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of Cu-Au mineralization. Hydrothermal alteration types consisted
dominantly of potassic, phyllic, argillic, and propylitic, and local
silicification around the veins. Electron microprobe studies indicated
7 that the Masjeddaghi biotites has been located in the phlogopite field and
Biotite , N fall into the field of re-equilibrated primary biotite. Moreover, these
Eg%?gﬁ%‘g{g'gilgﬁ;ﬁ;“on biotites indicate the tectonomagmatic setting and magma characteristics
Masjeddaghi related to calk-alkaline granitoids which were originated from mantle
Iran sources. The temperature of biotites from Masjeddaghi indicated a range

between 417 °C -641°C. The conditions of oxygen fugacity in the
magmatic biotites are in the range of hematite-magnetite (HM) and
nickel-nickel oxide (NNO), which indicate high oxygen fugacity of the
magma in this ore deposit. In the Masjeddaghi biotites, there is no
linear/parallel trend between halogen fugacity,d log (fH2O/fHF), log
(fH20/fHCI) and log (fHF/fHCI) lines. Therefore, it is possible that
biotites have not formed under the same conditions and were in
Shohreh Hassanpour equilibrium in a wide range of temperatures and compositions with
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EXTENDED ABSTRACT

Introduction

The Masjeddaghi porphyry-epithermal Cu-Au
deposit is located in the margin of the Arasbaran
Belt, in the Alborz-Azarbaijan structural zone in the
NW of Iran. The host rock of mineralization is diorite
porphyry, which has been intruded into the andesitic
volcanic rocks. Paleocene andesitic and lavas crop
out in the southeastern and eastern parts of the area.
Paleocene andesitic rocks, including lavas, dikes,
pyroclastic, and epiclastic rocks overlying on the
Permian-Triassic rocks. The mineralized host rocks
composed of the dioritic stocks that have formed the
main mass of Masjeddaghi and is dated at 54 Ma
(Hassanpour and Alirezaei, 2017). The Middle
Eocene diorite porphyry includes granular to
porphyry texture and with some dikes extending with
east - west trend in the northern and eastern parts of
the Masjeddaghi district. It is called the main
Masjeddaghi Porphyry. This magmatic sequence and
associated Cu-Mo-Au mineralization and alterations
have been dated at about 54 Ma (Hassanpour and
Alirezaei, 2017).

The hydrothermal alteration types consist
dominantly of potassic, phyllic, argillic, propylitic
and locally of silicification around the wveins
(Ebrahimi et al., 2021; Hassanpour and Alirezaei,
2017; Ebrahimi et al., 2017). The chemical
composition of biotite is sensitive to chemical and
physical factors which are related to magmatic and
hydrothermal activities such as halogens (e.g., F and
Cl) and metals compositions, elemental distributions,
water concentrations, temperature and pressure.
Geological and geochemical features of porphyry-
epithermal Cu-Au Masjeddaghi ore deposit have
been studied in detail by Ebrahimi et al., 2021;
Hassanpour and Alirezaei, 2017; Ebrahimi et al.,
2017. In this research study we attempt to
characterize the physicochemical attributes of
causative magma in the Masjeddaghi porphyry ore
deposit, by using biotite mineral chemistry.

Material and methods

All samples are from the least altered diorite
intrusion and from potassic alteration zone were
collected from the surface and drill cores (up to

700m) in the Masjeddaghi area. More than 150 thin
and thin-polished sections were studied and
subsequently, four samples were selected for EMPA
(Electron Micro-Probe Analyses) analysis. Twenty-
six points of biotite grains were selected and
analyzed by using a Cameca SX-100 instrument in
czechoslovakia (central European laboratory). The
analyses were conducted with 15 kV accelerating
voltage and 10 nA beam current. The results were
processed by using the MICA* software.

(Yavuz, 2003).

Results

On the basis of petrographic studies, diorite porphyry
consists of plagioclase, hornblende, biotite and
quartz minerals. Biotite phynocrysts are within fine
grained matrix and biotite chemistry can be used as
an important indicator to evaluate magma
crystallization condition (Selby and Nesbitt, 2000).
Three kinds of biotites have been recognized in the
samples: magmatic, re-equilibrated and
hydrothermal type. On the basis of Mg, (Mn+Fe?*)
vs. (AIV'+Fe®*+Ti), Fe?*/(Fe**+Mg) vs. Al'V & (Mg-
Li) vs. Fer + Mn + Ti-AlIV") diagrams all plotted in
the phlogopite field. The samples in the MgO-
10%(TiO,) -(FeO+MnO) diagram fall into the field of
re-equilibrated primary biotite (Nachit et al., 2005).
The temperature of biotites in diorite samples varies
between 417-522 °C (Bean, 1974) and 516-641 °C
(Henry et al., 2005).

Discussion

Biotites in the Masjeddaghi Cu-Au porphyries are
mainly Plogopite and are dominantly from the
samples taken from potassic alteration zone and
situated in the re-equilibrated biotites field. The ore
deposit tectonically is related to the calk-alkaline
magma. Generally, biotites are calk-alkaline, with
high content of MgO and reducedAl>Os which refers
to Al and Mg replacements in an ochtahedral setting.
This ore deposit has a Magnesium rich calk-alkaline
magma. The oxygen fugacity of biotites is in the
range of hematite-magnetite (HM) and nickel-nickel
oxide (NNO), which indicates high oxygen fugacity
of the magma in this ore deposit. In the Masjeddaghi
biotites, there is no linear/parallel trend between
halogen fugacity and log (fH.O/fHF), log
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(fH20/fHCI) and log (fHF/fHCI) lines. Therefore,
it is possible that biotites have not formed under the
same conditions and were in equilibrium in a wide
range of temperatures and compositions with
hydrothermal fluids. Halogen ratios of the

Masjeddaghi biotites with other porphyry deposits in
the world show similarity with Bingham and Santa
Rita ore deposits. Moreover, these biotites indicate
the calk-alkaline signature and mantle source for the
magma.
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Table 1. Chemical composition of re-equilibrated biotites from the Masjeddaghi deposit

Sample M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M1l M12 M13
SiO2 37.99 43.07 4212 402 39 381 415 419 42 377 383 3795 381
TiO2 3.74 2.26 228 332 234 432 25 308 237 445 407 411 4.33
Al203 13.67 1118 1158 134 113 143 116 12 114 141 135 1405 131
FeO 12.1 8.71 9.0r 122 99 939 95 101 921 124 124 128 12.5
MnO 0.34 0.27 024 025 023 014 024 028 021 033 038 012 0.09
MgO 1758 2199 2056 181 17 19 206 206 20 171 175 1691 17.2
CaO bdl bdl 002 001 001 0.01 0.02 0.01 bdl 0.01 bdl 0.01 0.01
Na:O 0.36 0.11 018 022 02 034 017 023 016 043 026 049 0.32
K20 9.18 9.06 873 954 824 936 932 897 835 9.05 925 865 9.21
Cr203 0.01 bdl 001 005 048 001 001 001 007 0.05 0.02 0.04 0.3

F 1.18 1.79 162 063 166 076 156 168 154 117 118 0.49 1.52
Cl 0.25 0.16 018 025 019 024 018 021 012 022 022 0.23 0.24
TOTAL 96.4 986 9659 982 906 959 972 992 955 97 97 9585 96.9
Si 2.81 3.05 3.04 289 304 278 3 297 3.06 278 282 2.8 2.82

Al(1V) 1.19 1 1 1.11 1 1.22 1 1.01 1 122 1.17 1.2 1.15

Al(VI) 0.01 bdl 0.03 0.03 007 001 bdl bdl 0.04 bdl bdl 0.03 bdl
Ti 0.21 0.12 012 018 014 024 014 016 013 025 023 0.23 0.24
Fe¥* 0.4 0.21 015 025 002 042 019 031 015 046 043 043 0.42
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Table 1 (Continued). Chemical composition of re-equilibrated biotites from the Masjeddaghi deposit

Sample M1 M2 M3 M4 M5 M6 M7 M8 M9 M0 M1l M12 M13

Fe? 0.35 0.3 04 048 062 015 039 029 041 031 033 036 035
Fe3*(T) bdl 0.02 bdl bdl bdl bdl 001 0.02 bdl bdl 0.01 bdl 0.04
Fe3*(M) 0.4 019 015 025 0.02 042 017 029 015 046 042 043 039

Mn 002 005 002 002 002 001 002 002 001 002 002 001 o001
Mg 194 232 221 194 197 207 222 218 217 187 192 1.86 1.9
Ca bdl bdl  0.001 bdl bdl bdl  bdl  bdl  bdl bdl bdl  0.001  bdl
Na 005 002 003 003 003 005 002 003 002 006 004 007 0.05
K 0.87 082 08 088 082 087 08 081 078 08 087 082 087
OH 169 158 161 183 157 179 162 16 163 1.7 1.7 186 161
F 0.28 0.4 037 014 041 018 036 038 036 027 028 011 036
Cl 003 002 002 003 003 003 002 003 002 003 003 003 0.03
I-site 092 083 083 091 08 092 089 084 08 091 091 08 092

M-site 313 335 33 319 313 311 327 329 329 31 313 311 3.1
IMTA-sitess  10.04 10.18 10.13 10.1 9.98 10 102 101 101 10 10 10 10

Mgli 174 192 18 165 172 187 187 183 181 168 171 166 1.69
Feal 097 065 066 09 072 081 073 078 067 103 101 1 1.02
IL.E. 028 0.19 02 028 025 022 021 022 021 03 0.29 0.3 0.29
Mg# 0.72 0.89 08 073 075 078 079 078 08 071 0.72 0.7 0.71
XPh 062 069 067 061 063 067 067 066 066 061 0.61 0.6 0.6
XAn 011 009 012 015 02 005 012 009 013 0.01 011 012 011
XPdo 019 018 019 017 0.1 02 016 02 016 021 0.21 0.2 0.21
XMn 001 001 0004 001 001 bdl bdl 001 bdl 001 0.01 0.002 bdl
XAl 0.002  bdl 001 001 0.02 bdl bdl bdl 001 bdl bdl 0.01 bdl
XTi 0.07 0.04 004 006 0.04 008 004 005 0.04 0.08 0.07 o0.07 0.08
XMg 062 067 067 061 063 067 067 066 066 061 0.61 0.6 0.6
XSid 0.14 bdl bdl 01 007 014 bdl 001 bdl 016 013 016 0.12
XAnn 024 031 033 029 035 019 033 033 034 023 026 024 027
XFe 028 018 021 028 027 022 021 022 022 029 028 031 0.29
XPhl 0.72 0.82 08 073 075 078 079 078 08 071 0.72 0.7 0.71

Aan) 0.001 0.001 0.002 bdl 001 bdl bdl bdl bdl bdl bdl  0.002  bdl
XMg* 069 08 078 07 071 073 078 076 077 067 068 066 0.67

A(ph) 024 033 03 023 025 03 031 029 029 022 023 021 022
X(OH) 085 079 08 091 078 09 081 08 08 08 08 093 081
X(F) 014 02 019 007 02 009 018 019 018 014 014 006 0.8
X(Cl) 002 001 001 002 001 002 001 001 00l 001 00l 00l 002

Fe/(Fe+tMg) 0.28 0.18 02 028 025 022 021 022 021 029 0.28 0.3 0.29
Fe*/Fe*+Fe* 047 059 073 066 097 026 067 048 074 04 043 046 046
Fe/Mg+Fe 015 012 015 02 024 007 015 012 016 014 015 016 0.16
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Table 1 (Continued). Chemical composition of re-equilibrated biotites from the Masjeddaghi deposit

Sample M1 M2 M3 M4 M5 M6 M7 M8 M9 MI10 M1l M12 M13
Al/(Al+Si) 042 031 032 039 034 044 033 034 032 044 041 044 041
Mn/(Mn+Fe) 0.03 003 003 002 002 0.02 0.03 0.03 002 003 003 001 0.01
Phlogopite 2485 4455 5314 435 593 19 517 293 497 129 16.1 159 147
Ti-phlogopite 2082 12.02 1238 18 13.7 238 136 164 13 246 225 228 241
Ferri-eastonite 3959 21.12 15.03 251 213 424 187 311 148 46 433 427 423
Muscovite 6.6 5.59 25 418 036 7.07 446 754 246 771 863 7.12 106
Eastonite bdl bdl bdl bdl 943 bdl bdl bdl bdl bdl bdl bdl  bdl
Talc 8.14 16.72 1695 927 151 7.79 115 156 202 8.76 943 114 8.29
F/(F+OH) 0.14 0.2 019 007 021 0.09 018 019 018 0.14 014 0.06 0.18
Cl/(CI+OH) 0.02 001 001 002 002 002 001 0.02 001 002 002 0.02 0.02
1IV(F) 186 1.77 1.8 217 169 213 182 177 181 184 185 225 171
IV(CI) -448 -442 -444 -44 -44 45 -45 -45 -43 -44 -44 -44 45
IV(F/CI) 6.34 6.2 6.24 658 6.13 6.65 6.26 6.25 6.05 6.23 6.25 6.61 6.16
logXCl/XOH -1.73 -192 -186 -18 -18 -18 -19 -18 -2 -18 -18 -18 ~-17
logXF/XOH -0.79 -06 -064 -11 06 -1 -07 -06 -07 -08 -08 -12 -0.7
logXF/XCl 095 132 123 067 121 077 121 117 138 1 1 06 107
log XMg/XFe 035 058 051 033 038 048 051 048 049 032 033 029 032

logf(H.0) f(HF)fluid 478 467 469 508 458 506 471 466 47 476 477 517 4.62
logf(H,0)/f(HCDfluid 415 438 431 419 422 423 432 424 449 4.2 42 421 4.14
log f(HF)/ f (HCI)fluid -142 -118 -124 -17v -12 -17 -13 -13 -11 -13 -14 -17 -13

logf(HO)/f(HF) 431 422 424 462 414 458 427 422 428 429 43 47 416
logf(H,0)/f(HCl) 153 158 156 16 157 149 156 153 176 162 161 165 156
logf(HF)/f(HCI) 278 264 268 3.02 257 309 271 269 25 267 269 305 26
T Beane, 1974 481 590 561 463 495 553 566 538 543 458 466 449 457
T Henry etal., 2005 618 540 539 587 542 656 560 589 544 626 628 626 637

S0, 37 3804 3795 39 39 402 379 392 365 36 371 38 36
TiO, 405 214 404 319 244 247 28 303 245 246 352 3.15 3.13
AlLO; 142 1202 1361 14 12 13 144 133 136 141 131 14 13
FeO 129 1359 1357 124 106 11 126 11.7 119 126 115 13 122
MnO 0.18 0.08 023 007 009 016 014 014 021 0.17 019 028 043
MgO 16.8 19.21 1657 20.1 181 195 181 187 209 216 18 17.1 20.1
cao 001 003 002 005 007 011 003 001 03 0.16 002 0.03 001
Na,0 033 025 047 043 014 021 017 015 0.15 011 028 0.13 0.13
K,0 9.03 942 876 966 906 895 912 904 496 467 958 865 9.24
Cr05 002 012 001 0.16 003 003 009 001 001 002 006 0.05 0.06
F 047 074 036 121 054 088 064 085 069 072 048 0.73 0.69
cl 025 027 029 025 015 029 026 024 022 021 027 024 0.18
TOTAL 953 9591 9588 957 922 968 962 963 91.9 928 94 953 952
Si 276 285 281 277 296 292 279 287 276 27 28 283 271
AI(IV) 124 106 119 117 104 1.09 121 113 121 124 116 117 1.16
Al(VI) 0.02 bdl 0003 bdl 004 003 005 002 bdl bdl bdl 0.06 bdl
Ti 023 012 023 017 014 014 016 017 014 014 02 0.18 0.18
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Table 1 (Continued). Chemical composition of re-equilibrated biotites from the Masjeddaghi deposit

Sample M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 Mi1i1 M12 M13
Fe® 047 045 043 049 013 027 041 036  bdl bdl 0.4 0.4 bdl
Fe 034 04 042 024 055 04 037 035 075 079 033 041 0.77

Fe**(T) bdl  0.09 bdl  0.05 bdl bdl bdl  bdl bdl bdl  0.04  bdl bdl

Fe**(M) 045 036 043 044 013 027 041 036  bdl bdli 036 04 bdl
Mn 001 001 001 bdl 001 001 001 001 001 001 001 002 0.03
Mg 187 214 183 213 204 211 199 205 236 241 203 19 225
Ca bdl  0.002 0.002 bdl 001 0.01 bdl bdl 002 0.01 bdl bdl bdl
Na 0.05 004 007 006 002 003 002 002 002 002 004 002 0.02

K 086 0.9 083 088 083 083 08 08 048 045 092 082 087
OH 186 1.79 188 17 18 176 182 177 181 18 18 18 181
F 0.11 0.18 01 027 013 02 015 02 017 017 012 0.17 0.6
cl 003 003 004 003 002 004 003 003 003 003 004 003 0.02
I-site 091 0.94 0.9 1 09 087 088 087 052 048 1 084 091
M-site 3.09 324 312 323 316 324 316 3.2 3.4 347 31 316 334
IMTA-sites 10 1017 10.010 10.2 101 1011 101 101 989 989 10.1 10 10.1
Mgli 171 194 163 189 179 182 18 18 221 23 18 169 213
Feal 1.03 098 108 091 o078 078 089 087 09 094 094 094 0.97
ILE. 031 029 032 026 025 024 028 026 025 025 027 03 0.26
Mg# 07 072 069 074 075 076 072 074 076 075 074 07 0.5
XPh 06 064 059 065 065 065 063 064 0.69 07 065 06 067
XAn 011 012 013 o0.07 017 012 012 011 022 023 011 013 0.23

XPdo 0.2 0.2 02 022 012 017 019 019 004 003 018 019 0.04
XMn bdl  0.002 001 bdl bdl 0.003 bdl bdl 0.004 bdl bdl 001 0.01
XAl 0.01 bdl 0001 bdl 001 0.01 0.02 0.01 bdl bdl bdl  0.02  bdl
XTi 0.07 004 007 005 004 004 005 005 004 004 006 007 0.05
XMg 06 064 059 065 065 065 063 064 069 07 065 06 067
XSid 018 006 015 013 005 008 017 01 013 014 012 016 0.12
XAnn 022 029 026 022 03 027 021 026 018 016 023 024 02
XFe 031 028 032 026 026 025 029 026 024 025 026 031 025
XPhl 07 072 069 074 075 078 072 074 076 075 074 07 075
A(an) bdl  0.002 0.002 bdl 001 0.002 bdl bdl 001 0.01 bdl bdl  0.01
XMg* 066 071 065 072 073 074 069 072 073 073 077 066 0.71
A(ph) 022 0.27 02 027 027 028 025 026 033 034 027 022 031

X(OH) 093 09 094 08 093 088 091 08 09 09 093 09 091
X(F) 006 009 004 012 007 01 008 01 008 006 006 009 0.08
X(CI) 002 002 002 002 001 002 002 002 001 001 002 002 0.01

Fe/(Fe+Mg) 03 028 032 026 025 024 028 026 024 025 026 03 025

Fe?*/Fe?*+Fe’ 042 047 05 033 081 06 048 049 1 1 0.45 051 1
Fe/Mg+Fe 015 016 019 01 021 016 016 015 024 025 014 018 0.25
Al/(Al+Si) 045 037 042 042 036 038 045 04 044 046 042 044 043
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Table 1 (Continued). Chemical composition of re-equilibrated biotites from the Masjeddaghi deposit

Sample ML M2 M3 M4 M5 M6 M7 M8 M9 MI10 M1l MI12 M13
Mn/(Mn+Fe) 001 001 002 001 001 001 001 001 002 001 002 002 0.04
Phlogopite 137 1951 177 6 614 4206 256 277 3841 336 263 203 725
Ti-phlogopite 227 1204 2253 171 139 1349 155 167 1391 139 20 176 177
Ferri-eastonite 46.6 4525 4247 492 129 267 406 363 bdl  bdl 399 397 bdl
Muscovite 777 17 708 135 216 445 6.77 6.05 bdl  bdl 104 6.62 bdl
Eastonite bdl  bdl  bdl  bdl bdl bdl bdl bdl 007 014 bdl bdl 0.33

Talc 9.16 623 1022 6.08 96 1323 116 133 4762 525 341 158 945
F/(F+OH) 006 0.09 004 014 001 01 008 01 008 009 006 009 0.8
Cl/(CI+OH) 002 002 0.02 002 001 002 002 002 002 002 002 002 001

IV(F) 227 212 238 1.9 228 206 216 205 219 218 231 206 218
IV(CI) 4_;11 -453 -443 -45 -43 -457 -45 -45 -454 -45 -45 4.'39 -4.4
IV(F/CI) 6.68 6.66 681 6.41 655 6.63 663 652 673 67 684 646 6.59
logXCI/XOH 1_'77 -1.72 -171 -18 -2 -169 -18 -18 -181 -18 -1.7 1.'77 -1.9
logXF/XOH 1_'22 -101 -135 -08 -12 -094 -11 -1 -104 -1 -1.2 1.62 -1
logXF/XCI 055 071 037 096 083 075 066 082 077 081 052 075 0.86
log XMg/XFe 03 035 027 04 04 042 033 038 046 045 039 028 042

logf(H20)f(HF)fluid 519 503 529 482 518 497 508 497 512 511 523 498 51

logf(H20)/f(HCDfluid  4.18 415 411 419 442 413 417 42 427 43 416 418 435

logf(HF)/f(HCI)fluid 1_'79 -1.7 -194 -15 -16 -167 -17 -16 -1.74 -1.7 -19 1.:57 -1.6
logf(H-0)/f(HF) 472 457 483 435 472 451 461 45 464 462 476 451 463

logf(H20)/f(HCI) 16 147 157 149 173 143 153 154 147 148 1.47 161 1.59
logf(HF)/f(HCI) 312 31 326 28 3 307 307 297 318 314 329 29 303
T Beane, 1974 457 514 436 522 521 525 489 507 443 420 520 451 417

T Henryetal,2005 627 516 641 593 552 546 565 585 574 574 621 580 610
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Fig. 2. Photomicrographs of different biotite in the diorite porphyry from potassic alteration of the Masjeddaghi deposit,
A: Magmatic biotite converting to re-equilibrated biotite, B: Re-equilibrated biotite converting to the hydrothermal biotite,
and C: Amphibolite altered to hydrothermal biotite. (M-Biotite: Magmatic biotite, R-Biotite: Re-equilibrated Biotite, H-
Biotite: Hydrothermal Biotite)
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Fig. 3. MgO-(FeO+MnQ)-10xTiO, diagram (Nachit et al., 2005), all samples from Masjeddaghi plotted in the re-
equilibrated area.
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