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Sample No. Gd, Gd, Peg Peg H H H H H Sch Sch
Mineral type Grt; Grt, Grt Grt Grt Grt Grt Grt Grt Grt Grt
SiO, 37.05 3538 36.2 35.94 37.23 3627  36.01 36.11 3585 3587 36.23
Al,O3 21.65 20.56 21.24 21.21 21.85 21.05 21.15 21.25 21.15 20.74 21.01
MgO 3.36 1.2 0.6 0.83 1.41 17 16l 1.64 1.65 0.8 1.22
FeO 34.92 29.25 32.47 342 28.45 33.89 36.92 36.24 34.18 28.38 28.13
TiO, 0.06 0.12 0.02 0.02 0.09 0.04 0.09 0.03 0.03 0.02 0
MnO 3.32 11.04 11.07 8.45 11.94 6.33 3.78 4.56 6.22 12.77 12.76
Ca0o 1.17 12 0.15 0.3 0.93 1.11 1.15 1.1 1.1 1.25 1.14
Na,O 0.02 0.05 0.01 0.04 0 0.01 0 0.02 0 0.03 0.02
K20 0 0.02 0 0 0 0 0.01 0 0 0 0
Cr,0, 0.01 0.07 0.02 0.02 0 0.03 0.03 0.02 0.03 0.03 0.03
NiO 0.07 0.02 0.04 0.02 0.01 0 0.05 0.03 0.02 0.04 0
Total 101.62 98.89 101.81 101.03 101.92 100.43 100.8 100.99 100.25 99.93 100.55
Si 295 294 2.94 2.94 2.97 296 293 2.93 293 296 2.96
Al 2.03 2.01 2.03 2.04 2.06 2.02 2.03 2.04 2.04 2.01 2.02
Mg 04 0.5 0.07 0.1 0.17 021  0.19 0.2 0.2 0.1 0.15
Fe 2.32 2.03 2.21 2.34 1.9 2.31 2.52 2.46 2.34 1.96 1.92
Ti 0 0.01 0 0 0.01 0 0.01 0 0 0 0
Mn 022 0.78 0.76 0.58 0.81 044 026 0.31 043  0.89 0.88
Ca 0.1 0.11 0.01 0.03 0.08 0.1 0.1 0.1 0.1 0.11 0.1
Na 0 0.01 0 0.01 0 0 0 0 0 0 0
Total 8.03  8.05 8.04 8.04 7.99 8.03  8.04 8.05 8.04  8.04 8.03
Pyr 13.1 4.84 2.38 3.32 5.68 6.76 6.35 6.46 6.57 3.23 4.87
Alm 76.3 66.32 72.26 76.65 64.3 75.74 81.89 80.21 76.24 64 62.93
Grs 3.27 3.49 0.42 0.86 2.7 3.18 3.28 3.11 3.14 3.61 3.27
Sps 734 2535 24.94 19.18 27.32 1432 848 10.23 14.05  29.16 28.92
Total 100 100 100 100 100 100 100 100 100 100 100
(Pyr=pyrope; alm=almandine; grs=grossular; sps=spessartine)

Sample No. Qd Qd Qd Sample No. Gd H H H H H H Qd Gd Mgr
Mineral type Hbl Hbl Hbl Mineral type Ms Ms Bt Bt Bt Bt Bt Bt Bt Bt
SiO, 49.25 49.27 49.71 SiO, 46.04 60.28 3479 33.53 349 3513 3494 36.59 3425 33.59
Al,O3 542 5.66 5.53 Al,O3 3448 2735 19.92 19.35 23 19.81 2035 1499 18.87 18.22
MgO 13.57 13.45 13.41 MgO 0.96 0.36 8.66 8.6 7.55 8.28 8.52 11.71 7.08 5.77
FeO 15.74 14.61 15.37 FeO 1.94 0.7 21.09 2146 18.62 20.84 20.67 1497 1896 20.23
TiO, 0.7 0.85 0.79 TiO, 0.57 0.19 1.83 1.89 145 1.64 137 379 4.69 496
MnO 0.48 031 0.42 MnO 0.03 0 03 026 032 024 029 351 234 224
CaO 10.69 11.37 11.4 Na,O 0.38 0.87 025 0.27 0.3 03 029 0.04 0 0.03
Na,O 0.71 0.79 0.7 K,O 9.18 6.56 808 743 7.04 807 779 0.12 0.19 0.06
K,O 042 05 043 Cr,0; 0.1 0.01 0.06 007 0.06 0.06 009 857 857 8.49
Cr,0, 0.08 0.1 0.04 NiO 0 0.04 0.07 0.1 0 005 0.01 0.11 003 0.08
NiO 0.04 0 0.05 Total 93.75 96.41 95.07 93.09 9329 9445 9446 9458 952 942
Total 97.11 96.9 97.83 Si 3.1 378 266 263 2.65 27 268 279 266 2.67
Si 711 7.18 17.18 AlY 09 022 134 137 135 1.3 1.32 1.21 1.34  1.33
Al'Y 0.89 0.82 0.82 Total 4 4 4 4 4 4 4 4 4 4
sumT 8 8 8 Al 1.84 1.8 046 042 072 049 051 014 039 037
AV 0.03 0.15 0.12 Mg 0.l 0.03 099 101 08 095 097 133 082 068
Ti 0.08 0.09 0.09 Fe 0.11 0.04 135 1.41 1.18 134  1.32 1.2 1.54 1.67
Fe® 1.11 0.6 0.73 Ti 0.03  0.01 0.11 0.11 0.08 0.09 0.08 02 0.14 0.13
Cr 0.01 0.01 0 Mn 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Mg 292 292 2.89 Ca 0.01 0 0 0.01 0 0 0.01

Fe? 0.79 1.18 1.13 Cr 0.01 0 0 0 0 0 001 0.01 0 0
Mn 0.06 0.04 0.05 Tot 2.09 1.9 291 297 286 289 292 2.9 29 288
sum C 5 5 5 Na 0.05 0.11 004 0.04 0.04 004 0.04 0.02 003 0.01
Ca 1.65 1.78 1.76 K 0.79 052 079 074 068 079 076 0.84 085 0.86
Na 0.2 0.22 0.2 Total 6.93 6.53 774 775 7.59 772 7.72 7.75 7.78 1.75
sum B 1.85 2 196

K 0.08 0.09 0.08

sum A 0.08 0.09 0.08
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Sample No. Peg Peg Peg Peg Mgr Mgr Qd Qd Qd Gd Gd Mgr Mgr H H
Mineral type FI Fl Fl FI FI FI PI PI PI PI PI PI PI PI PI
SiO, 642 639 647 659 635 623 563 548 527 58.1 550 62.1 558 582 59.8
Al,O3 190 19.1 219 22.1 193 19.0 278 29.1  30.1 273 29.1 228 276 264 25.8
MgO 00 0.0 00 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0
FeO 00 0.0 00 0.0 0.0 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TiO, 00 0.0 00 0.0 0.0 0.1 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0
MnO 00 0.0 00 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0
CaO 00 00 25 2.0 0.0 0.1 9.5 109 122 8.6 10.6 3.8 92 1.7 6.9
Na,O 1.4 1.0 102 10.4 0.6 05 6.1 54 46 6.6 5.4 5.9 54 713 7.7
K20 13.6  14.0 0.1 0.2 105 11.4 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.0
Cr,0, 0.1 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NiO 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total 983 98.1 997 1007 940 935 999 1004 99.6 100.8 100.3 948 981 99.6 100.2
Si 30 30 29 2.9 3.0 30 25 25 24 2.6 2.5 2.9 25 26 2.7
Al 1.0 1.1 1.1 1.1 1.1 1.1 1.5 1.5 1.6 1.4 1.5 1.2 1.5 1.4 1.4
Ca 00 0.0 0.1 0.1 0.0 0.0 05 05 0.6 0.4 0.5 0.2 05 04 0.3
Na 0.1 0.1 0.9 0.9 0.1 0.0 05 05 04 0.6 0.5 0.5 0.5 0.6 0.7
K 08 08 00 0.0 0.6 0.7 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total 50 50 5.0 5.0 4.8 48 5.0 50 5.0 5.0 5.0 4.8 50 5.0 5.0
Xab 0.1 0.1 0.9 0.9 0.1 0.1 0.5 05 04 0.6 0.5 0.7 05 0.6 0.7
Xan 00 00 0.1 0.1 0.0 0.0 05 05 0.6 0.4 0.5 0.3 05 04 0.3
Kor 0.9 0.9 0.0 0.0 0.9 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

(ab=albite; an=anorthite; or=orthose)
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MgO - 0.02 - 0.02 0.16
K,0 0.02 0.03 0.03 0.03 0.05
FeO 0.32 0.49 0.43 0.64 0.86
Al,O; 23.70  23.67 23.46 23.73 23.43
F 0.05 0.02 - - -
SO, - - 0.01 0.00 0.01
MnO 0.02 - - 0.03 0.01
P,Os - 0.00 0.02 0.01 0.01
Cr,0; - 0.02 0.02 - 0.01
Sro 0.03 0.02 - 0.01 0.02
TiO, 0.09 0.10 0.13 0.07 0.03
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Abstract

The composition of Boroujerd granitoid varies from quartz diorite, granodiorite to
monzogranite associated with acidic dykes intruded into the Hamedan phyllite and
developed a metamorphic aureole. On the basis of mineral chemistry the biotites have
different compositions and their parent magma has subalkaline to calc-alkaline nature.
The studied amphiboles are classified as calcic (magnesio-hornblende) which point to
the I-type nature of the Boroujerd granitoid. Plagioclases vary from andesine-oligoclase
to labradorite, alkali feldspars occur as orthoclase and those in pegmatites are sodic
(albite) and potassic (orthoclase). The changes in feldspar composition in different units
are normal indicating magma differentiation. In all samples, garnet displays zoning and
is almandine-spessartine in composition. Also, garnet in hornfelses and granodiorites is
cogenetic and nonmagmatic, but in pegmatites it has magmatic nature. Al-barometer
accounts that the pressure of amphibole crystallization is 0.43 to 1.61Kbar and Al
versus Fep/(Mg+Fewn) accounts the pressure between 1 to 3 Kbar. Hornblende -
plagioclase thermometer shows 653 to 732 °C for equilibrium of these two minerals and
garnet-biotite thermometer shows 472 °C for garnet-biotite in hornfelses. The estimated
oxygen fugacity (log fO, varies between -18.3 to -15.6) imply an oxidation magma
(confirms magnetite and enrichment of Mg in amphibole) and its formation in
convergent plate boundary.

Keywords: Boroujerd, Thermometry, Sanandaj-Sirjan Zone, Mineral chemistry,
Barometry
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