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In the northwestern part of the Sanandaj-Sirjan zone, mafic intrusive bodies are aligned with the trend
of the Zagros orogenic belt. In this part of the Iranian lithosphere, magmatic activity occurred during
three main periods: Cretaceous, Eocene, and Miocene-Quaternary. In the first of two stages, the
magmatic activity was associated with subduction-related magmatism at the active continental margin,
whereas the last phase was characterized by calc-alkaline magmatism related to post-collision regime.
The intrusive mafic bodies of Qobadlo, Chupankareh, and Qaraqoshun at the southern margin of Lake
Urmia in the northern part of the Sanandaj-Sirjan zone intruded within the complex of Cretaceous shale,
shale-sandstone, and siltstone. U-Pb dating on zircon performed on these bodies indicates an age of 99
Ma. The SiO; content of these bodies ranges from 46.17 to 53.35%, Al,O313.1 to 18.49 % Fe,03 3.11
to 5.8%, and their TiO. content ranges from 1.9 to 4.0%. Positive anomalies of large ion lithophile
elements and LREE compared with negative anomalies of elements such as Nb, P, Zr, and Ta (HFSE),
the La/Nb, Ba/Nb ratios, and the REE pattern show a good correlation with the magmatic rocks of

subduction zones.

Introduction

The Sanandaj-Sirjan zone has been divided into three
parts. The northern part includes a series of Cadomian
igneous-metamorphic rocks. The central part includes (1)
Precambrian basement and, () Middle-to-Upper
Jurassic high-temperature metamorphic rocks. The
southern part composed mainly of Paleozoic
metamorphic rocks (Azizi et al., 2017). Triassic-Jurassic
deposits, and calc-alkaline granites associated with the
Neotethys subduction. The main magmatic activities
were centralized in the central part of the Sanandaj-Sirjan
zone. Rock units in this part of the magmatic zone are
younger in age than those in the northwestern and
southeastern parts. There are two magmatic belts in the
northwestern part of the Sanandaj-Sirjan zone (Azizi and
Moinevaziri, 2009): the first belt indicates the Sanandaj
volcanism in the Cretaceous period, and the second belt
is the Pliocene-Quaternary Hamedan-Tabriz volcanic

zone, both of which are related to the Neotethys
spreading and the collision of the Arabian and Iranian
plates (Jahangiri, 2007; Torkian et al., 2019). According
to (Azizi and Jahangiri, 2008), the units of the northern
part of the Sanandaj-Sirjan zone can also be divided into
three main groups: the first group includes a thick
sequence of basalt, shale, and sandstone, along with thick
volcanic units. The second group, the Cretaceous
Sanandaj volcanic sequence, consists of acidic and
andesite lavas and alternating layers of sediments. The
third group includes granitic and rhyolitic units. The
Qobadlu and Chupankareh intrusive bodies on the
1:100000 scale map of the Azarshahr sheet, and the
Qobadlu and Qaragoshon mafic intrusive bodies on the
1:100000 scale map of Maragheh have a general north-
northwest to south-southeast trend (Fig. 1). These bodies,
along with acidic volcanic and spilitic basalts, have
penetrated the Cretaceous units, including black shales,
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sandstones, and sandy shales. The most abundant and
widespread Cretaceous units are located in the southeast
of Lake Urmia.

Materials and Methods

For geochemical analysis, 18 samples of three
gabbroic bodies were selected and, the major element
contents of whole rocks were determined by
conventional X-ray fluorescence (XRF) at the Zarazma
Company (Iran).

One fresh sample, AGD-5, was selected for zircon
dating and analyzed at Tokushima university in Japan.
The images of AGD-5 sample reveal that the zircons are
colorless to light gray and euhedral to subhedral where
transparent zircon grains are 80 — 200 microns in length
and exhibit prism-like shapes and internal alteration
textures.
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Prismatic minerals with no defects or alteration
textures/domains and their points for the U-Pb dating
were selected based on the CL observations. U-Pb dating
was obtained with a laser ablation (LA, NWR213 Electro
Scientific Industries) — inductively coupled plasma mass
spectrometer (ICP-MS Agilent 7700x) at Tokushima
University, Japan. A detailed description of the LA-ICP-
MS analysis can be found in literature (Cottle et al., 2013;
Kylander-Clark et al., 2013). The AGD-5 sample yields
a Concordia age of 99.8 + 0.65 Ma (MSWD = 0.63, n =
34); and a mean weighted *8U-2%Ph age of 98.8 + 0.65
Ma (MSWD = 0.36, n = 34). Both ages are considered to
represent the timing of crystallization of the sample.
Taking error estimates into consideration, the zircon U-
Pb age indicates that the AGD-5 gabbro was emplaced
almost in the early Late Cretaceous (Fig. 2).
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Fig. 1. Simplified geological map of the southern margin of Lake Urmia (Alavi-Naini and Shahrabi, 1975; Ghadirzadeh and

Anvari, 1998; Soltani Sisi, 2005)
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Results and Discussion
1. Petrography

The studied rocks exhibit coarse-grained textures,
with dominant minerals including clinopyroxene,
olivine, and plagioclase. The abundances of these
minerals vary between mela- and meso-gabbroic rocks.
Plagioclase is the most abundant mineral, with its content
ranging from 50% to 60%. The studied samples display
ophitic, intergranular, and granular textures. Plagioclase
minerals are euhedral and display polysynthetic
twinning. They are commonly affected by
saussuritization and, less frequently, calcification.
Plagioclase grains are surrounded by clinopyroxene,
which fills the spaces between them, indicating that
plagioclase likely crystallized before clinopyroxene.
Clinopyroxene grains exhibit cleavage at approximately
87 and 93 degrees and are often replaced by hornblende
and chlorite. Clinopyroxenes are frequently altered and

data-point error ellipses are 2

replaced by secondary minerals such as tremolite,
actinolite, magnetite, amphibole and biotite (Fig. 3).

2. Zircon U-Pb Geochronology

Sample AGD-5, a gabbro, was selected for zircon U-
Pb dating. Cathodoluminescence (CL) images reveal
colorless to light gray, euhedral to subhedral zircon
grains, with prism-like shapes and internal alteration
textures. Transparent zircon grains range from 80 to 200
microns in length.

Zircon U-Pb isotope ratios from AGD-5 are listed in
Table 1. Zircon grains show Th/U ratios ranging from 0.9
to 1.9, consistent with magmatic zircon. Zircons from
AGD-5 yield a concordia age of 99.8 + 0.65 Ma (MSWD
= 0.63, n = 34) and a mean weighted 2*8U-?%Pb age of
98.8 £ 0.65 Ma (MSWD = 0.36, n = 34). Both ages
represent the crystallization timing of the sample. Taking
error estimates into account, the zircon U-Pb ages
indicate that the gabbro was emplaced during the Late
Cretaceous.
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Fig. 2. Tera-Wasserburg concordia diagram and histogram of analyzed zircons.

3. Geochemical characteristics

Major and trace element analyses of 18 rock samples
have Mg# average of 0.6, Na,O + KO ranging from 3.54

280

to 4.31 wt.% and, SiO, content between 46.17 — 53.35
wt.%. In addition, the rocks have TiO, content of 0.5 —
1.78 wt.% and a moderate Fe,O3 value (8.5 — 11.3 wt.%).
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The total alkali versus silica (TAS) classification shows
that the the majority of mafic rocks are plotted in gabbro
field. Moreover, the samples plot in the calc-alkaline
series and their normalized multi-element patterns are
characterised by enrichments in Pb, Sr and K and
depletions in Zr, Nb and Th.

In the Harker diagrams, CaO, MgO, MnO and Fe;Os
show negative correlation with SiO,. The normalized
REE patterns indicate enrichments in LREEs relative to
HREEs and fractionated pattern. Most samples show
positive Eu (Eu/Eu* =1.48) anomalies, potentially
related to plagioclase accumulation. The positive Sr
anomaly can be linked to its substitution for Ca in
plagioclase. Titanite and plagioclase accommodate
LREEs in their structure, with plagioclase absorbing
more Eu?*. The positive EU/Eu* ratio (1.32-1.69) can be
attributed to the depth of crystallization. A weak positive
Euw/Eu* =0.9 anomaly in some basic samples may
indicate plagioclase accumulation or hornblende
fractionation.

Igneous rocks formed in subduction zones exhibit Nb
contents below 15 ppm. In the studied rock bodies, this
parameter is below 10 ppm. The La/Nb ratio is above 1
for lithospheric mantle-derived magmas and about 0.7
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for asthenospheric mantle-derived magmas. For active
continental margin rocks, this ratio exceeds 2.2 and is
less than 1 for intracontinental magmas. Magma
contamination with lithospheric mantle lowers this ratio.
Except for one sample (AGD-5), the La/NDb ratio exceeds
2.2, consistent with an active continental margin. In most
samples, the Ba/Nb ratio exceeds 30, indicating a
metasomatized mantle wedge above a subducting slab.

The La/Yb and Dy/Yb ratios are slightly high,
confirming LREE enrichment. U, Cs, and Pb
enrichments can be attributed to magma contamination
with crustal components. On La/Yb versus Nb/La and Rb
versus Zr/Rb diagrams, the samples plot close to the
upper crust, suggesting that the parent magma may have
been contaminated by the upper crust (Askren et al.,
1991).

These geochemical charcteristics suggest that the
samples originated from partial melting of a spinel
Iherzolitic source. Subduction fluids released from the
subducting slab into the mantle wedge, induced partial
melting of the mantle. This process resulted in the
formation of gabbro magmas that were parental for the
studied mafic bodies.
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Fig. 3. Microscopc images of the studied ig

lase (PD), pyoxene (Px), and

olivine (Ol). Clinopyroxene minerals are often altered to secondary minerals such as magnetite, biotite (Bt), and chlorite (Chl). Chl
= Chlorite, Opg = Opaque minerals, Pl = Plagioclase, Px = Pyroxene, Ol = Olivine, Srp = Serpentine. Mineral abbreviations are taken

from Whitney and Evans (2010)

4. Tectonic environment interpretation

On Zr versus Zr/Y diagram, the samples fall within
the continental arc environment (Pearce and Norry,
1979). On La/10-Y/15-Nb/8 diagram, all samples fall
within the range of magmas with a calc-alkaline series,
corresponding  to  active  continental  margin
environments. These geochemical characteristics
collectively suggest that these gabbroic rocks was formed
in a complex tectonic setting involving both continental

282

arc and back-arc processes, indicative of an active
continental margin environment (Fig. 4).

Conclusions

Our studies suggest that Neotethys subduction
beneath the SaSZ commenced in the Early Cretaceous,
followed by the Arabian-Iranian plate collision in the
Eocene (37-40 Ma). Coexisting granites and appinites
along the Zagros suture zone in Baneh have been dated
to 37- 40 Ma, indicating a Late Eocene collision in
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northwest Iran. Evidence of Cretaceous subduction in the
SaSZ includes Early Cretaceous andesites and I-type
granites in the northern SaSZ, which formed on an active
continental margin, signifying the initiation of Neotethys
subduction in the Early Cretaceous (Gholipour et al.,
2021).

During this subduction, the intrusion of hot, calc-
alkaline to slightly tholeiitic magma led to crustal

10

zrpy

Continental arc

thinning and the development of an extensional tectonic
regime. Extensional back-arc basins, such as the Khoy
basin and the Azerbaijan fault-dominated extensional
basin, formed during this period The thinning and
fracturing enabled the intrusion of hot asthenospheric
magma, resulting in metasomatized magma and the
formation of these mafic bodies.
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Fig. 4. a) Zr vs. Zr/Y diagram, in which the samples plot on arc-related environments (Pearce and Norry, 1979). b) Zr/4-Nb2-Y

diagram (Meschede, 1986) representing that the gabbroic samples display overlap with magmas from the volcanic arc environments.

c) La/10-Y/15-Nb/8 ternary diagram (Cabanis and Lecolle, 1989) showing that all the samples display calc-alkaline affinity and plot

on orogenic domains related to active margins.
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Fig. 1. a) Structural units of Iran Stocklin and Nabavi (1973). b) Simplified geological map of western Iran modified from Bayati et

al., (2017).
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Da Qs:Salt swamp. Qal:Reccent alluviume. Qc:Scree.
‘I‘ Qtr:Travertane.
E - Q2:Young terraces and alluvial fan deposits.
E - Q1:Older alluvial fan deposits.
S = PL?-Qa:Amphibole andesite.
54 - | PLQa:Andesite and dacitic andesite.
o) 2 0 PLecsm: Variegated conglomerate, sandstone, siltstone, marl
- 7 Py . .
6 S 12 PLQash:Volcanic ashes with block, lahar and welded breccia.
; E | Plt: Tuff, poorly indurated claystone with bon.
= == Plat:Red sandstone with lenses of bauxite and laterite.
%) = Mplve:Voleani: i and lahar sedi
M2cv: i ic f2 I locally including lahar deposits.
g Ngc2:Conglomerate, agglomerate, Volcanic breccia with lahar,
§ g - tuff and pyroxen andesite. §
= 5} . . . =
8 - EKv:Volcanics mainly andesite.
e Klc:Orbitolina limestone.
% KLs:Shale, limestone, sandstone.
g Klv:Basic volcanics.
§ Ksb:Spilitic basalt and volcanicrocks. ~ SAOAUEEESSOU P LN
I} Kbv:Basic volcanic rocks.
(&) 5 Ksh:Alteration of shale, sandstone and volcanic rocks.
E Kvt:Volcanic rocks and tuff.
8 K1-2sh:Alternation of dark grey, black shale intercalation of basic and acidic volcanic rocks
E 9o BB Jk:Yellow brecciated limestone and light- grey massive limestone.
2 B Jd Man, marly limestone, amonites bearing.
5‘ BE  :Massive cherty limestone and dolomitic limestone.
Js:Shale, sndstone, coal lenses, laterite at the base.
G é TRed:Dolomite and dolomitic limestone.
1S = E=  €md:Cherty dolomite and dol Sparry li with sand:
N =
8 Sa €z:Arkosic red sandstone, micaceous shale.
s (=] §§ BB  €:White subarkosic quartz arenite. s
< =
§ & & €m:Cherty dolomite and biosparite limestone. z’
5 5
- Gb: Gabbro (Post Creatceous).
* Fossil locality B Railway
- Di:Diabas.
f)b Mine in Operation e Dip
/0( Synclinal | Town ans Village
[N Fault
/( Anticlinal »
O L Roads my Volcanic Crater
550000 575000 600000

Alavi-Naini and Shahrabi, 1975; Ghadirzadeh and Anvari, 1998; ) awes)l ezl ;s 29> adls Goad paisue owlidipee) caddi -Y 5o

(Soltani Sisi, 2005

Fig. 2. Simplified geological map of the southern margin of Lake Urmia (Alavi-Naini and Shahrabi, 1975; Ghadirzadeh and Anvari,

1998; Soltani Sisi, 2005).
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Basic to acidic volcanic rocks

Coarse grain Qobadlu-mafic intrusion
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Fig. 3. a, b, c) Outcrops of the Qobadlu, Chupankareh, and Qarakeshoun gabbroic bodies. d) Outcrop of the Qobadlu gabbro and
acidic and basic units. e, f, g) Contact of tuff and shale with gabbroic body. h, i, j) Shale, limestone units. k) Conglomerate units.
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Fig. 4. Microscopic images of the studied igneous rocks. The main minerals in these rocks are plagioclase (PI), pyroxene (Px), and
olivine (Ol). Clinopyroxene minerals are often altered to secondary minerals such as magnetite, biotite (Bt), and chlorite (Chl). Chl
= Chlorite, Opg = Opaque minerals, Pl = Plagioclase, Px = Pyroxene, Ol = Olivine, Srp = Serpentine. Mineral abbreviations are taken

from Whitney and Evans (2010).
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Sample ABD- ABD- ABD- ABD- ABD- ABD- AGD- AGD- AGD- AGD AGD- AGD- ARD- ARD- AZD- AZD- AZD- AZD-
SiO, Wi% 47.3 46.8 49.7 47.2 47.3 46.4 50.3 52.1 50.3 48.7 46.2 50.9 50.4 50.7 494 46.2 45.9 46.31
TiO, W% 1.0 1.0 1.1 0.9 0.9 1.1 1.8 15 15 1.8 15 16 11 1.3 1.2 1.8 1.6 1.98
Al,O3 Wt% 17.2 16.9 15.9 16.8 16.9 15.8 18.0 14.4 16.9 17.4 14.6 18.5 16.1 16.4 13.9 135 14.3 15.8
Fe.0s3 Wit 9.9 9.9 10.3 9.5 9.5 10.5 9.3 10.0 9.9 9.5 9.3 8.7 8.6 8.8 11.3 10.2 10.7 10.01
MnO Wi% 0.2 0.2 0.2 0.2 0.2 0.1 0.1 0.2 0.2 0.2 0.1 0.1 0.2 0.2 0.2 0.1 0.2 0.17
MgO Wt% 6.4 6.5 6.5 7.0 7.0 6.5 4.0 3.1 5.8 5.9 6.7 4.7 6.9 5.7 55 7.8 8.4 6.82
CaO Wt% 11.8 12.9 9.1 12.7 11.7 124 9.2 6.8 9.1 9.7 8.9 8.7 8.9 8.8 9.5 13.7 13.2 11.65
Na,O Wi% 2.1 1.9 24 15 1.9 1.7 3.2 2.7 3.1 3.8 2.9 34 2.9 2.9 2.8 1.8 1.7 2.95
K,0 Wi% 11 0.9 17 1.4 1.3 17 0.8 15 04 04 0.7 0.8 1.3 1.4 0.8 0.2 05 0.32
P,0Os Wt% 0.2 0.2 0.2 0.1 0.1 0.2 0.2 0.5 0.2 0.1 0.1 0.2 0.2 0.2 0.2 0.3 0.3 0.18
LOI Wt% 2.8 2.7 2.9 2.6 3.0 3.6 2.9 3.2 25 25 2.9 24 3.6 3.6 3.6 35 3.2 3.44
Total 99.9 99.9 99.9 99.9 99.8 99.9 100 95.9 99.9 100 100 99.9 100 99.9 98.4 98.9 99.9 99.6
\Y% ppm 275 277 293 284 261 330 273 263 257 206 200 272 195 215 288 280 229 198
Cr ppm 71.0 65.0 68.0 60.0 92.0 92.0 38.0 23.0 1870 1730 171.0 1040 286.0 178.0 116.0 163.0 1750 87

Co ppm 41.9 41.4 39.3 41.2 41.8 44.4 27.6 31.1 36.8 30.6 40.9 289 37.0 33.6 39.4 30.7 43.4 36.1
Ni ppm 50.0 52.0 48.0 48.0 68.0 55.0 32.0 15.0 67.0 52.0 61.0 49.0 83.0 62.0 48.0 80.0 73.0 45

Cu ppm  264.0 86.0 152.0 85.0 101.0 1790 37.0 82.0 44.0 37.0 45.0 46.0 85.0 120.0 56.0 7.0 79.0 79

Zn ppm 220.0 253.0 113.0 100.0 150.0 97.0 102.0 130.0 94.0 84.0 100.0 92.0 356.0 2410 356.0 64.0 95.0 113
Rb ppm 25.0 23.0 30.0 33.0 31.0 46.0 26.0 43.0 12.0 18.0 20.0 20.0 34.0 32.0 22.0 16.0 19.0 17

Sr ppm 7918 807.9 765.1 6857 909.0 7457 6879 4656 525.6 4132 4304 5489 5996 4205 5983 1900 4517 6845
Y ppm 16.1 14.9 16.0 13.7 14.3 16.3 23.0 29.5 21.1 16.9 14.9 20.3 22.8 26.3 23.4 18.3 154 14.2
Zr ppm 62.0 52.0 74.0 52.0 56.0 66.0 98.0 139.0 81.0 61.0 87.0 86.0 101.0 1510 138.0 93.0 72.0 76

Nb ppm 6.0 47 5.6 4.4 47 5.0 4.8 8.3 4.3 8.4 5.2 4.3 41 47 6.7 5.9 47 10.3
Cs ppm 0.8 0.7 09 1.3 1.1 0.8 0.7 0.6 0.6 0.8 05 1.0 0.8 0.6 0.7 <0.5 0.6 <0.5
Ba ppm 368.0 3200 361.0 3490 3280 3480 2910 360.0 126.0 92.0 102.0 179.0 383.0 289.0 3050 1250 189.0 275
Hf ppm 1.9 17 2.1 1.8 18 2.0 2.6 35 2.3 1.7 1.6 2.4 2.7 3.6 35 2.6 22 2.82
Ta ppm 0.8 0.7 1.0 0.6 0.7 0.8 0.8 11 0.7 0.6 0.6 0.7 0.8 0.8 0.8 1.0 0.8 0.66

Pb ppm 4.0 6.0 2.0 4.0 2.0 11.0 4.0 10.0 4.0 <1 15.0 12.0 8.0 7.0 6.0 11.0 7.0 5

Th ppm <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 1.2 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
U ppm 0.4 0.3 0.4 0.3 0.3 04 0.2 0.9 0.2 0.2 0.1 0.2 0.3 0.5 0.4 0.1 0.2 0.3
La ppm 19.0 16.0 22.0 15.0 16.0 18.0 16.0 20.0 16.0 15.0 18.0 16.0 16.0 19.0 23.0 18.0 15.0 17

Ce ppm 21.0 17.0 26.0 15.0 16.0 20.0 22.0 28.0 18.0 14.0 11.0 20.0 21.0 29.0 26.0 23.0 17.0 18

Pr ppm 2.1 1.6 2.7 15 15 2.0 2.3 5.2 2.0 35 2.2 1.9 2.2 2.8 3.9 2.8 1.9 3.09
Nd ppm 9.4 7.9 12.2 73 7.6 10.0 11.7 22.6 9.9 16.1 10.0 10.2 10.8 13.4 18.1 12.7 9.3 18

Sm ppm 1.6 1.3 2.3 15 1.7 1.9 2.3 4.8 1.9 2.9 1.7 1.9 24 2.7 35 2.0 14 3.83
Eu ppm 1.2 11 13 1.3 14 12 1.3 2.1 12 1.1 1.0 1.3 1.3 1.3 1.7 12 11 1.7
Gd ppm 2.8 2.6 3.2 25 25 2.8 34 4.6 3.2 2.3 24 3.1 3.2 35 3.9 3.3 2.8 2.36
Th ppm 0.4 04 0.5 0.4 04 0.5 0.6 0.8 0.6 0.6 0.4 0.6 0.6 0.7 0.7 0.6 05 0.59
Dy ppm 2.6 25 3.1 2.3 2.3 2.8 3.9 4.1 3.7 35 35 3.3 3.9 4.3 4.3 34 3.1 3.08
Er ppm 1.2 1.1 15 1.0 1.1 1.3 2.0 2.0 1.6 1.6 1.2 15 2.0 2.2 2.0 1.6 1.2 1.34
Tm ppm 0.2 0.2 0.2 0.2 0.2 0.2 0.3 04 0.3 0.2 0.2 0.3 0.4 0.4 0.3 0.3 0.2 0.13
Yb ppm 14 1.3 15 1.3 1.3 15 1.7 2.2 1.7 2.0 1.3 1.6 1.7 2.0 1.8 14 1.2 1.7

Lu ppm 0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.4 0.3 0.4 0.3 0.2 0.3 0.3 0.3 0.2 0.2 0.28
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Table 2. U-Pb isotopic data for zircon crystals (sample AGD-5) determined by LA-ICP-MS.

LA-ICP-MS ;U1 bl 3 (AGD-5) aiges (gl s yos psailysl csloools Y oylas Jour

Name Th/U 27Pb/?2%Ph  Error 2%Pb/%8U  Error 27Ph/?®U  Error 238U-26Ph age

Error 235U-207Ph age

Error

AG5-01_1
AG5-01_2
AG5-02_1
AG5-02_2
AG5-03_1
AG5-03 2
AG5-05_1
AG5-06_1
AG5-06_2
AG5-06_3
AG5-07_1
AG5-07 2
AG5-08_1
AG5-08_2
AG5-08_3
AG5-08_4
AG5-09_1
AG5-09_2
AG5-10_1
AG5-10_2
AG5-10_3
AG5-10_4
AG5-11_1
AG5-11_2
AG5-11_3
AG5-12_1
AG5-12_2
AG5-12_3
AG5-13 1
AG5-13 2
AG5-14_1
AG5-14 2
AG5-14_3
AG5-15_1
AG5-16_1
AG5-16_2
AG5-16_3
AG5-17_1
AG5-17 2
AG5-17_3
AG5-17_4
AG5-21_1
AG5-21_2
AG5-21_3
AG5-21_4
AG5-22_1
AG5-22_2
AG5-22_3
AG5-22_4
AG5-23 1
AG5-23 2
AG5-23 3

0.97
0.98
1.15
1.07
0.99
0.86
0.98
1.50
1.06
111
1.04
0.96
1.06
1.09
1.07
1.03
1.00
1.04
171
1.24
1.35
1.21
1.36
1.32
1.17
1.49
1.63
1.62
1.04
1.00
0.92
1.86
1.48
1.06
1.49
1.10
1.13
1.03
0.95
0.97
111
0.97
0.92
0.93
0.99
1.21
0.98
1.22
1.29
1.52
1.22
1.22

0.0708
0.0585
0.0480
0.0498
0.0807
0.0742
0.0478
0.0479
0.0710
0.0480
0.0550
0.0649
0.0508
0.0601
0.0585
0.0474
0.0482
0.0539
0.1496
0.0677
0.0638
0.0605
0.0471
0.0499
0.0516
0.0519
0.0581
0.0530
0.0499
0.0575
0.0504
0.0515
0.0521
0.0473
0.0484
0.0521
0.0461
0.0526
0.0516
0.0523
0.0493
0.0576
0.0635
0.0499
0.0797
0.0535
0.0569
0.0516
0.0510
0.0496
0.0526
0.0470

26
+ 0.0047
+ 0.0041
+ 0.0027
+ 0.0025
+ 0.0048
+ 0.0046
+ 0.0037
+ 0.0021
+ 0.0042
+ 0.0029
+ 0.0033
+ 0.0054
+ 0.0031
+ 0.0035
+ 0.0032
+ 0.0030
+ 0.0034
+ 0.0038
+ 0.0045
+ 0.0028
+ 0.0032
+ 0.0021
+ 0.0036
+ 0.0026
+ 0.0028
+ 0.0027
+ 0.0025
+ 0.0024
+ 0.0039
+ 0.0036
+ 0.0037
+ 0.0025
+ 0.0027
+ 0.0025
+ 0.0019
+ 0.0027
+ 0.0024
+ 0.0034
+ 0.0036
+ 0.0034
+ 0.0022
+ 0.0057
+ 0.0048
+ 0.0049
+ 0.0056
+ 0.0024
+ 0.0032
+ 0.0024
+ 0.0023
+ 0.0018
+ 0.0030
+ 0.0023

0.0162
0.0159
0.0153
0.0157
0.0167
0.0163
0.0157
0.0156
0.0161
0.0154
0.0158
0.0157
0.0156
0.0159
0.0154
0.0155
0.0158
0.0158
0.0178
0.0158
0.0158
0.0159
0.0153
0.0154
0.0154
0.0155
0.0156
0.0152
0.0156
0.0154
0.0160
0.0154
0.0154
0.0158
0.0156
0.0154
0.0155
0.0154
0.0150
0.0155
0.0155
0.0158
0.0161
0.0155
0.0163
0.0156
0.0158
0.0154
0.0158
0.0157
0.0158
0.0153

26
+ 0.0006
+ 0.0006
+ 0.0006
+ 0.0006
+ 0.0006
+ 0.0006
+ 0.0006
+ 0.0006
+ 0.0007
+ 0.0006
+ 0.0007
+ 0.0007
+ 0.0007
+ 0.0007
+ 0.0006
+ 0.0006
+ 0.0006
+ 0.0007
+ 0.0007
+ 0.0007
+ 0.0007
+ 0.0006
+ 0.0006
+ 0.0006
+ 0.0006
+ 0.0006
+ 0.0006
+ 0.0006
+ 0.0007
+ 0.0007
+ 0.0007
+ 0.0006
+ 0.0006
+ 0.0006
+ 0.0006
+ 0.0006
+ 0.0006
+ 0.0006
+ 0.0006
+ 0.0006
+ 0.0006
+ 0.0006
+ 0.0006
+ 0.0006
+ 0.0006
+ 0.0006
+ 0.0005
+ 0.0005
+ 0.0006
+ 0.0006
+ 0.0006
+ 0.0006

0.158
0.129
0.102
0.109
0.187
0.169
0.106
0.105
0.162
0.104
0.122
0.143
0.111
0.133
0.127
0.104
0.108
0.119
0.375
0.150
0.142
0.135
0.100
0.108
0.113
0.112
0.126
0.114
0.109
0.125
0.113
0.112
0.114
0.105
0.107
0.112
0.101
0.114
0.106
0.113
0.107
0.126
0.142
0.107
0.181
0.117
0.127
0.112
0.113
0.110
0.118
0.102

20
+ 0.010
+ 0.010
+ 0.006
+ 0.006
+ 0.012
+ 0.012
+ 0.008
+ 0.005
+ 0.011
+ 0.007
+ 0.008
+ 0.013
+ 0.007
+ 0.008
+ 0.007
+ 0.007
+ 0.008
+ 0.009
+ 0.016
+ 0.007
+ 0.007
+ 0.006
+ 0.008
+ 0.006
+ 0.007
+ 0.006
+ 0.006
+ 0.006
+ 0.009
+ 0.009
+ 0.008
+ 0.006
+ 0.007
+ 0.006
+ 0.005
+ 0.007
+ 0.006
+ 0.008
+ 0.007
+ 0.008
+ 0.006
+ 0.013
+ 0.011
+ 0.010
+ 0.013
+ 0.006
+ 0.009
+ 0.006
+ 0.006
+ 0.005
+ 0.007
+ 0.006

(Ma)
1145
110.6
98.0
99.6
134.8
128.9
1014
101.4
1155
99.6
103.9
114.0
99.0
109.6
109.6
100.9
100.3
105.4
151.6
113.1
108.9
107.2
100.1
98.7
97.3
102.5
102.9
101.5
103.0
101.8
104.1
99.5
100.2
104.0
102.2
100.0
101.1
101.2
101.7
99.6
104.0
102.8
108.7
105.9
1335
103.0
112.8
99.2
103.5
102.2
103.9
100.7

L5 ST G S S S SO S S S S S O S & S & & & S & S S S & N o S O S S S S & S S o & O & S & S & S

26
5.0
4.2
2.8
3.0
4.7
5.3
3.6
2.6
4.3
3.0
3.1
4.0
3.2
3.3
34
3.2
3.3
3.8
3.9
3.0
2.9
2.7
3.2
2.7
2.9
25
25
2.7
3.3
3.2
4.1
2.3
2.6
3.0
24
2.8
2.9
34
3.7
34
2.6
4.8
4.6
4.4
5.1
2.6
34
2.4
2.7
2.6
2.6
2.8

(Ma)
149.0
1235
98.2
105.1
174.2
158.9
102.2
101.3
152.1
100.4
117.1
135.9
107.0
126.9
121.0
100.7
103.9
113.9
3234
141.8
134.4
128.9
97.1
104.5
108.3
107.9
120.5
109.5
105.3
119.6
108.4
107.6
109.5
101.3
103.3
108.0
97.3
109.3
102.2
108.8
103.1
120.7
134.7
102.9
168.7
112.3
121.4
107.8
109.1
106.4
112.9
98.9

L5 ST G S S S SO S S S S S O S & S & & & S & S S S & N o S O S S S S & S S o & O & S & S & S

26
45
4.3
2.8
2.8
5.1
5.0
3.8
25
4.6
3.3
3.6
5.6
3.3
3.6
3.3
3.3
3.8
4.0
5.9
3.1
3.3
2.7
3.7
2.9
3.1
2.8
2.8
2.7
4.0
3.9
3.8
2.8
3.0
2.9
2.3
3.0
2.7
3.6
3.2
35
2.6
5.6
4.8
4.8
5.6
2.6
3.9
2.6
2.7
24
3.2
2.7

*Points which are used for Concordia diagram.
**Percentage of 2P contributed by common Pb is on the basis of 2°*Ph. Value of common Pb was assumed by (Stacey and Kramers, 1975)model. n.d.= no detection

of 2%pp,
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etal., 1991). c) Ba/Rb vs. Rb/Sr diagram suggesting that melting process was controlled by amphibole as the residual phases in the
mantle source (Furman and Graham, 1999).

Yas


http://dx.doi.org/10.22034/KJES.2024.10.1.107371
https://dor.isc.ac/dor/20.1001.1.2538449.1403.10.1.12.4
https://gnf.khu.ac.ir/article-1-2905-fa.html

[ Downloaded from gnf.khu.ac.ir on 2025-12-10 ]

[ DOR: 20.1001.1.2538449.1403.10.1.12.4 ]

[ DOI: 10.22034/K JES.2024.10.1.107371 ]

g il Sdle slaesgt Seeliangl 5 oy psilysl (i

O 5 )l

2or a Qobeds @ 30 [ b
L Chupankareh @
HIMU-OIB Qarah Qoshun @ 25 |—
16 O Missing Silicate Reservoir
- 20 —
Chondrite ratio
9 12 ©
E‘- Average OIB S
- 15—
z = Primitive
08 Mixed Lithospheric Asthenospheric mantle Dep|616d Mantle
10— Mantle Upper Crust
’ Lithospheric mantie
0.4 . ‘ ®
H ' B ®
Average lower crust
L 1 1 1 J - L IIIIII\l 1 III\III| 1 IIIIIII|
30 60 90 120 0.1 1 10 100
La/Yb Log Nb(ppm)
6 —
c ® o
@
5 —
£ ° N e
‘T N e
e -
@ s
3 ® @
e e
| Og0 @
2
10 20 30 40
Rb(ppm)

Zr/IRb blas ;o Rb ,lsge5 (€ .(Abdel-Rahman and Nassar, 2004)Log Nb ,.f,, ,o Nb/Ta 4 La/Yb [l Nb/La sleloges (0 @YY JSo
Oen g o> (Fitton et al.,, 1997) oo o ogid Jolis o i 2, asdllass yge Seile slacKiw glansss Lace plas g (Askren et al., 1991)

axsb e (Tarney and Weaver, 1987) ;.4 5 ,U 5 (Smithies et al., 2007) J,Se0 § ol (Chen et al., 2002)
Fig. 11. a, b) Nb/La vs. La/Yb and Nb/Ta vs. Nb diagram (Abdel-Rahman and Nassar, 2004). ¢) Rb vs. Zr/Rb diagram (Askren et
al., 1991) to discriminate mantle source of the studied mafic rocks. References are from Fitton et al. (1997), Chen et al. (2002),

Smithies et al. (2007) and Tarney and Weaver (1987).

ASKren et ) laosgs Lics garief asess cqa V) JSS 0

Joges ,o 5 9 Nb /La Jlis jo La/YD loges o qal., 1991
S g ALgS 00game 0 adiges ND/TA Jilis ;o Nb ol
ZIRb Llie ;o Rb @l s Jloges 5l oolawl b .aiypS o 1,8
51 ooliinl b oS o ol ) oYU ding b oleSle (2a¥T ladiges
Al Qb&'s‘a O saosls olad la,loges o o le o
5 51,8 olse yals adlsl Lol Wlg oo (Sais 28 Jole a5 cd S
G azg L aSul oo bl oodg, 8 axmine Bl ele
Sogdl o sols lis slaloges jo cadodslie sla SusS],

S (S 53l polie 2t PEDL 5 ol sla LS

by i BUT 5 0S99 WIS Jksle o)y |, (LREE)
0 U Ba SrCs Pb K usile 5 polic 058 0 wdx DSk
b 5o g ojly Giilgd Jl 50 aiey 4 by Of 5l asly s
(MREE LLREE Pb P U .Sr Ba Rb) S e jolic iilyg,8
Pearce and Stern, ) aiss oo ol31 cwsildl awg 5 YL sles 5o
U/Zr CelPb B/Be slacaus o9 YU (ol 1o oy 40 (2006
&S oo b 1) ol 51 ol> <YL 2 Be/Th B/Th Th/zr .


http://dx.doi.org/10.22034/KJES.2024.10.1.107371
https://dor.isc.ac/dor/20.1001.1.2538449.1403.10.1.12.4
https://gnf.khu.ac.ir/article-1-2905-fa.html

[ Downloaded from gnf.khu.ac.ir on 2025-12-10 ]

[ DOR: 20.1001.1.2538449.1403.10.1.12.4 ]

[ DOI: 10.22034/K JES.2024.10.1.107371 ]

9 Al Sdle slrosg Salindgs 5 oy el ygl (i OhSes 5 55l

Sl slabhow 5l Jols sblSl L o5 Slopes asly i Kiw ol (Sad 28 om0 Wlg oe o Slatwg
La/10-Y/15-Nb/8 baw Jloges o .0imo oo ylis |, Slasd ] VY UKD ZIY Jolie j0 ZF &l s loges ;0 (€)Y o) wib
5 laaises s4en (Cabanis and Lecolle, 1989) -\ Jsz) 35,0 glo)B wsd b o e sladae b g3 (6,55l ladiges (@
S8 Jled asl> slalass (JSIT SIS s oo b slaleS Tl 08game VY JS) Zrf4-Nb2-Y lsees o (Pearce and Norry, 1979)

2,5 o ool danlllas sloosgs 09,5 sladiges (Meschede, 1986) (b

10
Continental arc

L Oceanic arc

1 1 1 IIIIIII 1 | N I I

10 100 1000

Zr

Qobadlu @
Chupankareh @y
Qarah Qoshun @

TIII[

ZriY

b Noe2

WP Alk',

S e
‘-_\xgﬂ \

MORB:

A
\ .,
Volcanic |\ _y )

e 1

basalt N-MORB

Zr/a y La/10 Nb/8

Joges o (b .(Pearce and Norry, 1979) w5 o 13 lo)B ugd b lad e lases 10 ladiges o] 10 a5 ZITY Llie j0 Zr &l s loges @ -VY JS&

ebaw Jloges 10 (Casls Slad izl slawsd ol ;| Jol> slaldle b o5 Sligen o905 sladises (Meschede, 1986) Zr/4-Nb2-Y
S8 Jld acsl> L5 slalese 5 JISIT SIS s b slaleSlo 059050 40 ladiges saen (Cabanis and Lecolle, 1989) La/10-Y/15-Nb/8

B
Fig. 12. a) Zr vs. Zr/Y diagram, in which the samples plot on arc-related environments (Pearce and Norry, 1979). b) Zr/4-Nb2-Y

diagram (Meschede, 1986) representing that the gabbroic samples display overlap with magmas from the volcanic arc environments.
) La/10-Y/15-Nb/8 ternary diagram (Cabanis and Lecolle, 1989) showing that all the samples display calc-alkaline affinity and plot
on orogenic domains related to active margins.


http://dx.doi.org/10.22034/KJES.2024.10.1.107371
https://dor.isc.ac/dor/20.1001.1.2538449.1403.10.1.12.4
https://gnf.khu.ac.ir/article-1-2905-fa.html

[ Downloaded from gnf.khu.ac.ir on 2025-12-10 ]

[ DOR: 20.1001.1.2538449.1403.10.1.12.4 ]

[ DOI: 10.22034/K JES.2024.10.1.107371 ]

g il Sdle slaesgt Seeliangl 5 oy psilysl (i

RULO PRSIt

Agard et al., ) coul sadosls Cad 25 2555 5 w90 2l Ko
(2005

Mohajjel and Fergusson, ) :wss,s ¢ Joxome sosde a
sl 5l grye 485 il b (635 50 Glnl 0y 00 )5 0,55 5 (2014
Crogee Lanslsl b uris8 gildl bole (2ils,8 Jds 4 Lol oasjlel
walie 3blie ;00,65 p lo NS ol ol cciwl oxilo b oy Liran
Agard et al., 2005; ) s,ls owbie Gollas Llo 23l,9,8 a5,k b
oy »odle (EImas and Yilmaz, 2003; McClay et al., 2004
onilesdl 5 3,552 b plojer Semllyidsl slacSin 3529
2 Jle Gaabeo YO 590> oy b (diatexites) consSsbs sl
et rogSll 33 1) railoSlo 395 0 SISl clnl 8 Jlos
Moghadam and Stern, 2014; Pang et ) aas e oyLis pwges -
s,k (Azizi et al., 2018)  ai=e 5l Ko S .@l., 2013
pob 9 lo,B Sty a9 allls b0 (pl 4y S Dglite
aS Wles,S Hlo Jaw opl jo plasl iles S oo 1y glaiies
O 2 25 50 Ol e g () 50 Semlyg) paerleSle
Jlo Cankes VEF o sl)ls e Jled o g anils Jlo oygudon VYV
(Gholipour et al., 2021) sl

0l 53 s —pailygl B9y & edaliussay dyuzr s slaosls

Oodeo AL by s gold g 5 005 aS wro oo Lt asllas
OS bl ,e gleSlb slacSin 0929 pas 4 a4z Lol Jlo
Sdled 2529 5 Gl —gaiie 0g) Jled G 0 Sl
S35y Ol —Eii 035 2 45 anli,S T SIS LS
5555 i385 05 o Cale 40,15 Gl 5l gt sunli
o] adl anli)S o (lor e —gatin 055 Jlod i )
ST SIS S 5 L s 6laSle 3,5 ebiilyn8 ol (oo yo »con]
Arwgl g dwgy ol U el Sl o 4 bilase (050> U g
slrass cpl o cal ool glo )8 aiwgy jo LaiS SogiSS w3,
L oas Sy SLedisT slacalls b Job 5o oiS
isS Gladsg> el 0og by pdedd Al (o IS g,
L olmbydl o (JuS asg> 5 95 aog> Sbow gd Cuiy
S5 L awl B cnl by e cnl b BLST e Gl

Y.y

G g
25 % oeSes ewpldl gy 58 £9,0 Gloy pgaz 5
oasite g Wolite Olla Gl ad diey g 350 olpl i
ol 3l e el i T ol Al le Jow g cnldll)
Alavi, 1994; ) wilosls Cons 4wl S a1,y 8,95 1 ol yloj yubliore
Amidi and Michel, 1985; Berberian and King, 1981a;
Ghalamghash ) ,%s &, .(Mohajjel and Fergusson, 2014

T (3525 & (o2,E Ao il 8 45 ails eusie (et al., 2009
3o 0slog) punileSlo g oddggpd (npj awlS ) Glar e -
85 5 00925 L e g 4 (U5 Sl Gsabeo ) oilials
el ools &) Gl o = i (995 9 (205 B9 4Bl o 3595
Ot Jbo sl T B YO ) 0555 0 Gloj (rediiizme 51 500 (S0
Hessami et al., 2001;) asls o oYL b Sl pusdl sm
Jol> sloosgs sly 55 65 0le> slagyw o (Regard etal., 2005
(Mazhari et al., 2011) I,Ken ¢ (5 ka0 Silools slgriay ol 5l
o Ogebee TV 0095 (nl (o 0al (Sl Sg5ge 009 (om)yn 50
Slrosg (a3 098 5l Jol> 0355l Liis Wadiias g 03,5 (5,155
diine (6,500 cpizee abbige Jlo gehes Voo pe 4 SCile
oSl B gl g 03 S0lsz Sl )93 p (o W
Azizi and ) cywge > 4 (Mohajjel and Fergusson, 2014)
Moinevaziri, 2009; McQuarrie et al., 2003; McQuarrie

s, o« (@nd van Hinsbergen, 2013; Robertson, 2006
2 dilizee sla iz 10 0,95 p 4 Wakae o Sy 5l (S
ambo S > gileil &S el A pdy Oe bt slagl;
2ol oyge &S > Kk (Golonka, 2004) ! oo a5 Ly 31
YA B OA (sl S 3l b3 Jlo eekee M-AF o slagybs;
Ok ¥ =T+ 5 (osSl Lalgl U il 315D L JLo yskes
ol Glp sasl Wl oo (McClay et al., 2004) ) Koa NS
A Wisged L3l 0e oy Jow b o, Kawgh cpl il cdhas
Lk 55 Sgzge O ) S 5 (SO b
@ (a2 Y0-7+) b (il S Jpame (051 sloogSas,
S5 Ko Sgmg pac LS5 Sgw el (5,5 Jlod Cooms
Ayl sl S Byl Sley Jolsd 5o sads s e S 5o YU Lad
5 2 solel SIS 1> @0 35 515 gl 5 rgSl B


http://dx.doi.org/10.22034/KJES.2024.10.1.107371
https://dor.isc.ac/dor/20.1001.1.2538449.1403.10.1.12.4
https://gnf.khu.ac.ir/article-1-2905-fa.html

[ Downloaded from gnf.khu.ac.ir on 2025-12-10]

[ DOR: 20.1001.1.2538449.1403.10.1.12.4 ]

[ DOI: 10.22034/KJES.2024.10.1.107371 ]

e andle Sle slrodgs Saly o558 g oy poeslygl (i e OllSer 5 5

glold Sile gloodgy JuSis o g 00l lu S0 aiieS 5l onds dei5 glp owlin olad ooy slo SKuSs Sy o Sad
el 00l 9280 3 g 0,50l 9 Gino slaSlo 39a3 cely a5 00y0 )5 ol )8 6)"-""5‘“’“’1 é\o sl

Cretaceous magmatism in northwest Iran

sw NE

Fore-arc basin . .
Subsidence basin Qubadlu-Kharaju
. Qaragoshun bodies

Volcanic rocks

Continental Crust o7 'Y*

Basaltic magma

Metasomatized

Depleted mantle
mantle

Partial melting

0595 () 39 4l pailaSlo g ()l parm it (95 Jlod Gidu Jow 5l Silads g gl VY IS
Fig. 13. A new schematic model of the northern part of the Sanandaj-Sirjan zone and the Cretaceous magmatism in this zone.

collisional and earlier deformation. International journal of
earth sciences 94, 401-419.

Alavi-Naini, M., Shahrabi, M., 1975. Geological map of
Maragheh. 1: 100,000 series, Sheet 5265. Ministry of
Industry and Mines, Geological Survey of Iran, Tehran.

Alavi, M., 1980. Tectonostratigraphic evolution of the
Zagrosides of Iran. Geology 8, 144-149.

Alavi, M., 1991. Sedimentary and structural characteristics of
the Paleo-Tethys remnants in northeastern Iran. Geological
Society of America Bulletin 103, 983-992.

Alavi, M., 1994. Tectonics of the Zagros orogenic belt of Iran:
new data and interpretations. Tectonophysics 229, 211-
238.

Amidi, S.M., Michel, R., 1985. Cenozoic magmatism of the
Surk area (central Iran) stratigraphy, petrography,
geochemistry and their geodynamic implications. Geologie
Alpine 61, 1-16.

References

Abdel-Rahman, A.-F.M., Nassar, P.E., 2004. Cenozoic
volcanism in the Middle East: petrogenesis of alkali basalts
from northern Lebanon. Geological magazine 141, 545-
563.

Abu-Hamatteh, Z., 2005. Geochemistry and petrogenesis of
mafic magmatic rocks of the Jharol Belt, India:
geodynamic implication. Journal of Asian Earth Sciences
25, 557-581.

Adam, J., Green, T., Sie, S., 1993. Proton microprobe
determined partitioning of Rb, Sr, Ba, Y, Zr, Nb and Ta
between experimentally produced amphiboles and silicate
melts with variable F content. Chemical Geology 109, 29-
49,

Agard, P., Omrani, J., Jolivet, L., Mouthereau, F., 2005.
Convergence history across Zagros (lran): constraints from

Yoy


http://dx.doi.org/10.22034/KJES.2024.10.1.107371
https://dor.isc.ac/dor/20.1001.1.2538449.1403.10.1.12.4
https://gnf.khu.ac.ir/article-1-2905-fa.html

[ Downloaded from gnf.khu.ac.ir on 2025-12-10 ]

[ DOR: 20.1001.1.2538449.1403.10.1.12.4 ]

[ DOI: 10.22034/K JES.2024.10.1.107371 ]

g il Sdle slaesgt Seeliangl 5 oy psilysl (i

O 5 )l

Askren, D.R., Wjitney, J.A., Roden, M.F., 1991. Petrology and
geochemistry of the Huerto Andesite, San Juan volcanic
field, Colorado. Contributions to Mineralogy and Petrology
107, 373-386.

Azizi, H., Jahangiri, A., 2008. Cretaceous subduction-related
volcanism in the northern Sanandaj-Sirjan Zone, Iran.
Journal of Geodynamics 45, 178-190.

Azizi, H., Kazemi, T., Asahara, Y., 2017. A-type granitoid in
Hasansalaran complex, northwestern Iran: Evidence for
extensional tectonic regime in northern Gondwana in the
Late Paleozoic. Journal of Geodynamics 108, 56-72.

Azizi, H., Lucci, F., Stern, R.J., Hasannejad, S., Asahara, Y.,
2018. The Late Jurassic Panjeh submarine volcano in the
northern Sanandaj-Sirjan Zone, northwest Iran: Mantle
plume or active margin? Lithos 308, 364-380.

Azizi ,H., Moinevaziri, H., 2009. Review of the tectonic setting
of Cretaceous to Quaternary volcanism in northwestern
Iran. Journal of Geodynamics 47, 167-179.

Bayati, M., Esmaeily, D., Maghdour-Mashhour, R., Li, X.-H.,
Stern, R.J., 2017. Geochemistry and petrogenesis of Kolah-
Ghazi granitoids of Iran: Insights into the Jurassic
Sanandaj-Sirjan magmatic arc. Geochemistry 77, 281-302.

Berberian, M., King, G., 1981a. Towards a paleogeography
and tectonic evolution of Iran. Canadian journal of earth
sciences 18(2), 210-265.

Berberian, M., King, G., 1981b. Towards a paleogeography
and tectonic evolution of Iran: Reply. Canadian Journal of
Earth Sciences 18, 1764-1766.

Boynton, W.V., 1984. Cosmochemistry of the rare earth
elements:  meteorite  studies, Developments in
geochemistry 2, 63-114.

Cabanis, B., Lecolle, M., 1989. The La/10-Y/15-Nb/8
diagram: A tool for distinguishing volcanic series and
discovering crustal mixing and/or contamination: Comptes
Rendus de 1’ Academie des Sciences, serie 2. Science de la
Terre 309, 20.

Chen, B., Jahn, B.-m., Wei, C., 2002. Petrogenesis of
Mesozoic granitoids in the Dabie UHP complex, Central
China: trace element and Nd-Sr isotope evidence. Lithos
60, 67-88.

Cottle, J., Waters, D., Riley, D., Beyssac, O., Jessup, M., 201 .
Metamorphic history of the South Tibetan Detachment
System, Mt. Everest region, revealed by RSCM
thermometry and phase equilibria modelling. Journal of
Metamorphic Geology 29, 561-582.

Ye¥

Cottle, J.M., Burrows, A.J., Kylander-Clark, A., Freedman,
P.A., Cohen, R.S., 2013. Enhanced sensitivity in laser
ablation multi-collector inductively coupled plasma mass
spectrometry. Journal of Analytical Atomic Spectrometry
28, 1700-1706.

Cox, K., Bell, J., Pankhurst, R., 1979. Fractionation in igneous
processes, The Interpretation of Igneous Rocks. Springer,
pp. 1-11.

Crawford, M., 1976. Regional investigation of tectonic and
igneous geology in Iran, Pakistan and Turkey.

Dercourt, J., et al., Zonenshain, L., Ricou, L.-E., Kazmin, V.,
Le Pichon, X., Knipper, A., Grandjacquet, C., Sbortshikov,
I., Geyssant, J., Lepvrier, C., 1986. Geological evolution of
the Tethys belt from the Atlantic to the Pamirs since the
Lias. Tectonophysics 123, 241-315.

Elmas, A., Yilmaz, Y., 2003. Development of an oblique
subduction zone—tectonic evolution of the Tethys suture
zone in southeast Turkey. International Geology Review
45, 827-840.

Fitton, J., Saunders, A., Norry, M., Hardarson, B., Taylor, R.,
1997. Thermal and chemical structure of the Iceland plume.
Earth and Planetary Science Letters 153, 197-208.

Foden, J., Song, S.H., Turner, S., Elburg, M., Smith, P., Van
der Steldt, B., Van Penglis, D., 2002. Geochemical
evolution of lithospheric mantle beneath SE South
Australia. Chemical Geology 182, 663-695.

Furman, T., Graham, D., 199 .4Erosion of lithospheric mantle
beneath the East African Rift system: geochemical
evidence from the Kivu volcanic province, Developments
in Geotectonics 24, 237-262.

Geng, H., Sun, M., Yuan, C., Xiao, W., Xian, W., Zhao, G.,
Zhang, L., Wong ,K., Wu, F., 2009. Geochemical, Sr—Nd
and zircon U-Pb-Hf isotopic studies of Late Carboniferous
magmatism in the West Junggar, Xinjiang: implications for
ridge subduction? Chemical Geology 266, 364-389.

Ghadirzadeh, A., Anvari, A., 1998. Azarshahr geological map
in scale 1: 100,000. GSI.

Ghalamghash, J., Bouchez, J., Vosoughi-Abedini, M.,
Nédélec, A., 2009. The Urumieh Plutonic Complex (NW
Iran): Record of the geodynamic evolution of the
Sanandaj—Sirjan zone during Cretaceous times—Part II:
Magnetic fabrics and plate tectonic reconstruction. Journal
of Asian Earth Sciences 36, 303-317.

Gholipour, S., Azizi, H., Masoudi, F., Asahara, Y., Tsuboi, M.,
2021. Zircon U-Pb ages, geochemistry, and Sr-Nd isotope


http://dx.doi.org/10.22034/KJES.2024.10.1.107371
https://dor.isc.ac/dor/20.1001.1.2538449.1403.10.1.12.4
https://gnf.khu.ac.ir/article-1-2905-fa.html

[ Downloaded from gnf.khu.ac.ir on 2025-12-10 ]

[ DOR: 20.1001.1.2538449.1403.10.1.12.4 ]

[ DOI: 10.22034/K JES.2024.10.1.107371 ]

g il Sdle slaesgt Seeliangl 5 oy psilysl (i

O 5 )l

ratios for early cretaceous magmatic rocks, southern
Saqqgez, northwestern Iran. Geochemistry 81, 125687.

Golonka, J., 2004. Plate tectonic evolution of the southern
margin of Eurasia in the Mesozoic and Cenozoic.
Tectonophysics 381, 235-273.

Haynes, S.J., McQuillan, H., 1974. Evolution of the Zagros
suture zone, southern Iran. Geological Society of America
Bulletin 85, 739-744.

Hessami, K., Kayi, H.A., Talbot, C.J., Tabasi, H., Shabanian,
E., 2001. Progressive unconformities within an evolving
foreland fold-thrust belt, Zagros Mountains. Journal of the
Geological Society 158, 969-981.

Irvine, T.N., Baragar, W., 1971. A guide to the chemical
classification of the common volcanic rocks. Canadian
journal of earth sciences 8, 523-548.

Jahangiri, A., 2007. Post-collisional Miocene adakitic
volcanism in NW Iran :geochemical and geodynamic
implications. Journal of Asian Earth Sciences 30, 433-447.

Kay, S.M., Mpodozis, C., 2001. Central Andean ore deposits
linked to evolving shallow subduction systems and
thickening crust.

Kay, S.M., Mpodozis, C., Ramos, V.A., Munizaga, F., 1991.
Magma source variations for mid-late Tertiary magmatic
rocks associated with a shallowing subduction zone and a
thickening crust in the central Andes (28 to 33 S).
Geological Society of America Special Paper 265, 113-
137.

Kylander-Clark, A.R., Hacker, B.R., Cottle, J.M., 2013. Laser-
ablation split-stream ICP petrochronology. Chemical
Geology 345, 99-112.

LaTourrette, T., Hervig, R.L., Holloway, J.R., 1995. Trace
element partitioning between amphibole, phlogopite, and
basanite melt. Earth and Planetary Science Letters 135, 13-
30.

Ludwig, K., 2001. Using Isoplot/Ex. A geochronological
toolkit for Microsoft Excel. Berkeley Geochronology
Center, Special Publications No. 1. Berkeley USA.

Mazhari, S., Amini, S., Ghalamghash, J., Bea, F., 2011.
Petrogenesis of granitic unit of Nagadeh complex,
Sanandaj-Sirjan Zone, NW Iran. Arabian Journal of
Geosciences 4.

McClay, K., Whitehouse, P., Dooley, T., Richards, M., 2004.
3D evolution of fold and thrust belts formed by oblique
convergence. Marine and Petroleum Geology 21, 857-877.

McQuarrie, N., Stock, J., Verdel, C., Wernicke, B., 2003.
Cenozoic evolution of Neotethys and implications for the

AIRIA

causes of plate motions. Geophysical research letters 30
(20).

McQuarrie, N., van Hinsbergen, D.J., 2013. Retrodeforming
the Arabia-Eurasia collision zone: Age of collision versus
magnitude of continental subduction. Geology 41, 315-
318.

Meschede, M., 1986. A method of discriminating between
different types of mid-ocean ridge basalts and continental
tholeiites with the Nb- Zr- Y diagram. Chemical geology
56, 207-218.

Moghadam, H.S., Stern, R.J., 2014. Ophiolites of Iran: Keys to
understanding the tectonic evolution of SW Asia:(l)
Paleozoic ophiolites. Journal of Asian Earth Sciences 91,
19-38.

Mohajjel, M., Fergusson, C., 2014. Jurassic to Cenozoic
tectonics of the Zagros Orogen in northwestern Iran.
International Geology Review 56, 263-287.

Pamic, J., Sestini, G., Adib, D., 1979. Alpine magmatic and
metamorphic processes and plate tectonics in the Zagros
Range, Iran. Geological Society of America Bulletin 90,
569-576.

Pang, K.-N., Chung, S.-L., Zarrinkoub, M.H., Khatib, M.M.,
Mohammadi, S.S., Chiu, H.-Y., Chu, C.-H., Lee, H.-Y., Lo,
C.-H.,,  2013.  Eocene-Oligocene  post-collisional
magmatism in the Lut-Sistan region ,eastern Iran: Magma
genesis and tectonic implications. Lithos 180, 234-251.

Paul, A., Kaviani, A., Hatzfeld, D., Vergne, J., Mokhtari, M.,
2006. Seismological evidence for crustal-scale thrusting in
the Zagros mountain belt (Iran). Geophysical Journal
International 166, 227-237.

Pearce, J.A., Norry, M.J., 1979. Petrogenetic implications of
Ti, Zr, Y, and Nb variations in volcanic rocks.
Contributions to mineralogy and petrology 69, 33-47.

Pearce, J.A., Stern, R.J., 2006. Origin of back-arc basin
magmas :Trace element and isotope perspectives. Back-arc
spreading systems: Geological, biological, chemical, and
physical interactions 166, 63-86.

Peccerillo, A., Taylor, S., 1976a. Geochemistry of Eocene
calc-alkaline volcanic rocks from the Kastamonu area,
northern Turkey. Contributions to mineralogy and
petrology 58, 63-81.

Peccerillo, A., Taylor, S., 1976b. Rare earth elements in East
Carpathian volcanic rocks. Earth and Planetary Science
Letters 32, 121-126.

Pei, F., Xu, W., Yang, D., Zhao, Q., Liu, X., Hu ,Z., 2007.
Zircon U-Pb geochronology of basement metamorphic


http://dx.doi.org/10.22034/KJES.2024.10.1.107371
https://dor.isc.ac/dor/20.1001.1.2538449.1403.10.1.12.4
https://gnf.khu.ac.ir/article-1-2905-fa.html

[ Downloaded from gnf.khu.ac.ir on 2025-12-10 ]

[ DOR: 20.1001.1.2538449.1403.10.1.12.4 ]

[ DOI: 10.22034/K JES.2024.10.1.107371 ]

g il Sdle slaesgt Seeliangl 5 oy psilysl (i

O 5 )l

rocks in the Songliao Basin. Chinese Science Bulletin 52,
942-948.

Rapp, R.P., Watson, E.B., 1995. Dehydration melting of
metabasalt at 8-32 kbar: implications for continental
growth and crust-mantle recycling. Journal of petrology 36,
891-931.

Regard, V., Bellier, O., Martinod, J., Faccenna, C., 2005.
Analogue Experiments of Subduction vs. Collision
Processes: Insights for the Iranian Tectonics. Journal of
Seismology and Earthquake Engineering 7(3), 129-137.

Robertson, A.H., 2006. Contrasting modes of ophiolite
emplacement in the Eastern Mediterranean region.
Geological Society, London, Memoirs 32, 235-261.

Rollinson, H., 1993. Discriminating between tectonic
environments using geochemical data .Using Geochemical
Data: Evaluation, Presentation, Interpretation. Longman
Scientific & Technical, Essex, UK 171, 214.

Sengor, A.C., 1984. The Cimmeride orogenic system and the
tectonics of Eurasia.

Smithies, R., Van Kranendonk, M., Champion, D., 2007. The
Mesoarchean emergence of modern-style subduction.
Gondwana Research 11, 50-68.

Soltani Sisi, G., 2005. Geological map of Iran, 1: 100000
series, sheet No, 5065. Geological Survey and Mineral
Exploration of Iran.

Stocklin, J., 1968. Structural history and tectonics of Iran: a
review. AAPG bulletin 52, 1229-1258.

Y5

Stocklin, J., Nabavi, M., 1973. Tectonic map of Iran.
Geological Survey of Iran.

Sun, S.-S., McDonough, W.F., 1989. Chemical and isotopic
systematics of oceanic basalts: implications for mantle
composition and processes. Geological Society, London,
Special Publications 42, 313-345.

Tarney, J., Weaver, B., 1987. Geochemistry of the Scourian
complex: petrogenesis and tectonic models. Geological
Society, London, Special Publications 27, 45-56.

Tera ,F., Wasserburg, G., 1972. U-Th-Pb systematics in lunar
highland samples from the Luna 20 and Apollo 16
missions. Earth and Planetary Science Letters 17, 36-51.

Torkian, A., Furman, T., Salehi, N., Veloski, K., 2019.
Petrogenesis of adakites from the Sheyda volcano, NW
Iran. Journal of African Earth Sciences 150, 194-204.

Whitney, D.L., Evans, B.W., 2010. Abbreviations for names of
rock-forming minerals. American mineralogist 95, 185-
187.

Zhang, Z., Xiao, W., Ji, W., Majidifard, M.R., Rezaeian, M.,
Talebian, M., Xiang, D., Chen, L., Wan, B., Ao, S., 2018.
Geochemistry, zircon U-Pb and Hf isotope for granitoids,
NW Sanandaj-Sirjan zone, Iran: Implications for
Mesozoic-Cenozoic episodic magmatism during Neo-
Tethyan lithospheric subduction. Gondwana Research 62,
227-245.


http://dx.doi.org/10.22034/KJES.2024.10.1.107371
https://dor.isc.ac/dor/20.1001.1.2538449.1403.10.1.12.4
https://gnf.khu.ac.ir/article-1-2905-fa.html
http://www.tcpdf.org

