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Fig. 1. Geological map of the Tarq-Mazdeh area, part of 1:100000 Tarq map (Zahedi and Rahmati, 2000)
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Fig. 2. Microscopic images of andesit and basaltic andesite in Tarq- Mazdeh. A: Microlitic porphyric texture (sample
GT9), B: Glomroporphyric texture (sample GM14), C: Amygdaloidal texture, (sample GT9), and D: Clinopyroxene
with simple twinning (sample GT6). Cpx: Clinopyroxene, Pl: Plagioclase, Abbreviations used in Fig from Kretz (1983)
have been adapted.
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Fig. 3. Q-J Diagram is used to determine the clinopyroxene composition (Morimoto, 1989). Na: Na pyroxene, Na-Ca:
Na-Ca pyroxene, Quad: Ca-Mg-Fe pyroxene, Q: Ca + Mg + Fe?*, J: 2Na.
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Fig. 4. Wo-En-Fs Diagram is used to determine the clinopyroxene composition of Tarq-Mazdeh area rocks (Morimoto,
1989). All of samples are located in augite field. Symbols are similar to legend in Fig. 3.
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Table 1. The results of the microprobe analysis of clinopyroxene in Tarq-Mazdeh area with the structural formula
based on 6 Oxygen.

Sample Al A2 A3 A4 AS A6 A7
SiO: 51.93 51.38 50.80 51.38 51.54 50.57 50.98
TiO2 0.51 0.64 0.67 0.57 0.47 0.61 0.57
ALOs 1.82 2.24 2.30 1.26 1.61 2.53 2.07
FeO't 10.10 10.36 11.57 13.89 10.55 10.70 11.15
Cr203 0.01 0.00 0.04 0.00 0.07 0.00 0.01
MnO 0.26 0.26 0.32 0.47 0.36 0.29 0.31
MgO 15.39 15.27 15.06 14.89 15.27 15.17 15.41
CaO 19.18 18.94 18.22 16.91 19.40 19.58 18.44
Na.O 0.31 0.25 0.21 0.19 0.25 0.27 0.27
total 99.54 99.39 99.27 99.60 99.57 99.79 99.24
TSi 1.93 1.92 1.91 1.93 1.92 1.88 1.91
TAl 0.06 0.07 0.09 0.05 0.07 0.11 0.08
TFes 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MiAl 0.01 0.02 0.01 0.00 0.00 0.00 0.00
MiTi 0.01 0.01 0.01 0.01 0.01 0.01 0.01

MiFes 0.04 0.04 0.05 0.04 0.06 0.10 0.07

MiFe: 0.07 0.07 0.06 0.10 0.07 0.03 0.04
MiCr 0.00 0.00 0.00 0.00 0.00 0.00 0.00

MiMg 0.85 0.85 0.84 0.83 0.85 0.84 0.86

M:Fe: 0.20 0.21 0.24 0.28 0.19 0.18 0.23

M:Mn 0.00 0.00 0.01 0.01 0.01 0.00 0.01

M:Ca 0.76 0.75 0.73 0.68 0.77 0.78 0.74

M:Na 0.02 0.01 0.01 0.01 0.01 0.02 0.02
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Table 1 (Continued). The results of the microprobe analysis of clinopyroxene in Tarq-Mazdeh area with the structural

formula based on 6 Oxygen.

Sample Al A2 A3 A4 A5 A6 A7
Sum_cat 4 4 4 4 4 4 4
Ca 40.20 39.88 38.68 35.50 40.83 41.99 39.22
Mg 4491 44.74 44.47 43.49 44.73 45.27 45.61
Fe2-Mn 14.88 15.37 16.84 21.00 14.43 12.73 15.15
JD1 0.87 0.95 0.61 0.00 0.00 0.00 0.13
AE; 0.31 0.00 0.21 0.74 0.97 1.07 0.91
CFTS, 1.77 2.08 2.71 1.49 2.47 4.32 2.97
CTTS: 0.75 0.94 1.00 0.85 0.70 0.92 0.86
CATS: 0.00 0.10 0.00 0.00 0.00 0.00 0.00
WO, 37.37 36.53 34.84 33.16 37.51 36.49 35.19
EN: 44.57 44.51 44.35 43.50 44.57 45.01 45.37
FSi 14.33 14.86 16.24 20.23 13.76 12.15 14.55
Q 1.89 1.89 1.88 1.91 1.89 1.85 1.87
J 0.04 0.03 0.03 0.02 0.03 0.04 0.03
WO 39.38 39.06 37.59 34.62 39.45 39.73 37.76
EN 43.99 43.82 43.23 42.42 43.21 42.84 43.90
FS 16.62 17.11 19.16 22.95 17.33 17.42 18.33
WEF 97.67 98.12 98.36 98.53 98.09 97.88 97.96
JD 0.69 0.63 0.28 0.00 0.00 0.00 0.06
AE 1.64 1.24 1.35 1.47 1.91 2.11 1.97
Sample B1 B2 B3 B4 B5 B6 B7
SiO2 51.25 52.09 52.25 52.52 52.81 51.17 51.26
TiO: 0.63 0.32 0.34 0.35 0.29 0.69 0.68
ALO3 2.14 0.92 0.87 0.86 1.03 2.17 2.03
FeO't 12.24 21.19 21.98 21.84 21.35 12.31 11.90
Cr203 0.04 0.00 0.00 0.03 0.00 0.04 0.09
MnO 0.25 0.49 0.57 0.49 0.50 0.32 0.33
MgO 14.96 20.26 20.31 20.32 20.56 15.55 15.52
CaO 18.29 4.63 4.51 4.34 4.76 16.90 18.05
Na:0 0.31 0.09 0.09 0.07 0.11 0.27 0.25
total 100.14 100.06 100.97 100.87 101.45 99.53 100.17
TSi 1.93 1.94 1.94 1.95 1.94 1.91 1.90
TAl 0.07 0.04 0.03 0.03 0.04 0.08 0.08
TFes3 0.00 0.01 0.02 0.01 0.00 0.00 0.00
M Al 0.02 0.00 0.00 0.00 0.00 0.01 0.00
M Ti 0.01 0.00 0.01 0.01 0.00 0.02 0.01
MiFes 0.02 0.04 0.04 0.03 0.04 0.04 0.07
MiFe: 0.08 0.00 0.00 0.00 0.00 0.04 0.04
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Table 1 (Continued). The results of the microprobe analysis of clinopyroxene in Tarq-Mazdeh area with the structural
formula based on 6 Oxygen.

Sample B1 B2 B3 B4 B5 B6 B7
MiCr 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MiMg 0.84 0.95 0.94 0.95 0.94 0.87 0.86
M:Mg 0.00 0.17 0.18 0.17 0.18 0.00 0.00
M:Fe: 0.23 0.61 0.61 0.63 0.60 0.29 0.25
M:Mn 0.00 0.01 0.01 0.01 0.01 0.01 0.01
M:Ca 0.73 0.18 0.18 0.17 0.18 0.67 0.72
M:Na 0.02 0.00 0.00 0.00 0.00 0.02 0.01
Sum_cat 4 4 4 4 4 4 3.99
Ca 38.77 9.54 9.28 8.86 9.71 35.74 38.10
Mg 44.13 58.13 58.10 57.72 58.28 45.78 45.60
Fe2-Mn 17.09 32.31 32.61 33.41 32.00 18.47 16.29
JD1 1.18 0.00 0.00 0.00 0.00 0.76 0.00
AE; 0.00 0.36 0.36 0.29 0.42 0.26 1.00
CFTSq 1.58 1.69 2.11 1.43 1.90 2.18 2.82
CTTS: 0.93 0.47 0.50 0.50 0.42 1.03 1.01
CATS: 0.11 0.00 0.00 0.00 0.00 0.00 0.00
WO, 35.83 7.41 6.72 6.96 7.42 32.35 34.09
EN: 43.79 58.40 58.43 58.01 58.50 45.55 45.40
FSi 16.54 31.64 31.85 32.78 31.31 17.84 15.66
Q 1.89 1.92 1.91 1.93 1.92 1.88 1.87

J 0.04 0.01 0.01 0.01 0.01 0.03 0.03
WO 38.18 9.30 8.96 8.67 9.45 34.90 36.68
EN 43.46 56.66 56.08 56.49 56.72 44.70 43.89
FS 18.35 34.02 34.94 34.83 33.82 20.38 19.42
WEF 97.66 99.31 99.27 99.42 99.15 97.97 98.08
JD 1.07 0.00 0.00 0.00 0.00 0.49 0.00
AE 1.25 0.68 0.72 0.57 0.84 1.53 1.91
Sample B8 B9 B10 B11 B12 B13 B14
SiO2 50.82 51.12 50.79 51.20 51.23 51.90 51.27
TiO: 0.57 0.62 0.65 0.64 0.55 0.44 0.47
ApOs 2.22 2.48 2.01 2.28 1.91 1.54 2.40
FeO't 11.38 12.32 12.90 13.16 13.18 9.02 9.30
Cr203 0.00 0.09 0.05 0.06 0.06 0.01 0.04
MnO 0.34 0.32 0.32 0.31 0.34 0.33 0.23
MgO 15.15 14.78 14.85 14.24 15.11 15.00 14.96
CaO 18.62 18.42 17.25 17.40 17.24 20.52 20.45
Na:0 0.31 0.28 0.22 0.27 0.26 0.32 0.29
total 99.45 100.53 99.09 99.66 99.92 99.11 99.48
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Table 1 (Continued). The results of the microprobe analysis of clinopyroxene in Tarq-Mazdeh area with the structural
formula based on 6 Oxygen.

Sample B8 B9 B10 B11 B12 B13 B14
TSi 1.90 1.90 1.91 1.93 1.91 1.94 1.91
TAl 0.09 0.09 0.08 0.07 0.08 0.05 0.08
TFei 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MiAl 0.00 0.01 0.00 0.03 0.00 0.01 0.01
MiTi 0.01 0.01 0.01 0.01 0.01 0.01 0.01

MiFes 0.08 0.06 0.05 0.02 0.06 0.04 0.06

MiFe: 0.05 0.08 0.08 0.12 0.07 0.09 0.07
MiCr 0.00 0.00 0.00 0.00 0.00 0.00 0.00

MiMg 0.84 0.82 0.83 0.80 0.84 0.83 0.83

M:Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00

M:Fe: 0.21 0.23 0.27 0.26 0.27 0.14 0.15

M:Mn 0.01 0.01 0.01 0.01 0.01 0.01 0.00
M:Ca 0.74 0.73 0.69 0.70 0.69 0.82 0.81
M:Na 0.02 0.02 0.01 0.02 0.01 0.02 0.02

Sum_cat 4 4 3.99 4 4 4 3.99
Ca 39.88 39.09 36.70 36.82 36.49 43.11 43.48
Mg 45.15 43.63 43.97 41.94 44.49 43.85 44.28

Fe:-Mn 14.96 17.26 19.32 21.23 19.01 13.02 12.23
JD1 0.05 0.57 0.45 1.04 0.18 0.55 0.86
AE1 1.17 0.52 0.46 0.00 0.81 0.66 0.36

CFTS: 3.44 3.30 2.25 1.13 2.60 1.66 3.28

CTTS: 0.85 0.93 0.98 0.95 0.81 0.65 0.70

CATS: 0.00 0.00 0.00 0.58 0.00 0.00 0.00
WO 35.32 34.65 33.33 33.96 32.90 40.51 39.13
ENi 44.86 43.39 43.80 41.72 443 43.56 43.91
FS1 14.29 16.62 18.71 20.59 18.36 12.38 11.73

Q 1.86 1.86 1.89 1.89 1.88 1.89 1.87
J 0.04 0.04 0.03 0.04 0.03 0.04 0.04
WO 38.10 37.70 35.76 36.45 35.31 42.13 41.97
EN 43.14 42.08 42.83 41.51 43.05 42.86 42.74
FS 18.74 20.21 21.40 22.03 21.62 15.00 15.28
WEF 97.59 97.84 98.26 97.94 98.02 97.60 97.75
JD 0.02 0.29 0.25 1.25 0.10 0.46 1.93

AE 2.38 1.86 1.47 0.79 1.86 0.43 1.80
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Fig. 5. SiO; - ALO; diagram of clinopyroxens (Le Bas, 1962). The Tarq- Mazdeh area samples are located in

subalkaline field. Symbols are similar to legend in Fig. 3.
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Fig. 7. Determination of tectonic setting of Tarq-Mazdeh rocks in F1-F2 diagram (Nisbet and Pearce, 1977) using
clinopyroxene composition. The Tarq-Mazdeh area samples are located in Volcanic Arc rocks. OFB: Ocean-Floor
rocks, WPT: Within Plate Tholeiitic rocks, WPA: Within Plate Alkali rocks, VAB: Volcanic Arc rocks. Symbols are

similar to legend in Fig. 3.
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Mazdeh area samples are located in subalkaline field. Symbols are similar to legend in Fig. 3.
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Fig. 10. Diagram of determination of oxygen fugacity of clinopyroxene formation environment (Schweitzer et al, 1979).

The Tarq- Mazdeh samples plot above Fe**=0 line due to high oxygen fugacity in clinopyroxen formation environment.
Symbols are similar to legend in Fig. 3.
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Fig. 11. Diagram of determination of oxygen fugacity of clinopyroxene formation environment (Schweitzer et al, 1979).

Tarq- Mazdeh samples plot above Fe**=0 line due to high oxygen fugacity in clinopyroxen formation environment.
Symbols are as legend in Fig. 3.
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Fig. 12. Determination of magmatic water using Al distribution in tetrahedral and octahedral position in clinopyroxenes
of the Targ- Mazdeh area (Helz, 1973). Symbols are similar to legend in Fig. 3.
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Introduction

Clinopyroxene is one of the most common of the
rock forming minerals. Its long formation period
(from the earliest crystallization of magma in the
core of phenocrysts to the final microcrystalline
crystallization in the rock background) can show
the history of the host magma crystallization. The
composition of clinopyroxene, especially those
phenocrysts, in volcanic rocks could well
establish the magmatic nature of the host lava.

The clinopyroxene composition can point out the
magmatic series, the tectonic environment and the
source rock (Kushiro, 1960; Nisbet and Pearce,
1977, Leterrier et al., 1982). In addition, it is
possible to estimate the temperature and pressure
of rock formation by studying the chemistry of
clinopyroxenes (Nimis and Taylor, 2000; Putirka,
2008).

The study area is located in the middle part of the
Urumieh- Dokhtar magmatic belt. It exactly lies in
the area between Tarq and Mazdeh, its longitude
is 51° 43" to 52° 00" E and its latitude is 33° 15' to
33° 30" N. The Eocene magmatic rocks vary from
rather basic to acidic in composition, but they are
mainly intermediate and they are rather basic
rocks (Ghadirpour, 2017). Previously, various
studies on using the chemical composition of the
major elements of clinopyroxene were conducted
to discover the conditions for the formation of
igneous rocks in different parts of Iran (Sayari and
Sharifi, 2016; Falahaty et. al., 2016; and
Mohammadi et. al., 2017).

So far, in all of these studies that have been

conducted on volcanic rocks, the mineral
chemistry of clinopyroxene has not been used to
evaluate the nmagma's features such as
temperature, pressure, and oxygen fugacity. In
this article, we are going to study the mentioned
features of magma by wusing chinopyroxene
chemistry.

Materials and Methods

To determine the geotectonic setting and the
physicochemical conditions of volcanic rocks,
thirty thin sections have been prepared. Their
minerals and texture have been studied by using
polarizing binocular microscope (Olympus BH-2).
After detailed mineralogy and selection of suitable
samples, microprobe analysis is done by EPMA
(JEOL- JXA) in the Naruto University, Japan. The
mineral analysis is performed at 15 nA intensity
of current and accelerate voltage of 15 Kev.

Discussion

The study area is situated in the South of Natanz,
between Tarq and Mazdeh villages. The volcanic
rocks vary from acidic to rather basic (basaltic
andesite to andesite and rarely rhyolite).
Microlitic ~ porphyric, glomeroporphyric and
vesicular are some textures which are observed in
the  volcanics. Plagioclase and  euhedral
clinopyroxene occasionally with simple twinning
are characteristic minerals of rocks.

According to Wo-En-Fs diagram (Morimoto,
1989), clinopyroxene shows mainly the
composition of augite.
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It is concluded that the magmatic series of rocks is
calc-alkaline which is in relation to the subduction
of the Neotethys oceanic crust under the central
Iranian plate.

There are several diagrams that are used for this
purpose which are as follows.

The AlLOs-Ti;O diagram (Le Bas, 1962): In this
diagram, the studied clinopyroxene shows the
nature of calc-alkaline. One of the diagrams used
to determine the tectonic setting according to
clinopyroxene composition is the F1- F2 diagram
(Nisbet and Pearce, 1977). Based on this diagram,
the Tarq- Mazdeh volcanic rocks belong to the
magmatic arc environment.

The Clinopyroxene temperatures are calculated by
using a variety of methods which indicate that
most of clinopyroxene in temperature range of
1150 to 1200°C has been crystallized (Soesoo,
1997). The temperature indicates changes in
crystallization of clinopyroxene.

Result

The calculated temperatures of clinopyroxenes by
using various methods show that they are
crystalized in the temperature range of 1150 to
1200°c. It mainly means that there is a change in
temperature during clinopyroxene crystallization.
By considering the barometric diagram, the
pressure of clinopyroxene formation has been
determined below 10 kb, in the depth range of 2 to
5 km.
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