%0) HoS &
X-K-25 Marble 2.0 2.2
K-6-m Marble 2.8 3.0
K-5-m Marble 1.6 1.8
K-m Marble 1.6 1.7
K-2 Marble 1.4 1.6
K-16-1 Skarn 34 3.5
K-14-2 Skarn 52 5.4
S A
wb‘ﬁ.dﬁ@oha)w.ﬁ.wf@oajj)& 4_1.'>)a05~>u9_‘>u)15_w‘u_:5_§450~_\‘))b
g Lo )5 jo Jh—w slo bl slnosls g (S gy g Sy 5 S i3) 00 Sg, i

T P A 00y ey )l e Sl (5590
Jolse (39 a0 YN L5 Yo/ g Y8 LS YPY

DSy bz ooz, L as sl plab Sos
58 el 0390 ol yad ol Lao slacosl o]

S S gy B (Dganl LSi) eags
Ja_g‘s) )y b aS el @il u».o.t (U.WJS 9

M=l slegsinl s Ji laboles 333k

ad> o 51305 50 LS (eSS Il b @ ol o
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Studies on fluid inclusions and stable isotopes (C, O and S)
during generation and evolution of Khut copper skarn
West of Yazd, Central Iran

Azam Zahedi * and Mohammad Boomeri
Department of Geology, Faculty of Sciences, University of Sistan and Baluchestan, Zahedan, Iran

Abstract

The Khut copper skarn deposit is located 50 km northwest of Taft city in Yazd province.
Intrusion of granodiorite apophyses of Oligocene-Miocene age into upper Triassic
carbonate units of the Nayband formation has led to the formation of skarn occurrences and
sulfide marbles resulting in systematic depletions of "*C and 'O values in the calcite types.
Based on the calculated models, isotopic depletion of calcites from less altered limestones
to skarn zones can be attributed to the magmatic fluid infiltration. Skarn calcites show the
most depletion compared to the other zones. These skarn calcites have been formed by
magmatic fluids (5'°0 =11.0%o) that reacted/interacted with unaltered limestone rocks at
temperatures of less than 600 °C with X(CO,) =0.02 and water/rock ratio of 20 to 50%.
The &**S values of chalcopyrite separates from skarns and marbles from the Khut deposit
indicate that there can be a dominant contribution of magmatic fluid that contains primitive

mantle-dominated sulfur, such that 3°*S values (8**S of 1.4 to 5.2 %o) in this deposit are
similar to those of many notable porphyry Cu deposits and related Cu and Cu-Au skarns.
Based on the microthermometric studies, salinity and temperature associated with formation
of the Khut deposit, have been estimated 16.3 wt.% NaCl equivalent and 400 °C,
respectively.
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