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

Vol. 10, No. 1, Spring and Summer 2024, pp. 123-151 ISSN (Print): 2538-449X  ISSN (Online): 2981-1619

Research Article
OPEN (=) ACCESS

e Kharazmi Journal of Earth Sciences
“oor ¥ Journal homepage https:/gnf.khu.ac.ir

Azizabad-Hazarkhani granitoid, NE of Songhor: Evidence of a subduction event in the N- Sanandaj-
Sirjan continental arc

Ashraf Torkian **, Sara Damchin Mashak? Mohsen Mohammadi *

1. Associate Professor, Department of Geology, Faculty of Sciences, Bu-Ali Sina University, Hamedan, Iran
2. Ph.D. Student, Department of Geology, Faculty of Sciences, Bu -Ali Sina University, Hamedan, Iran

3. MSc student, Department of Geology, Faculty of Sciences, Bu-Ali Sina University, Hamedan, Iran

Abstract

The study area is located in the SaSZ, NE of Songhor city, Kermanshah Province. Based on field
observations and mineralogical data, the Azizabad-Hazarkhani I-type calc-alkaline granitoid consists of
granites, monzonites and diorites with small volumes of gabbroic rocks. Co-variations in major and trace
elemental abundances do not indicate a continuous compositional suite and therefore do not suggest a
co-magmatic origin. According to geochemical evidence, the samples are enriched in incompatible
elements such as Th, Rb, La, Ce and Nd and depleted in Nb, Ti and Eu, with metaluminous affinity.
These characteristics reflect the role of continental crust and crust-derived melts. Tectonic setting
discrimination diagrams suggest that this complex belongs to the volcanic arc and is related to an active
continental margin setting. According to the geological history of this area, it can be attributed to the
subduction of Neo-Tethyan oceanic crust below the Central Iran microplate. We suggest that the Parishan
and Darvazeh mantle-derived basaltic magmas may have provided the heat required for the partial
melting of various source rocks, including amphibolites, meta-basites, and meta-andesites, through
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diffusive heating.

Introduction

Petrologists consider three possible origins to explain
the genesis of global granitoids: crustal melting, a
mantle-derived origin, and a more complex origin that
involves both crustal and mantle-derived components.
Studies of granitoids are complicated because they (1)
carry signatures of their tectonic environment, (2) record
variable source compositions and melting conditions, and
(3) undergo complex post-melting processes and
reactions including mixing/mingling between pulses of
mafic and felsic magmas, crustal contamination and
assimilation, and magma chamber events such as crystal
fractionation (e.g. Eby, 1990; Pitcher 1997; Bonin, 2007;
Altherr et al., 2000; Azizi et al., 2020; Moyen et al.,
2021).

The Sanandaj-Sirjan Zone (SaSZ) is an Andean type
magmatic-metamorphic belt with a NW-SE trend, which

initiated by the oblique subduction of the Neotethys
oceanic plate under the Central Iranian microplate (e.g.
Berberian and Berberian, 1981; Agard et al., 2011). One
of the remarkable features of the SaSZ is the
emplacement of compositionally  heterogeneous
granitoid batholiths that include I-type, S-type and A-
type felsic rock units (e.g. Torkian et al.,, 2008;
Mahmoudi et al., 2011; Molaiee-Yeghaneh et al., 2018;
Jamshidibadr et al., 2018; Shirmohamadi et al., 2023).
This paper describes the field relationships, petrography
and whole-rock geochemistry of different lithotypes
within the Azizabad-Hazarkhani granitoid; we use these
data to examine the geology, geochemistry and the
genetic relationships of the diverse rocks within the
complex.
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Regional geology

The study area is located near Songhor city, between
47° 30" and 48° 00’ E longitude and 34°30" and 35° 00’ N
latitude and in the villages of Gulali, Azizabad, Malavali,
Qomshane, Qormedare and Hazarkhani. Structurally, the
studied granitoid complex is located in the Sanandaj-
Sirjan  Andean metamorphic-magmatic zone and is
mainly composed of acidic to mafic-intermediate rocks.
The complex includes diorites, monzonites, granites and
minor amounts of mafic microgranular enclaves (MMES)
with microgranular fabric. Field relationships in this
complex indicate that the contacts between individual
units are not very clear and sharp, and are often
indistinguishable and/or gradational. According to
Eshraghi et al. (1996), the upper Eocene —lower
Oligocene body (Sinavand) intruded Jurassic-Cretaceous
metamorphic rocks, but the calculated age for the grantic-
monzonitic of Sinavand pluton is zircon U-Pb and
titanite (U-Th-Pb) age of ~151 Ma reported by Wang et
al. (2023).

Materials and Methods

Ninety samples from different units of the granitoid
complex were selected for petrographic studies, and 20
suitable samples were analyzed. Whole-rock chemical
analysis was performed at the MSLABS (Canada). Major
oxides and trace elements were determined using
Inductively Coupled Plasma - Atomic Emission
Spectroscopy (ICP-AES) and rare earth elements (REES)
by ICP-MS methods.

Results

Based on field observations and mineralogical
characteristics, this granitoid complex consists of felsic
granitoids, monzonites (intermediate granitoid) and
diorites, and small outcrops of gabbroic rocks. The
complex is also locally intruded by dykes of largly
dioritic composition that have intruded mostly
granodioritic rocks (less than 5% of the total mass body).
Sparse mafic microgranular enclaves with cuspate
contacts show coeval intrusion of mafic and felsic
magmas. Field relationships in this complex suggest that
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many of the compositionally distinct bodies were at least
partially molten simultaneously.

Petrographic studies show that granitic and
monzonitic rocks have similar mineral assemblages. This
assemblage includes quartz, K-feldspar and plagioclase,
amphibole and biotite. Accessory minerals (apatite,
titanite, zircon, and Fe-Ti oxides) are also common in
these rocks. The felsic granitoid rocks are alkali feldspar
granite, granite (syenogranite and monzogranite) and
granodiorite. Plagioclase occurs as euhedral to subhedral
crystals and anhedral K-feldspar crystals are observed in
large crystalline and microcrystalline forms. These rocks
are medium to fine-grained and mostly granular, with
local porphyritic, zoning and perthitic textures.

The monzonitic rocks contain plagioclase feldspar
(30-45 vol.%), orthoclase (30-15 vol.%), quartz (7-12
vol.%) and biotite and amphibole (combined 5-20
vol.%). They have subhedral granular and perthitic
textures. Perthitic texture is developed in K-feldspar
crystals and some euhedral to subhedral plagioclases are
zoned. The Fe-Ti oxides include magnetite and ilmenite.

The dioritic-gabbroic rocks encompass quartzdiorite,
monzodiorite, diorite and hornblende gabbro. They are
characteristically mesocratic/melanocratic, medium to
fine grained and display intergranular to subhedral
granular textures. These rocks are composed of
plagioclase, orthoclase and quartz. Plagioclase is
euhedral to subhedral with clear lamellar twinning (45-
60 vol.%), amphibole, mostly as hornblende (18-35
vol.%), biotite (2-8 vol.%), K-feldspar (10-15 vol.%) and
quartz (0-15 vol.%). Titanite, apatite, and Fe-Ti oxides
are the main accessory minerals.

Mineralogical and geochemical studies show that the
magmas belong to the calc-alkaline series of
metaluminous and I-type granitoid rocks. Silica (SiOy)
contents of granitoids, monzonitic rocks and mafic—
intermediate units range from 68.47-75.85 wt.%, 62.20-
66.99 wt.% and 48.51- 61.11 wt.%, respectively. Harker
variation diagrams do not display systematic decreases in
the abundances of Fe,Os', MgO, TiO,, CaO and P,Os
with increasing SiO; content.
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The analyzed samples were plotted on primitive
mantle (PM) normalized rare earth element (REE) and
multi-element diagrams (Sun and McDonough, 1989).
Chondrite-normalized REE  patterns (Sun and
McDonough, 1989) for the Azizabad-Hazarkhani
granitoid complex are characterized by enrichment of
light rare earth elements (LREEs) relative to heavy rare
earth elements (HREEsS) and relatively flat HREE
profiles. The evolved Azizabad —Hazarkhani rocks show
development of negative Eu anomalies likely associated
with fractionation of plagioclase feldspar. All the studied
samples have relatively gentle and negative sloping REE
patterns, while the dioritic-gabbroic rocks have a
relatively low abundance of HREEs compared to the
felsic granitoid and monzonitic rocks.

Primitive mantle-normalized trace element diagrams
show similar characteristics for all of the samples. The
granites and monzonitic rocks display highly to
moderately negative Eu anomalies, whereas the mafic-
intermediate samples have slightly negative anomalies.
Furthermore, they show K, Th, Rb, and Cs positive
anomalies relative to their neighboring elements, but Ba,
Ta, Nb, Ti, and Sr have negative anomalies. This
behavior of elements is similar in both monzonitic and
granitic rocks.

Discussion

Regional and geochemical features of the Azizabad-
Hazarkhani granitoid complex indicate that it was
emplaced in a volcanic arc and an active continental
margin setting. The enrichment of incompatible elements
suchas K, Th, Rb and La, as well as pronounced negative
Ti, Nb, Sr and Ba anomalies in the granitoids, are
indicative of subduction-related magmatism. In
continental arc environments, granitoid magmas are
formed in two ways: fractional crystallization of basaltic
magma with crustal contamination (AFC) and partial
melting of crustal rocks. The lack of correlations on
Harker diagrams indicates that the felsic magmas do not
originate primarily from fractional crystallization of the
associated mafic-intermediate magmas and that they
originated from different sources. The large volume of
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granitoid magma compared to the total volume of
gabbro+ diorite magmas also supports this inference. We
suggest therefore that progressive crystallization of a
basaltic magma is not the dominant process that caused
the formation of the Azizabad-Hazarkhani granitoid
complex.

Rocks derived from crustal melting have large
amounts of Rb, Th, U, K, LREEs and Pb. They are
typically poor in Ta, Ti and Nb, but are enriched in
mobile trace elements and show slight fractionation
effects for HREEs. The geochemical characteristics of
the studied granitoids (both granites and monzonites)
share these characteristics and melting of the crust is
consistent with geochemical data of the studied granitoid.

Meta-pelites, meta-greywackes, amphibolites
(including meta-andesites and meta-basalts) and tonalitic
gneisses are common rocks in the crust that have the
potential to form granitoid magmas. (e.g. Patifio Douce
and Beard, 1995; Patifio Douce, 1999; Wang et al, 2023).

Partial melting of  metabasites/amphibolites
(including andesite and basaltic andesites of calc-alkaline
magma series) can produce a melt with the geochemical
characteristics of our study samples: metaluminous
granitic magmas, which are rich in CaO and poor in KO
(Patifio Douce, 1999; Beard and Lofgern, 1991).
Additionally, Sylvester (1998) suggested that formation
of crustally-derived melts is controlled by plagioclase in
the source rock. We note that in a Rb/Sr-Rb/Ba diagram
(Sylvester, 1998), the studied granitoid samples are
plotted in the high CaO/Na.O field suggesting abundant
plagioclase in the primary melt source. Such sources may
have amphibolite, meta-andesite or meta-basalt
compositions. llmenite- amphibolites can form melts in
which HFSE are significantly depleted compared to
LILE, which is in accord with the geochemical data of
the studied granitoid.

Variations between Al;O3/FeOt+MgO+TiO,  vs.
Al,O3+FeOt+MgO+TiO, and molar CaO/(MgO+FeO")
vs. molar Al,O3/(MgO+FeQ") (Altherr and Siebel, 2002;
Patifio Douce, 1999) show that the studied samples of
felsic rocks plot mainly in the field of metabasite- derived
melts. We therefore conclude that the origin of
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monzonites and diorites in the studied area of NE-
Songhor is consistent with the composition of melts
produced by partial melting of amphibolite crustal
sources. We further suggest that these amphibolites
represent the accumulated fractionation products of
earlier magma chambers in the region and reflect the
extensive history of arc magmatism in NW Iran.

Conclusion

The granitoid NE-Songhor is located in the Sanandaj-
Sirjan Andean magmatic-metamorphic zone, which
consists of two main units of granitoids (felsic and
intermediate) and diorites and a very small amount of
gabbroic rocks. Mineralogical and geochemical studies
show that magma type of studied area is I-type, and all of
the magmatic units belong to the calc-alkaline affinities.
In Harker binary diagrams and patterns of spider
diagrams and rare earth elements (REES), the distribution
trend of the samples does not show that they are of co-
magmatic source, and therefore, their formation under
the influence of the fractional crystallization process
from a mafic source is ruled out. So, based on
geochemical data, the felsic and mafic rocks were not co-
genetic and were not formed through progressive
fractionation crystallization processes. Specifically, the
fractionation of mafic minerals (pyroxene/ amphibole)
greatly lowers the HREE content of derivative felsic
rocks compared to mafic rocks resulting in high
LREE/HREE that are not observed in our samples.
Geochemical characteristics show that they are enriched
in LILE and LREE and depleted in HFSE. The
enrichment of LILE and LREE compared to HFSE
elements indicates their similarity to the subduction zone
environments. The tectonic environment discrimination
diagrams confirm the formation of magma in a volcanic
arc environment in an active continental margin related
to subduction. In accordance with the geological history
of this area, the arc itself can be attributed to subduction
of Neo-Tethyan oceanic crust below the Central Iranian
microplate.

The geochemical properties of the studied granitoid
rocks show that their composition is comparable to the
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continental crust. Partial melting of metapelites,
metagreywackes, amphibolites, metaandesites,
metabasalts, or tonalitic gneisses can generate the
parental melt. Experimental and laboratory diagrams
suggest that diorites and monzonites originate from
varying degrees of partial melting of metabasite-
metaandesites and amphibolites, while granites
(including monzogranite, syenogranite, and granodiorite)
are more dispersed.

Reference

Agard, P., Omrani, J., Jolivet, L., Whitechurch, H., Vrielynck,
B., Spakman, W.,Wortel, R., 2011. Zagros orogeny: a
subduction-dominated process. Geological Magazine
148(5-6),692-725.
https://doi.org/10.1017/S001675681100046 X.

Agard, P., Omrani, J., Jolivet, L., Mouthereau, F., 2005.
Convergence history across Zagros (lran): constraints from
collisional and earlier deformation. International journal of
earth sciences 94, 401-419.
https://doi.org/10.1007/s00531-005-0481-4.

Altherr, R., Holl, A., Hegner, E., Langer, C., Kreuzer, H., 2000.
High-potassium, calc-alkaline I-type plutonism in the
European Variscides: northern Vosges (France) and
northern Schwarzwald (Germany). Lithos 50(1-3), 51-73.
https://doi.org/10.1016/S0024-4937(99)00052-3.

Altherr, R., Siebel, W., 2002. I-type plutonism in a continental
back-arc setting: Miocene granitoids and monzonites from
the central Aegean Sea, Greece. Contributions to
Mineralogy  and Petrology  143(4), 397-415.
https://doi.org/10.1007/s00410-002-0352-y.

Azizi, H., Asahara, Y., Minami, M., Anma, R., 2020.
Sequential magma injection with a wide range of mixing
and mingling in Late Jurassic plutons, southern Ghorveh,
western Iran. Journal of Asian Earth Sciences 200, 104469.
https://doi.org/10.1016/j.jseaes.2020.104469.

Beard, J.S., Lofgren, G.E., 1991. Dehydration melting and
water-saturated melting of basaltic and andesitic
greenstones and amphibolites at 1, 3, and 6. 9 kb. Journal
of Petrology 32(2), 365-401.
https://doi.org/10.1093/petrology/32.2.365.

Berberian, F., Berberian, M.J., 1981. Tectono-plutonic
episodes in Iran. Zagros Hindu Kush Himalaya
Geodynamic Evolution 3, 5-32.
https://doi.org/10.1029/GD003p0005.


https://doi.org/10.1017/S001675681100046X.
https://doi.org/10.1016/S0024-4937\(99\)00052-3
https://doi.org/10.1007/s00410-002-0352-y
https://doi.org/10.1016/j.jseaes.2020.104469
https://doi.org/10.1093/petrology/32.2.365
https://doi.org/10.1029/GD003p0005
http://dx.doi.org/10.22034/KJES.2024.10.1.101373
https://dor.isc.ac/dor/20.1001.1.2538449.1403.10.1.6.8
https://gnf.khu.ac.ir/article-1-2896-fa.html

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

[ DOR: 20.1001.1.2538449.1403.10.1.6.8 ]

[ DOI: 10.22034/K JES.2024.10.1.101373 ]

Torkian et al.

Azizabad-Hazarkhani granitoid in NE-Songhor: Evidence ...

Bonin, B., 2007. A-type granites and related rocks: evolution
of a concept, problems and prospects. Lithos 97(1-2), 1-29.
https://doi.org/10.1016/j.1ithos.2006.12.007.

Eby, G.N., 1990. The A-type granitoids: a review of their
occurrence and chemical characteristics and speculations
on their petrogenesis. Lithos 26(1-2), 115-134.
https://doi.org/10.1016/0024-4937(90)90043-Z.

Eshraghi, S.A., Jafarian, M.B., Eghlimi, B., 1996. Geological
Map of Songor 1:100,000. Geological Survey, Iran. (in
Persian).

Jamshidibadr, M., Collins, A.S., Salomao, G.N., Costa, M.,
2018. U-Pb zircon ages, geochemistry and tectonic setting
of felsic and mafic intrusive rocks of Almogholagh
complex, NW Iran Periodico di Mineralogia, 87(1), 21-53.

Mahmoudi, S., Corfu, F., Masoudi, F., Mehrabi, B., Mohajjel,
M., 2011. U-Pb dating and emplacement history of
granitoid plutons in the northern Sanandaj—Sirjan Zone,
Iran. Journal of Asian Earth Sciences 41(3), 238-249.
https://doi.org/10.1016/j.jseaes.2011.03.006.

Molaiee Yeganeh, T. M., Torkian, A., Christiansen, E. H.,
Sepahi, A. A., 2018. Petrogenesis of the Darvazeh mafic-
intermediate  intrusive  bodies, Qorveh, Sanandaj-
Sirjanzone, Iran. Arabian Journal of Geosciences 11, 1-
20.doi: 10.1007/s12517-018-3554-y.

Moyen, J.F., Janousek, V., Laurent, O., Bachmann, O., Jacob,

J.B., Farina, F., Fiannacca, P.,Villaros, A., 2021. Crustal
melting vs. fractionation of basaltic magmas: Part 1,
granites and paradigms. Lithos 402, 106291.
https://doi.org/10.1016/j.lithos.2021.106291.

Patifio Douce, A.E., 1999. What do experiments tell us about
the relative contributions of crust and mantle to the origin
of granitic magmas?. Geological Society, London, Special

Publications 168(1), 55-75.
https://doi.org/10.1144/GSL.SP.1999.168.01.05.

Patifio Douce, A.E., Beard, J.S., 1995. Dehydration-melting of
biotite gneiss and quartz amphibolite from 3 to 15 kbar.
Journal of Petrology 36(3), 707-738.
https://doi.org/10.1093/petrology/36.3.707.

Shirmohammadi, M., Sepahi, A.A., Santos, J.F., Maanijou, M.,
Torkian, A.,Vahidpour, H., 2023. Geochemistry and Sr—Nd
isotopic characteristics of ferroan-magnesian
metaluminous granites of the NW Sanandaj-Sirjan zone,
Iran: granite formation in a compressional-extensional
setting during Late Jurassic time. Geological Magazine
160(6), 1065-1089.
https://doi.org/10.1017/S0016756823000146 .

Sylvester, P.J., 1998. Post-collisional strongly peraluminous
granites. lithos 45(1-4), 29-44.
https://doi.org/10.1016/S0024-4937(98)00024-3.

Sun, S.S., McDonough, W.F., 1989. Chemical and isotopic
systematics of oceanic basalts: implications for mantle
composition and processes. Special Publications 42(1),
313-345. https://doi.org/10.1144/GSL.SP.1989.042.01.1.

Torkian, A., Khalili, M., Sepahi, A.A., 2008. Petrology and
geochemistry of the I-type calc-alkaline Qorveh Granitoid
Complex, Sanandaj-Sirjan Zone, western Iran. Neues
Jahrbuch Fur Mineralogie-Abhandlungen 185(2), 131.
https://doi.org/10.1127/0077-7757/2008/0114.

Wang, Z.M., Han, C.M., Xiao, W.J., Zhang, Z.Y ., 2023. Zircon
U-Pb and titanite U-Th-Pb ages of the Ghorveh mixed
granitoid pluton: Implications for the Late Jurassic supra-
subduction extension of the Sanandaj—Sirjan Zone, Iran.
Geological Journal 58(1), 51-84.
https://doi.org/10.1002/gj.4580.

CRediT authorship contribution statement

c D
p Conceptualization, Investigation ,
@ Writing - Original Draft , Methodology,
Formal analysis, Resources, Supervision
Ashraf Torkian
Methodology, Software & Editing
Sara Damchin Mashak
] Resources, Funding acquisition , Formal analysis,
Investigation
Mohsen Mohammadi
J



https://doi.org/10.1016/j.lithos.2006.12.007
https://doi.org/10.1016/0024-4937\(90\)90043-Z
https://doi.org/10.1016/j.jseaes.2011.03.006
http://dx.doi.org/10.1007/s12517-018-3554-y
https://doi.org/10.1016/j.lithos.2021.106291
https://doi.org/10.1144/GSL.SP.1999.168.01.05
https://doi.org/10.1093/petrology/36.3.707
https://doi.org/10.1017/S0016756823000146
https://doi.org/10.1016/S0024-4937\(98\)00024-3
https://doi.org/10.1144/GSL.SP.1989.042.01.19
https://doi.org/10.1002/gj.4580
http://dx.doi.org/10.22034/KJES.2024.10.1.101373
https://dor.isc.ac/dor/20.1001.1.2538449.1403.10.1.6.8
https://gnf.khu.ac.ir/article-1-2896-fa.html

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

[ DOR: 20.1001.1.2538449.1403.10.1.6.8 ]

[ DOI: 10.22034/K JES.2024.10.1.101373 ]

YA SISNA S s LLs YOYA FFAX ol LLs

VOV B VY asio AT Ll 5 ks o) ojlad ) e al>

Research Article

OPEN(+ ACCESS

Kharazmi Journal of Earth Sciences
Journal homepage https://gnf.khu.ac.ir

29 loSle £5id g Ghilyg 8 olas ) 51 (glailis :yiw 3y Jlok )0 SlB5158 — 0bT 31 50 (gudginil 5 acgazs

Sl ylor o —gadow slo, B (g8

¥ g o F Slino cuzxold [l LS 5 O il
u]);l ‘QLA.o.b ‘Llﬁ”’gsl‘:ﬁ oKl ‘A%.Li ﬁ;lr- PRCSRRY swt.wua.o) 0515 ‘)l,«,.idl,; A

Olpl cilaen b degs ol8isls by pole 0uSiiils ¢ cwlid yao) 05,5 (g 550 (geoidls .Y
U‘)"‘ ‘ulm ‘L""‘JKSLCT oKl ‘dal.a |°5l'° oasisls sLsM:L....J w.n) oj)f “.L.;)l g5_...:l......v)ls Y

ol alio oledMb|
5 o Shaalie Gulal s ool o0 @3ls (oLisle S Gl i (3,5 Jlad 5 iylr yeos i 095 Jlod 5 anllln g allate Ao azeso b

2928 GlaKin 5l (658 e g oty 90 5 iugpige dacudl S 5l Sl la-oblsse | eg JIIT SIS aSgisl 5 o el SIS sloools
S o olgian 1y (2o e o Liis iy 5 o sy (o 5 o oima i S 5 ool polie Sl 8 Ol il 0 S5
Cyzots g aily Sab 45 EU 5 Ti Nb Iy Sos o2 Nd g Ce La Rb Th sile ,I55Lub yolie 5l baiges ( oborissy daled Lulul
oaiS ploie 51 logas S o St |y diugy 5l ol slaclie 5 (510,55 avgy ik b S ol i (ugiraglllie Cod s g1l
azesy ) 4y dx gl Lo glo,B Jld il s G;L....n....;l w58 & Blaie bSiw dcgame (pl o oo lid g3lens) ool
oS Sel nl Lo sleiiiy 0ls S (35 50 Ol Sk S n) @ (g (gl wiigy (598 1) O Glgier b Gl (ol
5 oy jble dacelgmial asle dilize Lice (slacSin (50 098 (sl 55 3590 Loy ol Sae 03l5,0 5 ol (L 4255 slalaSle

il 00,5l LS Ll b 5l ey juilte

VEYVY sl
VEY 0N il

sols slaojly
i ugh
gy SIS

Oloyon GBS 0)93 (rnlaz (F g o0gmi jilia | (63 0 2o
3 eie (Jlod (i 53 4 aiid Jlo (92ken OB (o 20,95 5l o 9
s ol s w098 3l 33 g dalllas 550 (3350l ,S 0095 i
O b Sendd slaleSTo ol g axils )13 pgus 09,5 )3 (Son (VB 4
Torkian et al., 2008; Mahmoudi et al., ) oz s Sel,95

2011; Toulabi Nejad et al., 2021; Azizi et al., 2015; Ghasemi
Siani and Bayat, 2021; Yajam et al., 2015; Jamshidibadr et
al., 2018; MolaieeYeghaneh et al., 2018; Arabzadeh bani

2 G395 sl ooy 5,5 (Azizi et al., 2020) Koo 5 5350

Comd 0y oz & 1y e ser i ol bS5 355,50 aigy
5 Jlods gy 10 Slon Jle ok FO-FD« 150,50 (gl (1 silosls
ol S i 5 Jlo Ggabee YO+ T (o a 0593 (rragd (V 35 0
35 6ywS Cudled g oog Jb e st o L a5 A gy

99l oo Sl )93 (o 40593 (g (7 1asl ALIIS (635 50 Sl 250

DOI https://doi.org/10.22034/KJES.2024.10.1.101373

a-torkian@basu.ac.ir ;LS 5 & 131 1 ghomnd oo giit

555 5 it o1, 3 Gl i 35 Lot 5 S m - kT30 sl S apma (VF1) o scstarns oS pels 5 il gl & Sl
https://doi.org/10.22034/KJES.2024.10.1.101373 .\ 0Y B AYY amio ) ojleds N+ Al . o))ls5 (o) pale alme . Jlois ()l s —zoiiw o) B usd o LSl

ool


http://dx.doi.org/10.22034/KJES.2024.10.1.101373
https://dor.isc.ac/dor/20.1001.1.2538449.1403.10.1.6.8
https://gnf.khu.ac.ir/article-1-2896-fa.html

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

[ DOR: 20.1001.1.2538449.1403.10.1.6.8 ]

[ DOI: 10.22034/K JES.2024.10.1.101373 ]

ce i Byb Jled j0 (S le - sl e (sadgil S degerme

OHSen 5 (LS 5

S5 hme 5 conds) aien os,S el 1y o geles
Jgmstal slo SIS cons 35 g (Mohammadi, 2017) wgles aSgidl 5
alead 5 Jdbo gblie o lolasl wsgdS ol L
dilaie Jlod j0 .l 485 18wy 5,50 (AZIMbegirad, 2017)
95 S5 bt ppee allaie SG8le Sl 5 laadgil I cadllhae 550
) sl (o3l e g 00 i e (AziZI €t 8, 2020) )l (Koo
Silo oy ol s les S Sael i Jlo Geales VEP-VOF
e 5 Sy ailie o] Sle 5 Sl slaleSTe Lacio 459y glicio
GSgsl 3 g Sdsrige sleaxly owyy b 5 (Wang et al., 2023)
U- (29 a0 ool 58 g U-PD (g, a0 05 05 (i b eiglis 058
OHSed g 05 el 0905 oMol |y Jlos ygulie VOV 3g0> pw [TH-PD
aahaie y oS il 3 gla ynas ) Slie calol slaasly wisls las
Jyaze 9 Agsi 5l 1) () 0590 a5l S JSas 5 wiloads (Sl
T ol atadls 900 slaleSle 3945 5l e g g0l diwgy igd
cel (Torkian and Shams, 2024) s 5 LS 5 4 bogs pe aosls
(i = s 5 IS ons ol 5 03 gl 055 100 oS

ol T Slo il 335 SIS § b jwo (gl 5 Ko

V4

A 50 Selygh slacSws 008 i sl .@sadi - etal., 2024
Joe olendsssy valed bl p opdie 51 (S (Ol e - Zotiw
g loo,S ALl Llhel oy aiz andle o el by (sl ety
aog S b Sl A S 5 sl Selygd pesiloSle bnyl sliel oy
(slo)B Jlad g ail> j0 (glo ) iy g (laingS ool b b iiS
AZiZI ) ol 55l i doSiw JISIT 5 OIB-Type S5 Juo 4
(etal., 2018; Azizi and Stern, 2019;

03g35ta ;0 (olisle S i) Haiw 3,8 o 10 delllas 0,50 dilaie
oads wly Jloais (5,0 TFOF X0 0w v g 5,5 Jobo ¥+ OFVOFA
2 SER 5 0y dnysh wiliad ( Il wblfyje ( DI (slabing, 5
agy ) b Bl Aagh 950 (asgilS eog el a3 S
S e s @) IS (e e - o gl (QbSLe 5 5550
lllae a0 ol oad LSE5 Ll b gopnd slocSi
4ol s (AMIdi, 1966) (soses b s ibaie ol oo
25 bl o) bl o g 2Ll 5 Sl (B yme 4y 095 | (ulis S
)15 5o (Broud, 1989) 54, . aisls py (anlllas 5550 23590 |
S olisle S (53585 oS 4 oSy dilato (Sielyid oyt 5
Sl 5 0355 g0 g (355 oz O 5l (s25 anlllae 5,90 ailae
S mgyige i | g Semlyg) (e ]y (e (ol ($3985 (slaosys
o5 o (Eshraghi etal., 1996) |, Ken o 81l ol ools aseis
BT e S AU I R )9
)y rgSlel = (Vb gl 4 Blite S 905 - Sy Boe
39 Selde, = () GlaSiw G 50 035 (il losged (Byxe
Sl gbie s Elgl Jals) 4l 5 — Sl 5 53555 sl
(b -\ sy Eshraghi et al., 1996) el 00,5 3445 (g jble

Sl il oo 25 9)lge Jold Fogaer Clagiod walsl 3)lse  ogdle
By Jlods (63585 (sloodgs pamsiloguslio a8 s,y (Irani, 2013)
(Yajam et al., 2015) ) |Keo 5 o3l .ol ool ploxil 4 1y i
0355 ) s lyie) I gz 3 IS SIS 5 355 slocsS

VEVEY (s g 03900 o Gueti U-PD g, a0 ) (alio ol (oo 0 9590


http://dx.doi.org/10.22034/KJES.2024.10.1.101373
https://dor.isc.ac/dor/20.1001.1.2538449.1403.10.1.6.8
https://gnf.khu.ac.ir/article-1-2896-fa.html

e S 35 Jlad 53 (Bl = olTne gl S acgene Oler 5 (S 5

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

[ DOR: 20.1001.1.2538449.1403.10.1.6.8 ]

[ DOI: 10.22034/K JES.2024.10.1.101373]

45° 50° 55° 60°

\ " Azerbayejan

40°

Turan Platform

35°

[T Alborz Belt
[l East Iran Belt
30° [] Kopeh Dagh Fold Belt
2] Sanandaj-Sirjan Zone (SSZ)

Arabian

Platform [E55 zagros Fold-Thrust Belt

Il Urumich-Dokhtar

200 Km 1250 Magmatic Arc
— Oman Sea =
47°53'0"E 47°54'0"E 47°55'0"E 47°56'0"E 47°57'0"E b
1 1 1 1

5

Shirvaneh -
Galali : 7 ‘
J ’ ; _ Azizabad P

Q,

34°58'0"N

Molavali

I
34°5T0'N

34°56'0'N

Q,

| 3
Q, Qomshanch

34°550"N

Q, Hazarkh
‘Hazarkhani AL

y

L T T
47°53'0"L 47°54'0"L 47°55'0"L 47°56'0" L 47°57'0"L:
N
0 1 2 4 Km
Legend
Quaternary
i . Recrystalized limestone. dolomitic marble
l, ‘Q2 Medium level alluvial deposits with minor schists and metavoleanic rocks
} . Mclamorphozed rocks, rhyolite, rhyodacile, mica schist,
Q, Lowest alluvial deposits I diorite, sycnite, gneise and minor scapolitic marble
B o Reeent alluvium ~ 3
Cenozoic
Jurassic I 2d-9d Granite. pranodiorite, syenite, monzosyenite and diorite
B K™ Rhyolite, rhyodacite 5
Symbols
- T2 Andesite. trachy andesite, crystal lithic tulf. Faul
L ducitic andesile and porphirilic andesite
B 5 serisite schist, schist Village

‘SwL..ww.A) L;u...i.s (b CA....J‘ 03 UAM axdllas 0)5.4) dglaio uﬂ.aéj.a QT )é dS(StOCkIln, 1968) Q“’ 6)b>Lm LSLQA...Q,J 9 U‘)"‘ (SwL""JU'ﬁ"’) A8 (a.—\ gjim
(Eshraghi etal., 1996) ,aru):V e« oo _wlidiyae) gaiddi b p dalllas 9,50 dilais sad ool

Fig. 1. a) Geological map of Iran and its structural zones (Stocklin, 1968) and location of the studied area. b) The simplified geological
map adapted and modified from the 1:100,000 geological map of Songhor (Eshraghi et al., 1996).
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Fig. 2. Field photographs of the studied rock units. a) Outcrop view of dioritic rocks around the Qomshane village. b, ¢) General

view of the granitoid pluton of the Sinavand mountain. d) Mafic dyke around Galali village. e, f) Views of the granitoid pluton near
Azizabad village. g, h) Dioritic enclaves in granodiorite rocks.
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Fig. 3. Micro-photographs of the studied samples. a) Plagioclase and pyroxene in gabbroic unit. b) Diorite including plagioclase and
hornblende crystals. ¢) Qz-monzodiorite. d) Monzonite. e) Granodiorite with plagioclase, orthoclase and quartz. f, g) Alkali-feldspar
granite including perthitic orthoclase, quartz and plagioclase. h) Intergranular texture in dioritic enclaves. Mineral abbreviations
from Whitney and Evans (2010).
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Tablel. Result of Major and trace element contents of rocks in the studied samples

Adllas 5,50 (o diges IS s plowds 4320 lis =Y Jgo

Type SiO2 Al20s3 TiO2 Fe20s3 FeO Fe203" | MnO MgO Ca0 K20 Na20 P20s LOI TOTAL

Sample wit% wit% wit% wit% wit% wit% wit% wit% wit% wit% wit% wit% wit%
Sm4ag10 granite 69.53 14.80 0.49 0.52 2.63 3.40 0.06 1.96 2.21 3.73 3.29 0.14 1.23 100.84
Sm3agll granite 68.47 15.46 0.68 0.57 2.92 3.87 0.06 1.22 3.87 4.18 2.82 0.19 1.37 102.19
Sm4al9 granite 75.85 13.43 0.14 0.16 0.83 1.04 0.50 0.21 0.18 5.10 1.18 0.05 0.73 98.41
Sm2a23 granite 69.84 13.86 0.43 0.46 2.36 3.01 0.04 0.35 1.90 5.31 3.97 0.08 0.32 99.11
Sm4al3 granite 74.44 14.20 0.22 0.33 1.67 2.22 0.04 0.25 0.87 5.02 3.62 0.06 0.55 101.49
Sm4a8 gabbro 48.51 15.13 1.99 1.92 9.79 11.88 0.20 6.26 8.43 2.49 1.42 0.32 1.50 98.13
Sm4all gabbro 49.05 16.62 1.06 1.47 7.48 9.23 0.17 7.78 9.17 2.29 1.90 0.13 1.29 98.69
Sm3all gabbro 52.30 15.52 2.04 1.71 8.74 10.98 0.20 4.92 7.62 3.24 121 0.36 1.02 99.41
Smb5a3 diorite 54.19 17.10 1.26 1.23 6.29 8.27 0.13 5.62 9.22 3.60 1.00 0.22 1.02 101.63
Sm4a9 diorite 56.77 16.67 1.50 1.26 6.41 8.14 0.13 2.81 5.47 4.15 1.63 0.43 1.30 99.00
Sm3al0 diorite 55.08 16.63 1.42 0.55 2.82 3.65 0.06 4.94 10.09 3.85 0.43 0.32 1.07 97.54
Sm4als diorite 58.08 15.34 1.55 1.22 6.24 8.23 0.15 2.20 4.52 3.90 2.82 0.58 0.76 98.13
Smlab diorite 61.11 15.99 1.37 1.19 6.08 7.55 0.14 2.07 4.50 3.84 2.80 0.37 1.10 100.84
Smba2 monzonite | 65.53 15.68 1.01 0.87 4.46 5.91 0.11 1.34 3.33 5.16 2.83 0.26 0.74 101.90
Sm3ab monzonite | 66.99 15.30 0.77 0.93 4.76 5.79 0.14 0.75 1.93 5.50 2.84 0.17 0.42 100.60
Sm3al monzonite | 65.80 16.11 0.75 0.54 2.75 3.40 0.08 0.89 5.87 4.10 4.14 0.21 0.51 101.86
Smla9 monzonite | 62.20 15.32 1.27 0.77 3.91 4.94 0.09 1.82 4.64 3.80 3.57 0.34 0.78 98.77
Sm2a20 monzonite | 63.31 14.70 1.08 0.89 4.53 5.96 0.10 1.24 3.38 5.46 3.25 0.30 0.46 99.24
Smlal monzonite | 66.75 16.79 0.76 0.36 1.82 2.36 0.03 0.94 3.70 6.46 2.72 0.17 0.39 101.07

Sample Cs Rb Ba Sr Th U Zr Hf Ta Y Nb Sc Cr Ni Co \Y

ppm | ppm ppm ppm ppm ppm ppm ppm ppm | ppm ppm ppm ppm ppm ppm ppm

Smdagl0 | 6.57 | 144.20 | 334.60 | 172.60 | 16.42 | 10.96 | 275.00 | 7.20 | 4.20 | 35.00 | 31.10 | 8.30 85.00 2.60 11.30 | 62.00

Sm3agll | 4.57 | 76.40 345.00 | 162.10 | 17.40 | 10.34 | 349.00 | 8.00 3.90 | 27.50 | 40.60 | 5.80 71.00 9.40 6.30 65.00

Sm4al9 0.73 62.60 60.50 62.00 2164 | 4.15 166.00 | 5.20 2.90 | 27.60 | 21.90 | 2.70 19.00 2.20 1.10 10.00

Sm2a23 0.76 | 76.70 398.70 | 163.30 | 10.35 | 4.51 486.00 | 12.90 | 1.90 | 48.40 | 22.50 | 4.70 90.00 1.80 2.90 21.00

Sm4al3 3.87 218.40 | 478.40 | 59.40 14.36 | 7.99 242.00 | 7.20 3.10 | 4250 | 28.80 | 3.80 32.00 2.30 1.70 16.00

Sm4a8 421 | 96.40 22550 | 27150 | 3.81 0.61 173.00 | 3.70 1.10 | 30.70 | 14.20 | 36.60 | 190.00 | 39.90 37.40 | 291.00

Sm4al0 9.64 | 135.90 | 176.60 | 203.00 | 3.92 0.96 134.00 | 2.90 0.50 | 27.40 | 5.80 35.80 | 220.00 | 109.20 | 38.60 | 183.00

Sm3all 6.26 | 65.40 230.80 | 189.50 | 5.75 2.53 239.00 | 5.60 3.30 | 60.70 | 49.00 | 33.60 | 182.00 | 35.80 28.70 | 249.00

Smb5a3 2.21 | 63.50 155.70 | 273.90 | 8.12 1.33 245.00 | 3.80 0.08 | 2.67 10.00 | 30.20 | 294.00 | 39.90 27.30 | 210.00
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Smball 1.69 | 33.50 203.30 | 247.30 | 5.66 1.50 246.00 | 5.50 1.30 | 39.90 | 17.00 | 32.10 | 40.00 16.60 29.00 | 296.00
Sm3al0 1.35 | 22.60 185.70 | 463.50 | 4.60 2.48 175.00 | 4.10 1.40 | 28.80 | 15.00 | 24.90 | 121.00 | 54.50 8.40 203.00
Sm4als 3.67 | 105.20 | 687.80 | 284.60 | 11.52 | 3.18 497.00 | 10.40 | 3.80 | 56.90 | 56.60 | 19.50 | 28.00 2.80 13.80 | 134.00
Smla5 3.84 | 58.88 419.60 | 230.30 | 9.53 3.54 289.00 | 6.90 2.10 | 44.00 | 27.10 | 20.60 | 48.00 10.50 12.60 | 164.00
Sm4a9 4.80 | 80.30 420.80 | 289.40 | 10.92 | 2.79 393.00 | 8.80 2.70 | 46.70 | 37.00 | 23.70 | 7.00 15.90 17.80 | 197.00
Smba2 2.15 | 75.10 428.00 | 159.60 | 12.11 | 3.46 596.00 | 13.60 | 2.20 | 48.50 | 28.90 | 12.70 | 20.00 6.10 7.90 82.00
Sm3a5 201 | 72.90 475.60 | 95.70 9.53 2.71 630.00 | 13.40 | 2.25 | 60.20 | 39.10 | 9.20 27.00 3.60 4.10 25.00
Sm3al 1.14 | 110.20 | 603.10 | 167.20 | 10.08 | 6.13 416.00 | 10.50 | 2.70 | 42.10 | 31.80 | 7.50 37.00 6.10 4.80 3.00
Smla9 0.93 | 112.20 | 455.50 | 223.30 | 3.93 4.98 394.00 | 9.20 2.00 | 50.30 | 28.70 | 19.30 | 54.00 10.30 7.40 132.00
Sm2a20 156 | 91.80 456.60 | 190.70 | 6.79 2.84 522.00 | 11.50 | 0.50 | 57.60 | 30.10 | 12.80 | 99.00 1.90 5.40 55.00
Smilal 0.37 | 59.40 361.80 | 177.50 | 18.85 | 4.69 654.00 | 14.70 | 2.00 | 43.10 | 26.50 | 7.80 61.00 2.50 2.50 61.00

Sample La Ce Pr Nd Sm Eu Gd Tb Dy Ho | Er Tm | Yb | Lu

ppm | ppm ppm | ppm | ppm | ppm | ppm | ppm | ppm | ppm | ppm | ppm | ppm | ppm

Smdagl10 | 52.20 | 90.70 | 8.95 | 30.20 | 5.65 | 0.88 | 553 | 096 | 543 | 1.18 | 3.76 | 0.64 | 3.97 | 0.68

Sm3agll | 30.30 | 52.10 | 5.26 | 18.60 | 3.86 | 1.25 | 404 | 067 | 421 | 090 | 2.97 | 0.52 | 3.02 | 0.48

Smdal9 | 35.00 | 60.90 | 6.77 | 23.70 | 492 | 0.40 | 467 | 0.76 | 447 | 0.86 | 2.97 | 049 | 3.22 | 0.48

Sm2a23 | 40.20 | 69.90 | 10.43 | 35.70 | 7.52 100|753 | 129|779 |161|512|0.79 | 552 | 0.89

Smdal3 | 47.80 | 86.00 | 9.06 | 30.20 | 6.21 | 0.75 | 6.00 | 1.08 | 6.64 | 1.38 | 452 | 0.79 | 4.78 | 0.74

Sm4a8 17.20 | 3790 | 4.84 | 2090 | 518 |1.84 | 581 |093|580 | 113|347 | 052 | 3.18 | 0.46

Sm4al0 | 9.70 | 21.90 | 2.86 1250 | 3.41 101|400 |073 |49 | 102 | 3.15| 0.49 | 3.06 | 0.46

Sm3all | 38.10 | 76.80 | 8.84 | 3420 | 824 | 150 | 9.08 | 1.64 | 1032 | 2.13 | 6.68 | 1.05 | 6.70 | 0.95

Smba3 1750 | 36.00 | 4.40 | 1890 | 445 | 135|502 | 087|497 |102 |307|045]| 172|043

Sm5all | 20.10 | 42.60 | 545 | 23.20 | 4.02 1.86 | 7.67 115 | 6.89 | 143 | 428 | 0.66 | 3.98 | 0.59

Sm3al0 | 20.10 | 4040 | 494 | 20.30 | 4.67 | 130 | 484 | 084|495 | 099 303|046 | 274|042

Smd4al5 | 83.20 | 150.10 | 15.79 | 58.00 | 11.10 | 1.42 | 1149 | 1.70 | 10.13 | 2.07 | 6.22 | 0.91 | 5.89 | 0.88

Smla5 2990 | 6350 | 7.61 | 3130 | 7.01 180 | 7.31 122|735 | 149 | 6.70 | 0.72 | 4.20 | 0.67

Sm4a9 54.00 | 104.30 | 11.70 | 45.30 | 9.29 | 2.19 | 9.56 151|856 | 177|526 |0.77 | 479 | 0.73

Smba2 37.60 | 7550 | 8.98 | 35.10 | 7.62 165|778 | 125|787 | 167|525 082|527 | 0.82

Sm3a5 4590 | 92.60 | 10.60 | 41.80 | 9.39 | 2.26 | 9.92 163 | 1031 | 2.14 | 6.67 | 1.07 | 6.47 | 1.00

Sm3al 53.10 | 104.30 | 10.77 | 3580 | 700 | 191 | 7.28 | 118 | 7.15 | 149 | 477 | 0.72 | 491 | 0.70

Sm1la9 20.80 | 45.20 | 5.73 | 25.00 | 6.18 | 1.36 | 6.88 | 1.19 | 7.28 | 1.59 | 5.20 | 0.79 | 5.14 | 0.82

Sm2a20 | 38.00 | 79.40 | 9.70 | 37.10 | 9.06 162|948 | 160 | 494 | 204 | 593 | 0.88 | 5.60 | 0.88

Smilal 29.80 | 66.00 | 8.00 | 31.40 | 7.05 147 | 696 | 120|696 | 150 | 473 | 0.76 | 492 | 0.74
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in Fig. 7.
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Table 2. The ratios of some elements in studied granitoides and the average of continental crust (Taylor and McLennan, 1985, 1995).

Sample Ba/La La/Nb Ba/Th Th/La ZrINb
Sm4ag10 6.41 1.68 20.38 0.31 8.84
Sm3ag11l 11.39 0.75 19.83 0.57 8.60
Sm4al9 1.73 1.60 2.80 0.62 7.58
Sm2a23 9.92 1.79 38.52 0.26 21.60
Sm4al3 10.01 1.66 33.31 0.30 8.40
Sm4a8 13.11 1.21 59.19 0.22 12.18
Sm4al0 18.21 1.67 45.05 0.40 23.10
Sm3all 6.06 0.78 40.14 0.15 4.88
Smb5a3 8.90 1.75 19.17 0.46 24.50
Smb5all 10.11 1.18 35.92 0.28 14.47
Sm3al0 9.24 1.34 40.37 0.23 11.67
Sm4al5 8.27 1.47 59.70 0.14 8.78
Smla5 14.03 1.10 44,03 0.32 10.66
Sm4a9 7.79 1.46 3853 0.20 10.62
Smba2 11.38 1.30 35.34 0.32 20.62
Sm3a5 10.36 1.17 49.91 0.21 16.11
Sm3al 11.36 1.67 59.83 0.19 13.08
Smla9 21.90 0.72 115.90 0.19 13.73
Sm2a20 12.02 1.26 67.25 0.18 17.34
Smilal 12.14 1.12 19.19 0.63 24.68
Average 10.72 1.33 42.22 0.31 14.07
Continental crust 18.33 1.20 51.40 0.35 13.86
average
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b) CaO/(MgO+Fe0")- Al,O3/(MgO+FeOt) diagram (Patino Duce, 1999) showing that the samples are mainly plotted in the field of
partial melts of amphibolite sources. ¢) The molar CaO/(MgO+FeOt)- Al,03s/(MgO+FeQ") diagram (Altherr and Siebel, 2002)
showing that diorites and monzonites probably were originated from different partial melting degrees of metabasite, while granites
(both monzogranite and synogranite) and granodiorite are scattered.
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