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Fig. 1. Simplified Geological map of the north of Shahreza taken from 1:100000 Shahreza Geological Quadrangle

(Zahedi, 1976)
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Fig. 2. A: Interlayer igneous horizons, and B: Contact of igneous horizon with carbonate rocks in north of Shahreza
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Fig. 3. Microphotographs of olivine basalts in north of Shahreza. A: glomeroporphyritic texture and assemblage of
olivine and pyroxene (PPL), B: sub ophitic texture and plagioclase, clinopyroxene and opaques (XPL), C: intersertal
texture and plagioclase with secondary calcites (XPL), D: interstitial quartz with plagioclase and intergranular texture
(XPL), E: sub idiomorphic olivine (XPL), and F: plagioclase phenocrysts and chloritized olivine (PPL). Abbreviations

after Whitney and Evans (2010) (PI: Plagioclase, Ol: Olivin, Cpx: Clinopyroxene, Cc: Calcite, Px: Pyroxene. Qz:
Quartz).
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Table 1. Microprobe analysis of the plagioclases in north of Shahreza and their structural formula based on 8 atoms of
oxygen

Sample 142 143 144 155 162 163 124 129 131 132 137
SiO: 5543 51.74 60.47 5137 55.19 5533 51.65 53.51 51.36 50.56 54.80
TiO: 0.00 0.10 0.07 0.11 0.02 009 0.07 0.09 0.06 0.05 0.06
ALOs 28.05 30.55 24.17 29.14 2635 28.01 29.97 2870 30.06 30.54 28.22
Cr:0;  0.00 0.00 0.02 0.00 0.00 0.04 0.00 000 0.00 0.00 0.00
FeO 1.55 0.64 035 0.85 0.05 050 056 066 061 054 055
MnO 0.00 0.02 0.00 0.00 0.05 0.00 0.02 0.02 0.00 0.01 0.02
MgO 041 0.07 0.00 0.09 0.08 0.09 0.14 0.08 0.11 0.13 0.08
CaO 7.71 12.85 6.48 1434 873 10.08 13.40 11.74 13.56 14.13 10.97
Na,O 447 359 7.2 3.88 880 531 390 489 387 3.62 5.28
KO 1.67 0.19 0.80 0.22 041 039 019 023 0.17 0.16 0.31
Total 99.29 99.75 99.48 100.0 100.0 99.84 999 9992 99.8 99.74 100.29
Si 253 236 272 2.34 244 250 235 242 234 231 2.47
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al .51  1.65 1.28 1.56 .37 149 1.61 153 1.61 1.64 1.50
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe** 0.00 0.00 0.00 0.03 0.00 0.00 0.02 003 0.02 002 0.02
Fe* 0.06 0.02 0.01 0.00 0.00 0.02 0.00 000 0.00 0.00 0.00
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mg 0.03 0.01 0.00 0.01 0.01 0.01 0.01 001 0.01 0.01 0.01
Ca 038 0.63 0.31 0.70 041 049 065 057 066 069 053
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na 040 032 0.62 0.34 075 047 034 043 034 032 046
K 0.10  0.01 0.05 0.01 0.02 002 0.01 001 0.01 0.01 0.02
An% 4334 65.66 3190 6632 3470 50.01 64.76 56.27 6533 67.69 52.51
Ab% 4548 33.18 63.41 3243 6338 47.70 34.14 4239 33.71 31.41 45.74
Or% 11.18 1.16 4.70 1.25 1.92 228 1.10 133 096 0.89 1.74
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Fig. 4. Classification of plagioclase in north of Shahreza based on chemical composition (Deer et al., 1992)
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Table 2. Microprobe analysis of amphiboles in north of Shahreza and their structural formula based on 23 atoms of
oxygen.

Sample 149 150 156 157 122 126 138 139
Si02 4699 47.14 49.02 4799 4624 46.78 4691 46.30
TiO2 1.45 1.01 0.82 0.80 1.05 0.90 1.08  1.02
ALOs 6.04 5.51 4.28 4.40 5.53 5.37 518 523
FeO 20.46  21.33 18.36 1837  20.83 20.16 20.00 20.64
MnO 0.24 0.31 0.17 0.21 0.28 0.23 029  0.26
MgO 11.08 10.95 12.59 12.87 1032 11.05 10.98 10.64
CaO 9.77 10.00 9.97 9.76 1020 991 10.05 9.86
Na.O 2.28 2.30 1.91 1.77 2.40 2.37 229 233
K>O 0.89 0.90 0.79 0.68 0.84 0.77 0.74  0.82
Total 99.2 99.45 9791 96.85 97.69 9754 9752 97.1

Si 7.02 7.06 7.31 7.25 7.06 7.11 7.13  7.10
Ti 0.16 0.11 0.09 0.09 0.12 0.10 0.12  0.12
AlY 1.032  0.966 0.74 0.78 0.869 0939 00917 0.938
AV 0.024  0.00 0.01 0.00 0.227  0.017 0.005 0.00
Fe® 0.00 0.00 0.00 0.00 0.00 0.00 0.00  0.00
Fe" 2.56 2.67 2.29 2.32 2.66 2.56 2.54  2.65
Mn 0.03 0.04 0.02 0.03 0.04 0.03 0.04  0.03
Mg 2.47 2.45 2.8 2.90 2.35 2.50 249 243
Ca 1.56 1.61 1.59 1.58 1.67 1.61 1.64 1.62
Na 0.66 0.67 0.55 0.52 0.71 0.70 0.67  0.69
K 0.17 0.17 0.15 0.13 0.16 0.15 0.14  0.16
Total 17.71 17.75 17.57 17.59 1776 1773  17.69 17.74
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Fig. 5. Classification of amphiboles in north of Shahreza based on chemical composition (Leake et al., 1997)
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Table 3. Microprobe analysis of clinopyroxenes in north of Shahreza and their structural formula based on 6 atoms of
oxygen

Sample 139A 140A 141A 147A 148A 151A 152A 158A 159A
SiO2 50.86  52.09 5220 5226 5226 5228 52.14 5283 50.65
TiO: 1.21 0.98 0.95 0.79 0.75 0.95 0.97 0.66 1.32
ALOs 2.60 2.66 1.81 1.66 1.80 1.70 2.37 1.82  2.63
FeO 1099 1024 10.76 10.44 10.17 10.16 9.34 831 12.00
MnO 0.26 0.28 0.30 0.24 0.18 0.22 0.15 0.20 0.26
MgO 1521 1539 1556 1550 1591 1534 1550 1690 14.29
CaO 19.13  19.23 1881 19.04 1934 19.74 2024 2035 18.59
Na.O 0.25 0.23 0.24 0.27 0.19 0.19 0.27 022 022
KO 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.04  0.00
Total 100.50 101.10 100.62 100.19 100.58 100.61 100.97 101.34 99.95

Si 1.89 1.92 1.93 1.94 1.93 1.94 1.92 1.92 1.90
Ti 0.03 0.03 0.03 0.02 0.02 0.03 0.03 0.02  0.04
Al 0.11 0.12 0.08 0.07 0.08 0.07 0.10 0.08 0.12
Cr 0.001 0.00 0.00 0.00 0.00 0.00 0.00 0.00  0.00
Fe* 0.07 0.02 0.02 0.02 0.04 0.02 0.03 0.06  0.03
Fe?* 0.27 0.30 0.31 0.30 0.28 0.30 0.25 0.19  0.35
Mn 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Mg 0.84 0.84 0.86 0.86 0.88 0.85 0.85 092  0.80
Ca 0.76 0.76 0.75 0.76 0.77 0.78 0.80 0.79  0.75
Na 0.02 0.02 0.02 0.02 0.01 0.01 0.02 0.02  0.02
En% 44.03 4330 4431 4423 4480 43.54 4392 4671 41.56
Fs% 1643 17.56 17.19 16.72 16.06 16.19 14.85 12.88 19.57
Wo% 3854 39.14 3850 39.05 39.14 4027 4123 4041 38.86
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Table 3 (Continued). Microprobe analysis of clinopyroxenes in north of Shahreza and their structural formula based

on 6 atoms of oxygen

Sample 160A 121T 123T 127T 128T 133T 134T 135T 136To
SiO: 51.05 51.68 50.86 5039 50.58 51.21 51.07 51.17 52.67
TiO: 1.15 0.83 1.08 1.17 089 093 1.03 1.01 0.63
ALOs 2.35 1.78  2.73 245 209 274 266 271 1.96
FeO 1033 10.11 951 1239 13.65 9.03 946 9.37 7.81
MnO 0.25 024  0.22 029 030 020 022 0.19 0.18
MgO 1485 1549 1495 1321 12.66 15.64 1535 1560 16.69
CaO 19.52  19.56  20.20 19.65 19.42 19.80 19.65 19.69 19.83
Na.O 0.28 0.21 0.24 029 023 026 025 0.27 0.23
KO 0.00 0.00  0.00 0.00 0.00 0.00 0.00 0.01 0.01
Total 99.78 9991 99.80 99.84 99.81 99.81 99.68 100.03 100.01

Si 1.91 1.92 1.89 190 192 190 1.09 1.90 1.94
Ti 0.03 0.02  0.03 0.03 0.03 0.03 0.03 0.03 0.02
Al 0.10 0.08 0.12 0.11  0.09 0.12 0.12 0.12 0.09

Cr 0.00 0.00  0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe* 0.04 0.05  0.05 0.05 004 005 004 0.05 0.02
Fe* 0.28 027  0.25 035 040 023 025 0.24 0.22
Mn 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Mg 0.83 0.86  0.83 074 072 086 0.85 0.86 0.92
Ca 0.78 0.78  0.81 079 079 079 078 0.78 0.78
Na 0.02 0.02  0.02 0.02 002 0.02 002 0.02 0.02
En% 42.84 4398 4295 38.52 3693 44.77 44.14 4457 47.24
Fs% 16.71 16.11 15.33 20.27 2235 14.50 1526 15.01 12.40
Wo% 4045 3991 41.72 41.21 40.72 40.73 40.60 4042 40.36
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Fig. 6. A: Q-J diagram (Na= Na pyroxene, Na-Ca= Na-Ca pyroxene, Quad=Ca-Mg-Fe pyroxene), and B:
clinopyroxene composition in north of Shahreza on Wo-En-Fs triangle diagram (Morimoto et al., 1988), yellow circle
belongs to low and very low-Ti and grey circle belongs to high-Ti pyroxenes (Beccaluva et al., 1989).
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Table 4. Microprobe analysis of opaque mineral in north of Shahreza

Sample 145 146 153 154 161
1 1 Ti-Mag  Ti-Mag 1

Si0O:  0.019  0.194 4739 12.149  0.001
TiO:  50.656 49.887  33.405  30.058  50.350
ALO; 0051  0.042 1.232 1363 0.032
FeO 48995 49341  51.092  49.844  48.620
MnO 0541 0577  0.031 0.2 0.48
MgO 0262  0.108 1.799 1.669  0.276
Cr:0; 0262  0.108 0 0 0.022
Total  100.786 100.257 92298 95283  99.781
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Fig. 7. A: SiO; versus Al,O; diagram and sub-alkaline affinity of the north of Shahreza rocks (Le Bas, 1962) and, B:
positive corrolation and low sleep of Ti versus Al displaying the sub-alkaline affinity of parent magma.
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Fig. 8. TiO; versus Al,O3; diagram and tholeiitic affinity of the samples in north of Shahreza (Le Bas, 1962)
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Fig. 10. Tectonic discrimination triangle diagrams of clinopyroxens in north of Shahreza, A: TiO,-MnO-Na,O diagram
(Nisbet and Peace, 1977), and B: TiO,- Ti0,-Si0,/100-Na,O diagram (Beccaluva et al., 1989)
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Fig. 11. Tectonic discrimination diagrams of clinopyroxens in north of Shahreza, A: Al(t) versus Ti (Beccaluva et al.,
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Introduction

The Shahzade-Ali Akbar area located at 68 Km
south of Isfahan is located in the southern zone of
the Cimmerian Sanandaj-Sirjan block as a part of
the northern shelf of the Neo-Tethyan Ocean
(Stampli and Borel, 2002). This area lies in the
Shahreza-Abadeh-Hambast belt and is well-
known for its classic Permian-Triassic outcrops.
The Lower Triassic carbonate rocks have hosted
several interlayer igneous horizons. The
composition of these rocks varies from olivine
basalt to quartz basalt and their hypabyssal
equivalents. Plagioclase (labradorite),
clinopyroxene (augite), olivine, amphibole and
guartz are major and ilmenite and titanomagnetite
are minor minerals. The main objective of this
research study is to investigate the geological,
geochemical and petrogenesis of igneous rocks
using mineral chemistry.

Materials and methods

More than 50 samples representing whole units
were selected in order to identify the geological
setting of the igneous horizon, and their thin
sections were prepared. Minerals and textures of
rocks were studied by using polarizing
microscope (Olympus BH-2). Then, 6 samples
were selected for mineral chemistry and their
mineral compositions were determined by
electron microprobe at the Naruto University,
Japan. The EPMA (Jeol- JXA-8800R) was used at

operating conditions of 15 kV, 20 nA. Minpet
software and spread sheet have been used for
mineral chemistry studies and mineral formula
calculations.

Discussion

Based on the field observations, igneous units that
are 120 centimeters to 10 meters thick have
basaltic composition and are interlayered with
Lower Triassic carbonate rocks. Microscopic
study showed that these rocks are composed of
plagioclase, clinopyroxene, olivine, amphibole,
quartz and opaque minerals (ilmenite and
titanomagnetite) and have porphyritic, ophitic,
intersertal to intergranular textures. These rocks
have undergone alterations and secondary
minerals are widespread. EPMA analyses show
andesine to labradorite composition,
clinopyroxene (augite) and amphibole (edenite).
In the Q-J diagram (Morimoto et al., 1988), all
clinopyroxenes are located in the Mg-Fe-Ca
(Quad) field. In the Wo-En-Fs diagram
(Beccaluva et al., 1989), clinopyroxens show
augitic with lessor amounts of diopside
composition. According to clinopyroxene
chemistry diagrams such as SiO, vs. Al;Os and Ti
vs. Al (Le Bas, 1962), the samples belong to sub-
alkaline series. Discriminate diagrams such as Ti-
0O, vs. Al;Os (Le Bas, 1962), Ti vs. Ca+Naand Ti
vs. Al (Leterrier et al., 198a2) are used for
identification of magma affinity. These diagrams
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show that the studied rocks are tholeiitic. The
rocks under study demonstrate the MORB feature
on tectonic discrimination diagrams (TiO:-
Si0,/100-Na;0, Beccaluva et al., 1989)

In the 2Ti+Cr+AlY' vs. Na+AlY diagram
(Morimoto et al., 1988) all clinopyroxenes are
located below the Fe**=0 line that indicates low
oxygen fugacity during crystallization
(Schweitzer et al.,, 1979). In Helz (1973)
diagrams, the pressure and percentage of magma
water estimated to be 2 to 10 Kbar pressure and
about 10% water content. In YPT vs. XPT
diagrams (Soesoo, 1997) the temperatures and the
pressure of clinopyroxene crystallization are about
1150-1200 °C and 2-10 Kbar respectively.

Results

The studied area had been a part of the
Cimmeride microcontinent (Horacek et al., 2007)
which had begun separating from the northern
margin of Gondwana during Triassic time
(Sengor, 1984), and traversed north to the
southern Eurasian border (Stampli and Borel,
2002).

In this area, several interlayer igneous rocks with
basaltic composition are seen with Lower Triassic
carbonate rocks.

Based on the chemical composition of pyroxenes,
the magma has sub-alkaline and tholeiitic affinity.
The crystallization of ilmenite-titanomgenetite
and diagram of clinopyroxenes crystallization
conditions illustrate the low level of oxygen
fugacity in the formation of the rocks under
discussion. The pressure of magma crystallization
is estimated to be between 2 and 10 kb, and the
magmatic water content is about 10%. The
studied rocks show MORB characteristics.
Interlayering with lower Triassic sediments, sub-
alkaline nature of the magma, low level oxygen
fugacity during crystallization and geotectonic
environment, suggest that the rocks have been
formed in the early stages of the opening of the
oceanic crust. A process that has led to the
formation of the Neo-Tethys Ocean in the later
stages.
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