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Table 1. Microprobe data of biotite in Geysour granodiorite, and calculation of its structural formula

GG5 (Granodiorite)

Sample 33 34 35 36 37 38 39 40 41 42
SiO2 35.67 3595 3557 3597 36,51 3567 3641 3580 36.01 36.15
TiO2 2.69 2.80 2.77 2.86 2.68 2.68 2.83 2.81 2.85 2.30
Al203 18.63 1891 2047 1864 19.71 19.71 1945 1928 1942 19.21
FeO* 18.62 1833 1731 1788 1838 1838 1797 1821 1848 18.44
MnO 0.39 0.42 0.36 0.38 0.41 0.41 0.38 0.38 0.35 0.33
MgO 8.35 8.22 8.06 8.28 8.48 8.48 8.45 8.48 8.41 8.68
CaO 0.03 0.01 0.04 0.01 0.03 0.03 0.01 0.02 0.01 0.02
Na:O 0.13 0.11 0.22 0.12 0.11 0.11 0.13 0.19 0.15 0.18
K20 9.62 9.60 9.45 9.82 9.73 9.73 9.76 9.87 9.72 9.69

F 0.26 0.46 0.26 0.40 0.57 0.57 0.72 0.57 0.61 0.50

Cl 0.05 0.03 0.06 0.04 0.07 0.07 0.05 0.07 0.07 0.07
Li.O 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TotalOxi. 96.97 9739 97.08 9697 9931 9824 9872 98.11 98.56 98.14
Si 2.75 2.75 2.71 2.76 2.74 271 2.75 2.72 2.73 2.75

Al(IV) 1.26 1.25 1.29 1.24 1.26 1.29 1.25 1.28 1.27 1.25
sum 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00

Ti 0.16 0.16 0.16 0.17 0.15 0.15 0.16 0.16 0.16 0.13

Al(VI) 0.43 0.46 0.54 0.45 0.48 0.47 0.48 0.45 0.46 0.47

Fe3+(M) 0.22 0.25 0.31 0.29 0.26 0.21 0.28 0.25 0.22 0.28
Fe2+ 0.98 0.93 0.80 0.86 0.89 0.95 0.86 0.91 0.95 0.90
Mn 0.03 0.03 0.02 0.02 0.03 0.03 0.02 0.02 0.02 0.02
Mg 0.96 0.94 0.91 0.95 0.95 0.96 0.95 0.96 0.95 0.98

Sum[Y=M] 2.77 2.76 2.74 2.74 2.76 2.78 2.75 2.76 2.76 2.78
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Table 1 (Continued). Microprobe data of biotite in Geysour granodiorite, and calculation of its structural formula
GG5 (Granodiorite)

Sample 33 34 35 36 37 38 39 40 41 42
M-Mg 1.81 1.82 1.83 1.79 1.81 1.82 1.80 1.80 1.82 1.79
Na 0.02 0.02 0.03 0.02 0.02 0.02 0.02 0.03 0.02 0.03

K 0.95 0.94 0.92 0.96 0.93 0.94 0.94 0.96 0.94 0.94
Sum[X=I] 0.97 0.95 0.95 0.98 0.95 0.96 0.96 0.99 0.96 0.97
K% 97.83 9822 9632 98.16 98.10 98.13 9812 97.06 97.61 97.10
OH 1.93 1.89 1.93 1.90 1.86 1.86 1.82 1.86 1.85 1.87

F 0.06 0.11 0.06 0.10 0.13 0.14 0.17 0.14 0.15 0.12

Cl 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Sum[A] 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Total 9.74 9.71 9.69 9.72 9.71 9.74 9.71 9.74 9.73 9.74
charge + 22.06 22.09 2215 2213 2211 22.06 22,12 22.08 22.06 22.15
mgli 0.85 0.82 0.81 0.83 0.81 0.85 0.82 0.85 0.83 0.86
feal 0.94 0.90 0.74 0.89 0.85 0.88 0.84 0.89 0.90 0.86
I-site 0.97 0.95 0.95 0.98 0.95 0.96 0.96 0.99 0.96 0.97
M-site 2.88 2.88 2.84 2.86 2.90 2.88 2.88 2.87 2.88 2.90
IMTA-sites 9.84 9.83 9.79 9.84 9.85 9.84 9.84 9.86 9.84 9.87

F/(F+CI+OH) 0.135 0.151 0.187 0.183  0.159 0.130 0.171 0.152 0.137 0.169

Xphl 0.444 0444 0453 0452 0452 0451 0456 0453 0448 0.456
logXci/XoH -2.463  -2.685 -2435 -2.52  -2.448 -2.339 -2429 -2332 -2.294 -2.305
logXe/Xon -1.482 -123 -1482 -1.296 -1.385 -1.135 -1.025 -1.133 -1.102 -1.193
logXr/Xci 0.98 1455 0952 1224 1.063 1204 1404 1.199 1.192 1.112

logf(H:0)/f(HF)MUid 4842 4582 4829 4.654 4736 4495 4381 4495 4457 4559

logf(H:O)/f(HCI)™id 457 4788 4535 4.627 4551 4447 4535 444 4399 4415

logf(HF)/f(HCI)™Uid  -0.664 -0.178 -0.672 -0.418 -0.568 -0.44 -0.235 -0.45 -0.445 -0.543

logf(H20)/f(HF) 4.402 4.14 4374 4215 4294 4.047 3937 4.051 4012 4.117

logf(H20)/f(HCI) 2325 2561 2319 2385 2325 2202 2298 2.19 2.164  2.156

logf(HF)/f(HCI) 2.077 1579  2.056 1.83 1.969 1.845 1.639 1.861 1.848 1.961
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Table 1 (Continued). Microprobe data of biotite in Geysour granitoid enclaves, and calculation of its structural formula

GGuo (Enclave)

Sample 43 44 45 46 47 48 49 50 51
SiO: 3568 36.74 3624 3570 3598 3571 36.09 3635 36.14
TiO2 2.40 2.72 2.45 2.69 2.67 2.76 2.78 3.00 2.57
Al2O3 1926 19.25 19.65 1884 18.72 1940 1936 19.13 19.50
FeO* 1758 18.13 17.86 18.09 18.18 1796 18.12 1792 17.23
MnO 0.35 0.36 0.38 0.40 0.32 0.37 0.41 0.31 0.37
MgO 8.94 8.95 8.72 8.75 8.84 8.93 9.00 8.58 8.75
CaO 0.06 0.00 0.06 0.03 0.01 0.03 0.01 0.02 0.00
Na20 0.18 0.12 0.17 0.14 0.12 0.21 0.14 0.06 0.08
K20 9.19 9.74 9.59 9.64 9.59 9.35 9.78 9.86 9.89

F 0.54 0.70 0.54 0.59 0.59 0.56 0.78 0.42 0.35
Cl 0.06 0.04 0.04 0.05 0.04 0.05 0.05 0.03 0.05
TotalOxi. 96.67 9942 9829 9734 9756 9777 9897 9836  97.57
Si 2.74 2.75 2.74 2.74 2.75 2.71 2.72 2.75 2.75

Al(1V) 1.26 1.25 1.26 1.27 1.25 1.29 1.28 1.25 1.25

sum 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00

Ti 0.14 0.15 0.14 0.16 0.15 0.16 0.16 0.17 0.15
Al(VI) 0.48 0.46 0.49 0.44 0.44 0.45 0.44 0.46 0.49
Fe3+(M) 0.22 0.24 0.29 0.21 0.21 0.16 0.19 0.25 0.31
Fe2+ 0.90 0.90 0.84 0.95 0.95 0.98 0.96 0.88 0.78
Mn 0.02 0.02 0.02 0.03 0.02 0.02 0.03 0.02 0.02
Mg 1.02 1.00 0.98 1.00 1.01 1.01 1.01 0.97 0.99
Sum[Y=M] 2.79 2.77 2.77 2.78 2.78 2.79 2.78 2.75 2.75
M-Mg 1.77 1.77 1.78 1.78 1.77 1.78 1.77 1.78 1.76
Ca 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00

Na 0.03 0.02 0.03 0.02 0.02 0.03 0.02 0.01 0.01

K 0.90 0.93 0.92 0.94 0.93 0.91 0.94 0.95 0.96
Sum[X=l] 0.93 0.95 0.95 0.97 0.95 0.94 0.96 0.96 0.97
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Table 1 (Continued). Microprobe data of biotite in Geysour granitoid enclaves, and calculation of its structural formula

GGao (Enclave)

Sample 43 44 45 46 47 48 49 50 51
K% 96.56 98.21 96.86 97.62 98.01 9649 97.82 9896 98.76
OH 1.86 1.83 1.86 1.85 1.85 1.86 1.81 1.90 1.91

F 0.13 0.17 0.13 0.14 0.14 0.14 0.19 0.10 0.08

Cl 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.01
Sum[A] 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Total 9.72 9.72 9.72 9.74 9.73 9.73 9.74 9.71 9.72
charge + 22.08 22.08 22.15 22,06 22.06 22.01 22.03 2208 22.17
mgli 0.92 0.85 0.85 0.89 0.89 0.91 0.89 0.83 0.87
feal 0.81 0.86 0.80 0.90 0.90 0.87 0.88 0.87 0.77
I-site 0.93 0.95 0.95 0.97 0.95 0.94 0.96 0.96 0.97
M-site 2.89 2.92 2.90 2.88 2.90 2.90 2.90 2.88 2.87
IMTA-sites 9.83 9.87 9.85 9.85 9.85 9.83 9.86 9.84 9.85

F/(F+CI+OH) 0.139 0.149 0.176  0.131  0.130 0.102 0.119 0.157 0.198

Xphl 0476 0468 0.465 0463 0464 0.47 0.47 0.46 0.475
logXci/Xon -2.408 -2.556 -2.519 -2.473  -2.576 -2.435 -2.488 -2.652 -2.508
logXr/Xon -1.15  -1.045 -1.156 -1.114 -1.117 -1.137 -0.987 -1.281 -1.356
logXr/Xci 1.258 1511 1363  1.358 1458 1298 1501 1.371  1.152

logf(H2O)/f(HF)fuid 4553 4436  4.543 4.51 4514 4535 4384 4.664 4.749

logf(H:0)/f(HCIMid 4537 4679 464 4598 4702 4561 4.614 477  4.632

logf(HF)/f(HCI)uid 0435  -0.164 -0.306 -0.323 -0.225 -0.389 -0.184 -0.292 -0.526

logf(H20)/f(HF) 4.106 3992 4.094 4.065 4.071 4.087 3937 4218 4.301

logf(H20)/f(HCI) 2268 2437 2406 2346 2447 2302 2357 2545 2384

logf(HF)/f(HCI) ~ 1.838 1555 1.688 1719 1.624 1785 158  1.673 1917
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Table 1 (Continued). Microprobe data of biotite in Geysour microgranite, and calculation of its structural formula
Chw7 (Micro-granite)

Sample 1 2 3 4 5 6 7 8 9 10
SiO2 36.96  37.19 3691 3727 36.84 37.08 3722 37.01 3735 37.11
TiO2 3.21 3.28 3.11 3.14 3.09 3.15 3.18 3.16 2.80 2.87
Al2Os 16.00 1587 16.60 16.10 15.85 16.70 1582 16.01 1627 16.14
FeO" 16.14 1620 1608 1596 1633 1585 1594 1625 1584 15.85
MnO 0.23 0.17 0.21 0.19 0.20 0.21 0.23 0.22 0.21 0.25
MgO 1230 1230 12,02 1272 12.04 12,62 1222 1232 1252 1235
CaO 0.11 0.06 0.04 0.00 0.01 0.04 0.00 0.01 0.00 0.03
Na.O 0.23 0.22 0.24 0.19 0.21 0.05 0.05 0.06 0.07 0.09
K20 9.14 9.31 9.24 9.60 9.49 9.13 9.74 10.02 9.90 9.59

F 0.77 1.04 0.66 0.64 0.40 0.51 0.64 0.31 0.40 0.38
Cl 0.16 0.14 0.10 0.06 0.14 0.15 0.09 0.12 0.07 0.10
TotalOxi. 9790 9839 9792 9871 9739 9828 9794 9838 9839 97.63
Si 2.80 2.81 2.79 2.80 2.81 2.78 2.82 2.80 2.81 2.81

Al(IV) 1.20 1.19 1.21 1.20 1.19 1.22 1.18 1.21 1.19 1.19

sum 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
Ti 0.18 0.19 0.18 0.18 0.18 0.18 0.18 0.18 0.16 0.16

Al(VI) 0.23 0.22 0.27 0.22 0.23 0.26 0.23 0.22 0.26 0.25

Fe3+(M) 0.06 0.04 0.02 0.05 0.01 0.11 0.00 0.02 0.04 0.01
Fe2+ 0.97 0.98 1.00 0.96 1.03 0.89 1.01 1.01 0.96 0.99

Mn 0.02 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.02

Mg 1.39 1.39 1.35 1.42 1.37 1.41 1.38 1.39 1.40 1.40
Sum[Y=M] 2.84 2.83 2.83 2.84 2.83 2.86 2.82 2.83 2.83 2.83
M-Mg 1.45 1.44 1.47 1.42 1.46 1.45 1.44 1.44 1.42 1.44
Ca 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Na 0.03 0.03 0.04 0.03 0.03 0.01 0.01 0.01 0.01 0.01

K 0.88 0.90 0.89 0.92 0.92 0.87 0.94 0.97 0.95 0.93

Sum[X=I] 0.93 0.94 0.93 0.95 0.95 0.88 0.95 0.98 0.96 0.94
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Table 1 (Continued). Microprobe data of biotite in Geysour microgranite, and calculation of its structural formula

Chy7 (Micro-granite)

Sample 1 2 3 4 5 6 7 8 9 10
K% 9536 9594 9591 9715 96.75 98.87 99.16 9897 98.96 98.41

OH 1.79 1.73 1.83 1.84 1.89 1.86 1.83 1.91 1.90 1.90

F 0.19 0.25 0.16 0.15 0.10 0.12 0.15 0.08 0.10 0.09

Cl 0.02 0.02 0.01 0.01 0.02 0.02 0.01 0.02 0.01 0.01

Sum[A] 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Total 9.76 9.76 9.76 9.79 9.78 9.74 9.77 9.80 9.79 9.78
charge + 21.87 21.86 21.84 21.87 21.84 2193 21.83 21.83 21.88 21.85
mgli 1228 12,15 1196 1250 1211 1248 12.08 12.24 1228  12.28

feal 0.99 1.00 0.94 0.97 1.00 0.93 0.97 1.00 0.91 0.93

I-site 0.93 0.93 0.93 0.95 0.95 0.89 0.95 0.98 0.96 0.94

M-site 3.00 3.00 2.99 3.01 2.98 3.02 2.99 2.99 3.01 3.00
IMTA-sites 9.92 9.93 9.92 9.96 9.94 9.91 9.94 9.96 9.97 9.94
F/(F+CI+OH) 0.046 0035 0013 0.038 0.011 0.084 0.002 0.012 0.032 0.011
Xphl 0.576 0575 0571  0.587 0.568 0.587 0.578 0.575 0.585 0.581
logXci/XoH -1.93  -1992 -2172  -242 -2018 -2.004 -2.182 -2.11 -2.353 -2.192
logXr/XoH -0.987 -0.845 -1.062 -1.085 -1.294 -1.19 -1.075 -1.409 -1.299 -1.321
logXr/Xci 0944  1.147 1.11 1336 0.725 0814 1.107 0.701 1.054 0.871
logf(H20)/f(HF)™Id 4367 4224 4431 4476 4.668 4575 4453 479  4.684 4703
logf(H:O)f(HCI)™id 405 4111 4286 4545 4135 4.126 43 4229 4474 4312
logf(HF)/f(HCI)Muid  -0.839  -0.634 -0.656 -0.464 -1.05 -0.976 -0.674 -1.084 -0.736 -0.915
logf(H20)/f(HF) 3998 3856 4.056 4107 4299 4201 4.086 4421 4314 4334
logf(H20)/f(HCI) 1.304 1368 1.565 1.775  1.401 1.37 1.558 1482 1718 1.562
logf(HF)/f(HCI) 2694 2489 2491 2332 2.898 2.831 2528 2939 2596 2772

il )] emad 03 3dws sl .(Nabavi, 1976) 4T . )L dilin  owlid a0 )

SLEE VYoo v i (Ghaemi, 2010) o345V v v e SUE Ol g8 B35 (6 20 kS OA 3 5 s (A5 55l S 03y

Lo " LSl ae Jsb Slais o (Foley, 2004) A D) Sl ool ag Jlad 4 U 1 Jide 95405 413
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Fig. 1. Geological map of Geysour area, taken from Map 1: 100,000 Geological Nodeh (Ghaemi, 2010). The symbols

used in the map guide include: B. F.: Bahram Formation, SH1. F.: Shishtul Formation, SH2. F.: Shishtu 2 Formation

and S. F.: Sardar Formation.
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Sample 33 34 35 36 37 38 39 40 41 42
T(°C)!? 656.29 662.40 661.94 667.60 653.35 65534 66440 663.95 663.99 631.18
T(°C)? 684.51 701.03 732.01 72335 696.08 686.40 71733 704.27 69829 672.45
P(Kbar) 3.71 3.81 4.60 3.70 4.03 4.15 3.95 3.95 3.98 3.89
log fO2 -16.67 -16.23 -1544 -15.66 -1636 -16.62 -1581 -16.15 -16.30 -17.00
GGuo (Enclave)

Sample 43 44 45 46 47 48 49 50 51
T(°C)? 642.65 65939 64191 659.51 658.72 663.85 663.79 674.60 653.17
T(°C)? 67799 698.56 691.17 689.28 687.56 687.52 692.00 724.16 718.29
P(Kbar) 4.02 3.78 4.08 3.78 3.69 4.01 3.90 3.81 4.05
log fO2 -16.85 -1630 -16.49 -16.54 -1659 -16.59 -1647 -15.64 -15.79

Chy.7 (Micro-granite)
Sample 1 2 3 4 5 6 7 8 9 10
T(°C)!? 708.26 710.37 70245 70626 701.65 707.04 707.13 704.87 689.36 693.97
T(°C)? 719.67 719.85 70522 71441 699.74 732.01 707.96 705.08 69143 692.05
P(Kbar) 2.12 2.03 2.43 2.11 2.09 2.43 2.03 2.10 2.22 2.20
log fO2 -16.52  -16.52 -1690 -16.66 -17.04 -16.21 -16.82 -1690 -17.27 -17.25

1. Henry et al., 2005
2. Luhretal., 1984
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Introduction

The chemical composition of biotite in
mineralization associated with granitoids and
copper porphyry deposits is sensitive to several
chemical and physical factors. It is also related to
magmatic and hydrothermal activities including
water concentration, halogen and metal deposits,
oxidation-sulfidation equilibrium, volatility (in
melt-fluid-vapor equilibrium), elemental
distribution relationships, and temperature and
pressure of economic deposits (Webster, 1997,
2004).

Material and methods

Detailed field studies have been done, and several
thin sections and polished thin sections were
studied by conventional petrographic methods.
Thirty points of biotite grains were selected and
analyzed by a CAMECA SX Five electron probe
micro-analyzer with 15 kV accelerator voltage and
20 nA beam current (5 pum beam size) at the
Institute of Geology and Geophysics in the Chinese
Academy of Sciences (IGG-CAS). The results
were processed using MICA * software (Yavuz,
2003a, 2003b).

Results and Discussion

The Geysour granitoid pluton (Lower Cretaceous)
consists of granodiorite, mafic microgranular
enclaves, and micro-granite sill. The granodioritic
rocks are mainly composed of plagioclase, quartz,
K-feldspar and biotite along with accessory
minerals of zircon, apatite and magnetite. Mafic
microgranular enclaves are composed of quartz
diorite, granodiorite and biotite granite, with fine-
grained to porphyry texture and large eyes of quartz

and plagioclase assemblages. The microgranite has
porphyry texture with a fine-grained groundmass.
Its phenocrysts are plagioclase, quartz and biotite
along with accessory minerals of allanite, needle
like apatite, epidote and calcite.

Biotite is the only ferromagnesian mineral in the
Geysour granitoid which falls into the category of
real trioctahedral mica. The biotites of granodiorite
and enclave samples are in group I and group of
ferrous Dbiotites. The biotites of microgranite
samples are in group I and group of magnesium
biotites (Tischendorf et al., 1997). In the 10*TiO,-
(FeOwitMnO)-MgO ternary diagram (Nachit et al.,
2005) all the analyzed biotites fall into the field of
reequilibrated primary biotite. The formation
temperatures of biotites in granodiorite, enclave
and microgranite are 653-732 °C, 631-724 °C and
689-732 °C, respectively (Luhar et al., 1984; Henry
et al., 2005). The mean pressure values are about 4
Kbar for granodiorite and enclave and 2 Kbar for
microgranite (Uchida et al., 2007). Biotites of
granodiorite and enclave biotites are located on top
of the NNO buffer, which correspond to biotite
compositions of magnetite series magmas, and
biotites of microgranite lie below the NNO buffer
line and within the QFM buffer range. Biotite
composition based discriminant diagrams cannot
be used to determine the tectonic setting of the
Geysour granitoids because they are low
temperature I-type granites. The mean logarithmic
ratios of fH20 to fHF and fHCI, and fHF to fHCI
for the rocks studied are as follows:
log(fH20/fHF)™"4=4 56, log(fH20/fHC1)™'=4.47
and log(fHF/fHC1)™!9=-0.53. The first two values
are much larger than 1 indicating that the fluids are
rich in water. Also, all biotites have high angles
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with  linear trends of  log(fHF/fHCI),
log(fH,O/fHCI) and log(fH,O/fHF) indicating
changes in fugacity conditions and halogen content
of the fluid due to wall-rock reaction (Boomeri et
al., 2009). Hydrothermal fluid fugacity ratio has
been calculated for biotites of granodiorite,
enclaves and microgranite samples at mean
temperature of 661 °C, 654 °C and 703 ° C,
respectively, which indicate that hydrothermal
fluids are of potassic type, because the
log(fH.O/fHCI) is high, the log(fHF/fHCI) is
slightly negative and the log(fH,O/fHF) is lower
than that of phyllic alteration (Selby and Nesbitt,
2000). Meanwhile the magmatic fluid is
significantly different from porphyry-type fluids
(Baldwin and Pearce, 1982; Mason and Feiss,
1979; Selby and Nesbitt, 2000).
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