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Table 1. Microprobe analysis of garnet-bearing units in the Kamari and Abaro areas. Separation of iron (11) and Fe (I11)

have been determined by Droop (1987) method. Calculation of structural formula has determined using 24 oxygen
method and determination of the end-member using Minerals Spreadsheet software (Preston and Still, 2001) was done.

Garnet schist of Kamari (K-M) Garnet hornfels of Abaro (AB-H-100)
points—> N\1(rim) 2/1 3/1(center) 41 5\1(rim) 1\1(rim) 2/1  3/1(center) 4/1(rim)
SiO; 36.90 36.50 36.44 36.63 36.32 37.87 38.18 38.18 38.09
TiO; 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al,O; 20.60 20.57 20.63 20.51 20.42 21.31 21.53 21.43 21.40
Cr,03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe,03 0.00 1.22 0.11 0.53 0.00 0.00 0.00 0.00 0.00
FeO 30.59 29.76 27.66 28.73 30.63 33.25 34.17 33.99 34.81
MnO 6.27 8.75 10.38 9.46 5.68 2.16 241 2.57 2.35
MgO 2.31 2.31 1.74 1.95 2.35 3.29 341 3.47 3.23
NiO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Zn0O 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ca0o 1.72 1.83 1.92 1.88 1.73 0.25 0.25 0.25 0.24
Total 98.39 100.93 98.87 99.69 97.13 98.13  99.95 99.89 100.30
Si 3.021 2.951 2.994 2.988 3.012 3.041  3.028 3.032 3.026
Al 0.000 0.049 0.006 0.012 0.000 0.000  0.000 0.000 0.000
AlY 1.990 1.917 1.993 1.963 1.998 2.033  2.025 2.017 2.013
Ti 0.000 0.000 0.000 0.000 0.000 0.000  0.000 0.000 0.000
Cr 0.000 0.000 0.000 0.000 0.000 0.000  0.000 0.000 0.000
Fe¥* 0.000 0.074 0.007 0.032 0.000 0.000  0.000 0.000 0.000
Fe** 2.109 2.012 1.900 1.961 2.138 2,331  2.337 2.322 2.365
Mn 0.435 0.599 0.722 0.654 0.399 0.147  0.162 0.173 0.158
Mg 0.282 0.278 0.213 0.237 0.291 0.394  0.403 0.411 0.383
Ni 0.000 0.000 0.000 0.000 0.000 0.000  0.000 0.000 0.000
Zn 0.000 0.000 0.000 0.000 0.000 0.000  0.000 0.000 0.000
Ca 0.151 0.159 0.169 0.164 0.154 0.022 0.021 0.021 0.036
Total 7.988 8.038 8.004 8.012 7.992 7.968  7.977 7.976 7.980
Almandine 70.85 64.89 63.11 64.69 71.72 80.57  79.95 79.33 80.40
Andradite 0.00 3.76 0.33 1.63 0.00 0.00 0.00 0.00 0.00
Grossular 5.07 1.61 5.32 3.87 5.16 0.74 0.73 0.73 1.22
Pyrope 9.47 9.43 7.12 7.94 9.74 13.61  13.79 14.03 13.01
Spessartine  14.61 20.31 24.13 21.88 13.38 5.08 5.54 5.91 5.38

Uvarovite 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Minerals Spreadsheet ,I5-8l o, 3l ooliiwl L oles slael uni g o 5S1 24 3, 4 5,50 Jge 3 anls 4 (Droop, 1987)

.wlowss oy (Preston and Still, 2001)

Continued Table 1. Microprobe analysis of garnet-bearing units in the Kamari and Abaro areas. Separation of iron (1)

and Fe (111) have been determined by Droop (1987) method. Calculation of structural formula has determined using 24
oxygen method and determination of the end-member using Minerals Spreadsheet software (Preston and Still, 2001)

was done.

Garnet pegmatite of Abaro (AB-Gr-2)

points—> N\1(rim) 2/1 4\1(center) 5/1 6/1 7/1(rim)

Sio, 36.10  35.88
Tio, 0.29 1.33
AlL,O; 20.47 20.21
Cr,04 0.00 0.00
Fe,05 0.00 0.00
FeO 30.42 30.67
MnO 10.72 11.35
MgO 0.36 0.36
NiO 0.00 0.00
ZnO 0.00 0.00
CaO 0.19 0.18
Total 98.55 99.98
Si 2.998 2.958
AlY 0.002 0.042
Al 2.007 1.923
Ti 0.018  0.082
Cr 0.000  0.000
Fe* 0.000  0.000
Fe?* 2.147 2.121
Mn 0.754  0.793
Mg 0.045  0.044
Ni 0.000  0.000
Zn 0.000  0.000
Ca 0.017  0.016
Total 7.99 7.98

Almandine 72.47 71.05
Andradite 0.00 0.00
Grossular 0.57 0.54
Pyrope 1.50 1.50
Spessartine 25.46 26.91
Uvarovite 0.00 0.00
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35.96 35.80 35.44 34.91
0.84 0.30 0.00 1.20
20.42 2041  20.27 19.74
0.00 0.00 0.00 0.00
0.04 0.01 1.05 0.83
31.50 31.60  31.25 30.70
10.90 10.41  11.68 11.62
0.33 0.38 0.37 0.27
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.25 0.24 0.19 0.20
100.23 99.15 100.24 99.47
2.962 2979  2.939 2.917
0.038 0.021  0.061 0.083
1.946 1981  1.926 1.866
0.052 0.019  0.000 0.075
0.000 0.000  0.000 0.000
0.002 0.001  0.065 0.052
2.170 2.199  2.168 2.146
0.761 0.734  0.821 0.823
0.041 0.047  0.046 0.034

0.000 0.000  0.000 0.000
0.000 0.000  0.000 0.000

0.022 0.021  0.017 0.018
7.99 8.00 8.04 8.01
72.21 73.07  69.95 70.04
0.11 0.03 0.57 0.61
0.64 0.69 0.00 0.00
1.37 1.58 1.56 1.15
25.68 2463  27.92 28.19
0.00 0.00 0.00 0.00
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Fig. 1. Simplified map of Hamadan area (Shahbazi et al., 2010; Baharifar et al., 2004; Torkian, 1995) and garnet-

bearing samples position in the Kamari and Abaro areas.
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Fig. 2. Field and microscopic images of garnet-bearing units in the Kamari and Abaro areas: A: Field image of garnet-
bearing pegmatite and aplite units, B: Microscopic image of garnet in the aplites, C: Field image of garnet-bearing
schist, D: Field image of garnet-bearing hornfels, E: Microscopic image of garnet in the spotted schist that it is formed
by contact metamorphism due to the lack of pressure shadow and put on the schistosity, F: Microscopic image of garnet
in hornfels. Minerals abbreviation in this article is based on Kertz, 1983. Grt=garnet
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Introduction

The area of this study is located near Hamadan
within the Sanandaj - Sirjan tectonic zone. In the
Hamadan area, consisting mainly of Mesozoic
plutonic and metamorphic rocks, aplites and
pegmatites locally contain garnets.(Baharifar et
al., 2004, Amidi and Majidi, 1977; Torkian,
1995. Garnet-bearing schists and hornfelses in
the area are products of regional metamorphism
shown by slate and phyllite (Baharifar, 2004). In
this investigation the distribution of elements in
garnet in different rock type was studied to
determine their mineral types and conditions of
formation. Garnet samples from igneous and
metamorphic rocks were analyzed by electron
microprobe (EMPA), the results of which are
presented in this article.

Materials and methods

Thirty-five samples were selected for thin section
preparation and twenty thin-polished sections
were prepared for mineralogical and microprobe
analysis. Thin sections of garnet-bearing igneous
(pegmatite) and metamorphic rocks (schist and
hornfels) were studied by polarizing microscope.
Chemical analysis was performed on the garnets
(38 points) using a Caimeca SX100 electron
microprobe at an acceleration voltage of 15 kV
and electric current of 15 nA in the Mineral
Processing Research Center, Iran. Separation of
iron (I1) and Fe (Ill) was calculated by Droop’s
method (1987) and the structural formulas of the
garnets were calculated using 24 oxygens to
determine the relative proportions of the end-
members using the mineral spreadsheet software
of Preston and Still (2001).

*Corresponding authors Email: khalagi2002@yahoo.com

Results

Based on the analyses, almandine (Fe - Al garnet)
and spessartine (Mn - Al garnet) are the principal
types of the (Kamari) metamorphic and (Abaro)
pegmatitic garnets, that belong to the well-known
pyralspite garnet group. Chemical zoning patterns
of the garnets in the metamorphic rocks (schists)
differ from those in the igneous rocks (pegmatite),
showing different compositions from core to rim.
Petrographic evidence such as: co-existing
tourmaline with pegmatite garnets and andalusite
with schist garnets; zoning in garnets (oscillatory
zoning of Al in pegmatite garnet, Mn increasing
in the cores of schist garnet contrasted with Mn
decreasing in the cores of pegmatite garnets; the
decrease of Mg in the cores of pegmatite garnets,
contrasted with the increase of this element in the
cores of schist garnets; and the linear trends of Al
and Ca in hornfels garnets) Pyrope garnet
composition in schist indicates a closed system
for garnet formation condition in schist and a
magmatic source for pegmatites.

The compositions of garnets from schists change
from AIm0.63, Prp0.07, Sps0.24, Grs0.05 in the
cores, to Alm0.71, Prp0.09, Sps0.13, Grs0.05 in
the rims. Garnets from pegmatites show a change
from Alm0.73, Prp0.015, Sps0.24, Grs0.07 in the
cores, to Alm0.71, Prp0.011, Sps0.28, Grs0.00 in
the rims. Garnets from hornfelses showed changes
from Alm 0.79, Prp0.14, Sps 0.06, Grs0.07 in the
cores to Alm 0.8, Prp0.13, Sps 0.05, Grs0.01 in
the rims.

Discussion

The percent of almandine and spessartine in the
garnets of the schists and pegmatites are higher
than that of garnets in the hornfelses. Almandine
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and spessartine in the pegmatite garnets from core
to rim show a completely reversed trend. In the
schist garnets from core to rim, the almandine
trend is decreasing outward- increasing inward,
while the spessartine trend is increasing -
decreasing. In the hornfels garnets no specific
trend could be determined, there is no zoning.
This difference in trend between pegmatite
garnets from that in schist garnets and hornfels
garnets shows differences in their origin. Texture
homogenization, rich in potassium, metaluminous
to peraluminous magma of Hamedan granitoid
intrusion (Aliani et al., 2012), Peraluminous
biotite in this intrusion and lack of garnet zoning
show that garnet pegmatites have been formed
directly from granitic melt crystallization.
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