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Abstract:
The Eshkavarat intrusive bodies, consisting of monzonite, quartz monzonite and syenite to granite composition,
with late Cretaceous age, are located east of Gilan province in western Alborz and formed as 4 large bodies,
in the southern part of the study area. Petrographically they show perthitic and micrographic textures and
are composed of K-feldspar, quartz, plagioclase and biotite as main minerals with accessory iron oxides and
apatite. These rocks have high SiO2, alkalis, FeO(total)/MgO. In the spider diagram show subparallel, linear,
and homogeneous REE profiles with enrichment of LILE. Granitoid show high Ga/Al, Zr, Th, Rb, and rare
earth elements (REE) (except Eu), low CaO, MgO and strong depletion in Ba, Eu and Sr. They have the
typical geochemical characteristics of A1-type granites. Tectonic discrimination diagrams show the tectonic
setting of the within-plate granite (WPG). According to the tectonic model presented for the study area, a
tectonic window and an extensional regime above the supra-subduction zone appear to have been created by
the subduction of the oceanic crust of the southern Caspian Sea after the end of the Upper Cretaceous. The
mantle magma then rose up through the tectonic window. Direct release of this mantle magma has generated
oceanic plume-like (OIB) rocks in the region. This mantle magma, arrest under the crust, causing its partial
melting, and finally, fractionational crystalisation of mafic minerals and minor crustal assimilation, primarily
parent magma of A1 granitoids and syenitic A1 rocks was generated, then, by fractionation felsic minerals
A1-type granitic magmas were created.

Keywords: A-type granite; Oceanic plume; Southern Caspian Sea; Gilan; Iran

1. Introduction

Different types of magmatism can be found in the states of
large igneous rocks (Kalantari et al., 2008; Ernst, 2014; Hari
et al., 2018). These states can contain large amounts of al-
kaline volcanic rocks that are associated with non-orogenic
granitoid rocks known as A-type granites (Zhu et al., 2010;
Zhang and Zou, 2013). In Iran, granites of the I-, S-, and
A-types occur in a wide variety. Recently, there have been
several reports (Alirezaei and Hassanzadeh, 2012; Shafaii
Moghadam et al., 2015; Ghaffari et al., 2015; Azizi et al.,
2017; Honarmand et al., 2017; Mollai et al., 2021; Nazari
et al., 2023) of A-type granites in different parts of Alborz,
which are generally the result of post-collisional extensional

activity. So far, different reasons have been proposed for the
origin of Tertiary magmatism in Iran, so in some cases, the
Neotethyan subduction zones and the collision of the Ira-
nian and Arabian plates have been considered as the cause
(Berberian and King, 1981; Moine-Vaziri, 1985), and in
other cases it has been associated with intercontinental rift-
ing (Sabzehei, 1974).
Recent studies of Tertiary magmatism in Alborz indicate
that it is related to continental arc magmatism (Valizadeh
et al., 2008), subduction zone magmatism in an active con-
tinental margin (Kalantari et al., 2008), and back-arc basin
(BAB) subduction regime and magmatism (Asiabanha and
Foden, 2012; Dabiri et al., 2018; Yazdi et al., 2021; Ousta
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et al., 2024; Salehpour et al., 2025). Several felsic igneous
rocks of different age and composition are exposed in the
Gilan province of northern Iran. Within the pillow lavas of
the South Caspian Ophiolite Complex (Late Cretaceous),
Eshkavarat granitoid bodies of relative post-Cretaceous
(Eocene?) age are exposed. Intrusive bodies younger than
the Upper Cretaceous have been injected into the ophiolitic
complex south of the Caspian Sea. As a result, numerous
outcrops of granitoid bodies (monzonite to granitic) have
been injected in the southern parts of the city of Amlesh and
the Eshkavarat. Petrological and geochemical characteris-
tics and the relationship between these bodies and the geo-
tectonic of their genesis have not been studied, therefore this
paper has attempted to study the petrology and geochemistry
of the Eshkavarat granitoid bodies based on geochemical
data as part of the Alborz-Azerbaijan Tertiary magmatism
from the viewpoint of genesis and tectono-magmatic setting.

2. Study methods

For this study, fieldwork was carried out on the
Eshkavarat granitoid bodies using 1:100,000 Javaherdeh
and 1:2,500,000 Qazvin-Rasht maps. Due to the climatic
conditions of the region, sudden rains and inadequate com-
munication routes, the site was visited in 5 stages for a
total of 10 days during the summers of 2020 and 2021. At
the end of the fieldwork, 60 rock samples were taken for
petrographic study based on field relations. 24 of the best-
preserved samples were selected and analysed for whole-
rock major and REE and other trace element concentra-
tions following petrographic studies. The rock powders
were first fused to ensure dissolution of all phases and then
dissolved in hot HF and HNO3 to prepare solutions from
which trace element abundances were determined using In-
ductively Coupled Plasma Mass Spectrometry (ICP-MS)
at the SGS (Société Générale de Surveillance) Analytical
Laboratories in Canada. IGPET and GCDKIT software
were then used to generate the necessary diagrams. Data
were interpreted and analysed (Table 1).

3. Geology of the study area

The main granitoid studied, occurs as an elevated lensoidal
body with a northeast-southwest trend, with 50◦, 05′ 13′′

east longitude and 36◦, 55′ 18′′ north latitude situation, and
some smaller bodies, intruding the Upper Cretaceous as-
semblages and the upper parts of the southern Caspian Sea
ophiolite sequences (Fig. 1), and is located 22 km southeast
of Amlash city and east of Gilan province. The study area
is located north of the Alborz fault and is part of the Alborz
subsidence of the Caspian Sea (Aghanabati, 2006)) (Fig. 2).
The study area is part of the Javaherdeh 1:100,000 geo-
logical map (Baharfiruzi and Shafeii, 2003) (Fig. 2). The
dominant rocks of the area are well-preserved rocks of a
Late Cretaceous ophiolite sequence (named the Southern
Caspian Ophiolite (SCO) sequence by Salavati et al. (2013)
and Salavati et al. (2008). Most of the study area is cov-
ered by pillow lavas and upper pelagic limestones of the
upper part of this ophiolite sequence Salavati et al. (2008).

Eshkavarat intrusive bodies have been injected into the pil-
low lavas and limestones (Fig. 1). All of these bodies show
sharp contact with their host rocks.
Based on field and petrographic characteristics, the grani-
toid rocks exposed in the Eshkavarat area can be divided into
three subgroups: granite, monzonite and syenite. The gran-
ites show intergranular, graphic, porphyritic and perthitic
textures in microscopic studies (Fig. 3) and are composed
mainly of K-feldspar, quartz and plagioclase with minor
biotite and muscovite. Sphene and iron oxides are common
accessory minerals, while sericite, kaolinite, epidote and
chlorite are alteration minerals. Alkaline feldspars with a
grain size of 4 to 8 mm account for about 65 vol%. Graphitic
and perthitic textures due to intergrowths between quartz
and alkali feldspar are common (Fig. 3 a and b). Plagio-
clase is euhedral to subhedral with 10 vol.% that sometimes
has zoning. subhedral to anhedral quarz is 20− 25 vol.%
(Fig. 3 a).
Monzonite type rocks are represented by monzo-syenite,
monzonite and quartz monzonite. The microscopic pic-
ture shows granular, porphyritic and porphyritic microlite
texture and rarely poikilitic texture with phenocrysts of K-
feldspar and plagioclase (Fig. 4 a, b). The dominant mineral
is plagioclase (40% by volume), sometimes with zoning. Eu-
hedral K-feldspar (40 vol%) such as plagioclase, quartz (20
vol% in the quartz monzonite) and phenocrysts of clinopy-
roxene (10 vol%) with 2.5 mm size and minor biotite (15
vol%) with 1.5−2.5 mm size, commonly altered to chlorite
and iron oxides. A poikilitic texture (Fig. 4 c) was formed
by feldspars surrounded by green Na-clinopyroxene. Thin
sections show a variety of textures including granular, por-
phyritic, glomero-porphyritic and graphitic (Fig. 4 d, e and
f). The main mineral assemblages consist of plagioclase, K-
feldspar, and Na-clinopyroxene and accessory minerals are
biotite and quartz. Sericite, kaolinite and chlorite are alter-
ation minerals. Anhedral to subhedral perthitic K-feldspar
with grain sizes of 0.2− 2 mm and 20− 65 Vol % is the
dominant mineral. Alkali feldspars are sometimes mainly
kaolinitic. Plagioclase and biotite are chloritised to some
extent. Rarely, apatite and zircon are also present. The
matrix consists of fine-grained quartz and plagioclase and
K-feldspar microlite.

4. Geochemistry
The analysed samples are characterised by SiO2: 51.2 to
72.8 wt%, TiO2: 0.02 to 0.98 wt%, with Al2O3, CaO, and
MgO respectively 11.98 to 20.00 wt%, 0.08 to 3.16 wt%
and 0.05 to 1.61 wt%, alkali content (Na2O: 3.22 to 9.6 wt%
and K2O: 2.41 to 6.16 wt%) and Fe2O3tot: 2.43 to 6.53
wt%. On the rock classification diagrams, SiO2 versus total
alkalis (K2O+Na2O), (De La Roche et al., 1980; Middle-
most, 1985), (Fig. 5) and (Cox et al., 1979) the rocks studied
fall into the of nepheline syenite, syenite, quartz-monzonite,
and granite field (Fig. 5).
On the Harker diagrams, Al2O3, CaO, Fe2O3t, MgO, TiO2,
MnO, Zr, Ni and Sr decrease with SiO2, whereas Rb, Ba are
not significantly correlated with SiO2 (Fig. 6), reflecting the
fractionation of ferromagnesian minerals like hornblende,
pyroxene and biotite.
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Table 1. Major and trace element data of studied granitoeid samples by ICP-AES and ICP-MS Major and elements are given in wt% and ppm, respectively.
Fe2O3 represents total iron oxide as ferric iron, LOI = Lost on ignition, AI (Agpatic Index: (Na2O+K2O)/Al2O3), ASI (Aluminium Saturation Index) =
Al/(Ca-1.67P+Na+K), Fe-Index = (FeO+0.9Fe2O3)/(FeO+0.9Fe2O3+MgO), MALI = (Modified alkali lime index: Na2O+K2O+CaO).
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sample No KFS
700

KFS
6-2

KFS
600

KFS
800

KFS
500

KFS
550

KFS
400

KFS
450

KFS
4

KFS
3-1

KFS
3-2

KFS
1-2

SiO2 51.2 69.8 60.8 60.7 72.1 70.2 57.80 58.00 68.4 55.30 55.20 61.30

TiO2 0.04 0.32 0.28 0.27 0.29 0.30 0.98 0.98 0.35 0.94 0.93 0.92

Al2O3 20.0 12.3 17.0 17.0 12.1 11.98 15.30 15.10 14.6 14.70 14.70 14.90

Fe2O3 4.80 4.29 5.15 5.14 2.43 2.44 6.53 6.54 3.84 6.44 6.43 6.11

MnO 0.22 0.08 0.10 0.10 0.32 0.33 0.15 0.15 0.05 0.22 0.22 0.07

MgO 1.27 0.14 0.72 0.71 0.05 0.05 0.80 0.80 0.07 1.61 1.60 0.44

CaO 1.00 0.46 1.04 1.02 0.08 0.08 2.49 2.50 0.30 3.16 3.15 0.56

Na2O 9.00 3.90 6.60 6.40 5.00 4.89 4.10 4.20 3.90 4.10 4.20 3.50

K2O 2.41 4.61 2.98 2.99 2.97 2.90 4.73 4.63 5.69 4.07 4.06 5.86

P2O5 0.04 0.02 0.13 0.13 0.02 0.02 0.30 0.30 0.05 0.26 0.25 0.29

LOI 8.12 3.13 4.18 4.95 3.94 4.5 4.95 4.6 2.24 6.47 6.46 5.08

Sum 98.1 99.05 98.98 99.41 99.3 97.69 98.132 97.8 99.49 97.27 97.2 99.03

Ba 30 60 210 208 50 49 800 790 350 840 842 1490

Sr 260 30 110 112 30 32 270 272 180 300 300 200

Zn 143 62 91 90 35 36 115 114 95 167 166 107

Ag 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99

Ce 260 159 147 148 183 181 112 111 156 129 128 94.9

Co 0.90 0.90 1.00 1.00 0.50 0.50 4.20 4.20 1.30 5.20 5.10 4.80

Cs 4.00 1.00 0.10 0.10 0.10 0.10 1.90 1.80 1.40 0.70 0.70 0.30

Cu 10.0 12.0 31.0 30.0 12.0 12.0 20.00 20.00 10.0 11.00 11.00 11.00

Dy 6.17 8.24 5.25 5.20 10.7 10.8 7.38 7.39 7.15 7.74 7.73 7.60

Er 3.87 4.23 3.29 3.20 5.88 5.99 3.95 3.94 4.39 3.91 3.90 4.16

Eu 1.39 0.93 1.61 1.60 0.85 0.90 3.52 3.52 1.20 3.67 3.66 3.25

Ga 34.0 30.0 29.0 28.0 32.0 32.0 29.00 28.50 33.0 29.00 28.00 24.00

Gd 6.76 10.4 5.67 5.66 11.4 11.4 9.18 9.17 7.04 9.77 9.76 9.07

Hf 15.0 15.0 17.0 17.0 18.0 17.0 11.00 11.00 15.0 11.00 11.00 11.00

Ho 1.18 1.55 1.05 1.04 2.05 2.04 1.41 1.40 1.45 1.37 1.35 1.44

La 178 86.1 90.5 90.4 96.6 96.5 61.40 61.50 60.5 72.30 72.20 59.50

Lu 0.52 0.62 0.59 0.58 0.82 0.82 0.48 0.49 0.66 0.44 0.44 0.56

Mo 2.00 3.00 2.00 2.00 5.00 5.00 6.00 6.00 6.00 4.00 4.00 2.00

Nb 146 117 103 103 141 140 82 82 116 78 78 83

Nd 69.8 68.5 48.6 48.6 69.9 69.6 52.30 52.20 46.2 58.30 58.20 49.60

Ni 5.00 6.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 6.00

Pr 24.8 18.6 15.2 15.1 19.3 19.2 13.7 13.6 13.0 15.4 15.3 13.0

Rb 85.3 158 42.2 42.15 98.1 98 107 107 191 103 103 90.10

Sm 9.90 13.9 8.10 5.20 14.8 18.7 11.20 11.20 9.20 12.30 12.30 11.00
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Continued of Table 1
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sample No KFS
700

KFS
6-2

KFS
600

KFS
800

KFS
500

KFS
550

KFS
400

KFS
450

KFS
4

KFS
3-1

KFS
3-2

KFS
1-2

Sn 7.00 7.00 7.00 7.00 8.00 8.00 5.00 5.00 5.00 4.00 4.00 6.00

Ta 13.2 8.20 7.70 7.70 9.50 9.60 5.40 5.50 8.50 5.10 5.10 5.60

Tb 1.07 1.63 0.91 0.91 1.90 1.80 1.41 1.42 1.22 1.45 1.44 1.40

Th 29.5 15.3 15.9 15.9 21.5 21.4 10.40 10.40 21.6 10.00 10.00 11.10

Tl 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50

Tm 0.49 0.52 0.45 0.45 0.81 0.80 0.46 0.46 0.53 0.43 0.44 0.50

U 8.46 3.18 3.92 3.90 2.46 2.44 2.53 2.54 3.97 2.30 2.20 2.98

V 5.00 10.0 8.00 8.00 5.00 5.00 24.00 22.00 12.0 23.00 22.00 24.00

W 1.00 6.00 3.00 3.00 5.00 5.00 2.00 2.00 3.00 2.00 2.00 2.00

Y 36.6 37.7 32.4 32.4 52.9 52.7 40.80 40.80 38.9 39.70 39.70 41.30

Yb 3.60 4.00 3.70 3.70 5.30 5.20 3.40 3.40 4.20 3.20 3.20 3.70

Zr 806 581 935 934 728 725 461 460 562 435 433 456

(Th/Nb)N 1.41 0.92 1.08 1.08 1.07 1.07 0.89 0.89 1.30 0.90 0.90 0.94

Fe Index 0.77 0.97 0.87 0.87 0.98 0.98 0.88 0.88 0.98 0.78 0.78 0.93

AL 1.37 -2.06 1.13 1.41 -1.09 -0.92 0.27 0.10 -1.73 0.82 0.69 -1.14

ASI 1.35 0.83 1.04 1.06 0.91 0.92 0.94 0.93 0.88 0.94 0.93 0.93

MALI 12.41 8.97 10.62 10.41 8.05 7.87 11.32 11.33 9.89 11.33 11.41 9.92

(Th/Ta)∗N 1.36 1.14 1.26 1.26 1.38 1.36 1.17 1.15 1.55 1.20 1.20 1.21

(Th/Nb)∗N 0.07 0.05 0.06 0.06 0.06 0.06 0.05 0.05 0.07 0.05 0.05 0.05

(Rb/Sr)∗N 0.19 3.03 0.22 0.22 1.88 1.76 0.23 0.23 0.61 0.20 0.20 0.26

SiO2 61.10 68.10 60.00 67.90 59.20 70.40 72.80 73.00 71.50 57.50 57.40 58.20

TiO2 0.91 0.33 0.05 0.27 0.05 0.35 0.31 0.32 0.34 0.02 0.14 0.15

Al2O3 14.80 13.70 18.50 15.00 18.95 13.57 13.50 13.40 13.55 19.05 18.65 18.75

Fe2O3 6.10 3.68 3.03 4.83 4.59 3.89 3.76 3.86 3.85 4.25 5.70 5.80

MnO 0.06 0.05 0.17 0.09 0.18 0.07 0.08 0.08 0.08 0.22 0.05 0.05

MgO 0.48 0.06 0.05 0.13 0.00 0.14 0.09 0.09 0.09 0.02 0.28 0.29

CaO 0.59 0.20 0.68 0.28 0.74 0.75 0.18 0.19 0.18 0.86 1.98 1.88

Na2O 3.55 3.40 9.60 7.03 9.34 3.22 4.50 4.60 4.30 9.46 5.36 5.26

K2O 5.83 6.16 5.40 2.69 4.91 6.01 4.18 4.19 5.19 4.87 5.98 5.88

P2O5 0.29 0.05 0.03 0.01 0.00 0.02 0.02 0.02 0.02 0.06 0.07 0.07

LOI 5.5 3.02 2.03 1.85 2.81 2.27 1.06 1.02 1.3 3.12 3.61 3.6

Sum 99.21 98.75 99.54 100.08 100.77 100.96 100.84 100.77 100.4 99.43 99.22 99.93

Ba 1491 420.0 15.00 21.90 2.90 636.0 588.0 630.0 590.0 3.70 16.90 16.80

Sr 201.0 160.0 9.00 28.80 22.30 88.70 22.50 88.70 22.10 5.40 60.90 61.00

Zn 106.0 65.00 1.50 150.0 158.0 93.00 132.0 92.00 131.0 188.0 125.0 124.0

Ag 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99

Ce 94.30 154.0 200.0 457.0 233.0 150.0 186.0 151.0 185.0 372.0 266.0 265.0

Co 4.70 1.10 1.00 2.20 0.80 1.30 0.60 1.20 0.50 0.90 2.00 2.00
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sample No KFS
1-3

KFS
103

SB70 118 A91 Kh1 Kh2 Kh3 Kh4 R113 R116-
1

R112

Cs 0.30 0.90 1.12 0.09 1.98 1.19 0.84 1.18 0.85 4.63 0.71 0.70

Cu 11.00 11.00 10.00 12.00 5.00 4.00 6.00 5.00 6.00 7.00 5.00 5.00

Dy 7.40 8.26 10.60 18.15 11.55 9.39 11.75 9.38 11.74 12.75 10.10 10.20

Er 4.13 4.32 6.50 10.65 7.40 4.80 6.19 4.70 6.15 7.95 5.58 5.59

Eu 3.22 1.44 0.95 1.11 1.07 1.75 1.25 1.74 1.24 1.08 1.28 1.29

Ga 24.00 26.00 24.00 41.20 41.90 24.40 31.00 24.00 31.00 37.80 29.20 29.10

Gd 9.06 9.60 9.70 23.90 12.25 11.45 14.15 11.40 14.17 16.30 14.35 14.55

Hf 11.00 15.00 14.00 24.10 26.30 13.40 17.60 13.30 17.50 26.30 16.00 16.00

Ho 1.43 1.54 1.55 3.43 2.32 1.62 2.03 1.61 2.02 2.48 1.80 1.90

La 59.40 77.70 128.0 246.0 134.0 77.10 93.80 93.20 92.80 223.0 140.5 140.4

Lu 0.55 0.60 0.55 1.68 1.17 0.64 0.81 0.63 0.82 1.12 0.76 0.76

Mo 2.00 5.00 5.00 8.00 9.00 3.00 3.00 3.00 3.00 12.00 2.00 2.00

Nb 83.00 110.0 126.0 205.0 144.0 111.5 143.5 111.4 1434. 260.0 325.0 324.0

Nd 49.80 61.70 67.00 151.5 70.40 58.60 72.90 58.50 72.70 101.5 91.30 91.10

Ni 6.00 5.00 6.00 8.00 0.00 4.90 8.00 5.00 7.50 4.90 4.90 4.80

Pr 14.00 17.20 17.10 47.30 22.80 17.00 20.50 16.00 20.00 35.30 28.30 28.20

Rb 90.20 192.0 115.0 53.30 108.0 159.5 141.0 159.0 140.0 140.0 180.5 180.4

Sm 11.00 12.50 11.30 24.40 12.10 11.65 14.70 11.60 14.30 15.10 14.75 14.75

Sn 6.00 9.00 6.00 12.00 11.00 5.00 8.00 5.00 8.00 11.00 6.00 6.00

Ta 5.60 7.90 7.30 11.90 11.20 7.00 9.00 7.00 9.00 20.80 17.10 17.00

Tb 1.30 1.52 1.50 3.43 1.96 1.72 2.20 1.71 2.10 2.35 1.95 1.85

Th 11.20 20.10 22.80 35.00 28.00 18.55 24.50 18.45 24.30 44.80 24.50 24.40

Tl 0.50 0.50 0.50 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40

Tm 0.50 0.56 0.50 1.51 1.08 0.66 0.81 0.65 0.80 1.14 0.73 0.73

U 2.96 3.88 3.01 2.54 8.60 3.52 2.05 3.51 2.03 12.10 5.78 5.88

V 23.00 10.00 3.00 12.00 4.90 4.90 4.90 4.90 4.90 4.90 4.90 4.70

W 2.00 3.00 2.00 9.00 5.00 5.00 24.00 5.00 23.00 7.00 17.00 17.00

Y 41.30 41.30 65.00 88.10 62.10 40.20 51.90 40.00 52.00 68.20 46.00 46.00

Yb 3.70 4.00 6.60 9.49 6.81 4.04 4.83 4.03 4.84 6.85 4.53 4.55

Zr 455 582 1300 1020 1320 502 688 500 680 1240 681 682

(Th/Nb)N 0.94 1.28 1.27 1.20 1.36 1.16 1.20 1.16 0.12 1.21 0.53 0.53

Fe Index 0.92 0.98 0.98 0.97 1.00 0.96 0.97 0.97 0.97 0.99 0.95 0.95

AL -1.26 -2.64 -6.02 -0.89 -4.38 -2.24 -1.09 -1.35 -2.46 -4.40 -0.58 -0.17

ASI 0.92 0.83 0.73 0.93 0.78 0.82 0.92 0.90 0.83 0.79 0.90 0.93

MALI 9.97 9.76 15.68 10.00 14.99 9.98 8.86 8.98 9.67 15.19 13.32 13.02

(Th/Ta)∗N 1.22 1.55 1.90 1.79 1.52 1.62 1.66 1.61 1.65 1.31 0.87 0.88

(Th/Nb)∗N 0.05 0.07 0.07 0.06 0.07 0.06 0.06 0.06 0.01 0.06 0.03 0.03

(Rb/Sr)∗N 0.26 0.69 7.36 1.07 2.79 1.04 3.61 1.03 3.65 30.28 1.71 1.70
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Figure 1. Geological map of the studied area in the Southern Caspian Sea (redraw based on Javaherdeh 1:100000 map (Baharfiruzi and Shafeii, 2003).
Tectono-stratigraphic zones of Iran and location of study area ,(after Aghanabati (2006)).

On the classification diagrams based on the Fe-index of
Frost et al. (2001), the studied samples are ferroan (Fig. 7 a).
Similarly, the calculation of the modified alkalinity index
(MALI = Na2O+K2O)-CaO) of the studied samples varies
between 2.13 and 7.58 and is alkaline to alkaline calcic
(Fig. 7 b). The values of the Alkalinity Index (AI = Al −
(K + Na)) in the samples show that all the samples tend to be
peralkaline rather than per- and meta-aluminous (Fig. 7 c).
Spider diagrams normalised to MORB (Pearce, 1983)
(Fig. 8 a) and primitive mantle (Sun and McDonough, 1989)
(Fig. 8 c) show negative anomalies in Ba, P, Ti and Sr and
positive anomalies in K, Th, Rb and U, similar to the pattern
of post-collision granites (Pearce et al., 1984). The amount
of Sr and Ba is more similar to post-orogenic calc-alkaline
granites. On spider diagrams normalised to chondrites (Sun
and McDonough, 1989) (Fig. 8 b), the studied samples have

a specific enrichment of all REE between 10 and 110 times
that of chondrites, and at the same time they show an en-
richment of LREE to HREE. The trend of elements in all
samples compared to chondrites (Fig. 8 b) is almost parallel
and the samples are rich in LREE to HREE ((La/Yb)N =
9.6 − 32.96). Negative Ti anomalies and a decreasing trend
correlation between TiO2 and SiO2, as well as relatively
high concentrations of Nb and Ta in the Eshkavarat A1-type
granitoids, suggest the crystallisation of ilmenite and titan-
ite, as titanite has a higher partition coefficient for Nb and
Ta (Xiong et al., 2005; Bédard, 2006).
Separation of plagioclase, K-feldspar and apatite minerals
during magmatic evolution may be indicated by negative Eu,
Sr, Ba and P anomalies in the rocks studied. Ba can easily re-
place K in biotite and feldspar. This may be associated with
the fractional crystallisation of feldspar at higher tempera-

2308-1912[https://doi.org/10.57647/j.ijes.2025.1702.13]

https://doi.org/10.57647/j.ijes.2025.1702.13


Rezania ye Komachaly et al. IJES17 (2025)-172513 7/21

Figure 2. Field images of the Kojid granitoid rocks (A): contact between the Kojid intrusive rocks and pillow lavas of the southern Caspian Sea ophiolite
sequence (looking northwest), (B): view of the chilled margin of the Kojid intrusive mass through the flow structure and with enclave rocks of the host
basalts (yellow markers). (C), (D): Injected dikes from the Kojid dyke to OIB pillow lavas and gabbro.

tures than hornblende and biotite (Rollinson, 1993; Arslan
and Aslan, 2006). Enrichment in LILE and HFSE elements
with negative anomalies in Nb-Ti-Ta is a subduction-related
magma characteristic, usually attributed either to a mantle
source previously enriched in LILE and HFSE elements due
to metasomatic activity of fluids derived from sediments
or subducted plate (Pearce, 1983; Ilbeyli et al., 2004) or
may characterise magmas derived from a subcontinental
lithospheric mantle formed during early subduction. The
relatively smooth distribution patterns of the HREE in the
normalised diagram relative to the chondrite indicate that
there is little differentiation in the HREE (Pearce, 1983).
The depletion of Nb-Ti-Ta can be explained by the retention
of titanium-rich residual mineral phases (such as rutile and
titanite) at the mantle source (Foley and Wheller, 1990).
Based on the diagrams of different granitoids types, the
studied samples with a high Ga/Al ratio indicate an A-type
nature (Whalen et al., 1987) (Fig. 9). Also in the Zr + Nb
+ Ce + Y vs. FeO∗/MgO diagram, all samples are plotted
in an A-type granite field (Fig. 9 d). For granitoids showing
the A-type field in the diagrams of Whalen et al. (1987) and
the WPG field in the diagram of Pearce et al. (1984) (Eby,
1992), discrimination diagrams are used which separate A1-
type granites from A2-type granites.
As mentioned above, all samples plot within the A-type
field in the diagrams of Whalen et al. (Whalen et al., 1987)
(Fig. 9) and fall into the within-plate and post-orogenic
granite field in the tectonic diagrams of Y + Nb and Y+Ta
versus Rb; Y versus Nb and Yb versus Ta, (Fig. 10), also on
the Rb-Ta-Hf and Rb-Nb-Hf diagrams (Harris et al., 1986)
(Fig. 11), which include the four WPG, ORG, VAG and

COLG fields, the studied rocks plot in WPG. The discrimi-
nation granitoid diagrams were used to separate the A1 and
A2 types.
In these diagrams, all the samples are plotted in the A1-type
field (Fig. 12). Recent studies show that in the A1-type
granites, Th/Nb > 1.5, and in the A2-type granites Th/Nb <
2 (Eby, 2011; Moreno et al., 2014). In the studied samples,
0.11 > Th/Nb > 1.4 so they have the characteristics of the
A1-type granite. nite.

5. Discussion

5.1 Petrogenesis of Eshkavarat A1-type granites
All the geochemical and petrographic data show that the
granitoids studied are typical A-type granites. On the dia-
grams of the different types of granitoids and their tectono-
magmatic setting, almost all the studied granitoid rocks
are plotted in WPG and are A1-type granitoids. Th/Ta,
Th/Nb and Rb/Sr ratios are used to determine the source
of A-type granites due to their high sensitivity to mantle or
crustal origin (Rudnick and Gao, 2003; Plank, 2005; Jiang
et al., 2020). For granites of mantle origin, these ratios
are (Th/Ta)N = 2.15 and (Th/Nb)N = 0.12 (normalised to
pyrolite according to McDonough and Sun (1995)). The
samples studied have (Th/Ta)N = 0.01−1.55 and (Th/Nb)N
= 0.01−0.07. These values are similar to those of A-type
granites of mantle origin. However, the ratio of (Rb/Sr)N =
63 shows much higher values compared to mantle granites.
This may be due to the influence of subduction parts and
the tectonic setting of the studied granitoids.
The term A-type granite is used to describe granites that are
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Figure 3. Photomicrographs of the Kojid granitoid (A): Micrographic texture, intergrowths between quartz and alkali feldspar (Kfs) are common, (B):
larger perthitic alkali feldspar crystals (Kfs) and minor plagioclase.

Figure 4. (A): Porphyritic microlite texture in monzonite, (B): Graphyitic and perthitic texture in quartz monzonite, (C): Porphyritic microlite texture in
syenite, (D): Phenocryst of K-feldspar and plagioclase in syenite, (E): Poikilitic texture in Monzo-syenite, (F): granular texture in quartz syenite. (in
crossed polarized light), Abbreviations after Whitney and Evans (2010) (Pl: Plagioclase, Kfs: alkali feldspar, Qz: Quartz, Opq: Opaque minerals, Spn:
Sphene).
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Figure 5. Plotting of samples from studied granitoid on diagrams of (A): after Middlemost (1985), (B): Cox et al. (1979), and (C): after De La Roche
et al. (1980).

Figure 6. Harker diagrams variation of the major oxides and trace elements vs. SiO2 of the studied samples. Symbols are the same as in Fig. 5.

2308-1912[https://doi.org/10.57647/j.ijes.2025.1702.13]

https://doi.org/10.57647/j.ijes.2025.1702.13


10/21 IJES17 (2025)-172513 Rezania ye Komachaly et al.

Figure 7. Eshkavarat granitoid samples on the diagram of (A): SiO2 vs. Fe-Index boundary between Ferroan and magnesian rocks from Frost and
Frost (2008); (B): MALI vs. SiO2 boundary between alkali, alkali-calcic, calc-alkalic and calcic granitoids from Frost et al. (2001) and (C): AI vs ASI
(comparing the differentiation trends of peralkaline granitoids with those of volcanic rocks at Boina (Barberi et al., 1975) and Nyambeni (Brotzu et al.,
1983). Symbols are the same as in Fig. 5.

alkaline to relatively alkaline, anhydrous and non-orogenic
(Wang et al., 2020). A-type granites, compared to other
orogenic granites, have a high FeOt/MgO ratio (indicative
of their origin) and a high Na2O+K2O content (high alkalin-
ity), high (Na+K)/Al and K/Na ratios, high values of Nb, Y,
Zn, F, Ga, Zr, REEs except (Eu), low ratio of LILE/HFSE,
low values of MgO, CaO, Ni, Cr and Al2O3, and so they are
different from I and S type granitoids (Martin, 2006; Bonin,
2007; Dargahi et al., 2010; Deng et al., 2016). A-type grani-

toids are small in volume and are found scattered throughout
orogenic belts, sometimes in extensional tectonic regimes
following major orogeny as a result of post-orogenic uplift
and erosion. As a result, these granitoids are either non-
orogenic or are replaced in non-compressive environments
and at the end of the orogenic cycle as post-orogenic or
post-collisional granitoids (Zhang et al., 2007; Xu et al.,
2007; Dargahi et al., 2010).
Several petrogenetic models have been proposed for the

Figure 8. Abundances of REEs in Eshkavarat granitoid samples normalised to (a): MORB (Pearce, 1983); (b): Average chondrite (Sun and McDonough,
1989), (c): The primitive mantle (Sun and McDonough, 1989). Symbols are the same as in Fig. 5.
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Figure 9. Eshkavarat granitoid samples on discrimination diagrams based on Ga/Al vs. (Y, Ce, Nb and Zr) and Zr+Nb+Ce+Y vs. FeO(total)/MgO
(Whalen et al., 1987). Symbols are the same as in Fig. 5.

A-type granites, mainly including:

(A) Fractional crystallization from mantle-derived mafic
magmas (Turner et al., 1992; Han et al., 1997; Chen
and Arakawa, 2005).

(B) Partial melting of crustal rocks (Collins et al., 1982;
Creaser et al., 1991; Huang et al., 2012).

(C) Interaction between mantle-derived magmas and over-
lying crustal rocks (magma mixing) (Kerr and Fryer,
1993; Griffin et al., 2002);

Based on the available geological and geochemical results,
the possibility of each model for the studied rocks is evalu-
ated below.

5.1.1 Fractional crystallization from mantle-derived
mafic magmas

The field relationships and relative ages between the alka-
line OIB mafic rocks and the granitic rocks show that the
A1 granitoids were emplaced after the alkaline OIB mafic
rocks. Therefore, it appears that the studied A1-type gran-
itoids are spatially and temporally related to the alkaline
OIB mafic complex, but, in other words, it is possible that
the studied granitoids are derived from intense fractionation
of the alkaline OIB mafic magma. Meanwhile, the Harker
diagrams (Figures 13 and 14) show a daly gap between the
alkaline OIB mafic rocks and the Eshkavarat granitoids. On
the other hand, considering that the ratios of rare earth ele-
ments (such as Nb/U, Rb/La, Zr/Hf) are different between
the alkaline OIB mafic rocks and the studied granitoid rocks,
and with the increase of SiO2, the major and rare earth ele-
ments and the ratio They show different evolutionary trends

2308-1912[https://doi.org/10.57647/j.ijes.2025.1702.13]

https://doi.org/10.57647/j.ijes.2025.1702.13


12/21 IJES17 (2025)-172513 Rezania ye Komachaly et al.

Figure 10. Discriminant diagrams of trace elements (Pearce et al., 1984): (A): Rb versus Y+Nb; (B): Rb versus (Yb + Ta); (C): Ta vs. Yb and D: Nb vs.
Y. ORG = oceanic ridge granites, VAG = volcanic arc granites, WPG = within-plate granites, COLG = collisional granites. Symbols are the same as in
Fig. 5.

for the studied granitoid mafic rocks and the alkaline OIB
mafic, so the differentiation process of the alkaline OIB
mafic rocks cannot explain the formation of the studied
granitoids. Therefore, it appears that the mantle-derived
mafic magma that formed the alkaline OIB mafic rocks in
the region did not directly contribute to the formation of the
Eshkorate granitoids.

5.1.2 Partial melting of crustal rocks

Partial melting of crustal rocks is one of the processes in-
volved in the formation of granites, but in the case of the
granitoids studied, partial melting of the young lithospheric
mantle alone cannot explain the low Mg# content (< 0.4)
and the relative enrichment of Hf and Zr elements, because
the felsic rocks originating from the lithospheric mantle are
depleted of HFSE and show high Mg# values (> 0.4) (Rapp

Figure 11. Eshkavarat granitoid samples on the tectonic separated diagram of granitoids (Harris et al., 1986). Symbols are the same as in Fig. 5.
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Figure 12. (A): Nb-Y-3∗Ga and (B): Nb-Y-Ce discriminant diagrams of granitoids yielded from mantle sources (A1) and crustal sources (A2) (after
Eby (1992)); (C), (D): Separation of OIB and IAB fields based on Ce/Nb and Yb/Ta vs. Y/Nb and Rb/Nb vs. Y/Nb; (E): (Eby, 1992); (F): Eshkavarat
granitoid samples on the diagram of Y/Nb vs. Th/Nb (Moreno et al., 2014) normalized to Silicate Earth (McDonough and Sun, 1995); (G): On diagram
(Na2O+K2O)–Fe2O3×5–(CaO+MgO)×5 (mol. quant.). A1 and A2 Fields are from Grebennikov (2014), I, zones of mantle plumes in oceanic plates
(oceanic islands and lava plateaus); II, intracontinental rifts and continental hot spots; III and IV, zones of subduction processes III, zones of island-arc
magmatism in oceanic crust; IV, zones of magmatism of active continental margins, involving continental crust in magma formation; V, back-arc spreading.
Symbols are the same as in Fig. 5.

and Watson, 1995; Chen and Arakawa, 2005).
Based on the field relationships, the partial melting of under-
plated rocks at the crust-mantle interface caused by the OIB
plume is proposed as an acceptable source for the formation
of the studied granitoids. As this source was derived from a
relatively depleted mantle, just before partial melting, the
magmas derived from it show the geochemical characteris-
tics of depleted mantles.
Fractional crystallisation also played an important role in
the generation of the Eshkavarat A1 granitoids, in addition
to the partial melting process. Cao, FeO∗, MgO, Cr and
Ni contents decrease with increasing SiO2 contents from
A1-type syenitic rocks to A1-type granitic rocks (Fig. 6).
This reflects the fractionation of ferromagnesian minerals
(such as pyroxene and biotite). Compatible (e.g. V, Ni)
versus incompatible (e.g. Rb) element classification plots
further support the fractionation crystallisation model (Li

et al., 2022). These samples predominantly follow the de-
creasing trend of compatible versus incompatible elements
(Fig. 15 a). The Rb and Rb/Sr ratio (Wu et al., 2021) is
positively correlated with Sr (Fig. 15 b, c), suggesting that
there is separation crystallisation of clinopyroxene and bi-
otite in the magmatic evolution, also the samples of alkali
granite show the fractional crystallization of plagioclase and
K-feldspar.
The reduction of TiO2 with SiO2, the relatively high con-
centrations of Nb and Ta, and the negative anomalies of Ti
are indicative of the crystallisation of ilmenite, with little
influence from rutile or titanite (Xiong et al., 2005; Su et
al., 2013). Rutile and titanite usually have higher partition
coefficients for Nb and Ta than ilmenite (Xiong et al., 2005;
Bédard, 2006). Also, In the (La/Yb)N versus La diagram
(Fig. 15 d), clearly shows the separation crystallisation of
apatite and titanite. The A1 granites show Eu, Sr, Ba and

2308-1912[https://doi.org/10.57647/j.ijes.2025.1702.13]

https://doi.org/10.57647/j.ijes.2025.1702.13


14/21 IJES17 (2025)-172513 Rezania ye Komachaly et al.

Figure 13. Harker diagrams for the investigated granitoids and alkaline OIB mafic rocks and comparison of the magma evolution process of the
investigated granitoids. Each of them show different evalution trend. The dark dotted lines show the melt evolution trend for the partial melting modelling
and the pink lines for the fractional crystallization modelling. OIB mafic data from Salavati et al. (2013).

Figure 14. Harker diagrams of the Eshkavarat granitoids and OIB-mafic rocks, Each rock group shows a separate evolution trend. Symbols are the same
as Fig. 13. OIB mafic data from Salavati et al. (2013).
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Figure 15. Chemical discrimination diagrams illustrating the mineral fractionation crystallization and partial melting trend for Eshkavarat granitoid
samples; (a): V vs. Rb showing fractional crystallization (after Schiano et al. (2010)); (b): Rb vs. Sr (Wang et al., 2020); (c), (d): Rb vs. Rb/Sr and La
vs. (La/Yb)N (Wu et al., 2021); (c), (d): La vs. La/Sm and La vs. La/Yb for studied granitoids showing partial melting and fractional crystallization
(Fan et al., 2021). Symbols are the same as in Fig. 5. Pl = plagioclase; Kfs = K-feldspar; Amp = amphibole; Ms = muscovite; Bt = biotite; Cpx =
clinopyroxene; Opx = orthopyroxene; Zr = zircon; Tit = titanite; Ap = apatite; Mon = monazite; and Allan = allanite.

Figure 16. La contents versus (La/Sm)N ratios (Wang et al., 2020) for the
Eshkavarat granitoids. Symbols are the same as in Fig. 5.

P negative anomalies in the spider patterns (Fig. 6), sug-
gesting that plagioclase, K-feldspar and apatite minerals
were also separated during magmatic evolution. Although
the crystallisation and segregation of the above minerals
occurred during the magmatic evolution process, the evo-
lutionary process, La versus La/Sm and La versus La/Yb
diagrams (Fig. 15 e, f) show that the formation of syenite is
mainly controlled by partial melting, so that the nature of
the has a more important influence on the composition of
the magma.

5.1.3 Interaction between mantle-derived magmas and
overlying crustal rocks (magma mixing)

Magma mixing between mafic mantle-derived magmas and
more felsic crustal melts has been proposed as an effective
way to generation of granitoids (Griffin et al., 2002; Yang
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et al., 2006). The interaction between mantle-derived
magmas and crustal felsic melts causes a decrease in the
SiO2 content of the original felsic melts, and this may
explain the low silica nature of the granitoids studied. Thus,
magma mixing is observed in the studied granitoid rocks,
as indicated by field and lithological evidence such as mafic
(basaltic) micro granular enclaves (Fig. 2 b). Therefore,
magma mixing may be one of the effective processes used
to form the Eshkavarat A1 granitoids. Also, the slight
increase between the (La/Sm)N and La content ratios
(Wang et al., 2020) (Fig. 16) suggests that the Eshkavarat
granitoids experienced some contamination or magma
mixing during their formation.
A specific classification of felsic igneous rocks according
to their petrochemical composition has been proposed by
Frost et al. (2001). They used three chemical parameters as
a basis for this:
(1) The Fe index FeO∗/(FeO∗+MgO)>0.486+0.0046×SiO2
(wt.%), which allows the separation of magnesian and
ferroan (A-type) granitoids,
(2) the Peacock modified alkali-lime index (Na2O+K2O-
CaO) (MALI),
and (3) the alumina saturation index (ASI) Al/(Ca-1.
67-P+Na+K), which allows felsic igneous rocks to be
classified as peraluminous (ASI > 1.0), meta-aluminous
(ASI < 1.0, (Na+K) < Al) and peralkaline (ASI <
1.0, (Na+K) > Al). The formation of ferro-aluminous
granitoids by partial crustal melting at low pressure was
suggested by Frost and Frost (2008). Also, Peralkaline
ferroan granitoids can be generated as a result of the
subduction of alkaline basalts or transition basalts that may
have been affected by crustal assimilation (Frost and Frost,
2008).
Thus, in the study area, we suggest that primitive granitoid
parent magmas were generated by the first partial melting
of underplated rocks (by magmas derived from the
asthenospheric mantle, which is the source of the alkaline
OIB mafic rocks). This was followed by the fractionation
of mafic minerals to form syenitic magmas and then the

fractionation of felsic minerals to form A1-type granite and
alkali granite that have been affected by crustal assimilation.
A comparison of the studied granitoid and mafic rocks on
the major element diagrams shows that the studied samples
follow the modeled trends (Fig. 17).

6. Geodynamic implications

A-Type granitoids are found in a wide range of tectonic set-
tings, including oceanic islands, continental rifts, extended
crust, stable continental crust and post-orogeny (Whalen
et al., 1987; Zhang et al., 2007; Xu et al., 2007). These
granitoids are a special group of felsic intrusive rocks that
are controversial due to their specific geochemistry, tectonic
setting, and petrogenesis (Frost et al., 2001; Bonin, 2007;
Forest and Forest, 2011; Yajam and Ghalamghash, 2019).
Multiple processes and different crust/mantle ratios are re-
sponsible for the formation of A-type granitoids in different
tectonic settings. This indicates the diversity and complexity
of the processes and the models by which they are formed.
These granitoids are indicators of rifting zones and the inner
parts of continental plates (Blatt et al., 2006). They are often
formed at the end of the magmatic or orogenic cycle in each
state, after the formation of other granitoids. These types
of granitoids can result from differential crystallisation of
mafic mantle-derived magmas (Eby, 1992; Turner et al.,
1992; Shellnutt et al., 2011); partial melting of the mantle
source (Wu et al., 2002; Shellnutt and Zhou, 2007; Shellnutt
et al., 2011); or a mixture of two end members (Yang et al.,
2006; Pankhurst et al., 2013). Particularly where structural
evidence and geochemical relationships have been lost or
weakened by multiple deformation events, it is difficult to
distinguish between non-orogenic and post-collisional gran-
itoids.
As mentioned above, fractional crystallisation of mantle-
derived melt could be involved in the genesis of the A1-type
granitoid. In this case, these granites are associated with
large assemblages of mafic rocks (Forest and Forest, 2011).
According to Eby (1992), A-type granitoids are divided

Figure 17. Proposed petrogenetic model for the generation of Eshkavarat A1-type granitoids in the eastern Gilan.
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into A1 groups (similar to oceanic island basalts (OIBs) and
mantle-origin rocks) and A2 groups (formed from conti-
nental crusts or subducted crusts displaced by a cycle of
continental-continental collision or island arc magmatism).
A1 types are positioned during rifting and are the result of
plum or hot spot activity. A2 types occur in a wide range of
tectonic settings and include post-collisional granitoids and
post-orogenic granitoids (granitoids that are at the end of a
long period of heat flow and granitic magmatism) (Whalen
et al., 1987; Eby, 1992). Based on all the geochemical evi-
dence presented and other geological and tectonic evidence
for the region, it appears that the granitoid bodies studied
belong to the group of non-orogenic granitoids (A1 -type).
Recent studies have shown that A-type granites can be gen-
erated in lithospheric window tectonic environments (slab
window setting) (Eyuboglu et al., 2013; Zhang, 2014; Wind-
ley and Xiao, 2018; Wang et al., 2020). In these environ-
ments, subduction of an active and young mid-ocean ridge
has been generated under the continental crust and as a litho-
spheric window environment (slab window setting) (Zhang,
2014; Windley and Xiao, 2018; Wang et al., 2020).
Plume-like rocks (OIB) are formed by upwelling of the as-
thenospheric magmas. The arrest of these asthenospheric
magmas beneath the crustal plate can cause partial melting
of the underplate and the formation of underplate magmas
(probably of diorite composition). Fractional crystallisa-
tion of these resulting underplate magmas produces a non-
orogenic A-type granitic tectonic setting, due to the up-
welling of the asthenospheric mantle. Subduction rocks are
similar to normal arc rocks and generally related adakitic
rocks are also observed in such a tectonic setting, in addi-
tion to mantle rocks and their fractional products. Based
on all the petrogenetic and tectonic data, a schematic petro-

genetic and tectono-magmatism model is proposed for the
formation of the A1-type Eshkavrat granitoids (Fig. 18).
Cenozoic geodynamic setting in eastern Gilan, northern
Iran, considering a post-collisional extension, intraplate
setting and arc setting associated with Neo-Tethyan subduc-
tion.
Based on this model, we propose that the major Cenozoic
magmatism in the northern Alborz in the southern Caspian
Sea occurred by creating a slab window (at the same time
of subduction). According to previous studies, the oceanic
crust of the southern Caspian Sea, as part of the Tethyan
oceanic crust, was subducted southwards beneath the North
Alborz orogen (as part of the Pontid-Little Caucasus-Alborz
magmatic arc in an active continental margin during the
Cenozoic) (Eyuboglu et al., 2013).
This hot and young subducted oceanic plate, separated by
transform faults and thus a small slab window, was created
beneath the northern Alborz. Subsequently, the hot astheno-
spheric mantle ascended through the slab window beneath
the subducted plate, creating an asthenospheric magma-
filled gap between the divergent and subducted oceanic
plates. Alkaline OIB mafic rocks were formed by fractiona-
tion and accumulation of magma from the plume (Zaeimnia
et al., 2010; Salavati et al., 2013). At the same time, the
arrest of this hot asthenospheric magma as a plume below
the crust has caused the melting of part of the crust (SCLM:
Sub-Continental Lithosphere Mantle). Partial melting of
underplated rocks by upwelling asthenosphere, followed by
fractionational crystalisation of mafic minerals and minor
crustal assimilation, primarily generated parent magma of
A1 granitoids and syenitic A1 rocks, and then the fraction-
ation of felsic minerals with the effect of AFC processes
causes the formation of A1-type (alkaline) granites, and

Figure 18. Proposed schematic diagram showing the tectonic setting and oceanic crustal conditions of the southern Caspian Sea during the Late
Cretaceous and Early Palaeogene, and the proposed tectono-magmatism scenario for the formation of A-type granitoids in the eastern region of Gilan
Province.
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finally, the ascent and injection of this magma have formed
studied A1-type granitoid into the older rocks (alkaline OIB
rocks of the region and rocks of the ophiolitic complex of
the southern Caspian Sea).

7. Conclusion

• The main conclusions of this study, based on the ge-
ological and geochemical data as well as on the geo-
dynamic setting of the granitoid rocks exposed in the
Northern Zone of the Alborz Orogenic Belt, are pre-
sented below:

• The Eshkavarat granitoid rocks have a post-Eocene
relative age based on the field relationship.

• Petrographic studies represent various monzonite,
quartz monzonite to granite in these rocks. The dom-
inant texture of these rocks is granular to porphyry-
granular. Perthitic, graphic and poikilitic textures are
less common.

• The Eshkavarat granitoid rocks in the chondrite-
normalised spider diagram show subparallel, linear
and homogeneous REE profiles. They also have high
enrichments of LILE elements such as K, Rb and Th,
indicating the existence of an enriched mantle source
beneath the continental lithosphere (metasomatised
mantle).

• Based on major and REE geochemical data, the
Eshkavarat granitoid rocks have the characteristics of
WPG A-type granitoids formed in a post-collisional
setting.

• The samples are more peralkaline and less pera-
luminous and based on the geochemical data, the
Eshkavarat granitoid rocks are A1-type.

• The process of partial melting and crystal fractiona-
tion has played an important role in the generation of
Eshkavarat A1-type granitoids.

• All the evidence suggests that the studied granitoids
were formed as a result of slab-window activation
above the supra-subduction zone at the same time as
the ophiolitic complex was formed in the southern
Caspian Sea area.

• Upwelling of mantle magma from the slab window
and an oceanic plume, alkaline OIB magmatism was
activated during the subduction of the Neo-Tethyan
oceanic crust. Then, partial melting of part of the un-
derplated rocks generated parental magma. Fractional
crystalisation of mafic minerals of this magma and mi-
nor crustal assimilation of the parent magma generated
A1-type granitic and syenitic and then, the fractiona-
tion of felsic minerals with the effect of AFC processes
generated the A1-type alkaline granites.
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