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The intrusive body in the south of Vineh, located in the north of Karaj
city, is one of the several late Eocene plutons that intruded into the
volcano-sedimentary Karaj Formation in the south of Central Alborz.
This intrusive body comprises monzogabbro, monzodiorite, monzonite,
and syenite with an alkaline shoshonitic nature and geochemically is
cogenetic, evolved through fractional crystallization. The rocks are
medium to coarse-grained with a dominant hypidiomorphic granular
texture and consist of plagioclase, olivine, clinopyroxene, amphibole,
orthoclase, and quartz. Titanite, apatite, biotite, and opaque occur as
accessory minerals, whereas, epidote, chlorite, calcite, and iddingsite as
secondary minerals. Geochemical data such as LREE enrichment
relative to HREE, Pb positive anomaly, and depletion of Nb, Ta, Zr, Ti,
as well as major, minor, and trace element data indicate that primary
magma of these rocks formed in an active continental margin under the
influence of Neo-Thetys subduction components beneath Central
Iranian microplate. Alternatively, based on tectonic discrimination
diagrams, the study of plutonic rocks is mainly attributed to the post-
collision tectonic regime. Therefore, it seems that the magma originated
from a low degree of partial melting (3 to 5 percent) of phlogopite-spinel
peridotite source at a depth of about 60 to 65 km in an extensional back-
arc basin as a result of slab rollback in the late Eocene, following the
subduction of Neo-Thetys in Central Iran. The generated melt during the
ascent underwent assimilation and fractional crystallization in lower
depth magma chamber.
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EXTENDED ABSTRACT

Introduction

The intrusive body in the south of Vineh, located in
the north of Karaj city, is one of the several Late
Eocene bodies that intruded into the volcano-
sedimentary Karaj Formation in the south of Central
Alborz zone. The evolution of the Cenozoic Alborz
Magmatic Arc Belt (AMAB) is regarded as the back
arc of the Urumieh-Dokhtar Magmatic Belt (UDMB)
which is related to the Neo-Tethys subduction and
the continental collision between the Arabian and
Eurasian plates (e.g., Asiabanha and Foden, 2012;
Maghdour-Mashhour et al., 2015; Sepidbar et al.,
2021). One of the most considerable episodes of
magmatism in Iran was an extensive flare-up
magmatism that developed principally in the UDMB
and the AMAB throughout the Eocene-Oligocene
(Berberian and King, 1981; Verdel et al., 2011;
Asiabanha and Foden, 2012). This magmatism is
distinguished by intermediate rock compositions
from calc-alkaline to shoshonitic nature occurring in
an extensional arc setting (Verdel et al., 2011; Agard
et al., 2011; Shafaii Moghadam et al., 2018). In
Central Alborz, several Late Eocene intrusive bodies
intruded Karaj Formation such as Mobarakabad
gabbro, Lavasan syenite, Shekarnab monzonite, and
Karaj Dam basement gabbro to monzonite sill. In the
south of Karaj Dam basement sill in Vineh village
area, an outcrop of monzogabbro to syenite sill
hosted by the Karaj Formation is investigated to
clarify the petrological and geochemical
characteristics. To achieve this purpose, field
relationships, rock textures, and chemical analyses
for different rock types are presented. The data and
the findings of previous studies (e.g., Asiabanha and
Foden, 2012; Maghdour-Mashhour et al., 2015;
Sepidbar et al., 2021) are subsequently employed to
infer the type of the geodynamic regime of the
Alborz throughout the Cenozoic.

Regional geology

The study area is located in the north of Karaj city
between the northern geographical latitude of 35° 51"
02" and 35° 54" 10", eastern longitude of 51° 00" 23"
and 51° 03" 17", and geologically in southern-central
Alborz structural zone (Figure 1). The dominant rock
types in the area consist of basic lavas, tuffs, and
clastic rocks accumulated from the Middle to Late
Eocene, creating 3 to 5 km thick Karaj Formation in

Central Alborz (Dedual, 1967). The Karaj Formation
in the study area was intruded by Vineh sill that
seems to be coeval with the Karaj Dam basement sill
during Late Eocene-Early Oligocene (Maghdour-
Mashhour et al., 2015). The contact of the intrusion
with country rocks is sharp in the field.

Method

Thirty rock specimens from different outcrops were
collected from Vineh sill. Subsequently, based on
field evidence and thin section petrography, 8
specimens were selected and analyzed by ICP-OES
(major elements) and ICP-MS (trace elements)
techniques at Zarazma Company. The accuracy of
measurements was within 5% for major and 10%-
15% for trace elements. Table 1 shows the results of
chemical analyses.

Results

Vineh intrusive rocks with mainly hypidiomorphic
texture are composed essentially of plagioclase,
clinopyroxene, and olivine as well as minor
amphibole, biotite, and K-feldspar. In monzonite and
syenite, amphibole, biotite, and K-feldspar are
dominant in addition to plagioclase and
clinopyroxene. Chlorite, calcite, epidote, and
iddingsite are secondary minerals, whereas apatite,
titanite, zircon, and opaque are minor. The rocks are
porphyritic at the margin and have medium to coarse-
grained equigranular texture in the center of the sill.
The geochemistry of eight specimens plotted on the
rock classification diagram of Middlemost (1994)
shows monzodiorite, monzonite, and syenite (Figure
5A), and on the normative diagram of Streckeisen
and LeMaitre (1979), monzogabbro, monzodiorite,
monzonite, syenite, and alkali feldspar syenite
(Figure 5B). This intrusive body with an alkaline
shoshonitic affinity is geochemically cogenetic and
evolved through fractional crystallization.

Discussion

Geochemical data show that the rocks are alkaline
and shoshonitic in nature and the chondrite-
normalized REEs diagram, exhibits LREE
enrichment relative to HREEs. In the primitive
mantle-normalized multi-element diagram (Sun and
McDonough, 1989), the patterns of rocks show
enrichment of LILE (e.g., Ba and Rb), Pb positive
anomaly, and depletion of HFSE (Nb, Ta, Ti, Zr), the
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outstanding characteristics of subduction-related
magmatism. It seems that the magma originated from
a low-degree partial melting (3 to 5 percent) of a
phlogopite spinel-lherzolite mantle at a depth of 60
to 65 km in an extensional back-arc basin due to slab
rollback following the subduction of Neo-Thetys
beneath Central Iran. In other words, the parent
magma formed as a result of fluids and sediments
derived from the Neo-Tethys oceanic crust caused
metasomatism of subcontinental lithospheric mantle
followed by extension-related decompression
melting of phlogopite spinel-lherzolite mantle by the

heat supplied by rising of the asthenosphere. The
generated melt during the ascent underwent
assimilation and fractional crystallization in lower
depth magma chambers.
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Fig. 1. Geological map of Vineh area, modified from the 1:100,000 geological map of Tehran (Amini and Emami, 1993)
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Fig. 2. The view of the border of intrusive body of Vineh and the thick tuff layers of the Karaj Formation (view towards

the southeast)
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Table 1. The results of chemical analysis of the intrusive rocks of Vineh, major oxide elements are in weight percent,
trace and rare earth elements in ppm. The rock name is based on Middlemost (1994). Mz Di: monzodiorite, Mz:
monzonite, Sy: syenite

Sample PU-1 PU-10 PU-14 V-16 V-17 PU-16 V-14 V-18

Rock MzDi MzDi MzDi MzDi MzDi Mz Mz Sy
SiOz2 52.11 51.92 52.2 53.8 53.72 56.07 57.56 63.69
TiO2 1.00 0.98 1.04 1.09 1.01 1.30 1.09 0.83

Al2Os 17.91 17.88 18.57 17.99 18.25 16.38 16.75 15.78
Fe20s 3.08 2.98 2.94 2.86 2.75 3.18 2.38 2.04

FeO 5.14 4.97 4.91 4.77 4.59 4.29 3.21 2.76
MnO 0.20 0.17 0.17 0.17 0.17 0.13 0.16 0.12
MgO 3.78 4.10 3.39 2.86 2.84 2.18 1.66 0.88
CaO 6.81 7.62 6.92 7.38 7.42 4,54 5.14 191
Na20 3.54 3.44 3.38 3.37 3.52 4.84 3.6 493
K20 3.05 2.61 3.24 3.11 3.07 4.28 5.98 5.89
P20s 0.50 0.47 0.59 0.61 0.55 0.73 0.67 0.22
LOL 2.15 2.14 1.94 1.3 1.42 1.5 1.31 0.54
Total 99.26 99.28 99.29 99.31 99.30 99.42 99.51 99.59
Sc 19.6 213 18.7 18.3 18.6 19 17.2 12.8
\% 191 206 184 177 179 173 115 34
Cr 64 78 49 39 38 33 26 24
Co 26.8 28.6 22.9 21.5 21.7 17.3 11.5 7.5
Ni 26 29 20 14 15 7.0 6.0 3.0
Rb 63 51 61 58 55 81 137 117
Sr 759 831 791 747 814 712 651 547
Y 25.2 25 27.3 29.2 29.3 38.6 41.2 40.6
Zr 67 51 18 69 79 44 42 29
Nb 14.6 17.1 17.3 215 185 16.9 24.7 30.7
Ta 0.82 0.91 1.01 0.94 0.99 0.86 1.06 1.02
Cs 1.3 1.1 1.1 1.1 1.1 0.7 1.1 0.9
Ba 759 682 786 705 996 867 1196 1043
Hf 2.22 1.93 1.38 2.26 2.43 1.83 1.82 1.83
Pb 14 18 23 17 48 13 36 36
La 25 25 27 29 29 39 39 42
Ce 47 45 47 54 55 71 77 75
Pr 5.5 5.19 5.88 6.48 6.38 8.18 9.25 8.61
Nd 22.8 21.7 24.5 26.2 26.2 34.2 37.7 329
Sm 4.79 4.45 4.97 5.25 5.2 7.0 7.5 6.48
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Table 1 (Continued). The results of chemical analysis of the intrusive rocks of Vineh, major oxide elements are in weight
percent, trace and rare earth elements in ppm. The rock name is based on Middlemost (1994). Mz Di: monzodiorite, Mz:

monzonite, Sy: syenite

Sample PU-1 PU-10 PU-14  V-16 V-17 PU-16 V-14  V-18
Rock Mz Di Mz Di Mz Di Mz Di Mz Di Mz Mz Sy
Be 1.8 1.9 1.6 2.0 2.0 2.6 2.9 3.7
Th 451 411 3.56 4.73 4.69 5.35 6.04 8.89
U 1.2 1.0 1.08 1.3 15 1.2 14 2.15
Eu 1.47 1.44 1.53 1.61 1.61 1.86 1.95 1.73
Gd 4.49 4.25 4.66 493 4.86 6.51 6.87 5.94
Th 0.72 0.67 0.73 0.81 0.77 0.99 1.07 0.97
Dy 3.73 3.7 3.98 4.17 4.04 5.49 5.95 5.58
Er 2.46 2.35 2.61 2.66 2.62 3.33 3.72 3.55
Tm 0.33 0.31 0.35 0.36 0.35 0.44 0.5 0.5
Yb 2.8 2.6 2.9 25 2.2 3.1 3.2 2.86
Lu 0.34 0.32 0.34 0.36 0.34 0.44 0.5 0.5

@\:uuﬁ@j)!jfammaqu&aTS&l;dT

Middlemost, ) ¢ sadds i, as b b a5 93 2T

s o (1989

CIPW(J‘}: &))Ma.k_:vwbmséf&hdsgkui‘jdjjﬁl
)‘ o a-LAT S d @ CLL'IJ el 0l 03l3OLES Y djv\?' )-’}:;

GCDK:it sl le s 3l esliul b p5Y S-S o plosl

,‘t.,u.x_.:u:)'bjf,‘}:w‘rﬂéu,b}gr_ﬂ“Excel ¢

C,.:.:.wsy 4;1-’);!}# ‘Mz LCA_)}.::}J‘J}A ‘Mz Di Ry ‘_;b).a.y 03}7 ‘_gLAm}.uCIPW r)j; wl:u @b Y J’u\?
Table 2. Results of the CIPW norm calculation for the intrusive rocks of Vineh. Mz Di: monzodiorite, Mz: monzonite,

Sy: syenite

Sample PU-1 PU-10 PU-14 V-16 V-17 PU-16 V-14 V-18

Rock MzDi MzDi MzDi MzDi MzDi Mz Mz Sy
quartz 0.00 0.00 0.00 1.77 1.04 0.00 1.56 5.39
orthoclase 1845 1579 1956 1865 1844 2570 3585 3641
albite 30.66 29.79 2921 2893 30.27 4162 3090 41.98
anorthite 2453 2624 2648 2513 2533 1049 12.05 3.55
apatite 1.28 1.20 1.50 1.54 1.39 1.86 1.70 0.56
ilmenite 1.94 1.91 2.02 2.10 1.95 2.51 2.10 1.59
magnetite 2.17 2.12 2.09 2.04 1.96 2.04 1.55 1.30
diopside 5.55 7.68 3.85 6.64 7.01 6.32 7.84 3.86
hypersthene 9.23 10.62 1131 1260 12.15 5.07 6.05 5.36
olivine 5.51 4.03 3.36 0.00 0.00 3.85 0.00 0.00
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Fig. 4. Micrographs of the intrusive rocks of Vineh (in XPL). A: Zoning of plagioclase crystal in monzogabbro, B:
Twinned clinopyroxene euhedral crystal in monzogabbro, C: Zoning in clinopyroxene crystal in monzodiorite, D:
Granophyric texture with amphibole crystal in syenite, E: Granular hypidiomorph texture with plagioclase, altered oliving,
and clinopyroxene in monzogabbro, F: Biotite crystal altered to chlorite, acicular inclusions of apatite in microgabbro.
Abbreviations after Whitney and Evans (2010) (Cpx: clinopyroxene, Qz: quartz, Amp: amphibole, Bt: biotite, Ap: apatite,
Ol: olivine).
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(Peccerillo and Taylor, 1976) s s >

Fig. 5. A: The plot of Vineh intrusive samples in rock classification of Middlemost (1994), B: in [Q’ (F') —ANOR]
normative classification of (Streckeisen and LeMaitre, 1979), Y-axis indicates the rate of silica saturation
[Q=Q/(Q+Or+Ab+An)] and the sum of feldspatoid [F=(Ne+Lc+Kp)/(Ne+Lc+Kp+Or+An+Ab)] and the X axis shows the
composition of feldspar [ANOR= 100*An/Or+An]. The nature of study rocks, C: in the diagram of Winchester and Floyd,

(1977), and D: and in the diagram of Peccerillo and Taylor (1976)
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Fig. 6. A: Chondrite-normalized REE patterns (Boynton, 1984), and B: and normalized primitive mantle multi-element
diagram (Sun and McDonough, 1989) for the samples from Vineh intrusive body
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Fig. 7. The plot of study samples of Vineh intrusive body in the tectonic discrimination diagrams. A: Based on Nb/Th
ratio versus Y (Jenner etal., 1991) Y), B: Zr versus Y (Muller and Groves, 1997). The plot of the basic samples of Vineh
in the tectonic discrimination diagrams, C: Ternary diagram of Th-Hf/3-Ta (Wood, 1980), and D: Y versus La/Nb diagram

(Floyd et al., 1991)
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Fig. 8. A: The variation of rare earth element ratios in the rocks of Vineh in the Sm/Yb versus La/Sm diagram. The mantle
array in this figure (thick line) is characterized by the combination of the depleted mantle (DM) (McKenzie and O'Nions,
1991) and primitive mantle (PM) (Sun and McDonough, 1989). Partial melting curves are shown for spinel Iherzolite and
garnet lherzolite sources with depleted mantle compositions of oblique type and primary mantle (Aldanmaz et al., 2000).
In addition, lines and numbers on the melting curves indicate the degree of partial melting for a mantle source. In addition,
this diagram shows the composition of N-MORB and E-MORB (Sun and McDonough, 1989), and B: Generation of the
parent magma is presented from the lherzolitic spinel mantle at the depths of 60-65 km, based on the modeling of La
Fleche et al. (1998). The boundary between the garnet and spinel ranges corresponds to a depth of 65 km.
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