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Fig. 1. Location of the Shurab area in sensor ETMT image of Landsat 7 image
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Fig. 2. Main structural units of Iran and location of the Shurab area (Alavi, 1980)
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Fig. 3. Simplified geological map of the Shurab area, part of the geology map of Aran, scale 1:100,000 (after Amini and
Emami, 1996). The study area is marked by the rectangle.
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Table 1. Microprobe analyses of clinopyroxen minerals in rocks of the Shurab area

Sample 1 2 3 4 5 6
Analysis CpX CpX CpX CpX CpX CpX
SiO, 49.65 50.38 50.86 51.4 50.57 49.9
TiO, 0.991  0.799 0.632 0.563 0.673 0.944
Al,O3 4868  3.783 451 4.764 5.736 4,961
FeO 8.861  8.856 5.823 5.72 5.782 8.25
Cr,0; 0.122  0.041 0.398 0.082 0.06 0
MnO 0.196  0.209 0.119 0.138 0.111 0.139
NiO 0.017 0.042 0.017 0.012 0.007 0.012
MgO 13.71 1391 15.26 15.66 15.06 14.01
CaO 21.43  21.85 21.97 21.47 21.43 21.38
Na,O 0.279  0.334 0.307 0.293 0.322 0.371
K,O 0 0 0 0 0.013 0

Total 100.1  100.2 99.9 100.1 99.75 99.97
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Table 1 (Continued). Microprobe analyses of clinopyroxen minerals in rocks of the Shurab area

Sample 7 8 9 10 11 12
Analysis cpX cpX cpX cpX cpX cpX
SiOo, 50.06 50.13 50.02 50.19 50.82 51.5
TiO, 0.953 0.85 0.857 0.854 0.872 0.83
AlL,O; 4.776 3.688 3.705 3.877 3.593 2.64
FeO 8.245 8.559 8.627 8.636 8.745 9.48
Cr,0; 0 0 0 0.057 0 0
MnO 0.17 0.188 0.222 0.217 0.21 0.29
NiO 0.003 0.006 0 0.007 0.034 0.01
MgO 14.05 14.07 14.08 14.05 13.95 13.8
CaO 21.54 21.87 21.87 21.77 21.7 21.3
Na,O 0.371 0.347 0.348 0.321 0.352 0.36
K,;0O 0 0.015 0.02 0.011 0.015 0.02
Total 100.2 99.72 99.75 99.97 100.3 100
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Table 2. Calculated structural formulae of clinopyroxene minerals in rocks of the Shurab area based on 6 Oxygen

Sample 1 2 3 4 5 6
Analysis  cpx cpX cpX cpX cpX cpX
TSi 1.843 1.868 1.869 1.881 1.858 1.848
TAI 0.157 0.132 0.131 0.119 0.142 0.152
TFe* 0 0 0 0 0 0
M1Al 0.056 0.033 0.064 0.086 0.106 0.065
MA1Ti 0.028 0.022 0.017 0.015 0.019 0.026
M1Fe* 0.061 0.077 0.041 0.02 0.019 0.06
M1Fe** 0.092 0.096 0.029 0.021 0.029 0.075
M1Cr 0.004 0.001 0.012 0.002 0.002 0
M1Mg 0.759 0.769 0.836 0.854 0.825 0.773
M2Mg 0 0 0 0 0 0
M2Fe?* 0.121 0.102 0.109 0.133 0.129 0.12
M2Mn 0.006 0.007 0.004 0.004 0.003 0.004
M2Ca 0.852 0.868 0.865 0.842 0.844 0.849
M2Na 0.02 0.024 0.022 0.021 0.023 0.027
M2K 0 0 0 0 0.001 0
Sum cat 4 4 4 4 3.999 4
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Table 2 (Continued). calculated structural formulae of clinopyroxene in rocks of the Shurab area based on 6 Oxygen

Sample 7 8 9 10 11 12
Analysis cpX cpX cpX cpX cpX cpX
TSi 1.851 1.865 1.86 1.863 1.883 1.916
TAI 0.149 0.135 0.14 0.137 0.117 0.084
TFe* 0 0 0 0 0 0
M1Al 0.059 0.026 0.023 0.032 0.039 0.032
MA1Ti 0.027 0.024 0.024 0.024 0.024 0.023
M1Fe* 0.064 0.087 0.095 0.079 0.055 0.032
M1Fe?* 0.076 0.083 0.078 0.085 0.11 0.148
M1Cr 0 0 0 0.002 0 0
M1Mg 0.775 0.78 0.781 0.778 0.77 0.764
M2Mg 0 0 0 0 0 0
M2Fe?* 0.115 0.097 0.096 0.104 0.106 0.115
M2Mn 0.005 0.006 0.007 0.007 0.007 0.009
M2Ca 0.853 0.872 0.871 0.866 0.861 0.849
M2Na 0.027 0.025 0.025 0.023 0.025 0.026
M2K 0 0.001 0.001 0.001 0.001 0.001
Sum_cat 4 3.999 3.999 3.999 3.999 3.999
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Fig. 5. Q - J Diagram is used to determine the clinopyroxene composition (Morimoto, 1988). The Shurab area samples
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samples are located in diopside field
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Fig. 10. Cr - Ti+Cr diagram of clinopyroxens (Leterrier et al, 1982). The Shurab area samples are located in orogenic-
orogenic basalt field.
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Introduction

The study area is located in the Shurab area that is
about 50 Km Southeast of Qom. Volcanic rocks
of the Shurab area have basaltic composition that
is associated with salt and marl units. Igneous
rocks of the Shurab area have not been
comprehensively studied thus far.

Clinopyroxene composition of volcanic rocks, and
especially the phenocrysts show Magma
chemistry and can help to identify magma series
(Lebas, 1962; Verhooge, 1962; Kushiro, 1960,
Leterrier et al., 1982), tectonic setting (Leterrier
et al., 1982; Nisbet and Pearce, 1977) as
well as temperature formation and pressure of
rock formation. Some geologists have estimated
temperature of clinopyroxene formation by
clinopyroxene composition (Adams and Bishop,
1986) and clinopyroxene-olivine couple. So,
clinopyroxene is used in this study in order to
identify magma series, tectonic setting, plus the
temperature and pressure of volcanic rocks of the
Shurab.

Material and method

Clinopyroxene analyses were conducted by
wavelength-dispersive  EPMA  (JEOL  JXA-
8800R) at the Cooperative Centre of Kanazawa
University (Japan). The analyses were performed
under an accelerating voltage of 15 kV and a
beam current of 20 nA. The ZAF program was
used for data corrections. Natural and synthetic
minerals of known composition were used as
standards. The Fe** content in minerals was
estimated by Droop method (Droop, 1987).

*Corresponding authors Email: somayehfalahaty2013@gmail.com

Discussion

In the Shurab area, the volcanic rocks area with
basaltic composition are located 50 km Southeast
of Qom. Their age is the early Oligocene and they
are associated with the salty marl units of the
Lower Red Formation (LRF). The hand
specimens of the studied rocks look green. These
rocks are intergranular, microlitic, porphyric,
vitrophyric and amygdaloidal and they consist of
olivine, pyroxene and plagioclase. Accessory
minerals contain sphene, apatite and opaque.
According to Wo-En-Fs diagram (Morimoto,
1988),  clinopyroxenes  indicate  diopside
composition.

Clinopyroxenes are representatives of magma
composition and they are usually used for
identifying magma series. There are several
diagrams that are used for this purpose as follows.
1 - AI203 - SiO2 diagram (Lebas, 1962):
According to this diagram, the studied
clinopyroxenes were plotted in sub-alkaline field.
2 - AI203 - TiO2 diagram (Lebas, 1962):

In this diagram, the studied clinopyroxenes show
to be calcalkaline.

Some diagrams that are used for determining
tectonic  setting according to clinopyroxene
composition are as follows:

1 - F1 - F2 diagram (Nisbet and Pearce, 1977):
Based on this diagram, the Shurab clinopyroxenes
rocks lie between volcanic arc and mid ocean
ridge basalt fields.

2 - AlL,O3.SiO, diagram (Lebas, 1962):

Using this diagram, the studied clinopyroxenes
are located in the sub-alkaline field.
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Some methods that are used for determining
temperature  formation and  pressure  of
clinopyroxene are as follows:

1 — Kretz method (Kretz, 1994):

Using this method, temperature formation of
clinopyroxene is about 1200- 1250°C.

2 — Soesoo method (Soesoo, 1997):

Using this method, pressure formation of
clinopyroxene is about 6-10 Kb.

In  AI+2Ti+Cr against Na+Al  diagram,
Clinopyroxenes are located above the Fe**=0 line
(Schweitzer et al, 1979). This case and
abundant hematite and magnetite in the Shurab
area rocks confirm that oxygene fugasity is high.
Based on Helz diagram (Helz, 1973), the content
of magma water during clinopyroxene formation
is about 2-5 percent.

Results

Using various methods, the temperature and
pressure of clinopyroxene formation are about
1200°C and 6-10 Kb, respectively. Clinopyroxene
composition and the abundant hematite and
magnetite in the studied rocks confirm that
oxygene fugasity is high. According to Helz
diagram, the amount of water is about 2-5 percent.
Additionally, the parent magma of the studied
area rocks is calc alkaline and tectonic setting is
subduction-related based on the clinopyroxene
composition.
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