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1-Introduction

Many researchers have emphasized the relationship between pyroxenes' chemistry composition and the
host magma's chemistry composition (La Bas, 1962; Latterier et al., 1982; Beccaluva et al., 1989, 1982).
Pyroxene has the general formula M,M;T»Og, Where divalent, trivalent, and tetravalent cations occupy M
and T positions. The amount of Al depends on the crystallization pressure in pyroxenes, so higher pressure
is associated with tetrahedral Al substitution in the pyroxene structure (Putrika et al., 2003) that emphasizes
the importance of clinopyroxenes in determining the host rock magmatic series and the tectonic-magmatic
situation. On the other hand, the composition of pyroxenes depends on the physical and chemical conditions
of magma, such as T, P, and fO,. Therefore, pyroxenes can be considered a valuable tool for measuring the
physicochemical conditions of magma. Also, plagioclase can provide valuable information regarding
determining the processes of crystal growth mechanism, magmatic evolution, and processes related to the
magmatic chamber. In this paper, we studied the chemical compositions of some pyroxene and plagioclase
in the volcanic rocks from the Heidari area to determine evolution of magma, geological setting, and the
physical and chemical conditions of the formation of these minerals in magma.

2-Material and methods

After the field geology of the area was studied, 40 samples of rocks were taken. A thin section was prepared
from a fresh and unweathered sample at the University of Isfahan and then was studied petrographically by
the Olympus microscope of Payam Noor University of the Shahrekord. Among the studied samples, 12
points for chemistry mineral analysis of plagioclase and 19 points for chemistry mineral analysis of
pyroxene were selected and sent to Tehran Binaloud Company to determine the constituent elements of the
minerals. The results of chemical mineral analysis are given in Tables 1 and 2. The structural formula of
pyroxenes was calculated based on six oxygens, and Minpet software was used in data analysis.

3- Results and discussions
The studied area, near the village of Haidari, is located between longitudes 30° 50' to 45° 50' and latitudes
30° 32' to 45° 32" in the 1:250000 geological map of Shahrekord (Zahedi and Ilikhchi, 1996). This area is
in the middle of the Sanandaj-Sirjan zone, with outcrops of volcanic and plutonic rocks along the northwest-
southeast direction. This region is 10 kilometers away from the central Zagros fault, and It is between the
Shida and Dalan faults, so the performance of parallel and intersecting faults with Zagros, which has led to
the displacement and creation of joints and cracks in the rock units, can be seen.

Based on field data and petrography, the igneous rocks of the region include andesite, basaltic andesite,

basalt, gabbro, and diorite. These stones, with dark to gray colors and prominent outcrops, can be seen at
high heights around Haidari village. Plagioclase, pyroxene, amphibole, and olivine are visible in these
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rocks. These samples often have a porphyry texture with plagioclase-pyroxene phenocrysts in a fine-grained
to medium-grained background of these minerals.

Based on the 12 points of plagioclase analysis, this mineral has the composition of andesine to
labradorite An 33-56. These minerals contain CaO (5.99 to 11.22 wt%), Na,O (4.44 to 6.27 wt%), Al.Os
(24.54 to 28.12 wt%), and K;0O (0.16 to 69 wt%).

Also, in all pyroxenes, the amount of Mg is higher than Fe. The CaO is 17.94% to 19.58%. The studied
pyroxenes are plotted in the Q-J diagram in the calcium-magnesium-iron pyroxenes range and are sodium-
free. Also, these samples are placed in the augite range in the Fs-En-Wo diagram. Based on the general
structural formula of this mineral, the studied pyroxenes have a composition of Wo 37.32-40.06 En 43.01-
45.61 Fs 13.72- 17.48, with Mg# [/Mg 100/ (Mg+Fe)] range 71-78.

The compositions of the pyroxenes on pressure discriminating diagrams (Soesoo, 1997) show a pressure
range of 6-10 kbar. There are different methods for determining temperature using the chemistry of
pyroxenes (Soesoo, 1997; Bertrand and Marsir, 1985; Nimis and Taylor, 2000). In this paper, the Soesoo
(1997) method was used. The calculations were done regarding hydrous pyroxenes indicate the
crystallization temperature of this mineral in the range of 1300-1200 degrees Celsius. Based on the studies
(Helz, 1973) using the distribution of aluminum in tetrahedral and octahedral positions in clinopyroxenes,
the water content of the studied pyroxene samples is high. Also, these samples have high values of oxygen
fugacity of the forming magma. High water content in pyroxene samples is consistent with high fugacity
values. The amounts of water and oxygen fugacity are indicative of the subduction environment. Also, the
samples shows the nature of sub-alkaline and calc-alkaline on the corresponding graphs. The SiO; versus
Al>O3 and Fe versus Si diagrams confirms formation of their parent magma on a the subduction zone setting
(Le Bas, 1969; Leterrier et al., 1982).

4-Conclusion

In the middle parts of the Sanandaj area of Sirjan, in the north of Shahrekord and around the village of
Heydari, there are a series of igheous rocks from Hadast to Bazin with the combination of andesite to basalt,
gabbro, and diorite. In the field survey, these stones have prominent outcrops with gray to brown color and
form the highlands. Andesites show the highest extent in comparison with other samples. In petrographic
studies, porphyry texture, plagioclase, and pyroxene phenocrysts can be seen in fine-grained to medium-
grained plagioclase. Sometimes, oralitization of pyroxenes, sausoritization of plagioclase, and
chloritization of biotites occurred. The plagioclase compositions range from andesite to labradorite. Also,
the pyroxene compositions indicates they are calcium-magnesium-iron rich and augite type. According to
the ratio of AIV' to AI'Y, the they formed at medium pressure. Also, the amounts of water and oxygen
fugacity during the crystallization of pyroxene-forming magma indicate high oxygen fugacity and pressure
of more than 5 kbar. The chemical data of minerals show that the intermediate rocks of the Haidari region
were formed at a temperature of 1200 to 1300 degrees Celsius and an average pressure of 6 to 10 kbar.
These rocks have a subalkaline (calc-alkaline) nature belonging to the subduction zone.
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Table 1. Petrographic properties of the samples

Sample No.
1H,2H,3H,12H,15H,23H,24H,26H,28H,31H,33H,34H

4H,5H,6H,11H,38H,41H,42H,43H,44H
14H,16H,17H,118H,19H

20H,22H,32H,35H

Rock type or lithology

Description

Andesite plagioclase, Pyroxene,
Amphibole, Biotite, opaque
Basalt Olivine-Pyroxene, plagioclase,
Amphibole.
Diorite Plagioclase, Pyroxene,
Amphibole.
Gabbro Olivine, Pyroxene, Plagioclase.
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Table 1. The results of point analysis and calculation of the structural formula of plagioclase (in terms of 8 oxygen

atoms).

Analysis No. 2 3 8 9 10 15 1 2 4 12 20
SiO, 56.28 55.09 5752 56.8 56.29 57.11 5579 5792 5864 57.02 59.29
TiO, 0.01 0.04 0.03 0.02 0.02 0.00 0.04 0.03 0.12 0.05 0.06
Al,O3 26.92 2812 2581 26.72 26.81 2644 27.88 25.92 24.22 2539 24.17
FeO 0.50 0.53 0.34 0.41 0.45 0.29 0.57 0.34 0.82 0.66 0.55
MnO 0.00 0.00 0.02 0.00 0.00 0.02 0.00 0.03 0.07 00.0 0.01
MgO 0.02 0.04 0.15 0.00 0.01 0.09 0.04 0.15 0.15 0.10 0.05
CaO 9.85 11.22 8.99 9.98 9.93 751 10.97 9.29 993 10.74 9.21
Na,O 5.81 475 5.83 5.62 5.37 4.56 4.44 5.78 4,98 5.36 6.11
K20 0.15 0.16 0.16 0.15 0.23 0.62 0.18 0.23 0.69 0.31 0.37
Total 99.37 99.79 98.69 9951 98.87 96.01 99.73 99.46 9891 99.32 99.44

Si 2.54 25 2.59 2.55 2.54 2.61 2.51 2.59 2.64 2.57 2.53
Al 1.42 1.49 1.29 1.41 1.42 1.42 1.47 1.38 1.28 1.36 1.27
Ti 0 0 0 0 0 0 0 0 0 0 0
Fe3+ 0.02 0.02 0.01 0.02 0.02 0.01 0.02 0.01 0.03 0.03 0.02
Mn 0 0 0 0 0 0 0 0 0 0 0
Mg 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.01 0.01 0.01 0.00
Ca 0.49 0.52 0.43 0.47 0.49 0.36 0.52 0.44 0.47 0.51 0.42
Na 0.53 0.41 0.51 0.49 0.47 0.39 0.38 0.49 0.43 0.46 0.52
K 0.01 0.01 0.01 0.01 0.01 0.04 0.01 0.01 0.03 0.02 0.02

Or
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e |\
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Fig. 5)Composition of the Hydari plagioclases in the albite-anorthite-orthose diagram (Deer and et al., 1996)
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Table 2) Point results and calculation of the structural formula of pyroxene (in terms of 6 oxygen atoms)

analysis No. 1 2 3 4 9 12 15 18 20

SiO, 52.88 53.09 53.04 53.28 52.9 52.68 53.27 52.52 52.90
TiO, 0.63 0.60 066 052 053 048 058 0.68 0.63
Al,03 188 189 168 199 178 174 1.8 1.76 1.78
Cr,03 0.01 012 0.01 006 022 006 012 0.01 0.07
FeO 10.519.87 9.68 9.24 8.25 10.23 10.09 10.43 10.26
MnO 022 026 024 02 016 029 029 021 0.25
MgO 15.32 15.58 15.77 15.54 15.91 15.28 15.58 15.09 15.34
CaO 18.09 18.66 18.45 17.94 18.74 18.21 18.21 18.12 18.17
Na,O 04 035 032 034 032 043 043 042 043
K0 002 001 O 0 0 0 0 0.01 0.01
NiO, 0.01 0.01 0.09 0.09 002 O 0 0 0.00
Total 99.97 100.44 99.94 99.2 98.83 99.4 100.37 99.25 99.81

Structure formula on the basis of 6 oxygen atoms

25 1 4 6 7 9 11 16 18 20

52.79 52.56
0.51 0.68
1.76 1.98
0.14 0.04
9.24 10.05
0.23 0.28
15.60 15.26
18.48 19.45
0.38 0.35

52.29 52.35
0.58 0.66
1.87 1.88
0.00 0.00
9.66 9.66
0.23 0.24
15.12 15.23
19.60 19.62
0.31 037

52.38 51.95 51.68 52.36 52.85 51.93
071 073 059 06 042 058
195 218 175 16 122 1.62
002 0 0.12 003 0 0
9.57 9.71 10.3510.019.65 10.1
026 0.23 033 036 0.28 0.38
15.18 14.98 14.28 14.99 14.95 14.78
19.58 19.38 19.08 19.51 19.52 19.52
035 0.37 043 041 039 0.39
0.00 0.02 0.02 0.02 0.02 0.03 004 0.03 0.03 0.02
0.01 0.06 0.03 0.00 0.03 004 0 0 02 0
99.12 100.73 99.71 100.03 100.05 99.6 98.65 99.9 99.51 99.32

Si 196 196 197 198 197 197 196 196 196 197 194 195 195 194 194 194 195 197 1.95
Alvi 0.045 0.041 0.039 0.066 0.048 0.043 0.044 0.042 0.043 0.0450.03 0.032 0.029 0.032 0.036 0.045 0.024 0.029 0.023
Alv 0.037 0.041 0.035 0.021 0.037 0.034 0.034 0.036 0.035 0.032 0.057 0.05 0.054 0.054 0.06 0.033 0.047 0.031 0.049
Fe*s 0 0 0 0 0 0 0 0 0 0 0.02 0.02 001 0.02 0.01 001 0.08 0.02 0.03
Cr 0 0 0 0 001 0 0 0 0 0.005 0 0 0 0 0 0 0 0 0

Ti 0.02 0.02 0.02 001 001 0.01 0.02 0.02 002 0.01 002 0.02 002 0.02 002 0.02 002 0.01 0.02
F2+2 0.33 0.3 03 03 025 031 03 034 032 028 028 027 029 028 028 031 0.27 027 0.28
Mn 0.01 0.01 0.01 001 001 0.01 0.01 0.1 001 0.01 001 001 001 0.01 001 0.01 001 001 0.01
Mg 0.83 085 084 085 089 084 085 083 084 0865082 082 083 083 085 08 081 0.82 0.82
Ca 0.72 075 0.73 073 0.73 0.72 0.72 0.72 0.72 0.7250.79 0.76 077 076 0.77 0.76 0.76 0.81 0.78
Na 0.03 0.08 0.02 0.03 0.02 0.02 0.03 0.03 003 0.02 003 0.03 002 0.03 0.03 0.03 003 0.02 0.02
Y Jguz aelsl

K 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total 4 4 399 397 398 4 398 398 398 399 039 402 39 039 39 4 401 4.01 401
Wo 37.87 38.16 383 37.6939 38.1537.32 37593746 38.28 394 40.07 39.88 39.96 39.84 39.7 39.66 40.03 39.87
En 44.65 44.34 45.63 45.43 46.08 44.58 44.44 43.57 44.005 44.97 43.01 43.1 43.08 43.11 42.85 41.35 42.41 42.66 42.01
Fs 1748 16.2 16.07 15.58 13.72 17.22 16.64 17.26 16.95 15.3516.31 15.77 15.68 15.65 15.93 17.33 16.42 15.87 16.67
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Fig. 8) Chemical composition of hydri pyroxenes on the diagram of (a) estimation of water content (Helz, 1973), and (b)
determined of oxygen fugacity (Schweitzer et al., 1979)
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Fig. 9) Determining nature of the magma using of the clinopyroxenes Hydari area (a): diagram of SiO2 vs. Al203 (Le
Bas, 1962) and (b) diagram of Ti vs. Ca+Na (Leterrier et al., 1982).
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