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Fig. 1. Simplified geological map of the Aliabad area, part of the geology map of Kajan, scale 1:100000 (after Amini

and Amini Chehragh, 2003)
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(il
Fig. 2. Microphotographs of Aliabad volcanic rocks A: Alteration of plagioclase phenocryst to epidote (XPL), B:
Appearance of sieve texture in plagioclase phenocryst (PPL), C: Trachytic texture in trachyandesites of Aliabad area
(XPL), D: Perlitic texture (PPL), E: Formation of quartz along with chlorite and calcite in open space of rock (XPL),

and F: Appearance of opaque mineral with the margin of sphene mineral (PPL). Abbreviations after Kretz (1983) (Px:
Pyroxene, Pl: Plagioclase, Ep: Epidote, Chl: Chlorite, Cal: Calcite, Qtz: Quartz, Opq: Opaque, Spn: Sphene).
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Table 1. Microprobe analyses (wt.%) of clinopyroxenes in Aliabad rocks and their structural formula based on 6 atom
of oxygen along with hosting rock geochemistry composition of clinopyroxenes for thermobarometric estimations by
SCG software (C.: Core, C.R.: Core-Regional, R.C.: Regional-Core, R.: Regional)

Cpx

Cpx

Cpx

Cpx

Cpx

Cpx

Sample ;- 2 CR. 6RC. 7R 11-C 13-RC. ‘YholeRock
Si0,  50.65 5138 5041 51.07 5028  51.45 56.8
TiO: 147 143 053 125 147  0.68 0.84
ALO; 333 270 209 245 196 232 16.5
FeO 864 868 1122 975 982  9.10 6.67
MnO 0.7 020 019 000 000 0.0 0.13
MgO 1489 1512 1555 1519 16.19 15.01 2.62
Ca0 1956 1943 1927 19.69 19.20  20.14 3.64
Na20 032 032 034 028 039 034 4.7
Total 99.03 9926 100.12 99.68 99.31  99.04

Si  1.897 1920 1.879 1903 1.873 1925

Ti 0041 0040 0.015 0035 0.041 0.019

AIY 010 008 009 0.10 009 008

AIM 004 004 000 001 000 0.3

Fe? 0270 0271 0205 0268 0.192 0250

Fe®  0.000 0.000 0.145 0.036 0.113 0.034

Mn  0.005 0.006 0.006 0.000 0.000 0.000

Mg 0831 0842 0864 0844 0899 0.837

Ca 0785 0778 0.770 0.786 0.766  0.807

Na  0.023 0023 0025 0.020 0.028 0.025

Total 4.000 4.000 4.000 4.000 4.000 4.000

Wo  41.60 41.13 3880 40.65 38.87 41.85

En  44.06 4453 4357 43.64 4561 43.39

Fs 1434 1434 17.63 1571 1552 14.76
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Fig. 3. Pyroxenes-classifying diagrams and the situation of Aliabad’s samples. A: Q-J diagram (Morimoto, 1989), and
B: Wollastonite- Enstatite- Ferrosilite triangular diagram for classifying Ca-Mg-Fe Pyroxenes (Morimoto, 1989)
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Table 2. The results of thermobarometric calculations of clinopyroxenes of Aliabad area based on the integration of the
models 1 and 2 and the models 3 and 4

Models 1 and 2 Models 3 and 4 Average
Sample
P(kbar) TCC) P(kbar) TCEC) P(kbar) T (°C)
C1 5.8 1034 3.8 1155 4.80 1094.5
C2 5.77 1034 3.19 1152 4.48 1093
Cc7 4.31 1022 0.65 1126 2.48 1074
C13 5.96 1031 2.61 1154 4.29 1092.5



http://www.SId.ir

#Ya e LSl sgno (058 Lulph () 8 (S g pmgilS (G (oot 0 )18

OYAA JL) F o )loss V) ol

SLAS FA L Y/FA HLis Kby sLT e gla S 5w slS”
LSl U1 Gas s (61 codbdmlons 5Lid alul ol
o3liwl P=pgh alaf, 51 5LT e SlaassT glacSan A g
St SU o 5 o lo e sl Lis ol o
5L STkl sz )Lad U sl yo baylid ool a8 ol
I S ol 3,8 7l 1o LT 51 015 or izt
Ly oo S5 old YV griem’ 1 slo B ain y slacKen
I3 s 5 0 S B s YAV VSTl 5 st
AL SIS Sl Al 5 Gas 4 ol S JB
SLa S 5 525 4873 S 0l 15 oo oS S 0 Gas
Gk (S 703 hS A 5 05 9dms 53 3500 o 3 3LT e

ol ) gl e

il o 9 lid Hloado i (&

b ke ml gl oo gl fs) ol sadle o
Soesoo, 1997; Nimis and Taylor, 2000;) ol Kaass
ooy sy oml 3l K ol sdiasl )l (Putirka, 2008
i §lm Sl p5Y 45T ol (S0es00, 1997) s s
33 0S5 5 S5l sl i 1 (S L
ool Cwsay Hlid Hldis L giawlous YPT s XPT osls
0 3030 Sasgad (7 JS) sulliplal Dlawlons ol
g o 7SS P YD 03 g )3

S5m0 B ml 93 5LES (s 1 m S 65 s
Lo i 45" I SCG 153l 5 S oslizal b 23 8515 o3lizul
oL 3430, (Sayari and Sharifi, 2014) & ,-& 5 s L

6|J_1 G-X_AT &:«-«‘JA_I)L-:é)‘u\_E.A ('g_f:‘.')J g_)".’.‘ wl_.,d“)_:\;_w‘

(S0€500, 1997) gusdgu o9, 5l eoliiwl b ob] de SlaassT slacKiw slogmsS g mendS jold Lad s & S
Fig. 6. Determination of pressure crystallization of clinopyroxenes in Aliabad volcanic rocks using the Soesso (1997)

method

D ;b 03 guome 3 3LT o SlaaisT glacSin sla S s 0
ez (V JS8) L, e 515 )3V ST Ol 5 LS
35S 5T Lo 5 ol Sl s el 55 () 2 35 50 Sl 5
Lo 52 U 087 583 03 yuoxs ((Aoki and Shiba, 1973) L.
Gas 3 5 3gm0 93 WS s lS sk Sl oS

A JS8) Sl e O3 b

O s | 4l ed g Sk ST slade o (o
LSl 0T 0l5e s (51 (Helz, 1973) 3e oiis o
5 G| slacmye 13 Al 5 (K085 510155
Ol s 031001 o St gy ol ok 4.3 S eslial (g ual 3
Lo 55 O e b (5150 (g ual 5 Comise 53 Al


http://www.SId.ir

5

olaiBl (oulidirs) BrD 9 S
0.20 / H20- 0%
0.15
= “‘“\/\ H20=2-5%
4
S,
Sooly O D\
= 8 )
< O H20=10%
0.05
P~5 kbar P~10 kbar
0.1 0.2

0
VI
Al (a.p.fu.)
(Helz,1973) LSl I ,bw duoyo jlaiie 4 s bl e slacKiw log S s pmgidS oS 5 0 AIVT g AIY o505 ¥ JsCis

Fig. 7. Distribution of A" and Al''in combination of Clinopyroxenes of Aliabad rocks, relative to the amount of water

vapor of magma (Helz, 1973)

0.10 Lo
5/
g !
E i
008 | &/ .
- = Medium pressure .
L‘_‘. :';-?p ',' "-"'
= 006 |7
Z / a4 g2
= i A A
! N
< 004 | OO b
/ -
1 -
] -
f O
0.02 |-/
i -
P O Low pressure
0 fe” [4AN | | | |
0.10 0.15 0.20 0.25 0.30

0 0.05
A (ap.fu)
(Aoki and Shiba, 1973) AIV-AIV! Jlsgei 59, » obl de (slacKin loms sy gilS Curdae A JSib

Fig. 8. The position of clinopyroxenes of Aliabad rocks on the AI'V-Al"! graph (Aoki and Shiba, 1973)
O | Al 99 (yaa

«France et al., 2010) 0L 5 il 3 ol ie 4

Ridolfi, et al., 2010; Laubier, et ) Ulods 451, , 4ot
S 5 5 a8 les 8 55 3 e 058 el

al., 2014; Burnham and Berry, 2014; Smythe and
JSis fomes &S5 3 aT Ol e !5 »> .(Brenan, 2016
RGO PES PR .o B-E W SV PO

GlacKin S s Lo 058 0wl 6 Ol s 1 5
‘5)}":‘.'.‘)": .ij}' ol JLM aj_;é:.ajb)l:)_d)" Lbl_:Tv_LG
3).d—% esle_wl (Schweitzer et al., 1979) ol,LSes

S e oLl glaanl b s S3e ole Olgea bl

O a3y 533 30 0] sad bl 5 5k sl SIS EEP
rl Sl S UE Sla a5 Sl 43,5 ,51,5 o le


http://www.SId.ir

a8 e LSl sgno (o5 Lulph o)z 3 (S g mgilS (G (oot 0 )18

OYAA JL) F o)less V) ol

2 5 Blodd skt 058 (VU a8 a3 3 s oo
Sl 5,8 15 bl 5165V alols s s gas o100
il 05T 51 (8 iy iyl 5 0 LT 5 s
(A JS&) 4o a5 L (Cameron and Papike, 1981)
el 5 03580 Kol 2T e ailaie (glo S sy o 5o

T 5ok oK 53 05

(o R a8 5 S 5 3 Fe e S T
Oljn o2l 2l €3 55 on S-S umd go 55 itoe T 5 0 S
LA go 53 Al Jliie I s Lo peS s 1 3 e o)
ALY Ol e 47 651000 8 13 ol (gl 5 5 (bS]
saFe sl ;8os 28 b jole 555 OSGl el 153
ST plaieS s ol el o 1P 58S Cond e

r.:_wj.'l' Fe+3:0 -b- Lg‘)(l_i DL Q‘)\SAA 9 )J:'.'.‘j—‘; J‘J}a.; DL

S g atlon S 3 5l enliil Ly ol e slacKis 6Ly s snlS LS a5 Lame o ienST alSsd oss A JSCb

() Schweitzer et al., 1979

Fig. 9. Estimation of Oxygen fugacity in environment of formation of clinopyroxenes in Aliabad rocks by chemical

composition of pyroxene (Schweitzer et al., 1979)
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Introduction

The Aliabad area is located in the northwest of
Nain. Volcanic rocks of the Aliabad area have
andesitic to rhyolitic composition.

On the basis of petrographic investigations,
porphyritic texture is the main texture of these
rocks. Thus, they have experienced two
crystallization stages. In these rocks, phenocrysts
have been crystallized in the first stage, and in the
second stage the cooling processes were fast,
resulting in a groundmass of glass and fine
crystals.

The second stage of crystallization in these rocks
took place at (near) the earth surface. The
composition of phenocrysts such as amphibole,
biotite and pyroxene provide valuable data about
magmatic series, pressure, and temperature
history of the primary magma during
crystallization. In this study, the clinopyroxene of
these rocks was analyzed in order to estimate the
physicochemical conditions of the parent magma.

Material and Methods

Field work in the Aliabad area was carried out to
identify volcanic units and their relationships.
About 65 samples were collected. Thin sections
were prepared for petrographic studies to select
suitable samples of the volcanic rocks for more
detailed mineralogical and geochemical studies.
The chemical composition of minerals was
determined using a wavelength dispersive EPMA
(Cameca-SX 100) at Iran Minerals Research and

Processing Center. Analytical conditions for the
minerals were accelerating voltage of and a beam
current of 15 nA. 15 kV. Also, the Minpet
software package was used for processing the
relevant data and calculating the structural
formula of clinopyroxene minerals based on 6
oxygen atoms.

Results

The chemical compositions of clinopyroxenes
were used to estimate the chemical evolution and
P-T  conditions of the magmas during
crystallization. Microprobe analyses show that
clinopyroxenes in the andesitic rocks are augite
(Ensz4sWo 3842 Fsias).

According to the clinopyroxene thrmobarometry
calculations done by several methods, it was
inferred that the clinopyroxenes are crystallized at
temperatures of 1009-1200 °C and pressures of
2.5-7 kbar.

By noting the distribution of aluminum in
clinopyroxenes, these phenocrysts were formed in
a range of low to medium pressure that shows the
crystallization of those during the ascending of
magma in different depths of 9 to 18 km.
According to the Helz diagram (1973), the amount
of water is about 10 percent. Clinopyroxene
composition along petrographic investigations in
the studied rocks confirm that fO,is high.

Discussion
The Aliabad area is located in the Urumieh--
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Dokhtar volcanoplutonic belt, Northwest of Nain-
Iran. In the Aliabad area, the exposed Cenozoic
volcanic rocks are compositionally from andesite
to rhyolite. These rocks show porphyritic,
trachytic, and amygdaloidal textures under the
microscope and they consist of plagioclase,
clinopyroxene, sanidine, quartz, opaque and
apatite.

The andesitic rocks of the Aliabad area are
composed mainly of  plagioclase  and
clinopyroxene phenocrysts in a groundmass of
plagioclase microlites and fine crystals of
pyroxene and opaque minerals along with glass.
According to the ternary diagram of Wo-En-Fs
(Morimoto, 1989), the studied clinopyroxenes are
augite in composition. The physical (pressure and
temperature) conditions of a magma during
crystallization is recorded in the chemical
composition of the clinopyroxene phenocrysts.
Therefore, clinopyroxenes are representative of
magma composition and usually are used for
identifying the chemical condition i.e. magmatic
series and physical conditions, temperature and
pressure of a magma at the time when
clinopyroxene was crystallized.

Several methods that are applied for this purpose
are as follows:

1- The Soesoo (1997) method

Based on this approach, the pressure and
temperature ~ formation of the  Aliabad
clinopyroxenes are about 3.5-6 kbar and 1150-
1200 °C, respectively.

2- The Sayari and Sharifi (2014) method
According to this method, the pressure and
temperature formation of the studied samples are
about 2.48-4.8 kbar and 1074-1094 °C,
respectively.

3- The Nimis and Taylor (2000) method
Using this method, the temperature formation of

clinopyroxenes in the Aliabad area is about 1009-
1083 °C.
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