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Fig. 1. A: Map of the general plate tectonics of the north region of Iran and south of Caspian (adopted from Brunet et al.,
2003) (F: Fault), and B: Geographical location of study area
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Fig. 2. Geological map of Ziarat (Jamshidi et al., 1991)
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Fig. 3. A and B: A view of gabbro’s in the Ziarat
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Fig. 4. Microphotographs of the Ziarat’s gabbroic rocks. A: Ophitic to poikilitic texture, B: Second-type pyroxene and
plagioclase as inclusion, C: Augite along with epidote and opaque minerals, D: Opaque and epidote minerals: (Epidote is
probably the outcome of pyroxene alteration (PPL), E: Completely altered plagioclase to sericite, chlorite and clay
minerals, F: Titanomagnetite and sphene. G: Euhedral to subhedral olivine, and H: Alkali feldspar in monzogabbro.
Abbreviations after Kretz (1983) (Px: Pyroxene, Pl: Plagioclase Ap: Apatite, Ep: Epidote Chl: Chlorite, Spn: Sphene, Bi:
Biotite, Alk-Fld: Alkali feldspar, Op: Opaque Ol: Olivine).
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Table 1. The electron microprop analysis results of pyroxene of olivine gabbro rocks in the Ziarat district (The chemical
composition and structural formula of pyroxene (Based on 6 atoms of oxygen). (Wo: Wollastonite, En: Enstatite, Fs:
Ferrosilite, Ac: Acmite)

Sample A-Px-1  A-Px-2 A-Px-3 A-Px-4 A-Px-5 B-Px-1 B-Px-2 B-Px-3 B-Px-4 B-Px-5 B-Px-6
SiO2 4748 4743 4826 48.07 4696 4781 46.76 4750 4725 48.27 48.86
TiO: 1.3 1.25 1.31 1.4 1.26 1.52 1.88 1.99 1.82 1.31 1.35
Al2O3 3.03 3.29 32 3.04 3.09 3.73 3.62 3.52 3.87 2.66 2.69
FeO 10.29 9.81 8.49 8.42 8.48 7.92 8.59 7.76 7.62 7.26 8.19
MnO 0.16 0.19 0.14 0.2 0.14 0.17 0.12 0.16 0.11 0.14 0.19
MgO 19.1 2095 1929 1928 2146 18.65 18.43 18.52 1841 2035 19.24
CaO 17.92 17 18.66 19.02 18.16 19.38 19.65 19.85 1994 20.12 20.01
Na20 0.45 0.56 0.51 0.41 0.47 0.41 0.43 0.37 0.31 0.29 0.39
K20 0.03 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cr20s 0.32 0.35 0.34 0.29 0.26 0.04 0.31 0.36 0.32 0.24 0.00

Total 100.08 100.85 100.2 1030'1 102?'2 99.63 99.79 1030'0 99.65 102'6 103'9

Si 1.786 1.764  1.798 1.795 1.753 1.761 1.761 1.776 ~ 1.773 1.789  1.809
AlVY 0.134  0.144 0.141 0.134 0.136  0.165 0.161  0.155 0.171 0.116  0.117
AV! 0.01 0.02 0.01 0.025 0.02 0.01 0.01 0.02 0.026 0.01 0.01

Fe?* 0.000  0.000 0.000 0.000 0.000 0.0.00 0.00 0.000  0.000  0.000 0.000
Fe* 0314  0.294 0.10 0256  0.255 0.242 0263 0237 0233 0218 0.248

Cr 0.009 0.01 0.01 0.008  0.007 0.001 0.009  0.011 0.01 0.07 0.00
Ti 0.037  0.035 0.037 0.038 0.034 0.043 0.053  0.057 0.051 0.037 0.038
Mn 0.005 0.006  0.004 0.006 0.004 0.005 0.004  0.005 0.004 0.004 0.006
Mg 1.039 1.121  1.043 1.045 1.149 1.049 1.037 1.032  1.039 1.125 1.062
Ca 0.701 0.654 0.725 0.741  0.699 0.783 0.795 0.795 0.809 0.799 0.794
Na 0.033 0.04 0.036  0.029 0.033 0.03 0.031  0.027 0.023 0.021 0.028
K 0.001 0.001 0 0 0 0 0 0 0 0 0

Sum 4.133 4.164 4119 4135 4176  4.095 4.131 4.124 4145 4196 4.118
Mo# 0.76 0.79 0.8 0.8 0.82 0.81 0.79 0.81 0.81 0.83 0.81
Wo 33.66  31.07 3521 3579 3281 37.45 3784 3796 3836 36.87 37.15
En 49.93 5329 50.66 50.48 35095 50.15 4939 4929 4928 51.89 49.71
Fs 14.88 13.78 1239 1233  11.71 10.96 11.27 1147  11.28 10.28  11.83
Ac 1.53 1.85 1.74 1.4 1.54 1.43 1.5 1.28 1.08 1.96 1.31
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Fig. 5. A: Clinopyroxenes’ division triangle and positioning of clinopyroxenes in the field of the combination augite
(Morimoto et al., 1988), B: changes of MgO, CaO, and FeO augite from the center (C) to the Rim (R), C: the distribution
chart of Al-Si in which Ziarat’s pyroxene are at the top of the saturation line position of the tetrahedron position and
shows the complete position of Si in tetrahedron position of pyroxene mineral (Nosova et al., 2002), and D: chart showing

the amount of Ti against Al"Y, positioning of clinopyroxene in the field of AI'V = 5Ti, 8Ti shows a significantly high
amount of A1V relative to Ti in clinopyroxene (Downes and Leyreloup, 1986).
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poor magma, B: SiO; against Al,Oz diagram to determine the magmatic series on the basis of clinopyroxene composition
(Le Bas, 1962), and C: Nb/Y diagram (Zr/TiO02) * 0.0001 (data from Azizzadeh et al., 2018)(Floyd & Winchester, 1977)
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Table 2. Minimum and maximum temperatures of the Ziarat’s clinopyroxenes
sample A- A- A- A- A- B- B- B- B- B- B-
P Px-1 Px-2 Px-3 Px4 Px5 Px1 Px2 Px3 Px4 Px5 Px6
o Minimum 1174, 1192. 1192, 1201. 1201. 1197. 1196. 1197. 1195.
T1°C temperature 5 1187 9 9 3 9 3 4 4 1209 |
TaoC Maximum  1380. 1421. 1439. 1441. 1469. 1472. 1458. 1453. 1456. 1497. 1448.
temperature 8 8 5 7 6 5 2 3 8 1 9
1277.  1304. 1316. 1317. 1335. 1337. 1324, 1327. 1353.
Taverage 7 4 ) 3 - ) 1328 9 1 1 1322
A & B =15
Temperature (C) Pressure (kbar)
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/ 1100 P o
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2% L ot
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- (S L]
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Fig. 8. A: Calculated temperature for clinopyroxene crystallization, and B: calculated pressure for clinopyroxene

crystallization (Soesoo, 1997)
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Introduction

The study area is located in the Eastern Alborz zone
(Gansser, 1951) which is a part of the northern
margin of Gondwana during the Paleozoic
(Stocklin, 1974; Salehi Rad, 1979; Berberian and
King, 1981; Sengor, 1990; Alavi, 1991, 1996;
Stampfli and Borel, 2002; Allen et al., 2003;
Horton et al., 2008; Sinha, 2012, 2013). According
to studies conducted by Gansser (1951) and
Hubber (1957), the gabbro masses of South Gorgan
(Nahar Khuran Valley) belong to the ophiolite
collection. Meanwhile, 6km South-East of
Galougah city, Gorgan schists have been covered
by underlying Jurassic sandstones with s steep
discontinuity. The parts resulting from the erosion
of Gorgan schists were observed in the sequence
conglomerate of the underlying Jurassic. At the
beginning of the Ziarat Valley, about 800 meters
above the Nahar Khuran, two small tectonic masses
(the thickness of about 11 meters) are placed on the
layers. These masses are mostly metamorphic. The
metamorphic rocks (Gorgan schists), as one of the
important geological units in Iran, are mainly
formed from low-metamorphic rocks such as slate,
phyllite, chlorite schist, greenschist and micaschist
along with volcanic rocks and gabbrodiorite
masses infiltrating them.

Materials and Methods

To prepare a geological map of the study area, field
sampling and fieldwork were first done from the
various units in the region. Over 100 samples were
collected from the area. Approximately 70 thin

cross-sectional samples of the tectonic rocks of the
area were selected from them and investigated
using a polarizing microscope. In this paper, 11
points of clinopyroxene were selected for
microprobe analysis. The point analysis done on
these minerals was conducted using the EPMA
method using a microprobe analysis set in the
Center of Mineral Processing of Iran (Karaj). The
structural formula is calculated using the Excel
(Spreadsheet) and dividing them was done by the
MinPet 2.02 software package. Given that
microprobe analysis is unable to distinguish Fe2"
and Fe3" and given that it reports total iron as
FeO*, it is necessary to separate these two from
each other in order to calculate the minerals’
structural formula.

Results

Petrographic studies identified rocks including
gabbro, olivine gabbro, monzonite, gabbro to
monzogabbro altered, metagabbro, and catalactic
porphyry diorite. Mineralogically, these rocks
consist of phenocrysts of plagioclase with
labradorite composition, clinopyroxene and olivine
with accessory minerals of apatite, sphene, biotite,
and metal minerals. Secondary minerals are
chlorite, sericite, clay mineral and epidote. The
dominant textures in these rocks are granular and
ophitic. The results of electron microprobe analysis
of these clinopyroxenes show that they have augite
compositions. In addition, gabbros also mostly
show alkaline composition.

*Corresponding author Email: j.sheikhzakaria@gmail.com

DOI: https://dx.doi.org/10.22067/econg.v13i3.81312



Journal of Economic Geology

Azizzadeh et al. 42

Discussion

To precisely investigate the rocks in the research
area, the results of the chemical analyses of
minerals were used in determining their
petrogenesis. Felsic minerals mainly include
altered plagioclase, the main combination of which
is labradorite and which is converted to the
secondary albite due to hydrothermal alteration
processes. The combination of clinopyroxenes
available in the volcanic rocks is in Quad range and
has a composition of augite. The temperature
calculated for the clinopyroxenes in gabbros is
1277.7 to 1353.1°C and the pressure is more than
10 Kbars. (On the baseline of 3.65kbar per 1km in
depth), the formation of clinopyroxenes in the
parent magma was over 37km. The primary water
content of the gabbro magmas is estimated to have
been between 0.5 and 5 wt.%. Distribution of
aluminum in tetra and octa positions of
clinopyroxenes depends on pressure and the
amount of water available in the crystallization
environment. Accordingly, the amount of Al'
decreases as the amount of water increases.
Tectonomagmatic diagrams suggest that the host
rocks are alkaline and are related to volcanic arc
setting.
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