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Petrology of skarns in the north and the southwest
of Qazan (South Qamsar) with emphasis on the
mineral chemistry of garnet and pyroxene

Maria Chavideh, Seyed Mohsen Tabatabaei Manesh * and Mohammadali Mackizadeh
Department of Geology Faculty of Science, University of Isfahan, Isfahan, Iran

Abstract

The Oligo-Miocene Qazan granitoid body caused contact metamorphic of surrounding
rocks and skarn formation in the wall limestone. The main intrusive rocks are
essentially granite to diorite in composition. Two different types of skarn, exo and
endoskarn have been developed. On the base of microprobe data, the northern skarn are
characterized by zoning and the amounts of andradite and grossular changes oscillatory.
While garnets from the southwestern skarn is predominantly andradite in composition.
Using Fe/Ti vs. Al/ (Al+Fe+Mn) diagram that were calculated based on the mole
percent of the used elements, it is estimated that about less than 50 percent
hydrothermal waters were involved for the northern skarn whereas it was over this
amount for the southwestern skarn. This leds to difference in garnet composition. The
composition of clinopyroxene in both skarns is the same (diopside). As a result,
hydrothermal fluids have not had much influence on pyroxene genesis. With regards to
the occurrence of mineral assemblage and the presence of wollastonite in the skarns
under study, these rocks have evolved in temperature above 500 ° C and O, fugacity in
the range of 10" to 10™,
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Sample No. gl-122 22-123 g3-124  g4-125 25-126 g6-127  g7-128  g8-129  g9-130 g10-131
Location Rim Near-rim Near-core Core Near-core Near-rim Rim Rim Rim Rim
SiO, 37.20 37.33 37.25 37.21 36.91 36.99 37.17 37.18 36.92 37.56
TiO, 0.55 0.53 0.53 0.50 0.50 0.62 0.59 0.59 0.96 0.54
AlLOs 10.77 10.33 991 10.64 9.74 10.18 10.35 11.19 9.64 11.31
Cr,0; 0.00 0.00 0.00 0.00 0.00 0.00 0.32 0.01 0.22 0.00
Fe,0; 10.86 12.23 12.15 11.58 12.66 12.44 11.48 10.64 12.00 10.35
FeO 4.67 5.25 521 4.97 543 533 493 4.57 5.14 443
MnO 0.63 0.58 0.58 0.58 0.70 0.66 0.68 0.57 0.64 0.38
MgO 0.16 0.16 0.11 0.12 0.07 0.09 0.12 0.12 0.12 0.21
Ca0 33.95 33.67 33.69 33.76 33.36 33.06 34.32 34.02 33.53 34.73
Total 98.79 100.08 99.43 99.36 99.37 99.37 99.96 98.89 99.17 99.51
Si 2.97 2.96 2.97 2.96 2.95 2.96 2.96 2.97 2.96 2.97
AlY 0.03 0.04 0.02 0.03 0.04 0.04 0.02 0.04 0.03 0.03
AlM 0.99 0.92 091 0.96 0.88 0.92 0.93 1.02 0.88 1.02
Ti 0.03 0.03 0.03 0.03 0.03 0.04 0.03 0.03 0.06 0.03
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00
Fe** 0.97 1.05 1.05 1.01 1.11 1.04 1.03 0.93 1.03 0.94
Fe** 0.03 0.08 0.07 0.06 0.07 0.11 0.03 0.06 0.08 0.01
Mn 0.04 0.04 0.04 0.04 0.05 0.05 0.04 0.04 0.04 0.03
Mg 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.04
Ca 291 2.86 2.88 2.88 2.86 2.83 291 291 2.88 2.94
Total 8.16 8.16 8.20 8.15 8.16 8.16 8.16 8.01 8.16 8.16
Almandine 1.13 2.54 2.47 1.98 2.26 3.67 1.08 1.88 2.74 0.42
Andradite 48.80 52.28 52.77 50.43 55.04 52.16 51.43 46.58 52.23 46.95
Grossular 4791 43.24 42.98 45.76 40.78 42.31 45.37 49.70 42.42 50.96
Pyrope 0.63 0.63 043 0.47 0.28 0.36 0.47 0.47 0.47 0.82
Spessartine 1.42 1.30 1.30 1.31 1.59 1.49 1.53 1.28 1.44 0.85
Uvarovite 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.03 0.70 0.00
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(Gl 00l oy

Sample No. 1-146 2-147  3-148  4-149 5-150 6-151 7-152  8-153 9-154 10-155
Location Near-core Near-core Core Core Near-core Near-core Near-rim Rim Rim Rim
SiO, 34.95 35.07 34.00 34.94 34.79 34.83 3488  39.07 35.04 34.88
TiO, 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.02 0.01 0.00
AlLOs 0.00 0.00 0.11 0.49 0.12 0.17 0.00 0.89 0.00 0.00
Cr;0; 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe,0; 25.06 2521 2575 2423 24.83 24.83 25.08 21.51 25.12 25.07
FeO 5.79 6.13 428 5.93 5.96 5.64 6.06 6.46 6.03 5.79
MnO 0.04 0.04 0.05 0.44 0.14 0.11 0.08 0.36 0.54 0.73
MgO 0.06 0.07 0.03 0.00 0.04 0.07 0.06 0.07 0.07 0.06
Ca0 33.05 3297 3470 32.38 32.70 33.00 32.80 31.20 32.55 32.49
Total 98.95 99.49  98.92 9841 98.59 98.66 98.96  99.58 99.37 99.02
Si 3.03 3.02 2.95 3.04 3.02 3.02 3.02 3.27 3.03 3.02
AV 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00
AlY 0.00 0.00 0.00 0.05 0.01 0.02 0.00 0.09 0.00 0.00
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe?* 1.63 1.64 1.68 1.58 1.62 1.62 1.64 1.36 1.63 1.64
Fe?* 0.42 0.44 0.31 0.43 043 041 0.44 0.45 0.44 0.42
Mn 0.00 0.00 0.00 0.03 0.01 0.01 0.01 0.03 0.04 0.05
Mg 0.01 0.01 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01
Ca 3.07 3.05 3.23 3.01 3.05 3.07 3.05 2.80 3.01 3.02
Total 8.16 8.16 8.20 8.15 8.16 8.16 8.16 8.01 8.16 8.16
Almandine 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Andradite 100.00 100.00  99.34  96.93 99.25 98.94 100.00 9391 100.00 100.00
Grossular 0.00 0.00 0.37 1.75 0.12 0.36 0.00 4.50 0.00 0.00
Pyrope 0.00 0.00 0.15 0.00 0.21 0.37 0.00 0.40 0.00 0.00
Spessartine 0.00 0.00 0.14 1.32 0.42 0.33 0.00 1.18 0.00 0.00
Uvarovite 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Sample No. 1-g 2-g 3-g 4-g 5-g 6-g 7-g 8-g 9-g 10-g
Analysis 209 210 211 212 213 214 215 216 217 218
SiO, 52.98 52.10 52.92 5291 53.47 52.79 51.66 52.79 53.10 52.55
TiO, 0.06 0.05 0.06 0.04 0.00 0.01 0.05 0.00 0.09 0.06
AlLOs 0.60 0.87 0.79 0.41 0.37 0.23 0.59 0.23 0.65 0.94
FeO 4.79 5.72 4.46 4.24 3.56 4.90 2.01 4.90 433 4.72
Fe,0; 2.05 2.49 1.99 1.85 1.62 2.14 4.67 2.14 1.71 2.05
MnO 0.74 0.74 0.70 1.09 1.09 0.78 0.76 0.78 1.36 0.74
MgO 14.23 13.32 14.58 14.35 15.20 13.66 14.11 13.66 14.42 13.99
Ca0 25.35 25.01 25.25 25.36 25.16 23.97 24.25 23.97 25.08 25.33
Na,O 0.04 0.04 0.02 0.00 0.00 0.00 0.01 0.00 0.00 0.00
K;O 0.00 0.01 0.01 0.00 0.00 0.00 0.08 0.00 0.00 0.00
Total 100.84 100.35 100.78 100.25 100.47 98.48 98.19 98.47 100.74 100.38
Si 1.96 1.94 1.95 1.96 1.97 2.00 1.96 2.00 1.96 1.95
TAl 0.03 0.04 0.03 0.02 0.02 0.00 0.03 0.00 0.03 0.04
TFe** 0.02 0.02 0.02 0.02 0.02 0.00 0.01 0.00 0.01 0.01
M;Al 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00
M, Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
M, Fe** 0.04 0.05 0.04 0.03 0.03 0.06 0.12 0.06 0.04 0.05
M, Fe?* 0.15 0.18 0.14 0.13 0.11 0.16 0.06 0.16 0.13 0.15
M;Mg 0.78 0.74 0.80 0.79 0.83 0.77 0.80 0.77 0.79 0.77
M,Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
M,Fe?* 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
M,Mn 0.02 0.02 0.02 0.03 0.03 0.03 0.02 0.03 0.04 0.02
M,Ca 1.00 1.00 1.00 1.01 0.99 0.97 0.99 0.97 0.99 1.01
M;Na 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MK 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sum 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
Wollastonite 49.79 49.68 49.54 49.93 49.25 49.00 49.16 49.00 49.37 50.16
Enstatite 38.89 36.82 39.80 39.31 41.40 38.85 39.80 38.85 39.50 38.54
Ferrosillite 11.32 13.50 10.66 10.77 9.35 12.15 11.04 12.15 11.13 11.30
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Sample No. J-1 J-2 J-3 J-4 J-5 J-6 J-7 J-8 J-9 J-10
Analysis Point 63 64 65 66 67 68 69 70 71 72
SiO, 53.34 53.27 52.98 53.56 53.23 53.42 53.45 53.37 53.06 53.69
TiO, 0.00 0.00 0.00 0.00 0.02 0.00 0.02 0.00 0.00 0.00
ALO; 0.06 0.08 0.06 0.08 0.08 0.02 0.00 0.01 0.17 0.03
FeO 3.30 4.07 3.11 3.34 4.07 4.28 3.50 4.00 4.08 353
Fe;03 2.08 2.30 1.90 2.33 2.07 2.15 2.85 2.58 1.57 2.01
MnO 1.92 2.78 2.14 2.04 2.00 1.71 1.65 1.23 2.57 1.76
MgO 14.06 13.03 14.10 14.21 13.40 13.59 13.55 13.52 13.62 13.98
CaO 24.49 24.36 25.23 23.95 24.88 25.03 24.78 25.37 24.32 25.19
Na,O 0.06 0.07 0.04 0.02 0.10 0.00 0.07 0.05 0.12 0.02
K,O 0.00 0.03 0.01 0.01 0.01 0.01 0.03 0.00 0.02 0.02
Total 99.31 99.99 99.57 99.54 100.49 100.21 99.90 100.13 99.53 100.23
TSi 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
TAl 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00
TFe** 0.02 0.02 0.01 0.02 0.02 0.02 0.02 0.02 0.01 0.00
M;Al 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
M, Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
M,Fe** 0.02 0.02 0.01 0.05 0.06 0.02 0.03 0.08 0.07 0.02
M, Fe** 0.17 0.20 0.16 0.18 0.21 0.20 0.20 0.21 0.18 0.17
M;Mg 0.79 0.73 0.78 0.79 0.74 0.76 0.75 0.75 0.76 0.77
M;Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
M,Fe?* 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
M;Mn 0.06 0.09 0.07 0.07 0.06 0.05 0.05 0.04 0.08 0.06
M;Ca 0.98 0.98 1.01 0.96 0.99 1.00 0.99 1.01 0.98 1.00
M;Na 0.00 0.01 0.00 0.00 0.01 0.00 0.01 0.00 0.01 0.00
MK 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sum 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
‘Wollastonite 49.00 49.00 50.00 48.00 49.00 50.00 50.00 50.00 49.00 50.00
Enstatite 39.31 36.51 38.89 39.73 37.00 37.59 37.79 37.41 38.12 38.63
Ferrosillite 11.49 14.44 11.10 12.14 13.63 12.66 12.55 12.15 12.96 11.35
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