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Introduction

Damavand stratovolcano is in Alborz Magmatic Belt (AMB), in the north
of Iran, and the Iranian plateau. This large dormant volcano was
constructed with a composite large cone (more than 400 km?). Damavand
is known as the highest mountain (elevation ~5671 m) in the Middle East
and South Asia. The youngest known eruptions of Damavand volcano (7.3
Ka), which mostly erupted on the western side of the summit, are
composed of trachyandesite, and trachyte lavas with pyroclastic while the
older eruptions (1.8-0.6 Ma) consisting of alkali olivine basalts, tephrite
basanite, and trachyandesite, emplaced at the base of the volcano. The
current Damavand cone is located above the old and eroded building and
periodically includes trachyandesite- trachyte lavas with small eruptions of
mafic lavas and pyroclastic rock. These lavas formed in the youngest
geological period (Quaternary) covered Mesozoic deposits (Shemshak and
Lar Formations). The intensity of Alborz volcanic activities extended into
the Tertiary, but was not uniform, as its maximum occurred in the late
Eocene and Oligocene, and after a period, volcanic activities re-intensified
in the Pliocene.

Regional Geology

by XRF and ICP-MS analyses at the Geological

Damavand volcano is in the center of Alborz Survey of Iran.
Mountain Belt, in the Iranian plateau. The stratigraphic Mineral composition determined by EPMA
evidence indicates that the volcanism occurred in the (Electron Probe Micro-Analyser) at Iran Mineral
two phases the older (old Damavand) and the younger Processing Research Center. The analysis was

sequences (younger Damavand)

Analytical Methods

After initial petrographic studies, suitable samples
were analyzed for whole-rock composition determined

performed at this center by the electronic
microprocessor model CAMECA-SX 100 made by the
French company Cameca. This device is equipped with
a spectrometer with an electron diode receiver and
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works automatically based on a high accuracy of 1%
and the simultaneous operation of several diode
detectors and electron beam stability with a carbon
coating.

Petrography, Minerals, and Whole Rocks
Chemistry

The analyzed samples roughly cluster in the two
zones, mafic alkaline rocks (tephrite-basanite) and
intermediate-felsic rocks (trachyandesite- trachyte).
The main purpose of this study is the mineral
chemistry of the Ziar-Lasen trachyandesites, with a
SiO. content of 57wt%. The predominant mineral
assemblages of these rocks are plagioclases (andesine-
Labradorite),  k-feldspar  (sanidine-anorthoclase),
clinopyroxene (augite-diopside), mica (phlogopite,
biotite), apatite, and Ti-magnetite and the dominant
textures are porphyry and microlithic porphyry textures
with main phenocrysts. Feldspars show signs of
disequilibrium and sieve textures in their cores and rim
and desorption and skeletal. These phenocrysts, which
are sometimes as glomerocrysts, show zoning Some
mafic enclaves with variable textures and mineralogy
are seen in the matrix of the trachyandesitic rocks.

Result and Discussion

Volcanic activities in the middle part of Central
Alborz Mountain initiated about 2 million years ago
with the eruption of mafic to intermediate-acidic lavas
and pyroclastic rocks. The most common minerals of
the trachyandesits from the south of Damavand (Polour
to Ziar-Lasem) are felspar, pyroxene, mica, apatite, and
opaque minerals., whereas the intermediate lavas are
characterized by the presence of plagioclases (ansi-ss,
andesine), alkali feldspars (Ors.es, Sanidine to
anorthoclase), pyroxene, mostly augite (W0sz45 Enap-
47F510.13) rare diopside 0/\/046.48 Enszse FSs.lo), mica
phlogopite (Fe?*/(Fe?*+Mg) <0.3) as well as high Mg #
(67-76) and Ti-magnetite.

Chemically, the clinopyroxenes are characterized
by high Mg # (97-76) and phlogopites by Fe # <0.33,
high Ti (70-79), and high Mg # (76-67) and so, the
nature of host magma is sub-alkaline.

On the base of thermobarometer data, the
clinopyroxene and phlogopite phenocrysts from Ziar-
Lasem trachyandesites crystallized at a wide range of
temperature and pressure.

The crystallization temperature for clinopyroxenes,
ranges from 1180 to 1250 °C, at 6-10 kbars pressure
(equi. to 22-36.5 km depth), and for mica varies from
819 to 843°C, at 0.1-1.14 kbars pressure (equal to 4-

0.65 km depth.). Base on clinopyroxenes compositions
(Mg#>80) the crystallization of these minerals was re-
equilibrated with high Mg# melts (50-54) (Eskandari
et al., 2018). The similarity of these values with those
of basalts indicate their deep crystallization from more
mafic magma (Lanzafame et al., 2013). It is suggested
that the clinopyroxenes of the intermediate volcanic
products of Ziar-Lasen were crystallized at 22-36.5 km
depth, approximately equivalent to lower crust (28-33
km), and evolved by assimilation, fractionation, and
contamination when their parent magma erupted from
deep depth to the surface or crystallized at shallow
chambers within a thick crust.
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Table 1. Some major elements composition of the trachyandesites in the south Damavand.

Point No. ML.1 ML2 ML3 ML4 MLS5 ML6 ML7 ML8 MLO9 ML10O MP1 MP2 MP3

SiO2 451 455 616 465 57.1 586 584 578 4723 458 61.74 63.14 636
Na20 4.1 4.5 4 43 43 41 4.4 41 41 2.7 4.47 4.48 3.7
K20 2.9 2.1 43 2 5 51 4.9 4.9 3.6 3.7 4.42 4.68 4.5

Point No. MP.4 MP5 MP.7 MP.18 MP.19 MP8 MP9 MP.10 MP.11 MP.12 MP.13 MP.14 MP.17

SiO2 61.86 62.04 6152 64.41 6428 60.16 61.31 5896 6423 6296 6491 6568 61.85
Na20 446 448 424 439 4.46 405 439 3.89 4.28 4.39 4.25 4.37 4.24
K20 456 461 458 4.64 4.65 448 443 45 4.8 4.43 4.97 4.81 4.47

b ) ol Jaesd g aigles laassT Cgix ol S5 09,0 HLewald WE% &L ) Lol slopaie a1 oS 5 Y Joos
Ol SLL sosijle g oy5mST @31 A &b odelcassay @.p.fu.
Table 2. The major elements' oxide composition (in wt%) of the feldspar in the trachyandesite in the south of

Damavand Volcano and its calculated structural formula (in a.p.f.u.) based on 8 oxygen atoms, and the end-
members.

Point No. 49/1. 13/1. 14/1. 15/1. 14/1. 15/1. 16/1. 17/1. 31/1.

SiO2 57.19 52.30 51.81 53.55 55.45 56.66 60.18 60.35 52.55
TiO2 0.08 0.00 0.02 0.01 0.07 0.06 0.02 0.04 0.05
Al203 26.89 29.59 30.10 28.28 27.69 26.84 24.68 23.82 29.53
FeO* 0.51 0.45 0.54 0.43 0.61 0.52 0.47 0.37 0.45
MnO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MgO 0.06 0.07 0.07 0.07 0.03 0.03 0.04 0.03 0.06
CaO 8.68 12.33 13.37 12.10 9.64 8.57 6.43 5.14 11.69

Na20 6.45 5.25 461 5.25 6.21 6.41 7.53 7.98 5.38
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Table 2. Continued.
Point No. 49/1. 13/1. 14/1. 15/1. 14/1. 15/1. 16/1. 17/1. 31/1.
K20 1.03 0.37 0.27 0.37 0.81 0.99 1.58 2.08 0.41
Cr203 0.01 0.00 0.00 0.00 0.00 0.01 0.00 0.04 0.00
NiO 0.00 0.00 0.00 0.11 0.21 0.00 0.00 0.00 0.00
P20s 0.01 0.24 0.14 0.32 0.00 0.05 0.00 0.25 0.00
V20 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 100.92 100.60 100.93 100.49 100.72 100.14 100.93 100.10 100.12
Si 2.27 2.08 2.05 2.13 2.20 2.26 2.39 241 2.10
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 1.42 1.57 1.59 1.50 1.47 1.43 1.30 1.27 1.57
Fe 0.04 0.04 0.04 0.03 0.05 0.04 0.04 0.03 0.04
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mg 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.01
Ca 0.69 0.98 1.06 0.96 0.77 0.69 0.51 0.41 0.93
Na 1.02 0.84 0.73 0.84 0.99 1.02 1.19 1.28 0.86
K 0.16 0.06 0.04 0.06 0.13 0.16 0.25 0.33 0.07
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ni 0.00 0.00 0.00 0.01 0.02 0.00 0.00 0.00 0.00
P 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.01 0.00
\Y 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 5.61 5.57 5.53 5.55 5.62 5.61 5.68 5.74 5.58
Or (%) 8.71 3.14 2.34 3.17 6.84 8.47 12.82 16.47 3.52
Ab (%) 54.57 44.55 39.86 44.99 52.45 54.86 61.10 63.18 46.24
An (%) 36.72 52.31 57.80 51.84 40.71 36.67 26.09 20.35 50.24
Aalsl Y Jgoz
Table 2. Continued.

Point No. 32/1. 33/1. 18/1. 19/1. 20/1. 5/1. 6/1 71/1.
SiO2 51.21 52.66 56.60 55.08 57.48 61.91 63.25 64.99
TiO2 0.00 0.00 0.05 0.05 0.06 0.04 0.19 0.60
Al203 30.66 29.04 26.82 28.23 25.72 21.23 20.30 19.70
FeO 0.51 0.49 0.45 0.45 0.44 0.56 0.96 2.10
MnO 0.02 0.00 0.00 0.00 0.02 0.00 0.00 0.00
MgO 0.05 0.05 0.02 0.03 0.02 0.03 0.03 0.20
CaO 12.54 12.37 7.97 9.25 7.41 7.17 3.77 0.56
Na20 5.15 5.05 7.03 6.34 7.07 7.41 6.60 3.33
K20 0.41 0.41 1.04 0.83 1.22 1.49 3.90 6.58
Cr203 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.02
NiO 0.09 0.00 0.00 0.27 0.00 0.04 0.12 0.05
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Table 2. Continued.

Point No. 32/1. 33/1. 18/1. 19/1. 20/1. 5/1. 6/1 71/1.
P20s 0.00 0.68 0.00 0.09 0.12 0.00 0.03 0.00
V203 0.00 0.01 0.00 0.00 0.00 0.00 0.02 0.03
Total 100.64 100.76 99.98 100.62 99.56 99.89 99.17 98.16
Si 2.04 2.09 2.26 2.19 231 2.48 2.55 2.65
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.02
Al 1.63 1.54 1.43 1.50 1.38 1.13 1.09 1.07
Fe 0.04 0.04 0.04 0.04 0.04 0.05 0.08 0.17
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02
Ca 1.00 0.98 0.64 0.74 0.60 0.57 0.30 0.05
Na 0.82 0.80 1.13 1.01 1.14 1.19 1.07 0.54
K 0.07 0.07 0.17 0.13 0.20 0.24 0.63 1.07
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ni 0.01 0.00 0.00 0.02 0.00 0.00 0.01 0.00
P 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00
\Y 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 5.59 5.54 5.66 5.63 5.66 5.67 5.74 5.60
Or (%) 3.47 3.52 8.63 7.04 10.17 11.93 31.49 64.57
Ab (%) 43.53 43.37 58.32 53.75 58.94 59.35 53.29 32.68
An (%) 53.00 53.11 33.06 39.21 30.89 28.71 15.22 2.75
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Table 3. The major elements' oxide composition (in wt%) of biotite and its calculated structural formula (in
a.p.f.u.) based on 22 oxygen atoms.

Point No. 39/1. 38/1. 42/1. 21/1. 22/1. 23/1. 2411. 25/1. 26/1. 271/1.

SiO2 35.74 36.87 36.43 37.41 37.51 36.71 36.78 35.64 36.12 36.22
TiO2 6.28 6.97 6.93 6.63 6.64 6.94 6.72 6.75 7.08 6.96
Al2O3 14.60 13.68 12.63 12.83 13.20 13.59 13.54 13.38 13.29 1331
FeO 12.09 10.73 13.28 9.87 10.28 10.32 11.65 12.71 11.50 11.22
MnO 0.06 0.07 0.10 0.00 0.03 0.06 0.11 0.10 0.07 0.10
MgO 16.24 17.28 15.04 17.07 17.40 18.39 15.61 16.33 15.99 17.13
CaO 0.02 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.04 0.02
Na20 1.43 1.15 1.21 0.98 0.93 1.04 0.84 0.84 0.96 0.96
K20 9.98 10.34 10.97 10.35 10.61 10.44 10.16 10.16 10.41 10.25
NiO 0.05 0.09 0.00 0.00 0.00 0.02 0.00 0.16 0.12 0.00

Cr203 0.00 0.03 0.01 0.00 0.00 0.03 0.02 0.00 0.00 0.01
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Table 3. Continued.

Point No. 39/1. 38/1. 421, 21/1. 22/1. 23/1. 24/1. 25/1. 26/1. 27/1.
V203 0.34 0.40 0.39 0.39 0.33 0.37 0.34 0.35 0.35 0.37
P20s 0.07 0.00 0.00 0.19 0.00 0.07 0.08 0.04 0.06 0.00
Total 96.90 97.61 96.99 95.74 96.93 97.98 95.85 96.46 95.99 96.55
Si 5.26 5.35 5.42 5.50 547 5.30 5.44 5.29 5.36 5.33
Al 2.53 2.34 221 2.22 2.27 231 2.36 2.34 2.33 231
Al 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.00 0.00
Ti 0.70 0.76 0.78 0.73 0.73 0.75 0.75 0.75 0.79 0.77
Fe*? 1.49 1.30 1.65 1.21 1.25 1.25 1.44 1.58 1.43 1.38
Mn 0.01 0.01 0.01 0.00 0.00 0.01 0.01 0.01 0.01 0.01
Mg 3.56 3.74 3.34 3.74 3.78 3.96 3.44 3.62 3.54 3.76
Ca 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00
Na 0.41 0.32 0.35 0.28 0.26 0.29 0.24 0.24 0.28 0.27
K 1.88 1.92 2.09 1.95 1.98 1.93 1.93 1.93 1.98 1.93
Ni 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cr 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.02 0.01 0.00
\% 0.04 0.05 0.05 0.05 0.04 0.04 0.04 0.04 0.04 0.04
P 0.01 0.00 0.00 0.02 0.00 0.01 0.01 0.01 0.01 0.00
Total 18.42 18.16 18.11 15.71 15.78 18.33 18.04 18.18 18.11 18.13
Mag# 0.71 0.74 0.67 0.76 0.75 0.76 0.71 0.70 0.71 0.73
Fe# 0.30 0.26 0.33 0.25 0.25 0.24 0.30 0.30 0.29 0.27
Mn# 0.01 0.01 0.01 0.00 0.00 0.01 0.01 0.01 0.01 0.01
XAl (a.p.f.u) 2.53 2.34 221 2.22 2.27 2.39 2.36 2.34 2.33 231
Fe+2/(Fe*2+Mg) 0.29 0.26 0.33 0.24 0.25 0.24 0.30 0.30 0.29 0.27
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Table 4. The major elements' oxide composition (in wt%) of the opaque minerals and their calculated structural
formula (in a.p.f.u.) based on 4 oxygen atoms.

Point No. 40/1. 48/1. 12/1. 13/1.
SiO2 0.13 0.12 0.10 0.09
TiO2 11.16 2.58 7.59 6.80
Al2O3 4.17 3.68 2.09 2.68
MnO 0.00 0.00 0.00 0.00
FeO 69.96 79.09 77.10 79.37
MgO 0.39 0.83 0.67 0.35
CaO 6.29 4.08 3.45 2.75
Na20 0.28 0.05 0.03 0.08

K20 0.11 0.82 0.05 0.00
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Table 4. Continued.

Point No. 40/1. 48/1. 12/1. 13/1.
Cr203 0.01 0.59 0.00 0.00
NiO 2.27 0.20 0.11 0.18
P20O5 0.13 0.44 0.00 0.06
V203 0.31 1.39 0.00 0.00
Total 0.77 0.38 0.63 0.63
Si 0.01 0.00 0.00 0.00
Al 0.30 0.07 0.22 0.20
Ti 0.18 0.16 0.10 0.12
Fe*3 0.98 1.36 1.23 1.24
Fe*? 1.13 111 1.30 1.34
Mn 0.01 0.03 0.02 0.01
Mg 0.34 0.23 0.20 0.16
Ca 0.01 0.00 0.00 0.00
Na 0.01 0.06 0.00 0.00
K 0.00 0.03 0.00 0.00
Cr 0.07 0.01 0.00 0.01
Ni 0.00 0.01 0.00 0.00
P 0.01 0.04 0.00 0.00
\Y 0.02 0.01 0.02 0.02
Total 3.06 3.13 3.10 3.10

17 Al easlcssay @PFU &L ) 6 b3l Jseyd 5 (pmSTs il WH &1 ) (ol slojaie 0T oS 5 0 Jgor
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Table 5. The major elements' oxide composition (in wt%) of the clinopyroxene and its calculated structural
formula (in a.p.f.u.) based on 6 oxygen atoms, and the end-members.

Point No. 43/1 4411 45/1 46 /1 47 /1 51/1 52/1 1/1
SiO2 51.53 53.42 53.7 51.43 52.34 52.17 52.03 52.49
TiO2 0.88 0.43 0.36 0.7 0.34 0.4 0.41 0.58
Al203 3.32 131 1.06 2.19 1.3 131 1.38 1.61
FeO 6.66 7.68 7.34 7.4 7.48 8.16 8.01 7.81
MnO 0.11 0.35 0.38 0.34 0.29 0.37 0.33 0.26
MgO 15.35 14.8 14.83 14.52 16.44 16.09 16.3 15.97
CaO 21.68 20.41 20.2 21.56 21.37 21.46 21.45 20.57
Na20 0.91 0.72 0.98 0.98 0.69 0.69 0.59 0.55
K20 0.09 0.29 0.53 0.61 0.11 0.02 0 0.03
Cr203 0.15 0.02 0 0 0.12 0 0 0.01
NiO 0 0 0 0.08 0 0 0 0

V203 0.12 0.81 1.22 1.79 0.18 0 0.13 0.12
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Table 5. Continued.

Point No. 4371 4471 4571 46/1 4711 51/1 5271 1/1
P20s 0.07 0.03 0.03 0.05 0.04 0.04 0.02 0.07
Total 100.87 100.27 100.63 101.65 100.7 100.71 100.65 100.07
Si 1.873 1.965 1.965 1.869 1.907 1.906 1.901 1.932
Al 0.127 0.035 0.035 0.094 0.056 0.056 0.059 0.068
Alv 0.016 0.022 0.011 0.000 0.000 0.000 0.000 0.002
Ti 0.024 0.012 0.010 0.019 0.009 0.011 0.011 0.016
Fe* 0.113 0.000 0.000 0.060 0.143 0.158 0.144 0.061
Fe*? 0.089 0.236 0.225 0.165 0.085 0.092 0.101 0.179
Mn 0.003 0.011 0.012 0.010 0.009 0.011 0.010 0.008
Mg 0.832 0.812 0.809 0.787 0.893 0.876 0.888 0.876
Ca 0.844 0.804 0.792 0.840 0.834 0.840 0.840 0.811
Na 0.064 0.051 0.070 0.069 0.049 0.049 0.042 0.039
K 0.004 0.014 0.025 0.028 0.005 0.001 0.000 0.001
cr 0.004 0.001 0.000 0.000 0.003 0.000 0.000 0.000
Ni 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.000
P 0.004 0.025 0.038 0.055 0.006 0.000 0.004 0.004
0.002 0.001 0.001 0.001 0.001 0.001 0.001 0.002
Mg? 0.903 0.775 0.783 0.827 0.913 0.905 0.898 0.830
Fe3+# 0.435 0.000 0.000 0.391 0.706 0.736 0.708 0.467
cr 0.029 0.010 0.000 0.000 0.058 0.000 0.000 0.004
Q 1.766 1.852 1.826 1.791 1.813 1.808 1.828 1.866
J 0.128 0.103 0.139 0.138 0.097 0.098 0.084 0.078
Wo (%) 45 43 43 45 43 43 43 42
En (%) 44 44 a4 42 46 45 45 45
Fs (%) 11 13 12 12 12 13 12 12
XPT 37.8 39.1 39.0 38.1 39.4 39.5 39.5 39.1
YPT -29.1 -28.5 -28.7 -28.1 -29.2 -28.7 -28.8 -28.7
adlsl b Jgor

Table 5. Continued.

Point No. 2/1. 3/1. 4/1. 8/1. 9/1. 10/1 11/1 28/1
SiO2 53.18 51.57 51.38 50.79 51.06 51.36 51.42 51.24
TiO2 0.47 0.40 1.03 111 1.17 0.97 0.62 0.57
Al2O3 1.34 1.29 3.43 4.23 4.72 4.00 2.16 1.92
FeO 7.87 8.01 6.52 5.77 5.13 4.85 7.17 6.87
MnO 0.40 0.36 0.11 0.10 0.10 0.05 0.34 0.29

MgO 16.1 15.71 16.6 14.16 14.06 15.43 16.51 16.23
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Table 5. Continued.
Point No. 2/1. 3/1. 4/1. 8/1. 9/1. 10/1 11/1 2811
CaO 20.42 21.90 20.82 21.84 21.93 21.30 21.07 22.65
Na20 0.54 0.61 0.58 0.62 0.59 0.62 0.62 0.6
K20 0.00 0.02 0.02 0.00 0.00 0.00 0.00 0.03
Cr203 0.00 0.01 0.1 0.01 0.01 0.04 0.01 0.08
NiO 0.00 0.00 0.09 0.00 0.07 0.37 0.00 0.00
V203 0.26 0.04 0.06 0.29 0.11 0.10 0.03 0.11
P20s 0.06 0.03 0.07 0.04 0.06 0.04 0.05 0.03
Total 100.64 99.95 100.81 98.96 99.01 99.13 100.00 100.62
Si 1.947 1.901 1.865 1.888 1.891 1.896 1.884 1.868
Al iv 0.053 0.056 0.135 0.112 0.109 0.104 0.093 0.082
Al vi 0.005 0.000 0.012 0.073 0.097 0.070 0.000 0.000
Ti 0.013 0.011 0.028 0.031 0.033 0.027 0.017 0.016
Fe*s 0.034 0.159 0.098 0.000 0.000 0.013 0.143 0.180
Fe*? 0.207 0.088 0.100 0.179 0.159 0.136 0.077 0.030
Mn 0.012 0.011 0.003 0.003 0.003 0.002 0.011 0.009
Mg 0.879 0.863 0.898 0.785 0.776 0.849 0.902 0.882
Ca 0.801 0.865 0.810 0.870 0.870 0.842 0.827 0.885
Na 0.038 0.044 0.041 0.045 0.042 0.044 0.044 0.042
K 0.000 0.001 0.001 0.000 0.000 0.000 0.000 0.001
Cr 0.000 0.000 0.003 0.000 0.000 0.001 0.000 0.002
Ni 0.000 0.000 0.003 0.000 0.002 0.011 0.000 0.000
P 0.008 0.001 0.002 0.009 0.003 0.003 0.001 0.003
\ 0.002 0.001 0.002 0.001 0.002 0.001 0.001 0.001
Mo# 0.809 0.907 0.900 0.814 0.830 0.862 0.921 0.967
Fe3*# 0.368 0.738 0.395 0.000 0.000 0.071 0.604 0.679
Cr# 0.000 0.005 0.019 0.002 0.001 0.007 0.003 0.027
Q 1.888 1.816 1.808 1.834 1.805 1.828 1.806 1.796
J 0.077 0.087 0.082 0.089 0.085 0.089 0.088 0.085
Wo (%) 42 44 42 47 48 46 42 45
En (%) 46 44 47 43 43 46 46 45
Fs (%) 13 13 10 10 9 8 11 11
XPT 39.5 39.3 37.8 36.7 36.4 36.8 38.5 39.1
YPT -29.0 -28.4 -29.5 -28.7 -29.0 -29.7 -29.1 -29.2
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Figure 2. A view of the prismatic trachyandesite lavas in the Ziar area: A) lahar 1; B) bluky lavas; C)

prismatic lavas; D) lahar 2.
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Figure 3. A view of the light colored trachyandesite lavas and older gray basalts in the Ziar area.
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Figure 4. Photomicrographs of the volcanic rocks from the south of Damavand Volcano (XPL and
PPL images are shown in the top and bottom, respectively). A) The basalt from Lasem area with
hyialomicrolithic porphyry and vesicular textures composed of olivine, clinopyroxene, and biotite
phenocrysts; B) The basalt of Ziar area with an enclave; C) Felspar, clinopyroxene, and biotite

phenocrysts and apatite in the trachyandesite lavas with of Ziar area; D) A glomercryst of
hornblende, clinopyroxene, biotite, and apatite in a trachyandesite from Polour area.
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Table 6. The calculated temperature, pressure, and depth based on the mica composition.

Point. No 39/1 38/1 42/1 21/1 22/1 23/1 24/1 25/1 26/1 27/1
T (°C) (equation 1) 819 838 821 838 836 843 826 825 834 836
P (Kb) (equation 2) 1.14 0.56 0.18 0.21 0.34 0.71 0.63 0.57 0.52 0.47
H (Km) 4.17 2.05 0.65 0.75 1.23 2.60 2.29 2.07 1.88 1.71




VEY 5ol ety g ol o)led o bz Jlo (85909 —1

\a

(f 5 ¥ slalolas) Yer 3 Xpr ).Lo‘)l.; 9 ‘u,...S”...;j.....lf
Loo Lty 0,915 lp 2 slodolae &0 (g5 oo |,

Wy, lad

Gl 00l .)Le:.‘.m.u ’...MS 5)..49_....15 )51...: 6)L.M3'Lm> Lu‘).w

&olog—es by, 5l Ll yo (Sayari et al., 2014)

00b 48,5 o, 4 (506500, 1997) g udgus (golpiiiy

Xpr= 0.446 SiO, + 0.187 TiO- 0.404 Al,O3 + 0.346 FeO™®' - 0.052 MnO + 0.309 MgO + 0.431 CaO -

0.446 NazO (v dsles)

Yer= -0.369 SiO2 + 0.535 Ti02-0.317 Al;O3 + 0.323 FeO™® + 0.235 Mn0O-0.516 Mg0O-0.167 CaO -

0.153 Na O (f dales)

s 8l i latul, FE3*=0 Lzl laiges
s LA._MJ] 6L_49f )‘QH L}'—_‘" )‘ od.n]u_.mod.:
s Fe¥=0 Lis VU ;0 a5 sudol (slopnS g gilS
ST S gs Loyl s ls e s ol 5l g0
Ol S gy ilS jsks ol jo 1) (YL anleS

D=V Ss) wes e

o) Lo
o Oleti AL o GG e By
S ools (Lt S g 9ilS g ks Lo SIS
Sl cdea sy LalSs (B e s Ac) e cla JS__)
S92 yo 1y b ymaie idon as)ls aS lojg (n b
slo ST ol s o loges o od ssl—>
MgO 4 Al203 FeOrotay a—ssle Lol slo, —aic
LSl g o abs s el o
08, e S w ol oSl ol oSlogienss
o=l S5 L (Abdel-Rahman, 1994) wis &

(&

— C 5&5..\_‘&4» ‘o..\_.ihb_m)ﬁ ‘_;l_mli,.o ‘5‘)_> Las)lo}a.;
ohSan 5 5, aiSl (slaasily AL (Y US_5)
a2 4ol g (Eskandari et al., 2018, 2019)
9 ‘5Z~—AAJ)LAM—9_L—AN> GL_Q5_§.” 6)1._41 J._Jz.o 9
Gilwo,md ol mhas aw (S s ( oSS58 s
FogheS YY-YA L35 5 )l oS 7oA slaylzd o
5LS PV g es LS VO-YY (6L8)5 5 5L o LsP-F

lodgs yagh ST VY-V (GB35 40 L

L5 YA/0 550 50 oo cwy p slodisas sl Xpr jlaie
0l ol SYAN B-YAUD 850 o Yer lade o YFIF
85Ls ) adlaie Lo Sy gilS (Aula (B9,
.5)51)_3 o, K lw A 0 (B ) VYA LIYD. oleo
LY Lply jlad czan (A JSTE) 058 o0
BYFIO gli,gLas (1) S) ol ool ooy ,bsLS
S bl ol Sl
by APY Sl a8 it due Ly gla S g 5idS
Le Bas, 1962; Deer et al., ) aitws Sl Silox
¥ )L dilate Sy o 00 dS slaaises Mg# (1992
Oogddgl baims lis a5 Cawl s y0 £ LAY Al o
5 sl oz o wleSle o La SLS ol
aims oo LS VYT B AT Ll s MO# LaynS s o il
Bl gl (B 50 S)sk Glar bsS Lwaz &S
el ol aleed (Supd Wyl oy sl
Slediar leSle slaanld Jyus)s Se Jale (5]
aBlsls sla S g9 5 55k s = 9 9956
5 eS| BalS 95 ) 53 9,003 il 138 15T
Fed* Jlaie yo ooy 31 gumlannst Sglaze slacdl>
il el 5o 5 m 55,5 050 (oS3 apalS SIS
g (yianST &g e 3591 (sl
o 00, ,ay AlV+Na 1, o AIV+2Ti+Cr

Sk yae— LS YVA

Fe3'=0 Lz YL o baiges 38,5 sl> aSslassSa
O AwlE 93 )3 b (S g o 9iS oL sLoss
Cameron and ) |, S cagh S 5l 4 .cwVl
Lol U ST & wlEes o5 «(Papike, 1981




v

digles (laatsT Cgio Lawly oo (glaojlas’ cud jus g eian Ldlad o)

o|95).3:} 0 o
-10 -10
(A) (B)
-15 -15
1050
/ 1100
= =
B W © 12 & <2kb { 20
U P
e
2-5 11-15
] s S 1 25
6-10 of =20
eo ‘s toe
. 3. . . . . . 30 .e’ s . . . . . 30
42 40 38 36 34 32 30 28 26 M 42 40 38 36 34 32 30 28 26 24
XPT XPT
0.20 0.20
(©) +(D)
*
25-30 .
0.16 |
7 kbar 0.15 oo
LE'; 2 . High Oxygen Fugacity
. 20 kbar 5 .
E 02 t =
S <
Z 0.10 f
.\ - N
0.08 | A3
0.05
0.04 Low Oxygen Fugacity
0.00 : . 0.00 . . . .
04 06 08 1.0 0.0 0.2 0.4 0.6 0.8 1.0

Mg/(Mg+Fe?")

AIVI+2Ti+Cr

Ol pis Joge3 (C «(S06500, 1997) gaudg 5l 48,5 15 ¢,Lid g Lod 0,91 15 sl YPT 2l ,0 Xpr &l s sl loges (B A NN Js
o AIV+Na Ll 0 AIVH2TIHCr ol s lsg—s (D «(Akinin et al., 2005) ,Lid o)1, sl Na 5l 0 Mg/(Mg+Fe?*)

(Schweitzer et al., 1979) y3nST &LwlE 98 oylie Gpns 6l o pnS g oo gidS

Figure 11. A, B) Xpr versus Yper diagram (after Soesoo, 1997) for estimation of temperatures and pressure; C) Na
(a.p.f.u) versus Mg/(Mg+Fe?*) diagram (Akinin et al., 2005). D) AIV'+2Ti+Cr versus Al'Y+Na diagram

(Schweitzer et al. 1979).

5,5 blaul iz oles oo dwl Cawsdy fuo) (5 gk
Lol sl I wilaie ol o ads] slalaSle o5
2 0% ) e 5l s reskS YO sl ,0 a5 wlesy
Omizmen oSloae] Wy (g ) 8,5 e iSusgd
LSl 5 ) S 5l slacans 553 LSLe o
aody (Sygoe,s OV B #0/FA) SiO2 L ool ST
B L5>l_4;§Lo (_gl_éd.)l.»_m—‘ B me;# B ..\5‘00)5"

Aoy e b 6 LS FY L L F A Soop

8 L (S95 (S lagsl 4 4z L

..\_ual.m) uw] ) 4‘“‘"‘9" o LSl ‘_g)l..»o,oo f“"""'"""”
FoA s yaghsS Vo $1)5 50 i e &l Juls
R ol S el (gl S Y-T-0 g (g eslS
Sl 5, a s odwelewods glaosls il
L35 wemY diaie glacy jail ST o irS s g 5ilS
L35 9 Gyl S YY YO L ol oI5 cpl Giuloy
IEY LY 5L 0 Laojlas cpl la-cansSels ulas




VEY 5ol ety g ol o)led o bz Jlo (85909 —1

A

slecdhl oKuls sl 1, OIB wilen 8 2o g
Glwl) sla ias L as aisb oo, was wigleo
Ao aiss leadlas sblSb 79,5 lp 1, ol
A o lidles slagSl o anil 00 )5 pol 8 mlau
(Eskandari et al., 2018) ,l,LSaa g (5 08wl
L85 50 9, o LS ALY jLad o wiles S slgiiny
woigles laaasT 13 )8 ) 6 oS YA L5 YO
S imlas b (edbep gl JIT) Sble slavo;las
o oleSle iVl g dl vy ean 5 adsl LSl
Kheirkhah and ) ol,Len 5 olss ;5 5L a5 asloas]
as LSl LSl oLl s (Karimi, 2022
oy 0 85 o 3blis )5 3blss 5| ST

3yl (bl )l (eaad (55,2

9 Ls‘:\...my 0‘9.9 Lu ksuLofLo :\.‘L....u] wYT ‘5)U"‘)‘ JJ‘OJ.AT
ez 3 Sl 0051wy 1) (S 5558 wiile) Sl
5 LaleSle ol (glaiisS oK wls as Sgui oo Llol
Liotard et ) ol,Lsas 5 5,Lad 55l au .cewl 004y 5l
ST slacdlibipgdl Sogll as,e Y b # (al., 2008
Sy ) @leSle wlgsge (YL &ivgy oo gdl, S L
Goae 5w sSl g0l ol wigles slacy ;05T S35
olss (McKenzie, 1989) 58 goleidn b, &
m\u)f oKls d.msf guTYL 5l a8 ‘Sg.lm,)l.’u alo

sl el e 5Ll sl yaie g o Jlow 5l assled oo

30.0

100

0.0 L s s s
0.0 10.0 200 30,0 40.0

FeO(1)

20.0

5.0 150 250 350 45.0

FeO(t)

Abdel-) L S wlbemd S 5 AL o ashie s Sw Sl oLl g oleSle (6w s B A NY s
LSl oK wls L slolw € boga e t o9 yf la e qu_QT Bz L slaXw ‘A b5g05x) (Rahman, 1994

(83,55 » 215255 Lamme 10 (rwgdl HleSle olKiwls b slacSin P sog0e ¢ ol5255 lams yo HJIITSIS

Figure 12. A, B) Tectonic setting discrimination diagrams based on mica chemistry (Abdel-Rahman,
1994) (A: Alkaline rocks of non-orogenic setting; C: Calc-alkaline of orogenic setting; P: Rocks with
proaluminous magmatic origin in collisional orogenic setting).

S w o aiab e o .cwload J S
b3ga e 0 digled gz ddlie bawly us U S8l
Lol o> glhasges g ool STy wershb wdljl
(_gl_‘> u_¢5|).1 9 u.._..u‘\) L;‘)J 509..\_‘790 B ‘_g.\.._w‘ (s

aslaio (_gl.mc\_is.oj (_g)li;&_i;_w (_ng‘fw)ﬁ L s ..\5)‘.)

Ca..fa‘é).“
Loy o> slaojlas 5l asgles glas olaass]

sleodgs g (S5 cawls ST o051 S15)
SIS slacdll) Sl slaojlo 5 51 S>o5

SLaY g 6)lal 3T L ol e (il a5 lo 9]




4 o|95)._¢:} 0 o

digles (laatsT Cgio Lawly oo (glaojlas’ cud jus g eian Ldlad o)

dLofLA Sgx_o l_a (e el ob)j)j_l.,.';.a ‘) qu)j‘

sld)5 0 ol oSl sl aalul s AFC o0l 8
byl B )0 g ey Greg S 1PV LS Y Ay S0
A0 MAULATY leo g LS /Y LVNT Lis
98—, Jlade by, an L) sogune slacdlil
rsadgl Ll ams o s 45wyl (5,45 SiO2
Jlal s plpl o g aux e o Sgles glaojlaF
YEIO 5l G L85 50 Sdlel ol mliss (—iduogd
99 ¢3ly98 3l i dbgledy g ‘_ngg;%)'qﬂL;l; FLy
S8l a gl LSl 1y ol JslSS 5l al> s
Oy Sl olie AL o ales,S a4 o0 dslais
S5 aile ¢ ol i paey SYoLS 5l glacgama g
e G o oy amnS | iz )L g o Sl

o @il sy SIS
155 ool

5 =5 Olysle 80l slaslaing 3 adlie 605,15
po-le 8uSiagh (3o aied))l & pdd &y o Sln
S oo (6515 el (005 5550 GBI 5 e

References

by Sotb gla ki iy 55 )0 Al s Seen
Olbwals sla SIS (oY=, ablie ool ST
Bl oy 2 0y Lo S g Lo (S g giS
LTMS).: Eng 5o ))Ug_s))b Lgl.as)lﬁ:_w..\lé cdJlao O—.’.‘ L
55 40 )L:_w.\léLleSJT g S ,ygol ¥ L O%)'.\_E—I
UM PRI g JRSSOV. PYURPEOt L g0 o L PRk JO] I RO o
995,18 Cdgm 9 S oSeld S I LS o LS

))_3 )») [ P <1\9le ° 6[_@@[5

S o adlate Sy gl g LS Lo G (oo
sl alesls plis 1 SIS s ISt
JIog—se 5o Jomiel 5 casT5l8 sla IS j5a>
e ol aSlo ISIToL s E s oS oyl
g5k plSin o Fe™ a5 2y a oy Ly g o b
sl g 090 Jlo o slaSle —ioluST Loyl i g
ormze 9 Yo (ST A wl898 )0 STy gllS
L9 oSl Lo Gl l (—olen
Slog—ad il 00— Yo o loSlo y5—uS]
— AlV+Na , i, o AVH2TiHCr ol s
s—Ls S oYL 5 ST A, Lpu
o=l aes oo i | adbaie lag S S
i ) Ladled ey gl jo A S AT lon (imgiy
Sz ) S g gl 5 STl Lo SLS
ol Spilo Aol oS le wog s o bl ul aigles
Srela g 9o L lo,S S &255 iSucgd
Lol )5 50 ey S0 LS VY LS YPI0 L8 )5 50
sla 3, sl oyl s P L Ve oo Lid

Abdel-Rahman, A. (1994) Nature of Biotite from Alkaline, Calcalkaline, and Peraluminous Magmas.
Journal of Petrology, 35(2), 525-541. http://www.doi.org/10.1093/petrology/35.2.525

Afaqi, A.; Afshar, A., Jaliliyan, A. Fandogchi, M., Kamali, G. (1987) 1: 100000 map of Tehran.
Geological Survey of Iran, Tehran, Iran (in Persian).

Aghanabati, S.A. (2005) Geology of Iran. Geological Survey of Iran, Tehran, Iran (in Persian).

Akinin, V.V., Sobolev, A.V., Ntaflos, T., and Richter, W. (2005) Clinopyroxene megacrysts from
Enmelen mela nephelinitic volcanoes (Chukchi Peninsula, Russia): application to composition
and evolution of mantle melts. Contributions to Mineralogy and Petrology, 150, 85-101.
http://www.doi.org/10.1007/s00410-005-0007-x.



http://www.doi.org/10.1093/petrology/35.2.525
http://www.doi.org/10.1007/s00410-005-0007-x

VEY Sl ey 5 olnty o)l 000 ez Jlo 83909 — o

Best, M.G., and Christiansen, E.H. (2001) Igneous petrology. Blackwell Science, Oxford.

Brousse, R., and Vaziri, H.M. (1982) L’association shoshonitique du Damavand (lran). Geologische
Rundschau, 71(2), 687-702 [in French, English abstract].

Brousse, R., Moinevaziri, H. (1982) L'association shoshonitique du Damavand (lran). Geologische
Rundschau, 71, 687-702.

Cameron, M., and Papike, J.J. (1981) Structural and chemical variations. American Mineralogist, 66,
1-50.

Davidson, J., Hassanzadeh, J., Stockli, D.F., Bashukooh, B., Turrin, B., and Panamouz, A. (2004) The
geology of Damavand volcano, Alborz Mountains, northern Iran. Geological Society of
America Bulletin, 116 (1), 16-29. http://www.doi.org/10.1130/B25344.1

Deer, W.A., Howie, R.A., and Zussman, J. (1992) An Introduction to the Rock-Forming Minerals.
Longman Scientific and Technical, Hong Kong, 558p.

Dehghani, G.A., and Makris, J. (1984) The gravity field and crustal structure of Iran. Neues
Jahrbuch  fur  Geologie und  Palaontologie  Abhandlungen, 168, 215-229.
http://www.doi.org/10.1127/njgpa/168/1984/215

Droop, G.T.R. (1987) A general equation for estimating Fe** in ferromagnesian silicates and oxides
from microprobe analysis, using stoichiometric criteria. Mineralogical Magazine, 51, 431-437.
http://www.doi.org/10.1180/minmag.1987.051.361.10

Eskandari, A., Amini, S.A., De Rosa, R., and Donato, P. (2018) Nature of the magma storage system
beneath the Damavand volcano (N. Iran): An integrated study. Lithos, 300-301.
http://www.doi.org/10.1016/j.lith0s.2017.12.002

Eskandari, A., De Rosa, R., and Amini, A. (2015) Remote sensing of Damavand volcano (lran) using
Landsat imagery, Implications for the volcano dynamics. Journal of Volcanology and
Geothermal Research, 306, 41-57. https://doi.org/10.1016/j.jvolgeores.2015.10.001

Eskandari, A., Deevsalar, R., De Rosa, R., Shinjo, R., Donato, P., and Neill, I. (2019) Geochemical
and isotopic constraints on the evolution of magma plumbing system at Damavand Volcano, N
Iran. Lithos, 354-355. http://www.doi.org/10.1016/j.lithos.2019.105274

Henry, D.J., and Guidotti, C.V. (2002) Titanium in biotite from metapelites rocks: Temperature
effects, crystal-chemical controls, and petrologic applications. American Mineralogist, 87, 375-
382. https://doi.org/10.2138/am-2002-0401

Henry, D.J., Guidotti, C.V., and Thomson, J.A. (2005) The Ti-saturation surface for low-to-medium
pressure metapelitic biotites: implications for geothermometry and Ti-substitution mechanisms.
American Mineralogist, 90(2-3), 316-28. http://www.doi.org/10.2138/am.2005.1498

Kheirkhah, M, and Mobashergarmi, M. (2021) Themobarometry and tectonic magmatic setting of
Genjin Paleogene intermediate lavas based on clinopyroxene crystals chemistry, Evidence for
the south of Tarom (eastern Azerbaijan) magmatism. Research in Earth Sciences, 12(4): 245-
260 (in Persian). http://www.doi.org/10.22108/ijp.2022.130813.1254

Kheirkhah, M. (2019) Physico-chemical characteristics of the Ararat basaltic lavas from the North
Gerik (NW Azerbaijan) area, based on mineral chemistry of clinopyroxene: implications for
magma evolution post-collision origin. Quaternary Journal of Iran, 5, 204-185.
http://journal.iranqua.ir/article-1-382-en.html

Kheirkhah, M., and Karimi, A. (2022) Geothermobarometric of Uchbolag trachyandesites' lavas,
Research on the Early-Cenozoic volcanism of the Tarom-Hashtjin magmatic zone. Petrological
Journal, 48, 101-120 (in Persian). http://www.doi.org/10.22108/ijp.2022.130813.1254

Kheirkhah, M., and Mobashergarmi, M. (2021) Petrological conditions and thermobarometry of



http://www.doi.org/10.1130/B25344.1
http://www.doi.org/10.1127/njgpa/168/1984/215
http://www.doi.org/10.1180/minmag.1987.051.361.10
http://www.doi.org/10.1016/j.lithos.2017.12.002
https://doi.org/10.1016/j.jvolgeores.2015.10.001
http://www.doi.org/10.1016/j.lithos.2019.105274
https://doi.org/10.2138/am-2002-0401
http://www.doi.org/10.2138/am.2005.1498
http://www.doi.org/10.22108/ijp.2022.130813.1254
http://journal.iranqua.ir/article-1-382-en.html
http://www.doi.org/10.22108/ijp.2022.130813.1254

O olgz 3 0 s digles (laatsT Cgio Lawly oo (glaojlas’ cud jus g eian Ldlad o)

Trachyandesites in Lar Region, Southwest of Damavand Volcano. Quaternary Journal of Iran,
6, 4 (in Persian). http://journal.iranqua.ir/article-1-497-en.html

Lanzafame, G., Mollo, S., lezzi, G., Ferlito, C., and Ventura, G. (2013) Unraveling the solidification
path of pahoehoe ‘cicirara’ lava from Mount Etna volcano. Bulletin of Volcanology, 75, 703—
719. https://doi.org/10.1007/s00445-013-0703-8

Le Bas, J.M., Le Maitre, R.V., Streckeisen, A., and Zanettin, B. (1986) A chemical classification of
volcanic rocks based on the total alkali-silica diagram. Journal of Petrology, 27, 745-750.
https://doi.org/10.1093/petrology/27.3.745

Le Bas, N.J. (1962) The role of aluminous in igneous clinopyroxenes with relation to their parentage.
American Journal of Science, 260, 267 — 88. http://www.doi.org/10.2475/ajs.260.4.267

Liotard, J.M., Dautria, J.M., Bisch, D., Condomines, J., Mehdizadeh, H., and Ritz, J.F. (2008) Origin
of the absarokite—banakite association of the Damavand volcano (Iran): trace elements and Sr,
Nd, Pb isotope constraints. International Journal of Earth Sciences, 97, 89-102.
http://dx.doi.org/10.1007/s00531-006-0159-6

McKenzie, D. (1989) Some remarks on the movement of small melt fractions in the mantle. Earth and
Planetary Science Letters, 95, 53-72. https://doi.org/10.1016/0012-821X(89)90167-2

Mirnejad, H., Hassanzadeh, J., Cousens, B.L., and Taylor, B.E. (2010) Geochemical evidence for
deep mantle melting and lithospheric delamination as the origin of the inland Damavand
volcanic rocks of northern Iran. Journal of Volcanology and Geothermal Research, 198, 288-
296. http://www.doi.org/10.1016/j.jvolgeores.2010.09.014

Morimoto, N., Fabrise, J., Ferguson, A., Ginzburg, 1.V., Ross, M., Seifert, F.A., Zussman, J., Akoi,
K.l., and Gottardi, G. (1988) Nomenclature of pyroxenes. Mineralogical Magazine, 52, 535-
555. http://www.doi.org/10.1007/BF01226262

Mostafanejad, A., Hossein-Shomali, Z., and Mottaghi, A.A. (2011) 3-D velocity structure of
Damavand volcano, Iran, from local earthquake tomography. Journal of Asian Earth Sciences,
42(6), 1091-1096. http://www.doi.org/10.1016/j.jseaes.2011.03.011

Nachit, H., Razafimahefa, N., Stussi, J.M., and Carron, J.P. (1985) Composition chimique des
biotite’s et typologie magmatique des granitoides. Competes Rendus Hebdomadaries de I’
Académie des Sciences, 301(11), 813-818.

Nisbet, E.G., and Pearce, J.A. (1997) Clinopyroxene composition of mafic lavas from different
tectonic  settings. Contributions to Mineralogy and Petrology, 63, 161-173.
http://www.doi.org/10.1007/BF00398776

Pandamouz, A. (2004) The geology of Damavand volcano, Alborz Mountains, northern Iran.
Geological Society of America Bulletin, 116 (1-2), 16-29. https://doi.org/10.1130/B25344.1

Papike, J.J., Cameron, K.L., and Baldwin, K. (1974) Amphiboles and pyroxenes: characterization of
other than quadrilateral components and estimates of ferric iron from microprobe data. Geology
Society of America, 6, 1053-1054.

Pearce, J.A., Bender, J.F., De Long, S.E., Kidd, W.S.F., Low, P.J., Guner, Y., Saroglu, F., Yilmaz,
Y., Moorbath, S., and Mitchell, J.G. (1990) Genesis of collisional volcanism in eastern
Anatolia, Turkey. Journal of Volcanology and Hydrothermal Research, 44, 189-229.
https://doi.org/10.1016/0377-0273(90)90018-B

Plechov, P.Y., Tsai, A.E., Shcherbakov, V.D. and Dirksen, O.V. (2008) Opacitization conditions of
hornblende in Bezymyannyi volcano andesites (March 30, 1956 eruption). Petrology, 16(1),
19-35. http://doi.org/10.1134/S0869591108010025

Rieder, M., Cavazzini, G., D'yakonov, Y.S., Frank-Kamenetskii, V.A., Gottardi, G., Guggenheim, S.,
Koval', P.V., Mueller, G., Neiva, A.M., Radoslovich, E.W., and Robert, J.L. (1998)



http://journal.iranqua.ir/article-1-497-en.html
https://doi.org/10.1007/s00445-013-0703-8
https://doi.org/10.1093/petrology/27.3.745
http://www.doi.org/10.2475/ajs.260.4.267
http://dx.doi.org/10.1007/s00531-006-0159-6
https://doi.org/10.1016/0012-821X(89)90167-2
http://www.doi.org/10.1016/j.jvolgeores.2010.09.014
http://www.doi.org/10.1007/BF01226262
http://www.doi.org/10.1016/j.jseaes.2011.03.011
http://www.doi.org/10.1007/BF00398776
https://doi.org/10.1130/B25344.1
https://doi.org/10.1016/0377-0273(90)90018-B
http://doi.org/10.1134/S0869591108010025

VEY Sl ey 5 olny o)lod eao oz Jlo i35l — ov

Nomenclature of the micas. The Canadian Mineralogist, 36 (3), 905-912.

Sayari, M., and Sharifi, M. (2014) SCG: A computer application for single clinopyroxene
geothermobarometry. Italian Journal of Geosciences, 133(2), 315-322.
http://www.doi.org/10.3301/1JG.2014.01

Sayari, M., and Sharifi, M. (2016) Application of Clinopyroxene Chemistry to Interpret the
Physical Conduritols of Ascending Magma, a Case study of Eocene volcanic rocks in
the Ghohrud area (North of Isfahan). Journal of Economic Geology, 8(1), 61-78.
http://www.doi.org/10.22067/econg.v8i1.38857

Schweitzer, E.L., Papike, J.J., and Bence, A.E. (1979) Statistical analysis of clinopyroxenes from
deep- sea basalts. American Mineralogist, 64, 501-513.

Shabanian, E., Acocella, V., Gioncada, A., Ghasemi, H., and Bellier, O. (2012) Structural control on
volcanism in intraplate post collisional settings: Late Cenozoic to quaternary examples of Iran
and Eastern Turkey. Tectonics, 31, 1-25. http://www.doi.org/10.1029/2011TC003042

Siebert, L., Simkin, T., Kimberly, P. (2011) Volcanoes of the World. University of California. 568pp.

Soesoo, A. (1997) A multivariate statistical analysis of clinopyroxene composition: empirical
coordinates for the crystallization PT-estimations. Geological Society of Sweden (Geologiska
Foreningen), 119: 55-60. http://www.doi.org/10.1080/11035899709546454.

Stormer, J.C., Jr. (1983) The effects of recalculation on estimates of temperature and oxygen fugacity
from analyses of multicomponent ion-titanium oxides. American Mineralogist, 68, 586-594.

Uchida, E., Endo, S., and Makino, M. (2007) Relationship between solidification depth of granitic
rocks and formation of hydrothermal ore deposits. Resource Geology, 57(1), 47-56.
http://www.doi.org/10.1111/j.1751-3928.2006.00004.x

Verdel, C., Wernicke, B. P., Hassanzadeh, J., and Guest, B. (2011) A Paleogene extensional arc flare-
up in lran. Tectonics, 30, TC3008. http://www.doi.org/10.1029/2010TC002809

Young, A.E., Davidson, J.P., and Hassanzadeh, J. (1998) Preliminary constraints on magma genesis at
Damavand volcano, Iran. IAVCEI Congress Abstracts, Cape Town, South Africa.

Zanchi, A., Berra, F., Mattei, M., Ghassemi. M.R., and Sabouri, J. (2006) Inversion tectonics in

central  Alborz, Iran.  Journal  of  Structural  Geology, 28, 2023-2037.
http://www.doi.org/10.1016/j.js9.2006.06.020



http://www.doi.org/10.3301/IJG.2014.01
http://www.doi.org/10.22067/econg.v8i1.38857
http://www.doi.org/10.1029/2011TC003042
http://www.doi.org/10.1080/11035899709546454
http://www.doi.org/10.1111/j.1751-3928.2006.00004.x
http://www.doi.org/10.1029/2010TC002809
http://www.doi.org/10.1016/j.jsg.2006.06.020

