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Sample granitoid granitoid granitoid granitoid Marble
SiO, 67.90 69.77 66.09 66.85 SiO, 471
Al,O4 14.34 14.99 16.05 15.85 Al, O 1.19
FeO™ 3.17 3.77 2.56 2.87 FeO™ 1.69
CaO 2.80 0.95 4.22 3.55 CaO 88.27
Na,O 3.35 1.28 2.74 2.57 Na,O 0.05
MgO 2.19 2.09 1.25 1.34 MgO 3.14
K,0 3.08 4.28 3.32 2.76 K,O 0.42
TiO, 0.410 0.755 0.343 0.337 TiO, 0.22
MnO 0.029 0.018 0.019 0.061 MnO 0.18
P,Os 0.106 0.115 0.094 0.090 P,Os 0.10
CO, 2.390 1.940 3.080 3.480 Total 99.96
Rb 84 173 97 102 Rb 12
Sr 427 74 290 418 Sr 274
\Y% 41 83 44 38 \Y 16
% 285 139 292 283 W 25
Y 16 27 16 17 Y 7
Zr 119 195 115 111 Zr 12
Zn 24 21 15 34 Zn 20
Mo 3 2 1 5 Mo 7
Ba 401 286 179 273 Ba 5
Ce 10 35 6 8 Ce 20
Ga 12 11 15 16 Ga 13
Co 19 16 23 12 Co 1
Cr 17 46 14 1 Cr 1
Cu 2 50 51 27 Cu 20
Nb 1 11 7 1 Nb 6

Ni 38 39 17 18 Ni 1
Pb 8 6 6 8 Pb 5

u 2 9 5 1 U 1
Th 8 11 12 2 Th 2

10 FeOt
Alkaline

..;8
c!: e Tholeiitic
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2 § o [Diorite T P \
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sample Kh10-1-1 Kh10-1-2 Kh10-1-3  Kh10-1-4 Kh10-1-5 Kh10-1-6  Kh10-1-8

Sio, 37.52 38.72 38.46 37.20 38.29 37.40 37.79
TiO, 0.23 0.17 0.01 0.20 0.00 0.27 0.15
Al,O; 7.21 13.21 13.12 5.89 10.30 5.35 7.28
Feo ™ 19.86 12.95 12.28 21.16 16.32 22.38 19.68
MnO 0.12 0.39 0.33 0.16 0.46 0.30 0.26
MgO 0.00 0.05 0.01 0.04 0.04 0.06 0.04
CaO 35.16 35.87 35.81 35.01 35.47 34.43 34.87
Total 100.13 101.36 100.02 99.66 100.88 100.19 100.07
O 12 12 12 12 12 12 12

Si 2.98 2.98 2.99 2.99 2.99 3.00 3.01
Ti 0.01 0.01 0.00 0.01 0.00 0.02 0.01
Al 0.68 1.20 1.20 0.56 0.95 0.51 0.68
Fe** 1.33 0.83 0.81 1.45 1.08 1.47 1.29
Fe?* -0.01 0.00 -0.02 -0.03 -0.01 0.03 0.02
Mn 0.01 0.03 0.02 0.01 0.03 0.02 0.02
Mg 0.00 0.01 0.00 0.01 0.01 0.01 0.01
Ca 3.00 2.95 2.98 3.01 2.97 2.96 2.97
Total 8.00 8.00 8.00 8.00 8.00 8.00 8.00
Al+Fe+Mn  2.01 2.05 2.04 2.02 2.06 2.00 1.99
And 66.00 4051 39.92 71.84 52.46 73.68 64.79
Gr 33.60 58.28 59.00 27.62 46.08 25.31 3431
Sp 0.40 1.22 1.08 0.55 1.46 1.00 0.91

A
Cu
F
Gr Ad Gr _ Ad
Gamet Garmnet Gr Ad

4S aas o lid Hlages (Meinert, 1989) Lax sl Il b o) duslie g 8, Slusal slocs )5 oS 5 aoj55 loges -V Y JSi
(Ad: andradite, Gr: grossular, Al: almandine, Sp: spessartine)
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Sample Kh6-1 Kh6é-2 Kh6-3
Sio, 53.65 52.35 56.27
TiO, 0 0.02 0
Al,03 0.35 0.14 0.19
Fe,03 0.65 2.12 0

FeO 6.45 10.26 16.71
MnO 0.46 0.75 1.21
MgO 13.73 10.42 74
CaO 25.32 25.11 20.67
Na,O 0.07 0.18 0.12
Total 100.61 101.15 102.56
ot 6 6 6

Si 1.99 2.00 2.15
Ti 0.00 0.00 0.00
Al 0.01 0.00 -0.15
AV 0.01 0.01 0.15
Fe®* 0.00 0.00 0.00
Fe?* 0.20 0.33 0.53
Mn 0.01 0.02 0.04
Mg 0.76 0.59 0.42
Ca 1.01 1.03 0.84
Na 0.01 0.01 0.01
Fe+Mg+Mn 0.98 0.95 0.99
Di 77.98 62.76 42.38
Hd 20.54 34.67 53.68
Jo 1.48 2.57 3.94

LRSS PER R
S5 p Sl el gyl gl JB LSeis
e Sl S U oSl Jle g0 sl Jons
2 aSly S Glaw Ly o,55p il )0 ohiga &S >
helo—e (ol ogdle Wgd o JSI VL la )l >
Sbile 0555 a9 ST B9 oo
olis ;500 9 j5d8 IS 092g (T o (S wnSTigo
(S et oS 5 SB e5 9, (JS 9 3
0595l W)l e 235 0t 9 SLS (sl Al
sl il o oo olo SIS i LSis bl
OBl sl LS sl oo 5 (225 H5bods Lis By e
Y o2o (Taylor and Liou, 1978) el so_iaslllas
al> e 0 aS Wl o 3] Al peds o Sl LSS
Csl gy (rhw sla iy o LeSle Sei5
Dy adhie 1000, 5 oo (Se5 50 Al Sy JSiS
Lol 5 48,5 &j90 (gloxe &jg0d (555,50 dla
5 gamany Jgslasly jels woss Cllb gom U
al> o dasine p e Sl adtin jeia by b



\Ya. UL’W"’) ‘M" W O)L.o...ix (P9 JL.: ‘6)9J5 7_b~.~ Y

Lo S5 (Seiilil Ll ol By pae 00ig ) iy Al 1o Jol al>ye 0 0ads L5253 Sl SIS pgas al> o 40
Sl oo ooy las Soleus A Wed oo b Seawl g o kS e Sl 4 gl

D93 o8l o la S5 Sl Lalg, -F Jgoe

——  decreasing age

Mineral
Metasomatic alteration
Supergene

Stage Prograde stage Retrograde stage

substage Stage | Stage |l Stage Il | Stage IV Stage V

Clinopyroxene

Garnet

Tremolite-
Actinolite

Quartz
Calcite -

Ore mineral _

Khut
rraion Isochemical " Metasomatic | prograde | Retrograde
I — : 5
imestone H H
s 5 5
P : - Oy,
500 H@:J’J fﬂ‘.‘ilrate
adr-di-Fe-Cu ) )

ep-chl-act-gtz
cal-Cu-Au-Ft}.

;{,;‘ Magmatic fluid flow 400
I e fluid flow

s Retrograde fluid flow

300

200
Inferred temp (degrees C)

Ji 8 > s ol o 2 o SIS Sl Lo, 51 sl Jlogai N JS5

5 5 S s il 4 Sal slan Sa—uT,d L bud y o o Lils sl oSl
Sleg—alie Lo Sul )5 o pias —awy s EURSLCH
sisSly (Deer et al., 1991) cwl oais o (Prograde stage) odig i al> w0
il ) Oyt (LASly iz Sl L5 wa gy ey pslogailio w155 o
CaCO; + (Mg, Fe)O(aq) + 2 SiOy(aq) < FeO 3 MgO SiO; (gsl> aily ol ,> oYl

Ca (Fe, Mg)S|206 + CO,
(Diopside- hedenbergite ss)



Y

o=l 5o Slw 5o LS o Jslacie cogagl ol
ST AWl gs e 2ul8l Ylasl .ol al> o
Lol 5 STy b Sgoml S 50 (agee G5
(Perkins et al., 1986; Berman et al., <l oo,

1988)
Cas(Fe, Al),SisO1, + 5/4 0,+ HCOy <

Garnet
CaCO; + C&zFGA'zSisolz(OH) + 1/2 Fe,03
Epidote Hematite

slodstoe a5 bl ;3 5 by Snss Jowe 5o
Sgosl wi)ls yga> CO;p 5 HO 5l 28 Jlosg,aue
25 oSy Jags <68 6 lubl a0 Wil e
(Perkins et al., 1986; (d -V &) ogi JuSid
:Berman et al., 1988)
Sla e o5 Ablia 15 5 Lo S2uSs oo 53
Sganl s j5a> COp 5 Hi0 5l ié Jle 5y iun
2 oSy g &6)8 65 lbl a0 Wil e
(Perkins et al., 1986; d -V &) o9 JoSis

:Berman et al., 1988)

3 Cag(Fe, A|)28i3012 +H,0+5C0O;, &
Grandite

2 CazFEAlzsigolg(OH) +5CaC0O;+3 S|02
Epidote

5 SriiSe ol 4 )l S (bl SIS acgerme
3 Sy by S0 Sle S Bl s
(Einaudi and Burt, o¢i o JoSis al> o ol

1982)

3 C33F828i3012 + 3 HCO; +15 H <
3 CaCO;+9 S|02 +2 Fe;0,4 +6 Ca2+ +9H,0+050,

9 5155 S 4y S5y (g a5 L]
Ll (B sm Slhalie jo cdginST-codge
ad>po )0 5 STy cplplo (b ga 10 JSS) col
Sl ools 7y g3 oy ISl §0 s g 00y
:(Deer et al., 1991)

5Ca (Mg, FE)Z Si206 +H,0 +3 CO;,
Ca, (Mg, FE)5 SigOzz (OH)Z +3CaC0O3+2 SiO,

Ul slaKiw 0 45 g ysbar o)l 3585
s Cuslyail ol pem 4 Vas S g5 laci )5 G)le
o logaolie <8 iy L (Winkler, 1915) & .5 o
slagaiSly LS 5 o)y St gFe Al e S5 polie
S s oSl S 0 g ead  Silog—wlie
A5 wed e i sl Sleogas aiiS s
ool - Ve g 5 oS 5 o Sl glacs )5
A1 el Jlow S5 1 5o g on S5 alaie >
L Sleglin sla STy plowl Lawgs jl3pencd 5
oo)_f “i 55 O .5‘9 Ja.wy QL),_Q 4JL\J)S Sew

{(Deer et al., 1991)

3 CaCO03 + (Al, Fe),05(aq) + 3 Si0, <
Ca; (Fe, Al),Si30,, +3 CO,

(Grossular-andraditess)

(9= Syl Judo a4 Sal slaKw a5 >

A5 093 S5 50 o ereg ] 0 ST (5 lade

555 sl 5 9590 Al asilss ool plo () J9u2)

oSy lawgi g3 dalaie (o 0 Silued slacs )l
{(Deer etal., 1991) wlows JSis ,5

3 CaCO; + Fe,03+ 3 S|02 =

CazFe,+3 (S|O4)3 + 3 CO,

(Andradite)

(Retrograde stage) ouigy s al> po
o=l aS ams o i 8L g oL Sladlas
0310 2 ;i aloyo 55 50 (0l 95 T8 Sl al>

|
s alye cnl )3 ey 0dig )y al>pe (Al
o owmla Lo Jloyigoo oYlw (jiiSon
5 G5)ls5) Sk slajls (gl polie onis) iy
‘(C»_:J)}g 9 &_HJ-OJBSJ[S ‘;»_‘).u) L(bwjj_w o‘)_o.ﬁ
oo JSid ol S g (Cusled § CuiXo) oS



\Ya. uLM) LM" W O)LQ..Z (P9 JL» 4‘5)9J9 7_1..)"':

AR

?q o !iu:l'_,.,

s.a—m.:l? (b ga ‘L&bu)ls_w‘ i ‘5.:5;_“:5)&».4 ].:9L.a.a -\ Jiw
09y peilogulio Al po )3 CdgiiST-Cudse 5 b S 20
L coi,l8 35 50 JwlS cetil> (C «(PPL b g XPL @) peien

(XPL) (yy 0055, prmeSloguslivn al> o 50 Zo IS

3 = o, Ksilwas 0 FY- 5l o sbabes o
(V& JSi) ol sl coslyasl 0,568 VL clale
L g o Saslwa > 0 FY. 5l a8 slales jo Ll
3o Vs (Vo751 i) YU L 5,565 anulSys

dcgome Ay (pl )0 iy 0dig) L Al e (0

2 ead LSes Jlal g ol g Sl SIS sla JlS
Tase el Lo bomad &Vl Lawgs o L3 >y
oy sl 2L degazme g oad Ll S0
Sslen 5 5)lsS IS (o) Sla Sl i
(o, lST LSS (€ V0 5 -0 USs) wiloas buws
CedgiST-cdgn i g gl 5l 35,leS g ComdS
03l 75 ;5 G S S Sy azS (o el (Ses

(Deer et al., 1991) sl
Caz(Mg, Fe)5Si3022(OH)2 + 2C32FeAlzsi3012(OH) +

Tremolite-actinolite Epidote
10C02 + 8H20 =
3A|2(Mg, Fe)58i3010(OH)8 + 10C3.CO3 + 28|02
Chlorite

505l Skig] 5 o oS 3 Loyl
adbie slog Bl )5 CoigiowYy 3529 pos
Coyl8 dcgamme 4S5 Cl ol sumolid g
S 55255l 5 (Yol 5 ol o)
DO« 5l maS gled 0 () piod —d s 30)
(Einaudi and el sais JSis of Kslwa > o
G S9— 5 (G, —n (VF JS%) Burt, 1982)
Al e o i g ool Sl oy (il
0359 se ,0 Lol jlojen LS i5 samo s
A wle8 g ol il wa > 0 00 Lo ¥V ol
(V8 JSs) osb VT VT (FO)) ST
49 olﬂ&@u)o Yol S lalos o

Ly O ST a8 98 00guoxe
P9 St g CudlS 5 le ST oL Aegorme
A wlEgd 4 oljiwl_wd_p-)o o 5l =S slales

Sl aesama a VTSl it 050 5]
L (V7 JS8) 05-b o hod Cblon g oS
e e R
Slosd 59) 00y a0 50 )19 g Sl
O T i l8 68 (o Xilwa 2,0 FO- 51 S

(V8 JSs) ol o0gs Vo L 5T s Jlews




Yo

9 55leS L Gy g CiiSe (S8l 4 4z

iy 0359 ) ey (Sl )50 sloasgazme jo CondS
00iiS pnilogalio SYlow 45 5,5 JYarwl olgs oo
o 5 Ve T L i 0,59 8 anulSsd ol ls Yoo
VY Gl JSK8) cwl ooy of Silwas o TV 5l S

w039 Jolas cdl> o ool ,aT b oed4is 095 b Jolas
=515~ oy dsgezme 4 Ailg o coolail ol
Lyl 2alS L@ -V SK5) 95 a5 CamaalS
asilgs o YL sl (Vo7 5l eS) —suLes]

“S e ‘) . “.‘.i’ 5 . " s ‘}:)‘55 )—:Jé-i ‘5."LQ4.c >
BV USKE) s

b ya
T T
sl
20
- a5
o
5
30
-
ad = andradlit
Co = calelis
Fa = fayalits
_35 1 1
300 400

Hd = hadenbarglis
Hm = nematits

Kap = alkall Teldspar
Mt = magnsetite

P = 500 bars
Xeco, =01

Qr = guartz
5d = slderits
Wi = wollastoniis

500

1
600 FOO

Temperature {°C)
(Einaudi and Burt, 1982) Ca-Fe-Si-C-O-H alolw s, P =500 bars 4 XCO, =0.1 ,5 T-log fO, ;8 Loy, -V# IS

S {Fguid} 2 -

BIo(X za=or = 0.35)
| Ksp-Ah-Cz-Py-Cp

3 T

o
1
Graphite
Log 5, —

() |420°C

\

S (naquid)

Aboreviations:

Hd = hedenbergite
0z = quartz

Ad = andradite
Hm = hematita

5 = sufur

Cc = calcita

Kep = aikall feidspar
VWio = woillasionite
AR = anhydrie

M1 = magnetita
Bio = biotite

Br = bamiie

Cp = chalcopyrite
Py = pyrie

Po = pyrmoiie

\\ m Staniity field of K-sllicate
alteration in the piuton.

BIOX gy oF < 0.35]

Hd Co M3

{b}

o6 @4 22 20 -14

Log fo, —

_ap -28

5 009, iy ol d > 10 g0 )0 ou_ba_aJllas
Ay )y A 0 0wl 0ols F ) ouSg gy
ez ge Dy GomgilS 0095 Yo )=
S glaSs hos 5 pladonl (555,50

-28

24 22 20

28

Log fo,—"

XCO,;=0.1 5 FY+ ¥+ slalos jo cuslyasT 5 Ml 0,53 sl LOGFO; 45 s LOGS'S; 0 puiia g0 loges VYV IS
(Taylor and liou, 1978)

095° 4= S (098l S 0355 Sp S
acibaie 150l el 00 popndS S



\Ya. QL’“"") ‘M" W O)LQ..:'J (P9 JL‘J ‘6)9J5 —)

K2

Sla wSlaS labl o o lems S Lo
~CiRe) (ST sla S il g o 5

=) Sba LS g 35)le S wondS (e IS oLl
LSLQA_CM 6)...'>L 08 gy yums ‘S'I_w;.b )_a| 3o
.,\_,..:]).9 )‘ — o " ol 5 J—*S x ‘u I o
LS g o5 pam Sl S0 Jomite )5l Lo
5 (Cesigond ~eis®) Yol ] o S]
el 0 (93T —eaSY) o slacslis S

&l Sl
et j9adg g3 = slos L Sea
Pl (sl ol Ll ol iy i le iy
s SEM sl agi 5 Lo LS (glalais 5JL]
09,5 3l o3l Sleaame ;155 GLET (riomen
dmgere Wil g Gled—ol oSuils (wlidiips;
XRF 5 JUT i alis sl o blsa, o

Dyl o ST g oS

S35 g repe dm ol wil (Swaule g
0393 JolS’ 038 sz 5l e ol oo
e ol g9t g Sp B (Suye09l S
g oty gl wm LS le 50 09290 Lo Jlw
oad laz ol 5l pig il L8 ST 5o
350m) YUy gloos Ly laSle ¥l oyl o
i Lo guslie el (o, Kil—wa >0 7 -
Sl LS Gl e 5 00 0oy, iy
(S g p5lS 5 29 O Sl SIS
Ll 00l
9 oo ad> o 90 ol 0usg) ey > 1o
Al o g ey 00T, ey Ao o) gy
Sl 50 ad> 5o )3 Sl (i 039,y
wlalw glod (200 falS iy 009,y
U O (T PR HI. (R DY
Glpa_csorme LSt 4 55— slacl
—idge 5 g Dganh) ool SIKL WSS
V. 5l S sl alod ;o (G JguS]

PP E=S U] CORUIIN Iy W SO X W& BT R

&b

s olBadls el )l gl )5 el bl w0y gz j0 D ) Kul LS 35 5 olbeendiel) asdlas (VWAY) .z« sowe

Sl s

ol zily el )l ol IS 4l )l «g s Some aiigs 0 cwlid K g (golaidl cwlid o) axdllas (VYY+) o (g0

Ol Ol oSt

Berman, R. G. (1988) Internally- consistent thermodynamic data for minerals in the system Na,O- K,O-
Ca0- MgO- FeO- Fe,03- Al,Os- SiO,- TiO,-H,O-CO,. Journal of Petrology 29: 455-522.

Ciboanu, C. L. and Cook, N. J. (2004) Skarn texture and a case study: The ocna de Fier- Dognccea ore
field, Banat, Romania, Ore Geology Reviews 24: 315-370.

Calagari, A. A. (2003) Stable isotope (S, O, H and C) studies of phyllic and potassic- phyllic alteration
zones of the porphyry copper deposit at Sungun, east Azarbaidjan, Iran. Journal of Asian Earth

Sciences 21: 767-780.

Deer, W. A., Howie, R. A. and Zussman, J. (1991) An introduction to the rock forming minerals. 7"

impression, Longman, London.



YV S5 Ol S g e Ll e g S Lis IS

Einaudi, M. T. and Burt, D. M. (1982) Introduction terminology, classification and composition of Skarn
deposits. Economic Geology 77: 745-754.

Forster, D. B., Seccombe, P. K. and Phillips, D. (2004) Controls on skarn mineralization and alteration at
the Cadia deposits, New South Wales, Australia. Economic Geology 99: 761-88.

Hajmolla Ali, A. (1993) Geological quadrangle map of Khezr abad: Sreies sheet 6753. Geological Survey
of Iran, Tehran, Iran.

Irvine, T. N. and Baragar, W. R. A. (1971) A guide to the chemical classification of the common volcanic
rocks. Canadian Journal of Earth Sciences 8: 523-548.

Jankovic, S. (1984) Metallogeny of the Alpine granitoids in the Tethyan- Eurasin metallogenic belt. 27"
International Geological Congress, Moscow, Russia.

Kusku, 1., Kascu, G., Meinert, L. and Floyed, P. (2002) Tectonic setting and petrogenesis of the Celebi
granitoid (Turkey) and comparison with world skarn granitoids. Geochemical Exploration 76: 175-194.

Meinert, L. D. (1989) A review of skarns that contain gold. In: Lentz, D. R. (Ed.): Mineralized intrusion-
related skarn systems. Mineralogical Association of Canada, Short Course 26: 359-414.

Meinert, L. D., Dipple, G. M. and Nicolescu, S. (2005) World skarn deposits. In: Hedenquist, J. W.,
Thompson, J. F. H., Goldfarb, R. J. and Richards, J. P. (Eds.): Economic Geology. 100" Anniversary
Volume, Society of Economic Geologists 299-336.

Meinert, L. D. (1995) Compositional variation of igneous rocks associated with skarn deposits: chemical
evidence for a genetic connection between petrogenesis and mineralization. Mineralogical Association
of Canada 23: 401-418.

Perkins, E. H., Brown, T. H. and Berman, R. G. (1986) PTX-SYSTEM: Three programs for calculation of
pressure- temperature- composition phase diagrams. Computers and Geoscience 12: 749-755.

Pearce, J. A., Harris, N. B. W. and Tindle, A. G. (1984) Trace element discrimination diagrams for
tectonic interpretation of granitic rocks. Journal of Petrology 25: 956-983.

Shelley, D. (1993) Igneous and metamorphic rocks under the microscope, classificathon, textures,
microstructures and mineral preferred-orientathons. Chapman and Hall, London.

Taylor, B. E. and Liou, J. G. (1978) The low temperature stability of andradite in C-O-H fluids. American
Mineralogist 63: 378-393.

Winkler, G. F. (1915) Petrogenesis of metamorphic rocks. Springer-Verlag, New York.



\Ya. uLM) LM" W O)LQ..Z (P9 JL» 4‘5)9J9 7_1..)"':

YA




2 Petrology, 2" Year, No. 8, Winter 2012

Mineralogy and geochemistry of Khut copper deposit
West of Taft, Yazd provinc

Azam Zahedi and Mohammad Boomeri *

Department of Geology, Faculty of Sciences, University of Sistan and Baluchestan, Zahedan, Iran

Abstract

The Khut deposit is located 40 Km west of Taft in the Yazd province and in the
central Iranian volcano-plutonic belt. The intrusion of apophyses of granodiorite
intrusion into the carbonate rocks of the Nayband Formation has led to the formation
of marble, skarn and copper mineralization. The Khut skarn which is formed in the
marble is calcic type and is divided into the garnet skarn and garnet-pyroxene skarn
zones. Skarnification processes can be divided into the two distinct stages prograde
and retrograde. The prograde stage is characterized by anhydrous calc-silicate
minerals such as clinopyroxene and garnet. During retrograde stage, part of marble
and anhydrous calc-silicates have been replaced by hydrous calc-silicates, sulfides,
oxides and carbonates. The calc-silicate minerals in the Khut deposit were analayzed
by electron microprobe. The comparison of chemical composition of garnet with the
composition position of other calcic skarns show that the composition range of garnets
in the Khut deposit is consistent with the composition range of garnet in the world's
gold, iron and copper skarns. Also, the mineralogy and geochemistry of the Khut
granitoid is similar to that of granitoids associated with skarn deposits. In this paper,
by using petrographic and geochemical studies, the conditions of skarn formation in
the Khut copper deposit is investigated.
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