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Fig. 1. Geological map of Kerman Cenozoic magmatic arc within southeastern Urumieh—Dokhtar volcanic belt (Asadi
etal., 2014)
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Fig. 2. Geological map of the Chahfiruzeh porphyry system, modified after Mohammadzadeh (2009) and

Mohammaddoost et al (2017)



O g (50> 44

' vwf’""{'.'.v ' v . .
JI}'drgthrrmﬁﬁiati;t' A
) RN Y
' u,m’(
" £ )
N T

"

é‘Y !a'

¢ b
v
7

(_ngC«_uj_u B ‘ubaw JQL:U ) OMULJ;D ‘_gl.m&.\.:j_u A 0)5).\3 ol> 6)J)y )L.._»lS i LgLa’(s’lS 6’9&5}1&& );BLA; Y JS.w

YsSod Dy oleSle slacasse € aslisame Jolss g Jlo g 00

Fig. 3. Photomicrographs of different minerals from Chahfiruzeh porphyry deposit; A: hydrothermal biotites, B:
hydrothermal and reequilibrated biotites, C: magmatic biotites, and D: plagioclase
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Table 1. Chemical composition of magmatic biotites from the Chahfiruzeh porphyry
C70- C70- C70- C70- C70- C70- C70- C70- C70- C70- C70- C70- C70-
1 3 7 8 9 10 12 13 15 17 18 19 20
SiO: 37.44 38.68 41.71 40.14 392 3836 3928 37.75 38.04 37.77 39.13 37.72 3897
TiO: 303 307 294 248 403 322 273 267 219 276 267 197 327
AL O3 16.58 17.15 16.78 1577 18.46 17.93 17.73 17.99 1696 17.16 16.98 1633 17.49
Cr20s 0.11 0.12 0.04 0.08 004 008 0.03 0.02 0.03 0 0.05 0.05 0.02
FeO 1626 163 15 1494 1553 16.11 1556 1629 1547 16.01 1536 1522 14.96
MnO 0.03 0.03 0.1 0.04 0.03 002 0.03 009 002 005 005 008 0.05
MgO 13.5 13.05 1436 13.81 1323 1299 1329 1299 129 1336 12.85 12.54 12.93
CaO 0 0 0.06 0.05 0.02 0.02 001 0.01 0 0 0.01 0.02 0.02
Na:O 025 022 023 029 0.15 024 024 024 0.18 024 0.19 0.2 0.25
[ €10) 9.01 938 8.74 8.3 927 9.13 895 891 898 9.01 9.1 9.03 9.33
F 1.52 0.83 1.3 0.9 0.85 0.24 1.4 0.8 1.2 0.3 093 1.05 0.35
Cl 031 034 029 032 032 032 034 034 032 035 035 033 0.25
Si 2.77 2.8 291 293 276 277 284 276 284 278 286 287 2.82
Al 123 1.2 1.09 1.07 124 123 1.16 124 116 122 1.14 1.13 1.18
AIYD 022 0.27 0.3 0.29 0.3 0.3 032 031 033 027 033 033 032
Cr 0.01 0.01 0 0 0 0 0 0 0 0 0 0 0
Ti 0.17 0.17 0.15 0.14 021 0.17 0.15 0.15 0.12 0.15 0.15 0.11 0.18
Fe*t 0.18 0.03 0.05 0.06 0.11 0.07 0.03 0.08 0.07 0.1 0.1 0.16 0.06
Fe*t 083 096 0.83 0.85 0.8 0.9 091 091 089 0.89 084 0.81 0.85
Mn 0 0 0.01 0 0 0 0 0.01 0 0 0 0 0
Mg 149 141 15 1.5 139 14 143 142 143 147 14 142 14
Li 0.18 023 034 029 024 021 025 0.19 0.2 0.19 0.25 0.19 0.24
Ca 0 0 0 0 0 0 0 0 0 0 0 0 0
Na 0.04 0.03 0.03 004 002 003 003 003 003 003 003 003 0.03
K 085 087 078 077 083 084 083 083 085 085 085 0.88 0.86
OH 1.6 1.77 168 1.75 177 191 164 1.77 168 189 1.74 1.7 1.89
F 1.52 0.83 1.3 0.9 085 0.24 1.4 0.8 1.2 0.3 093 1.05 0.35
Cl 0.04 0.04 0.03 004 004 004 0.04 004 004 004 004 004 0.03
mgli 1.31 118 1.16 121 1.15 1.19 1.18 123 123 128 1.15 123 1.16
Xph 049 046 047 048 045 046 046 046 047 048 046 047 0.46
Xan 027 031 026 027 026 029 029 030 029 029 027 027 0.28
Xpdo 0.12 0.09 0.12 0.11 0.12 0.09 0.09 0.09 0.09 009 0.11 0.12 0.1
Xmg 049 046 047 048 045 046 046 046 047 048 046 047 0.46
XFe 045 047 044 044 047 048 047 048 047 046 047 048 047
X(F) 0.18 0.1 0.14 0.1 0.09 0.03 0.16 0.09 0.14 0.05 0.11 0.13 0.04
X)) 0.02 0.02 0.02 002 002 002 002 002 002 002 002 002 0.02
IV(F) 1.54 182 165 182 181 238 157 183 1.63 2.3 1.76 1.7 2.22
IV(Cl) 425 422 416 -424 -417 -42 423 423 423 -428 -424 -425 -4.09
IV(F/C]) 588 6.08 588 6.11 603 659 5.88 6.1 593 6.6 6.04 6.01 633
logXF/XCl 095 0.67 092 0.72 0.7 0.14 0.88 0.64 0.85 0.2 0.7 0.77 042
logXF/XOH 0.65 -0.97 -0.77 -093 -097 -1.54 -0.71 -098 -0.77 -143 -091 -0.83 -1.37
logXCl/XOH -1.61  -1.63  -1.69 -1.65 -1.67 -1.68 -1.59 -1.62 -1.62 -1.63 -1.61 -1.6 -1.79
logf(H,0)/f(HF)qua  4.84 512 493 51 511 569 486 513 494 561 505 499 552
logf(H,0)/f(HC)puia  4.12 413 419 416 416 418 409 412 412 414 41 41 428
logfHF)/f(HClgua  -1.41  -1.64 -1.41 -1.63 -1.6 216 -143 -1.67 -148 -2.15 -1.61 -1.56 -1.89
Temperature 587 584 577 557 632 587 564 556 504 560 560 478 603

(Henry et al., 2005)
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Introduction

Almost all of the well-known porphyry copper
deposits in Iran occur within the Kerman
Cenozoic magmatic arc (KCMA) (Fig 1) in the
southeastern part of Cenozoic Urumieh—Dokhtar
magmatic belt (Hassanpour et al., 2015). The
Miocene Chahfiruzeh porphyry copper deposit as
an example of collisional porphyry intrusion is
located in the Kerman Cenozoic magmatic arc
(Fig 2) (Einali et al., 2014). In this research, we
attempt to characterize the physicochemical
attributes of parental magma in the Chahfiruzeh
porphyry deposit, using chemistry of magmatic
biotite.

Materials and methods

Samples from various rocks were collected from
drill cores belonging to 123.1-667.1m depths. The
chemical compositions of magmatic biotites were
obtained by analyzing the carbon coated polished
thin sections using electron probe microanalyzer
(EPMA). All samples were prepared and analyzed
in the Montanuniversitdt Leoben, Austria using a
superprobe Jeol JXA 8200 instrument. The
analyses were conducted with 15 kV accelerating
voltage and 10 nA beam and beam size of about 1
um. The counting times (upper and lower) were
100 and 20 s, respectively.

Results
Chahfirouzeh porphyry deposit containing 100 Mt
ore reserves (Mohammaddoost et al., 2017), and

0.4-0.8% Cu is located at the 95 km NW of
Sarcheshmeh deposit and 35 km NE of Shahr-e-
Babak in the Kerman province. (Einali et al.,
2014). The compositions of analysed magmatic
biotites from the Chahfiruzeh porphyry copper
deposit are summarized in Table 1. According to
(Mg—Li) vs. (Fewr + Mg + Ti—AI'T) and Mg—(Fe**
+ Mn)~(AIY' + Fe’* + Ti) diagrams, the biotite
from Chahfiruzeh deposit are Mg-rich (Fig. 5-
A,B). Chemical compositions of biotites on the
ternary diagram of Beane (1974) shows a
magmatic origin for the analysed samples (Fig 7).
Magmatic biotites are characterized by high SiO;
values ranging from 37.44-44.71 (Wt. %). Also,
MgO and FeO vary between 12.54-14.36 (Wt. %)
and 14.94-16.3 (Wt.%), respectively. Moreover,
TiO,, K,0, and Na,O range from 4.53-5.97, 8.3-
9.38, 0.15-0.29 (Wt.%), respectively (Fig 6-A-D).
Fluorine and CI contents in biotite range from 0.3
to 1.52 wt.% and 0.03 to 0.04 wt.%, respectively.

Discussion

Chemical compositions of selected biotites on the
classification diagrams of Abdel-Rahman (1994)
indicate that magmatic biotites from the
Chahfiruzeh porphyry copper deposit belong to
calc-alkaline (C) series (Fig. 8). Also, according
to ternary Xpdo-Xan-Xph diagram (Wones and
Egster , 1965), Oxygen fugacities of Chhfiruzeh
and other pre-collisional porphyry deposits (e.g.,
Reagan) occur in NNO distinct (Fig 9). It is
evident that granitic rocks of both studied deposits
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are formed in relatively similar oxidiant
conditions. Moreover, the preformed
geothermometry on the magmatic biotites in the
Chahfiruzeh porphyry the copper deposit shows a
range of temperatures between 478-632 °C
(average 565.3 °C). Moreover, XMg/XFe values
confirm that Mg is enriched in Chahfiruzeh
(collisional porphyry) compared to that of Reagan
(pre-collisional ~porphyry; Fig 10-A). Also,
fluorine has the highest concentration in
collisional porphyry copper deposits. The plot of
the Chahfiruzeh biotites on the log (XMg/ XFe)
versus log (XF/XOH) discrimination diagram of
Brimhall and Crerar (1987) represent that the
intrusion crystallized from a weakly to strongly
crustal-contaminated, I-type granitic magma (Fig
11). The log fH,O/fHF and fH,O/fHCl ranges
between 4.69-4.84 and 4.09-4.28 having an
average value of 5.14 and 4.14, respectively
(Table 1). According to XFe vs. XF/XOH and
XCIU/XOH, Cl fugacities in Chahfiruzeh are
analogous to that of Reagan porphyry (Fig 12).
The calculated halogen fugacity ratios (log
fHO/MHCI vs. log fH,O/fHF and fHF/fHCI) and
log HO/fHCl wvs. IV(Cl) of magma in
equilibrium with biotite for Chahfiruzeh porphyry
and comparison with Reagan and other known
porphyry of the world show that Chafiruzeh and
Ragan deposits are analogous to those of
Sarcheshmeh and Bingham porphyry deposits
(Fig 13 and 14). Finally, Chahfiruzeh deposit as
collisional porphyry has higher IV(F) than Reagan
deposit (pre-collisional). In comparison with
collisional porphyry copper systems
(Chahfiruzeh), poor mineralization in the Reagan
pre-collisional deposit may be due to lower Cl
content of the magma in Reagan deposit.
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