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Fig. 1. Location map of the Ghezel Ghaleh area after Hosayni (2004)
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Fig. 2. Simplified geological map of the Ghezel Ghaleh area based on satellite data.

aibaie | ol oo Glemwyp 5o 0 LT oo Sl
S5 e Dlalllas jelaie a4y a5 ol alily y aiges Fe ool
5 S50 adade Vo ool cudiloy sladigad 5l 2Bislesl o
L O3 5 pllo oS jl aigai ¥ oslasd ol ags (io

adllo (9,
ailise Sl arcing (labulS sletagh pll 5l my
gz slolsals Gl—uSe g cadlaie il ye) At
(S o pasges sl cewlie Shallws] § by S



WL aals J58 5518 leassT sbSow shsls i 5 ST s owyn OYAY L) ¥ o loss & al>

L..”).uw‘ )5.&5)\) ICP'MS Ko Ja.».uj.v él} )\JU 9 sc)B 9 MJ;‘SQ = e ‘) dalaio 6'.@‘1...4 AL goro g.)L...aya} aS
O Jgoz) 3,5 13 oniw 0,90 Lab Weft ool plosl cgz wisg gl e, 5 Sojlse Llas ol
ol yolie a S was Ll XRD 5 S Kies 5]

anls 35 ailaie GleSiw oliowds 5JUT 4 bgy e slaosls ) Jgu
Table 1. Chemical analytical data for the rocks in the Ghezel Ghaleh area

M1 M2 M3 M4 M5 M6 M7
N 35° 29 03 N 35° 27 11 N 35° 27 23 N 35° 27 17 N 35° 27 30 N35°2756  N35°27 38
E 47° 54 28 E 47 53 28 E 47° 5517 E 47° 5518 E 47° 53 08 E 47° 53 53 E 47° 52 55

Sample Basanite Basanite Tephrite Tephrite Basanite Tephrite Tephrite
Sio, 43.41 41.59 44.45 46.15 41.96 43.39 45.00
TiO, 2.40 2.70 2.64 2.52 2.69 247 244
Al,O3 12.83 13.36 135 12.76 13.23 13.21 13.23

Fe,Os* 9.39 10.44 9.58 9.58 10.12 9.49 9.44
MnO 0.10 0.12 0.11 0.11 0.11 0.10 0.10
MgO 10.94 10.01 9.75 8.74 10.1 10.73 11.04
CaO 11.56 12.21 11.92 12.4 12.41 11.00 115
Na,O 3.95 4.56 3.79 3.84 4.35 3.99 3.44
K,O 2.94 2.96 2.66 2.60 2.83 3.20 2.95
P,0Os5 0.74 0.63 0.63 0.67 0.63 0.76 0.77
LOI 1.84 142 0.97 0.63 157 1.66 0.09
Total 100 100 100 100 100 100 100

Cr 346 252 244 253 285 380 383
Ni 251 162 156 139 160 244 245
Co 50.8 55.7 54.7 52.7 52.8 50.0 48.9
\% 162 222 227 213 219 169 168
Cu 79.5 108.2 134.1 183.8 116.3 71.2 80.1
Pb 22.1 19.3 18.1 20.6 21.6 22 22.6
Zn 180 174 163 166 170 181 186
Sn 4.7 8.2 15.8 233 8 3.3 31
W 0.8 1.2 11 11 11 0.9 0.4
Mo 5.0 5.0 4.3 4.4 4.7 5.1 1.3
Rb 28.8 48.1 33.6 343 344 26.6 6.3
Cs 11 14 13 1.3 1.4 14 1.5
Ba 1490 1200 1190 1230 1260 1440 1590
Sr 3560 2420 2150 2190 2240 3090 3260
Ga 18.3 19.2 19.6 19.1 18.8 18.8 18.8
Ta 2.26 2.53 241 2.48 2.34 2.62 2.56
Nb 43.3 47.3 48 48.5 46.9 49.1 47.9
Hf 6.6 5.76 5.77 5.74 5.65 6.88 6.87
Zr 246 223 221 220 218 249 252
Y 26.8 28 28 27.2 27.9 285 28.8
Th 13.7 18.2 17.7 18 171 14.8 14.8
U 2.78 3.54 3.30 3.49 3.33 3.06 2.94
La 139 123 119 120 117 137 137
Ce 267 221 217 218 211 258 259
Pr 32.0 255 245 24.8 24.0 30.3 30.9
Nd 119 92.6 89.2 89.0 88.6 113.0 115.0
Sm 16.6 13.1 12.8 12.6 12.8 16.0 16.2
Eu 4.23 351 3.22 33 33 4.13 4.26
Gd 19.2 17.3 16.4 171 16.4 19.1 19.8
Tb 1.45 1.3 1.26 1.25 1.26 1.47 149
Dy 6.47 6.12 5.92 5.95 5.83 6.59 6.69
Ho 1.00 1.05 1.01 1.01 1.00 1.06 1.07

Er 2.34 2.60 2.51 2.49 247 2.50 2.45
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Table 1 (Continued). Chemical analytical data for the rocks in the Ghezel Ghaleh area
M1 M2 M3 M54 M5 M6 M7
Sample Basanite Basanite Tephrite  Tephrite  Basanite  Tephrite Tephrite
™ 0.33 0.4 0.37 0.37 0.37 0.34 0.35
Yb 2.07 241 2.25 2.31 2.22 2.19 2.18
Lu 0.32 0.41 0.36 0.4 0.36 0.34 0.35
Sc 17 20 21 18 20 17 17
S 1510 1180 1480 2020 1170 2090 318
Ag 0.79 0.93 0.93 0.95 0.95 0.88 0.87
As 2.7 2.8 2.9 1.8 2.9 2.6 8
Be 2.8 2.7 2.7 2.8 2.6 2.9 2.8
Bi <0.1 0.1 0.1 0.1 0.1 <0.1 <0.1
Cd 0.24 0.26 0.21 0.24 0.22 0.24 0.25
TI 0.1 0.2 0.2 0.2 0.2 0.2 <0.1
Sb 1.6 0.8 2.6 2.6 15 1.0 0.8
Se 0.31 0.34 0.39 0.30 0.26 0.20 0.31
Ge 0.77 0.67 0.76 0.69 0.76 0.82 0.92
In 0.08 0.08 0.08 0.07 0.08 0.07 0.09
P 7360 6320 6290 6710 6310 7620 7680
Li 9.6 104 10.4 10.7 10.3 142 15.6
Te <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Re <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Hg <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
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Fig. 3. Field photographs from Ghezel Ghaleh and the studied basalts, View to the north and northeast
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Fig. 4. A and B: Minerals olivine and pyroxene are euhedral and subhedral phenocrysts as seen in Microlite (XPI)
Abbreviations after Krets (1983), (Ol= Olivine, Cpx= Clinopyroxene, Pl= Plagioclase)
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Fig. 5. A: Iddingsited olivine crystals (XPL), B: opaque minerals (hematite and magnetite), C: shaped crystals of
pyroxene which decomposes Center and Filled with glass (PPL), D: radial texture in clinopyroxene in tephrite and

basanite of Ghezel Ghaleh area (XPL).
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Fig. 6. A: Microlitic porphyritic texture in tephrite and basanite of Ghezel Ghaleh area (XPL), B: Microlitic texture
(XPL).
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Fig. 7. A: Glomeroporphyritic texture in olivine (XPL), B: Glomeroporphyritic texture in pyroxene (XPL), C: ethmoid

texture in pyroxene (XPL), D: amygdaloidal texture (XPL).
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Introduction

In the east and northeast of Sanandaj in the
Qorveh-Bijar-Takab axis, there are series of
basaltic composition volcanoes with Quaternary
age. The study area is part of the Sanandaj-Sirjan
zone and is located between 47°52' and 47°57' E
longitudes and 35°26 and '35°30' N latitudes. Due
to the location of the volcanic cone on Pliocene
clastic sediments and Quaternary travertine, the
age of these volcanoes is considered to be
Quaternary. The cones mostly consist of low
scoria, ash, volcanic bombs, lapilli deposits and
basaltic lava (Moein Vaziri and Aminsobhani,
1985). Petrological and geochemical studies have
been carried out to evaluate Quaternary
magmatism in the area and to determine the
nature of the lithological characteristics, such as
the evaluation of source rocks and magma type,
degree of partial melting and the tectonic setting
of Ghezel Ghaleh rocks (Moein Vaziri, 1997).
Simplified geological map of the study area is
characterized by ER-Mapper software.

Materials and methods

In the course of field studies in the region, 40
samples were taken, 30 thin sections were
prepared and polished. XRD analyses were
performed on some whole rock samples. All
major, minor and trace elements were assessed by
ICP-MS at Lab Weft Laboratory in Australia.

Results

Based on the classification of structural zones, the
area is located in the Sanandaj-Sirjan zone,
hundred kilometers away from the main Zagros
thrust along the NW-SE direction. After early
Cimmerian orogeny, andesitic volcanic activity
took place (Moein Vaziri and Aminsobhani,

*Corresponding author’s email: bajelan.alireza@yahoo.com

1985). A major secondary mineral in these rocks
is iddingsite, formed by hydration and oxidation
of the olivine (Shelley, 1993). According to SiO,
against Na,O + K,O (TAS) diagram (Irvine and
Baragar , 1971) and cationic R1 and R2 diagram
(De La Roche et el., 1980), volcanic rocks of the
area indicate alkaline series.

Discussion

To obtain more information on the tectonic setting
of these rocks, the Zr/Y-Zr diagram by Pierce
(Pearce and Norry, 1979) as well as Nb/Y versus
Ti/Y diagram of Pierce (Pearce and Cann, 1973),
show that alkali basalt rocks in the study area are
fitted in the field of within plate basalts. To
determine the genesis of rocks from melting curve
of Aldanmaz and Colleagues (Aldanmaz et al.,
2006) based on changes in REE (La on Sm/YDb),
the samples show approximately 1 to 5% partial
melting of garnet lherzolites. The spider diagrams
indicate that the studied rocks are enriched in
LREE and LILE, depleted in HFSE with no Eu
anomaly, Cs, Sr, and Pb positive anomalies which
are the characteristics of alkaline magmas and
high concentrations of incompatible elements and
alkaline elements in the lava, implying the
melting of the lower part of the mantle source.
Light rare earth elements, are incompatible with
the primary crystallized phases such as olivine,
clinopyroxene and plagioclase, consequently
focused increasingly during phase crystallization
and fractionation in the remaining fluid
(Hirschman, 1998).

Conclusions

Based on microscopic and geochemical data,
these rocks are alkali basalt, basanite and tephrite.
The rocks contain olivine, pyroxene, feldspar, and
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minerals such as iddingsite, opaque and secondary
minerals, calcite with porphyritic texture and
microlitic and glassy matrix, vesicular and some
glomeroporphyritic, vitrophyric and amygdaloidal
textures. Most minerals have undulose extinction
which indicates mantle deformation. Geochemical
data for the rocks indicate high-K alkaline
characteristic of the primary magma. The spider
diagrams indicate that the studied rocks are
enriched in LREE and LILE, depleted in HFSE
with no negative Eu anomaly, positive anomalies
of Cs, Sr, Pb which are characteristics of alkaline
magmas. These rocks are produced by partial
melting of garnet-lherzolite  rich  under
lithospheric mantle. Based on tectonomagmatic
diagrams, they are within plate basalts and by
magmatic series graphs are alkali basalts.
Microscopic evidence such as disequilibrium
textures in the minerals (zoned state, solution and
twinning) shows a magmatic contamination in
mixing volcanic mass.
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