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The Mobarakabad-Lavasan-Karaj magmatic complex, located in the
Central Alborz Magmatic Belt, comprises intrusive bodies of
monzogabbro, monzonite, and syenite compositions. Geochemical
studies reveal that these rocks exhibit high-K calc-alkaline to
shoshonitic affinities. This study investigates the origin and evolution of
these K-rich calc-alkaline to shoshonitic magmas using petrography,
whole-rock geochemistry, and Sr-Nd isotopes. Key findings include:
Enrichment in LREEs and LILEs (La/Sm)n=2.3-3.2] with pronounced
negative ~ Nb-Ta  anomalies.  Initial  isotopic  ratios  of
(®7Sr/*Sr)i=0.70453-0.70535 and eNd (i) = +0.46 to +1.7. Nd model
ages (TDM) range from 0.5 to 0.8 billion years. Geochemical modeling
(Sm/Yb vs. La/Sm ratios) and isotopic signatures indicate that the
primary magmas formed through 1-3% partial melting of a
metasomatized lithospheric mantle source (phlogopite-bearing spinel
peridotite). This metasomatism was triggered by fluids derived from a
subducted slab or sediments. Whole-rock chemical and isotopic data
further demonstrate that the intrusive magmas evolved via crystal
fractionation of the mantle-derived melt, coupled with minor crustal
assimilation, within an extensional basin. This extensional setting
developed due to slab rollback during the Iran-Arabia continental
collision.
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EXTENDED ABSTRACT

Introduction

The Alpine-Himalayan orogenic belt resulted from
the collision of the Arabian plate with Eurasia since
the Tertiary, hosts two major magmatic belts in Iran
(Berberian and King, 1981; Berberian, 1983): the
Sanandaj-Sirjan belt (Jurassic-Cretaceous) (Stocklin,
1974; Azizi et al., 2011; Azizi et al., 2014) and the
Urmia-Dokhtar complex (Paleogene-Neogene). The
Alborz Magmatic Belt (AMB), as the northern part
of the Urmia-Dokhtar complex, is a key feature for
understanding Cenozoic geodynamic processes in
the region (Alavi, 1994) (Fig. 1A-B). The main
magmatic event in the AMB occurred during the
Eocene-Oligocene, involving extensive eruptions
and intrusions of calc-alkaline to potassic bodies.
Although the overall post-collisional tectonic setting
is generally interpreted, the precise mechanisms of
magma generation (especially for shoshonitic
suites), the role of prior subduction, and the
dynamics of the underlying mantle require targeted
geochemical and  isotopic  studies.  The
Mobarakabad-Lavasan-Karaj magmatic complex,
located in the central part of the AMB, is an ideal
target for such research (Fig. 1B-C). This complex is
representative of Middle-Late Eocene potassic
magmatism (“°Ar/*°Ar biotite age: 37.2 + 0.8 Ma). It
also features continuous, well-exposed outcrops with
minimal alteration and displays a complete sequence
of mafic to intermediate rocks (monzogabbro,
monzonite, syenite). This study presents, for the first
time, a comprehensive petrological, whole-rock
geochemical, and Sr-Nd isotopic dataset for the rocks
of the Mobarakabad-Lavasan-Karaj magmatic
complex with the objectives of (1) determining the
initial magma origin of the primary magma and the
role of mantle metasomatism, (2) identifying the
magmatic processes controlling evolution (e.g.,
fractional crystallization, crustal assimilation), and
(3) constrainthe  precise  tectonomagmatic
environment of formation. The complex is key to
understanding regional Alborz geodynamics and
follows a nearly complete sequence of high-
potassium rocks (Sepidbar et al., 2019). These rocks
record the prolonged magmatism history of the
Alborz magmatic belt from the Late Cretaceous
(Axen et al., 2001) to the Late Miocene (Guest et al.,
2006a; Guest et al., 2006b). Here, we also report

new zircon U-Pb results of the studied igneous rocks
to study the age of magmatism in the Mobarakabad-
Lavasan-Karaj magmatic complex. These results are
used to refine the geodynamic model
for magmatism associated with the Eocene Alborz
collision.

Results

Whole Rock Chemistry

Nine samples from intrusive rocks of the
Mobarakabad-Lavasan-Karaj magmatic complex
were analyzed for major and trace element
compositions, and the results are presented in Table
1. According to the diagram presented by
Middlemost (1994), samples from Mobarakabad are
plotted in the gabbro-monzogabbro field, those from
Lavasan in the monzonite and syenite field, and those
from Karaj in the monzogabbro and syenite fields
(Fig. 3A), consistent with field and petrographic
observations. Based on the aluminum saturation
index (Shand index), the molar ratio
ALOs3/(CaO+Na20+K:0) for the samples ranges
from approximately 0.9 to 1.0, classifying them as
metaluminous (Fig. 3B). Furthermore, on the Th-Co
diagram (Hastie et al., 2007). the samples define
a high-K calc-alkaline to shoshonitic trend. Trace
element and rare earth element (REE) patterns for the
complex, normalized to N-MORB and chondrite
(Sun and McDonough, 1989 are shown in Figures 4A
and 4B, respectively. Gabbros, monzogabbros,
syenites, and monzonites exhibit parallel
geochemical trends, indicating a likely genetic
relationship. These rocks are characterized by
enrichment in large ion lithophile elements (LILES:
Rb, Th, Ba) and light rare earth elements (LREES),
with (La/Sm)n values of 2.3-3.2. They also display
significant negative anomalies in high field strength
elements (HFSEs) and relatively flat heavy REE
(HREE) patterns, as indicated by (Gd/Yb)n values of
1.8-2.2. Most samples show a weak negative to
positive Eu anomaly (Eu/Eu* = 0.8-1.1).

Geochronology

Lavasan Monzonite Sample (LA-6)

Zircons from the Lavasan intrusive massif yield a
weighted average 206Ph/238U age of 40.9 + 1.1 Ma
= 1.5 MSWD (Fig. 5A). Zircons which are slightly
older than ages of 42-45 Ma, representing an older
constituent that formed.
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Mubarakabad Monzogabbro Sample (MA-2)

Sixteen zircon grains from the Mubarakabad
Monzogabbro show a weighted average age of
206Pb/238U of 40.4 + 0.2 Ma (MSWD = 1.2) (Fig.
5B). Older zircons are also present and are
interpreted as primary components in a long-lived
magmatic chamber (206Pb/238U age of 45-46 Ma).

Karaj Monzogabbro Sample (K-10)

Zircon grains from the Karaj Monzogabbro show a
younger weighted mean age of 206Pb/238U of 37.8
+ 0.2 Ma (MSWD = 0.8) (Fig. 5B)

Zircon Hf Isotope

Zircons from the Mobarakabad and Kargj
monzogabbros  (samples MA-2 and K-10,
respectively) display eHf(t) values ranging from
+4.2 to +9.8 (Table 3). The two-stage model
(TDMC) age for the monzogabbro zircons using a
176Lu/177Hf value of 0.015 (Griffin et al., 2004)
indicates young ages (480-850 Ma), confirming the
young nature of the monzogabbro magmas. The
monzonites (sample LA-6) are characterixed by
zircon grains with somewhat lower ¢Hf(i) values
(+1.8 to +8.7 and older TDMC between 580 and
1000 Ma).

Sr—Nd isotope geochemistry

The initial ratios normalized to 40 million years of
age are ISr (40 Ma) and eNd (40 Ma) values in the
narrow range of 0.70492-0.70648 and +1.7-0.46.
The single-stage depleted mantle model age for the
Nd samples ranges from 0.5 to 0.7 billion years.
Petrogenetic  modeling indicates the  primary
magmas originated from 1-3% partial melting of a

phlogopite-bearing  spinel  peridotite in the
lithospheric mantle, which had been metasomatized
by slab-derived fluids (as evidenced by low Ba/Rb
and high Rb/Sr ratios). Subsequent evolution was
controlled primarily by fractional crystallization of
clinopyroxene + plagioclase, accompanied by minor
crustal assimilation.

Tectonic Implications

The tectonomagmatic setting is interpreted as an
extensional back-arc basin, generated by Neo-
Tethyan slab rollback contemporaneous with the
Arabia-Eurasia collision. This syn-collisional
extension induced adiabatic decompression melting
of the metasomatized lithospheric mantle. This
model is consistent with the diagnostic geochemical
signatures of the rocks, which plot within the field of
post-collisional shoshonitic suites on tectonic
discrimination diagrams (e.g., Th/Yb vs. Ta/Yb).

Conclusions

The MLK complex originated from a fluid-
metasomatized  lithospheric  mantle  source
during Middle-Late Eocene NW-SE extension in the
Alborz. The mechanism involved slab rollback and
associated lithospheric thinning, which enabled
decompression melting of phlogopite-bearing spinel
peridotite. Fractional crystallization, with only minor
crustal assimilation, was the dominant process
controlling compositional  diversity. This study
underscores the role of syn-collisional extension in
generating  high-K  magmas in the Iranian
Plateau and refines geodynamic models for
the broader Tethyan domain.
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Fig. 2. Field and photomicrographs of the Mobarak-Abad-Lavasan-Karaj magmatic complex igneous rocks. A: Lavasan
syenite in the contact with pyroclastic rocks, B: Lavasan monzonitic rocks with coarse grained sized, C: Karj monzonitic
sill intruded within the pyroclastic rocks, D: The occurrences of K-feldspar, Na-plagioclase, biotite and amphibole in
Lavasan syenite, E: The occurrences of plagioclase, K-feldspar, amphibole and biotite in Lavasan monzonite, and F: The
occurences of plagioclase and pyroxene in karaj monzogabbro. Abbreviation after Whitney and Evans (2010) (Afs: alkali
feldspar, Bt: biotite, Cpx: clinopyroxene, Hbl: hornblende, Pl:plagioclase).
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Table 1. Whole rock chemical analysis results of representive samples of the Mobarak Abad-Lavasan-Karaj

Sa,\’ﬂf'e MA-2-1 MA-2-2 LA-3 LAS LA-6 K-7 K-8 K-9 K-10
Lithology M.gabbro M.gabbro Monzonite ~ Syenite  Monzonite  Syenite  M.gabbro  Monzonite  M.gabbro
Location  Mobarakabad Mobarakabad Lavasan Lavasan Lavasan Karaj Karaj Karaj Karaj
SiO2 50.22 53.03 58.96 60.96 56.98 63.93 51.60 59.61 50.50
TiO2 0.87 0.96 0.79 0.83 0.69 0.82 0.83 0.81 1.10
Al20s 17.29 17.21 16.60 17.82 16.97 16.96 20.84 17.60 17.49
TFe203 9.08 9.43 4.45 2.14 4.01 2.36 6.84 6.10 9.44
MnO 0.15 0.21 0.05 0.03 0.09 0.02 0.12 0.21 0.17
MgO 5.29 5.30 5.17 3.24 6.19 2.08 2.60 0.71 451
CaO 10.09 9.01 3.92 3.60 4.63 2.45 8.86 2.44 7.21
Na20 2.50 3.12 6.30 8.53 6.70 9.00 3.51 6.23 3.60
K20 2.85 151 2.13 0.58 0.60 0.47 2.67 5.24 2.89
P20s 0.30 0.31 0.28 0.12 0.28 0.26 0.39 0.20 0.41
LOI 15 0.20 1.20 1.70 1.90 0.50 1.30 0.80 2.40
Total 99.98 100.65 99.77 99.55 98.98 98.85 99.53 99.92 99.71
Sc 35.20 30.81 17.50 1251 19.12 9.45 15.49 5.23 26.32
\Y 273 200 138 81.1 125 101 151 7.53 228
Cr 88.59 85.09 261.0 77.49 278.00 62.29 16.29 0.42 52.19
Co 36.29 35.09 23.31 20.69 20.69 15.39 21.11 11.49 31.01
Ni 38.39 30.21 55.00 54.29 89.00 24.89 11.21 0.54 25.79
Zn 83.11 90.09 22.29 30.89 48.69 7.58 59.29 162.00 83.51
Ga 17.21 17.39 16.91 17.59 17.29 18.91 1951 29.91 16.31
Ge 1.34 0.99 1.43 1.34 1.53 1.21 1.25 1.79 1.12
Rb 64.80 44.60 33.90 8.33 16.00 8.95 71.10 78.70 86.40
Sr 603.00 619.00 475.00 233.00 553.00 162.00 885.00 344.00 629.00
Y 20.01 2211 26.01 25.01 25.49 20.39 21.31 39.29 24.31
Zr 82.40 67.10 127.00 171.00 133.00 195.00 88.90 686.00 98.60
Nb 6.74 6.91 10.81 16.11 7.72 13.29 7.05 67.89 9.59
Mo 0.48 0.52 0.09 0.12 0.09 0.24 0.84 2.32 0.93
Cs 0.15 0.19 0.21 0.06 0.18 0.07 0.94 4.37 1.12
Ba 555.00 522.00 470.00 182.0 200.00 54.00 640.00 677.00 739.00
Hf 2.01 1.69
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Table 1 (Continued). Whole rock chemical analysis results of representive samples of the Mobarak Abad-Lavasan-Karaj

Sal\r;:f'e MA-2-1 MA-2-2 LA-3 LA-5 LA6 K-7 K-8 K-9 K-10
Lithology M.gabbro M.gabbro Monzonite  Syenite  Monzonite  Syenite  M.gabbro  Monzonite  M.gabbro
Location = Mobarakabad Mobarakabad Lavasan Lavasan Lavasan Karaj Karaj Karaj Karaj
U 1.15 1.21 0.43 2.28 0.91 2.49 1.08 2.93 1.08
Th 3.44 3.09 4.02 5.81 4.55 8.52 3.61 9.58 3.83
La 18.01 16.51 19.69 23.49 24.29 28.11 17.69 60.59 19.89
Ce 35.40 39.20 41.30 59.70 49.70 58.60 36.10 124.00 41.10
Pr 4.41 4.59 5.23 7.69 6.05 6.71 4.63 13.39 5.29
Nd 18.09 19.31 21.11 29.09 24.01 2451 19.61 48.89 22.29
Sm 4.06 4.25 451 5.15 4.79 431 4.28 9.17 4.94
Eu 1.28 1.36 1.09 1.91 1.48 1.73 1.38 2.82 1.29
Gd 4.05 3.95 4.39 441 4.57 3.74 4.15 7.81 478
Th 0.62 0.59 0.72 0.71 0.73 0.58 0.64 1.26 0.74
Dy 3.56 3.22 4.29 4.23 4.28 3.35 3.64 7.05 4.23
Ho 0.71 0.74 0.89 0.88 0.88 0.69 0.74 1.37 0.85
Er 1.92 2.02 2.53 2.57 2.51 1.99 2.05 3.79 2.35
Tm 0.29 0.26 0.39 0.41 0.39 0.31 0.31 0.57 0.35
Yb 1.79 181 251 2.68 2.53 2.05 1.96 3.55 221
Lu 0.28 0.31 0.39 0.41 0.39 0.33 0.29 0.53 0.33
Ta 0.39 0.36 0.57 0.78 0.46 0.89 0.41 3.48 0.52
Tl 0.26 0.31 0.07 0.02 0.04 0.02 0.19 0.75 0.19
Pb 5.91 6.90 2.22 18.20 2.27 0.89 1151 37.49 5.88
Nb/La 0.37 0.42 0.55 0.69 0.32 0.47 0.40 112 0.48
Rb/Sr 0.11 0.07 0.07 0.04 0.03 0.06 0.08 0.23 0.14
Sm/Yb 2.27 2.35 1.80 1.92 1.89 2.10 2.18 2.58 2.24
La/Nb 2.67 2.39 1.82 1.46 3.15 2.12 251 0.89 2.07
La/Ta 46.18 45.86 34.54 30.12 52.80 31.58 43.15 17.41 38.25
BA/La 30.8 31.6 23.9 7.7 8.2 1.9 36.2 11.2 37.2
Ba/Th 161.3 168.9 116.9 313 44.0 6.3 177.3 70.7 193.0
Pb/U 51 5.7 5.2 8.0 25 0.4 10.7 12.8 54
Sr/Th 175.3 200.3 118.2 40.1 1215 19.0 245.2 35.9 164.2
Th/Nd 0.19 0.16 0.19 0.20 0.19 0.35 0.18 0.20 0.17
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Fig. 3. Plots of intrusive rocks from Mobarak abad-lavasan-Karaj magmatic complex A: Na,O+K,0 vs SiO, (Middlemost,

1994), and B: Th vs Co (Hastie et al., 2007)
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Table 2. Zircon dating analysis results of the representive samples from the Mobarak Abad-Lavasan-Karaj

Corrected Ratio Age Ma

207Pb/206P 1RSD  207Pb/235 1RSD  206Pb/238  1RSD 207Pb/235 1S 206Pb/238 1S

b % U % U % u D u D

LA-6-01 0.0477 1.5 0.0451 3.4 0.0069 3.1 44.8 15 45.1 14
LA-6-03 0.0512 23 0.0447 2.8 0.0063 1.6 44.4 1.2 40.7 0.7
LA-6-04 0.0478 13 0.0413 24 0.0063 2.1 41.1 1.0 40.3 0.8
LA-6-06 0.0548 2.0 0.0442 24 0.0059 12 43.9 1.0 37.6 0.5
LA-6-07 0.0478 1.2 0.0414 1.9 0.0063 14 41.1 0.8 40.4 0.6
LA-6-08 0.0554 1.9 0.0456 24 0.0060 15 45.3 11 38.4 0.6
LA-6-09 0.0520 2.0 0.0427 2.2 0.0059 0.9 42.4 0.9 38.3 0.4
LA-6-11 0.0480 1.3 0.0427 2.2 0.0064 1.7 42.4 0.9 41.4 0.7
LA-6-12 0.0484 2.8 0.0431 33 0.0065 1.6 42.8 14 415 0.7
LA-6-13 0.0475 14 0.0412 1.9 0.0063 14 41.0 0.8 40.5 0.6
LA-6-14 0.0487 1.9 0.0423 24 0.0063 1.6 42.1 1.0 40.5 0.6
LA-6-18 0.0540 2.3 0.0485 25 0.0065 1.0 48.1 12 41.9 04
LA-6-20 0.0486 15 0.0412 2.0 0.0062 1.3 41.0 0.8 39.6 0.5
MA-2-03 0.0560 5.9 0.0523 6.2 0.0068 19 51.8 31 43.6 0.8
MA-2-04 0.0769 14.9 0.0726 154 0.0068 3.8 71.1 10 44.0 1.7
MA-2-05 0.0606 4.8 0.0519 4.9 0.0062 0.7 514 2.4 39.9 0.3
MA-2-06 0.0625 37 0.0541 3.9 0.0063 14 535 2.0 40.4 0.6
MA-2-07 0.0517 3.9 0.0471 4.1 0.0066 14 46.7 19 42.4 0.6
MA-2-08 0.0483 1.2 0.0423 2.1 0.0064 1.7 42.1 0.8 40.9 0.7
MA-2-10 0.0490 19 0.0426 21 0.0063 11 42.4 0.9 40.6 04
MA-2-11 0.0479 15 0.0413 21 0.0063 14 41.1 0.8 40.2 0.6
MA-2-13 0.0487 14 0.0429 21 0.0064 15 42.7 0.9 41.1 0.6
MA-2-14 0.0522 2.3 0.0445 2.8 0.0062 15 44.2 12 39.7 0.6
MA-2-15 0.0489 2.1 0.0438 2.6 0.0065 1.6 43.5 11 41.7 0.6
MA-2-16 0.0648 4.4 0.0579 4.8 0.0065 18 57.1 2.7 41.7 0.8
MA-2-17 0.0500 2.8 0.0442 3.2 0.0064 1.6 43.9 14 41.2 0.7
MA-2-18 0.0474 1.3 0.0405 15 0.0062 0.7 40.3 0.6 39.9 0.3
MA-2-19 0.0588 1.8 0.0488 21 0.0060 11 48.3 1.0 38.7 0.4

DOI: 10.22067/econg.2025.1154 ¥ osled AV oy55 VP F (ool owlis e

144


https://doi.org/10.22067/econg.2025.1154

e @S O TS e LSl SUaS (53585 loos 5 5593 5 amierirm (orbint

5 9 sk

C;—QL»\} —3LTES Hle (63 585 (sloos 5 o i bzl (glads gui P W e @Lﬂ I Jous ala!
Table 2 (Continued). Zircon dating analysis results of the representive samples from the Mobarak Abad-Lavasan-Karaj

Corrected Ratio Age Ma

207|F;tt))/206 1I§/§D 207PS/235 1F\;/§D 206PS/238 1I§/§D 207PS/235 15D 206Pl5)/238 15D
K10-01  0.0476 0.9 0.0380 2.3 0.0058 2.1 37.9 0.9 37.2 0.8
K10-02  0.0476 1.3 0.0379 2.4 0.0058 2.0 37.8 0.9 37.2 0.7
K10-03  0.0477 1.3 0.0389 2.3 0.0059 1.9 38.7 0.9 38.1 0.7
K10-04  0.0477 11 0.0390 2.0 0.0059 1.7 38.8 0.8 38.2 0.6
K10-05  0.0473 0.9 0.0383 21 0.0059 1.9 38.1 0.8 37.7 0.7
K10-06 0.0481 1.0 0.0395 2.2 0.0059 2.0 39.3 0.9 38.3 0.7
K10-07 0.0508 21 0.0420 2.9 0.0060 2.0 41.8 12 38.6 0.8
K10-08  0.0536 1.9 0.0433 25 0.0059 1.6 43.1 11 37.7 0.6
K10-09  0.0482 14 0.0383 2.0 0.0058 15 38.2 0.8 37.1 0.6
K10-10  0.0478 1.2 0.0379 2.3 0.0058 2.0 37.8 0.9 37.1 0.7
K10-11  0.0472 0.7 0.0380 1.8 0.0058 1.7 37.9 0.7 37.6 0.6
K10-12  0.0478 0.8 0.0378 1.7 0.0057 15 37.6 0.6 36.8 0.5
K10-13 0.0494 14 0.0374 18 0.0055 1.1 37.3 0.6 35.3 0.4
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Table 3. Zircon Hf isotopic analysis results of the representive samples from the Mobarak Abad-Lavasan-Karaj

176Yb/

(17OHf/

(HToHf/

(17OHf/

(ToHf/

Sample 1774¢ 7Hf)i T7Hf)L 7Hf)2 1713 ef(0) 20 en(t) 20 Tom
K10-01 0.072601 0.282913 0.282920 0.282924 0.282928 5.06 1.03 5.81 1.03 498
K10-02  0.134585 0.282952 0.282959 0.282963 0.282968 6.48 1.03 7.20 1.03 463
K10-03  0.146238 0.283026 0.283032 0.283036 0.283041 9.09 1.03 9.81 1.03 351
K10-04 0.126545 0.282935 0.282942 0.282946 0.282951 5.87 1.03 6.60 1.03 486
K10-05 0.090747 0.282979 0.282985 0.282989 0.282994 7.40 1.03 8.13 1.03 408
K10-06  0.088222 0.282939 0.282946 0.282950 0.282955 6.00 1.03 6.74 1.03 465
K10-07 0.134735 0.282995 0.283001 0.283005 0.283010 7.99 1.03 8.69 1.03 397
K10-08  0.094893 0.282950 0.282956 0.282960 0.282965 6.38 1.03 7.07 1.03 455
K10-09 0.116367 0.282974 0.282980 0.282984 0.282988 7.23 1.03 7.91 1.03 423
K10-10 0.118892 0.282957 0.282963 0.282966 0.282971 6.63 1.03 7.30 1.03 455
K10-11 0.219170 0.282928 0.282934 0.282938 0.282943 5.70 1.03 6.30 1.03 545
K10-12 0.140110 0.282974 0.282980 0.282984 0.282988 7.25 1.03 7.91 1.03 435
K10-13  0.156548 0.283011 0.283017 0.283021 0.283025 8.56 1.03 9.22 1.03 377
MA-2-01 0.224636 0.282917 0.282924 0.282929 0.282935 531 103 6.09 1.03 550
MA-2-02 0.347127 0.282902 0.282910 0.282914 0.282920 491 1.03 554 1.03 653
MA-2-03 0.136296 0.282974 0.282981 0.282986 0.282991 7.26 1.03 8.07 1.03 428
MA-2-04 0.335222 0.282946 0.282953 0.282958 0.282964 6.41 1.03 7.11 1.03 542
MA-2-05 0.056481 0.282896 0.282904 0.282908 0.282914 4.45 1.03 533 1.03 513
MA-2-06 0.155697 0.282918 0.282925 0.282929 0.282935 529 1.03 6.06 1.03 521
MA-2-07 0.246623 0.282927 0.282935 0.282939 0.282945 569 103 6.45 1.03 537
MA-2-08 0.094818 0.282861 0.282869 0.282874 0.282880 3.24 1.03 4.15 1.03 582
MA-2-09 0.331328 0.282974 0.282982 0.282986 0.282991 7.45 1.03 8.07 1.03 513
MA-2-10 0.213699 0.283021 0.283029 0.283033 0.283039 9.00 1.03 9.76 1.03 374
MA-2-11 0.126332 0.282924 0.282931 0.282935 0.282941 548 103 6.26 1.03 501
LA6-01 0.070961 0.282851 0.282858 0.282863 0.282868 2.87 1.03 3.72 1.03 589
LA6-02 0.157272 0.282856 0.282863 0.282867 0.282872 3.10 1.03 3.84 1.03 627
LA6-03 0.123669 0.282797 0.282805 0.282809 0.282815 1.01 1.03 1.83 1.03 696
LA6-04 0.202517 0.282879 0.282886 0.282891 0.282896 3.98 1.03 4.68 1.03 615
LA6-05 0.194169 0.282920 0.282927 0.282931 0.282936 5.40 1.03 6.08 1.03 543
LA6-06 0.222475 0.282988 0.282996 0.283000 0.283006 7.86 1.03 862 1.03 442
LA6-07 0.075719 0.282812 0.282819 0.282824 0.282829 149 1.03 233 1.03 649
LA6-08 0.206058 0.282912 0.282919 0.282924 0.282929 513 103 586 1.03 562
LA6-09 0.050520 0.282830 0.282837 0.282841 0.282847 2.10 1.03 294 1.03 610
LA6-10 0.103431 0.282864 0.282872 0.282876 0.282882 3.35 1.03 4.23 1.03 585
LA6-11  0.258387 0.282980 0.282988 0.282992 0.282998 7.62 1.03 8.29 1.03 474
LA6-12  0.121419 0.282836 0.282843 0.282848 0.282853 2.37 1.03 3.18 1.03 636
LA6-13 0.164365 0.282886 0.282893 0.282897 0.282902 4.17 1.03 489 1.03 584
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Fig. 6. A: eHf(t) versus eNd(t) diagram for the Mubarakabad-Lavasan-Karaj magmatic complex; MORB and OIB data
from Chauvel and Blichert-Toft (2001), and mantle array data from Vervoort and Blichert-Toft (1999), and B: 1+3Nd/*+Nd

versus #Sr/®Sr diagram for the rocks, compared with mantle components HIMU, EMI, EMII, DMM (Zindler and Hart,
1986; Hart et al., 1992), FOZO, ITEM, and CHUR (Bell et al., 2004), and Cadomian crust (Shafaii Moghadam et al.,
2015).
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Table 4. Whole rock Nd-Sr isotopic analysis results of representive samples of the Mobarak Abad-Lavasan-Karaj

sample Lithology ®Rb/®Sr S'Sr/BSr 147Sm/Nd “SNd/144Nd Sr/Sr(i) Nd/Nd() eNd EEA'Z;
MA-2 Monzogabbro 023432 0706449 010405 0512642 0.70632 051261 055 611
LA-6  Monzonite 024029 0706589  0.10451 0512638 0.70646 0.51261 046 619
LA Syenite 020022 0705031 008937 0512796 070492 0.51274 3.63 466
K-10 Mgabbro 036139 0705650 010421 0512702 0.70545 051267 172 534
K-8  Mgabbro 009561 0706534 0.12434 0512665 070648 0.51263 0.89 702

Th/U ThINd ¢ VU jslis glls edd S5 oLSL
s (Woodhead et al. 2001) 5 5 sl = Th/Sr s Th/Ba
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Fig. 7. A: Ba/La versus Th/Nd diagram illustrating the role of subducting slab-derived fluids in the genesis of igneous
rocks from the Mubarakabad-Lavasan-Karaj magmatic complex, B: Rb/Sr versus Ba/Rb diagram, indicating phlogopite

formation in the source region, and C: Sm/Yb versus La/Sm diagram used to determine the degree of partial melting in
the source region

DOI: 10.22067/econg.2025.1154 ¥ oples WV o3 VPP (oslasil ulis

WY


https://doi.org/10.22067/econg.2025.1154

C;*QL»-:‘}S *Jl}Té{)L‘ &L«flﬁ M&:}m 6\,&0:}5 f})ﬂ E) Ls»..ﬂu.u ‘k!“‘:‘:'df)

R 9 g

0.8
A Olivine fractionation
0.7F c
2
0.6F S
2 )
0.5 § NW Iran shoshonites
el &
Qos @ L 2
< o
g 0.3F [
0.2F | Ur””’femo
. ‘ Ukhfé?ﬂ'
- G/
0.1 Imag, ey
0.0 1 ] !
0 4
FeO/MgO
100
C \'\CBQ\‘
L a(“\agma
L o
10 oo
E SHO on® .’
g1l ¢
R || "
M ’ E-MORB @ SE
= n 0% EE
E 2500 e S8
E N-MORB e&"‘e‘, o e
f 30
o @
01 1 I\\I\Il 1 I\\I\Il 1 I\olll\
| A 1
TalYb

-
o

60 B
Plutonic rocks
B A Mobarak Abad
m Lavasan
B @ Karaj
% 10—
= L
1 i 1
40 50 60 70
Si02
40 D
N- $Aoc
Mediterranean shoshonites
r-]
=
S ;zs-
Mant 'Chm.
e
10 UNE™
TS
E-MORB
0 L 1 | | 1
0 5 10 15 20 25 30
La/Yb

LTS e LSl oSS (6558 oK ), SI02 blis 53 TH/YD (sla,ls o5 B FEO/MGO flis ;5 CaO/AI203 A A s
ZrIND sl 505D 5 Ta/Yh Jlas ;5 TH/YD sla,ls 505 :C e ol sty Jsb s AFC 3 FC slaus! 3 obs) sl C;—Ql_.u\)l
oL, o ptie 5101l oo dled Gl s sh S 5 {(Kirchenbaur and Minker, 2015) (glazs 8 Lice oUs, (o » LA/YD flas s

Cewl i § (Moghadam et al., 2017)

Fig. 8. A: CaO/Al,O3 versus FeO/MgO, B: Th/Yb versus SiO, diagrams for intrusive rocks of the Mobarakabad-Lavasan-
Karaj magmatic complex, used to trace FC and AFC processes during the genesis of these rocks, C: Th/Yb versus Ta/Yh,
and D: Zr/Nb versus La/Yh diagrams for tracing the mantle source of the metasomatized rocks, after Kirchenbaur and
Minker (2015). The composition of NW Iranian Shoshonites is from Moghadam et al. (2017).
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