Petrological Journal

E-ISSN: 2322-2182
14" Year, No. 53, Spring 2023, pp. 53-80

Research Article

ologicas N
,
%,

N

Al

cé,;,{\ <«
s o
ity of 15>

Petrological Journal

Geochemistry and tectonic setting of Paleogene volcanic
rocks of Rudbar in the south of Guilan, northern Iran:
Implications for adakitic volcanism

Esmail Ebrahimi Nasirmahaleh '*), Mojgan Salavati >
Saeid Hakimi Asiabar **/, Saeed Taki *

! Ph.D. Student, Department of Geology, Lahijan Branch, Islamic Azad University, Lahijan, Iran, ebrahimiesmail66@gmail.com
2 Assistant Professor, Department of Geology, Lahijan Branch, Islamic Azad University, Lahijan, Iran, salavati@liau.ac.ir;

salavati1 973@gmail.com

3 Assistant Professor, Department of Geology, Lahijan Branch, Islamic Azad University, Lahijan, Iran,

saeid.h.asiabar@gmail.com

4 Assistant Professor, Department of Geology, Lahijan Branch, Islamic Azad University, Lahijan, Iran,

taki_saeed2002(@yahoo.com

ARTICLE INFO

EXTENDED ABSTRACT

Received: 20 November 2021
Accepted: 5 March 2022

Keywords

adakitic magmatism
slab window
subduction

Alborz

Guilan

Iran

B

@20. 1001.1.22285210.1402.14.1.3.8
g 10.22108/ijp.2022.131551.1258

Materials and methods

Introduction

Volcanic rocks with adakitic nature, are outcropped, in the south of
Rudbar city as a part of the Alborz magmatic zone and the northern part
of the Alborz zone. Most of the rock units in this area are volcanic and
pyroclastic belonging to the Tertiary age and specifically Middle
Eocene.

For this study, we present new data to understand the origin and
tectonic setting of the adakitic early Cenozoic magmatism in the
southern part of the western Alborz orogenic belt.

Regional Geology

Based on the 1:100,000 Guilan geological map (Nazari and Salamati,
1998), the predominant geological units of the region include the
Paleozoic, Mesozoic, and Cenozoic stratigraphic units. The volcanic
activity resulting from the subduction of an oceanic crust beneath the
active continental margin of Alborz began in Paleocene and its peak is
attributed to the Lutsin period (Nazari and Salamati, 1998).

Following microscopic studies, 11 samples
were analyzed at Actlabs Lab in Canada by
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ICP-MS method. IGPET and GCDKIT
software were applied to draw diagrams and
interpret the data.

Petrography and Whole rocks chemistry

The studied lavas consist mainly of dacite
to trachy-dacite, rhyodacite, and rarely
rhyolite. Abundant plagioclase as
phenocrysts and microlites and rare
amphibole, Dbiotite, and quartz with
hyaloporphyritic, microlithic porphyry to
felsitic porphyry and microfelsitic textures
are the dominant petrographic features of
these rocks. Geochemically, they are
characterized by mean value of 61.87 wt%<
Si0,<66.54, 1.1 wt%<Mg0<2.8 wt%,10
ppm<Y<14 ppm, 1.4 ppm<Yb<1.7 ppm, 450
ppm<Sr<1887 ppm as well as the average
amounts of Sr/Y: 103.8,
10.5<(La/Yb)x<14.09 and 5.1<Yb/Lu<6.5.
Thus, the overall geochemical data point to
HAS characteristics of the rocks under study.

On normalized spider diagram to
chondrite, MORB, and primitive mantle, all
rocks demonstrate subparallel trend, linear
and homogeneous REE profiles with LILE
and LREE enrichment together Ta, Nb, and
Ti negative anomalies. As the tectonic
diagrams display, all the studied samples are
plotted in an arc volcanic granite field
formed in a subduction environment in an
active continental margin. Moreover, all the
obtained geochemical data point to a high
silica adakitic magma as the parent magma.
Discussion

The studied area lies in Alborz Mountain,
which owing to the collision of two Eurasian
and Arabian plates, where a Neo-Tethyan
oceanic lithosphere (Southern Caspian Sea
Ocean or SCO)” is subducted beneath the
Central Iranian continental lithosphere
(Salavati et al, 2013), is an active deformation
zone.

The studied rocks formed in arc and
subduction zones setting. Adakitic rocks in the

arc setting can be produced by partial melting
of a hot and young subducted oceanic slab and
subduction of a very young oceanic crust
(<5Ma) at depths of about 25 to 90 km is
required to produce adakitic magma in the arc
setting (Thorkelsona and Breitsprecher, 2005).

In the north of the investigated area and
south part of the Caspian Sea, an Alpian
oceanic belonging late Cretaceous age was
reported and named “Southern Caspian Sea
Ocean (Salavati et al., 2013), which was
subducted toward the south. Adakitic activity
and not-adakitic magmatism continued to
migrate toward the trench supporting a slab
window model.

The proposed tectonomagmatic model
"Ridge-Trench", indicates that the studied
lavas were generated in the Neothetyan supra-
subduction zone.

Based on this model, in the south of Guilan
Province, SCO oceanic crust (and likely its
ridge) has subducted towards the south the
first because of a pressure change that might
be caused by the extension and thinning of the
overlying crust. A slab window was formed
therefore in the source region, and partial
melting occurred by asthenospheric upwelling.
It looks like the adakitic rocks imply a deep
source with a low magma source melting
degree.

Conclusion

The overall petrological and geochemical
features of the studied lavas gave rise to the
following conclusions:

A new group of extrusive rocks, with
remarkable geochemical characteristics of
adakitic rocks, is outcropped in the south of
Guilan Province
These rocks are characterized by HFSE and
HREE depletion relative to LILE and LREE
and negative Nb, Ta, and Ti anomalies,
suggesting the parent magmas were affected
by subduction-related geochemical processes.

On tectonic diagrams, the studied adakitic
rocks plotted on an Active Continental Margin
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setting and they show HAS characteristics
produced by 5% to 10% partial melting of an
amphibolite garnet source from a hot and
young Cenozoic slab subduction.

All the geological and geochemical data
indicate that the early Cenozoic adakitic
magmas in the south of Guilan Province were
generated in an extensional tectonic setting
(Slab window setting) when the active
spreading center of the Neo-Tethys oceanic
(Southern Caspian Sea Ocean) subducted

toward the south and produced a slab window.
According to the proposed model, the active
spreading center of the Neo-Tethys oceanic
crust (Southern Caspian Sea Ocean) subducted
toward the south and produced a slab window
in the subducted oceanic lithosphere.
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Table 1. The geochemical data of Paleogene volcanic rocks of Rudbar by the ICP-MS method (the oxides in
weight percentage with 1% error; rare elements in ppm; Fe;Os: the reagent of the total iron).

MA MA MA MA MA MA MA MA MA MA MA MA MA
Sample No. 11 1 12 10 13 15 16 18 20 17 21 22 23
SiO, 63.12 62.59 6645 67.10 6654 6520 62.96 63.58 61.87 65.24 6448 6196 62.78
Al O3 15.25 15.16 1597 1590 1580 1520 1535 15.68 15.22 1532 1584 1535 15.12
Fe; 03 4.53 4.56 3.96 3.95 3.92 4.51 4.45 431 422 3.80 4.10 445 4.12
MnO 0.05 0.08 0.05 0.07 0.05 0.06 0.05 0.06 0.05 0.06 0.05 0.05 0.05
MgO 2.02 2.01 0.71 1.10 0.90 2.30 2.10 2.20 2.80 2.12 2.28 2.02 2.60
CaO 3.90 3.95 3.31 3.20 3.10 3.91 3.62 3.84 3.65 3.99 3.82 3.95 3.55
Na;O 2.80 291 3.87 3.79 3.80 2.90 2.88 2.94 3.12 3.84 3.45 3.80 3.80
K,O 2.94 2.84 4.10 4.00 3.90 3.10 3.67 3.51 3.84 4.02 3.59 3.57 3.15
TiO, 0.49 0.49 0.44 0.49 0.46 0.41 0.42 0.43 0.46 0.44 0.45 0.44 0.46
P,0s 0.12 0.11 0.17 0.19 0.16 0.15 0.17 0.19 0.14 0.18 0.19 0.15 0.15
LOI 5.22 5.28 1.52 1.10 0.98 2.10 3.54 3.84 3.44 1.54 1.98 3.54 3.54
Total 100.44 99.97 100.5 100.9 99.61  99.84 99.21 100.58 98.81 100.5 100.2 99.28  99.32
Sc 7.00 8.00 6.00 7.00 6.00 8.00 7.00 6.00 8.00 7.00 9.00 7.00 7.00
Be 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
v 85.00 86.00 71.00 70.0 72.0 84.00 87.00 85.00 79.00 74.00 76.00 86.00 81.00
Ba 972 970 791 790 788 969 975 975 984 798 784 975 980
Sr 1881 1882 455 450 454 1880 1879 1884 1887 540 565 1881 1883
Y 14.00 14.00 13.00 12.00 14.00 14.00 14.00 13.00 11.00 10.00 12.00 13.00 13.00
Zr 15 151 173 171 170 152 152 155 157 17 173 150 155
Co 9.00 9.00 6.00 5.00 6.00 8.00 9.00 8.00 6.00 7.00 9.00 8.00 8.00
Cu 60.00 60.00 30.00 35.00 40.00 60.00 55.00 45.00 40.00 60.00 50.00 60.00 55.00
Zn 80.00 90.00 40.00 41.00 40.00 90.00 80.00 90.00  100.00 90.00 80.00 80.00 100.00
Ga 16.00 17.00 16.00 18.00 17.00 15.00 16.00 18.00 17.00 19.00 17.00 16.00 16.00
Ge 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
As 6.00 5.00 8.00 5.00 7.00 6.00 8.00 6.00 5.00 7.00 6.00 5.00 6.00
Rb 80.00 81.00 85.00 89.00 84.00 82.00 91.00 89.00 85.00 81.00 83.00 80.00 88.00
Nb 9.00 9.00 10.00 11.00 9.00 8.00 8.00 9.00 10.00 8.00 7.00 9.00 11.00
Ag 0.90 0.80 0.90 0.70 0.90 0.80 0.50 0.80 0.70 0.60 0.80 0.80 0.80
Sb 0.80 0.80 0.80 0.70 0.80 0.50 0.90 0.70 0.90 0.70 0.80 0.80 0.60
Cs 4.80 4.90 2.50 2.20 2.40 4.70 4.70 4.90 4.80 2.40 2.30 4.90 4.80
La 26.70 26.80 29.80 29.60 29.40 2730 26.40 26.90 26.80 2920  29.10 26.80 26.80
Ce 47.90 4820 52.00 53.00 51.00 47.90 50.10 47.90 48.10 50.10 52.60 4820 47.70
Pr 4.87 4.88 5.29 5.18 4.90 4.78 5.12 5.32 4.85 4.78 4.90 4.88 4.90
Nd 18.40 18.70  19.10 19.30 1898 18.80 18.70 18.60 18.70 18.90 1920 18.70 18.90
Sm 3.20 3.30 3.30 3.40 3.10 3.50 3.20 3.10 3.10 3.30 3.20 3.30 3.30
Eu 0.99 0.99 0.95 0.94 0.96 0.98 0.97 0.96 0.99 0.98 0.97 0.99 0.95
Gd 2.40 2.50 2.70 2.60 2.40 2.80 2.80 2.40 2.80 2.60 2.70 2.50 2.80
Tb 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
Dy 2.60 2.50 2.50 2.70 2.60 2.50 2.40 2.70 2.60 2.50 2.40 2.50 2.60
Ho 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Er 2.10 1.60 1.50 1.40 1.60 1.90 1.90 1.60 1.70 1.90 1.80 1.60 1.70
Tm 0.23 0.23 0.23 0.23 0.22 0.23 0.35 0.33 0.24 0.25 0.35 0.23 0.24
Yb 1.50 1.60 1.50 1.40 1.50 1.60 1.50 1.60 1.70 1.50 1.60 1.60 1.60
Lu 0.28 0.27 0.27 0.25 0.29 0.28 0.28 0.29 0.26 0.24 0.29 0.27 0.28
Hf 3.50 3.40 4.00 3.80 4.20 3.60 3.50 3.30 3.40 3.90 3.70 3.40 3.60
Ta 0.70 0.70 0.80 0.70 0.90 0.70 0.80 0.90 0.70 0.60 0.90 0.70 0.80
Tl 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.30 0.50 0.40 0.30 0.40 0.50
Pb 10.00 10.00  21.00 20.00 23.00 11.00 12.00 18.00 17.00 20.00 22.00 10.00 17.00
Th 8.10 7.90 8.90 8.50 8.60 8.20 8.20 8.10 8.40 8.30 8.10 7.90 8.20
U 2.60 2.70 2.80 2.70 2.60 2.80 2.70 2.60 2.40 2.90 2.80 2.70 2.40

K,O/ Na,O 1.05 0.98 1.06 1.06 1.03 1.07 1.27 1.19 1.23 1.05 1.04 0.94 0.83
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Figure 1. Geological map of the studied area based on the 1:100000 Roudbar map (Nazari and Salamati, 1998)

(asterisk: Position of the studied samples).
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Figure 2. Field outcrop of the Paleogene volcanic lavas of Rudbar. A) view to the northwest; B) view to the

northeast. The boundary between the studied unit (E"2) and the adjacent units is indicated in the images.
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Figure 3. Photomicrographs of the Paleogene volcanic rocks of Rudbar. A) Plagioclase phenocrysts with zoning
and biotite in the microlithic matrix (in XPL); B) Porphyry felsic texture with biotite and plagioclase phenocrysts
(in XPL); C) Hornblende phenocrysts with opacity margin (in PPL); D) Quartz phenocryst with corrosion gulf and
porphyrofelsitic texture (in XPL).
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Table 2. General characteristics of adakitic rocks (Castillo, 2006).

Average in the
studied samples

Possible correlation with the melting of the subducted slab

Properties

64.14 wt%

15.47 wt%

1.93 wt%

1347 ppm

They do not have Eu
anomalies

12.8 ppm
103.79 ppm

1.55 ppm

Low

High-pressure melting of eclogite or garnet-amphibolite.
For SiO; about 70% high-pressure melting of eclogite or amphibolite.
If the melt is primary and the Ni and Cr values are low, it indicates that
they did not originate from the peridotite mantle.

Melting of plagioclase or its absence in the melting residue.

Melting residues with small amounts of plagioclase or basalt depleted
from Eu.

Garnet (or to a lesser extent hornblende or clinopyroxene) in the
molten residue or as a liquid phase (liquidus).

More than the values created by fractional crystallization.

Low HREE indicates the presence of garnet in the molten residue or
the liquidus phase.

Like many arcs, it indicates the presence of a Ti phase or amphibole
phase at the source.

With high "*Nd/"**Nd and Low *°Pb/"*'Pb, K/La, Rb/La, and Ba/La
which, if not contaminated, are similar to the mid-ocean ridge basalt.

High SiO,>56%wt
High AL O,
>15wt%

Low MgO <3%
wt%

High Sr >300 ppm

There was no Eu
anomaly

Low 15 ppm Y<
High Sr/Y>20 ppm
Low Yb<19 ppm

Low HFSEs (Nb,
Ta)

Low 87Sr/%Sr<
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Figure 8. Composition of the Paleogene volcanic rocks of Rudbar on A) Y versus Sr/Y diagram (Defant and
Drummond, 1990); B) Chondrite-normalized Yby versus Lan/Ybn diagram (Nakamura, 1974) for discrimination
of normal calc-alkaline rocks from adakites (Martin, 1999) and the melting curves of amphibolite and eclogite

(Wang et al., 2002).
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Figure 9. Discrimination diagrams of high-silica adakites (HSA) and low-silica adakites (LSA) (Martin et al., 2005).
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Figure 11. Composition of the Paleogene volcanic rocks of Rudbar on A) Th versus Th/Ce (Guo et al., 2007); B)
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Figure 12. A proposed schematic tectonomagmatic model for the formation of the adakitic rocks in the studied
area (Based on the proposed model of Eyuboglu et al. (2018)).
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