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ARTICLE INFO ABSTRACT

In the east of Tehran and the south of the Central Alborz Subzone,

Avrticle Histor . . .
Y subvolcanic rocks are exposed as sills, dykes, and intercalated lavas

SE\CI?SIZSd 2(2) 2;‘;523%2025 within the Karaj Formation. The age of this complex is middle to upper
Accepted: 25 April 2026 Eocene and, based on petrographic and geochemical analyses, they have
a basaltic composition. The main minerals in all the investigated samples
are olivine, plagioclase, and clinopyroxene, set in a microcrystalline
matrix of similar minerals. Minerals resulting from alteration include
Keywords chlorite, sericite, calcite, epidote, and zeolite. Their textures are diverse
Dike and include intergranular, microlithic-porphyritic, intersertal, and
Sill ophitic to subophitic in subvolcanic rocks. The magmatic nature of the
Lava rocks is high-potassium calc-alkaline. All samples display similar rare-
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earth element (REE) patterns, supporting a genetic relationship, which
may reflect varying degrees of partial melting or fractional
crystallization from a common mantle source. Geochemical modeling
based on incompatible element concentrations indicates that ~30-40%
fractional crystallization of plagioclase, clinopyroxene, and olivine can
account for the observed compositions and suggests that the samples are
genetically related through this process. The multi-element spider
diagram normalized to the primitive mantle shows depletion of
immobile incompatible elements such as Nb, Ta, Zr, and Ti, as well as
enrichment of mobile incompatible elements, which are the main
characteristics of subduction zones. The Alborz is considered the back-
arc of the Urumieh-Dokhtar magmatic belt, developed during Paleogene
slab rollback of the Neo-Tethyan oceanic plate. The rocks originated
from a phlogopite-bearing spinel Iherzolite mantle source, with a minor
contribution from garnet lherzolite, at depths of ~90-100 km.
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EXTENDED ABSTRACT

Introduction

The extrusive igneous rocks, located in the east of
Tehran, are one of the several Middle to late Eocene
bodies intruded into the volcano-sedimentary Karaj
Formation in south of Central Alborz zone. The
evolution of the Cenozoic Alborz magmatic arc belt
is regarded as the back arc or rear arc of the Urumieh-
Dokhtar magmatic belt 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., 2019). One of the most
considerable episodes of the magmatism of Iran was
an extensive magmatic flare-up that occurred
principally in the UDMB and the AMAB during the
Paleogene (e.g., Verdel et al., 2011). This
magmatism is characterized by basic to intermediate
rock compositions from calc-alkaline to shoshonitic
affinity occurred in an extensional arc setting (\VVerdel
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 monzoite sill. In the
Bumehen and Rudehen areas outcrops of volcanic
rocks hosted by Karaj Formation is investigated to
clarify the petrological and geochemical
characteristics.

Materials and Methods

After field sampling and thin section preparation at
Kharazmi University, ten least-altered samples were
selected for geochemical analysis. Sample
preparation was carried out using the lithium borate
fusion method at Zarazma Mineral Studies
Company. Major elements were analyzed by ICP-
OES, and trace and rare earth elements were
determined by ICP-MS. LOI of the samples was
determined using electrical oven at about 1000 °C.
Iron oxidation ratios were determined by the method
of Middlemost (1989). The rock analysis results are
presented in Table 1.

Result

The studied rocks are divided into three main groups:
subvolcanic rocks, intercalated lavas of the Karaj
Formation, and younger post-Middle Eocene lavas.
All are dark gray to black and mainly consist of

plagioclase, olivine, and clinopyroxene with
microlitic-porphyritic and intergranular textures.
Some plagioclase crystals show sieve textures,
indicating magma mixing or rapid pressure decrease
(Fig. 3D) (Tsuchiyama, 1985; Nelson and Montana,
1992). Vesicles in the intercalated lavas are filled
with secondary minerals such as calcite and zeolite.
Geochemically, the samples are predominantly
basaltic (Fig. 4A). Their magmatic series, based on
the K.0-SiO. diagram, vary: the post-Middle
Eocene lavas are mainly high-K calc-alkaline, the
subvolcanic samples fall within both calc-alkaline
and high-K calc-alkaline fields, one sample is in the
shoshonitic field, and the intercalated lavas of the
Karaj Formation also fall within the shoshonitic
field. Considering the general northward increase in
potassium across the Iranian and Alborz magmatic
arc (Asiabanh, 2001; Asiabanha et al., 2009), it is
likely that samples with calc-alkaline and
shoshonitic characteristics were originally derived
from a high-K calc-alkaline source. Multi-element
spider diagrams and REE patterns show enrichment
relative to primitive mantle, enrichment in
incompatible lithophile elements (LILE), and
depletion in high-field-strength elements (HFSE),
reflecting the influence of subduction in arc
magmatism. HREE depletion suggests the presence
of garnet in the source. Geochemical modeling based
on fractional crystallization demonstrates that some
magmatic suites could be derived from a similar
parent melt. The overlap between REE patterns and
multi-element normalized diagrams of basaltic
samples and the modeled melt confirms the genetic
relationship of certain samples through crystal
fractionation, although not all samples display this
connection.

Discussion

Geochemical and mineralogical data suggest that the
parental magma was not primary but derived from a
metasomatized, enriched mantle source affected by
subduction fluids. The low Mg#, Ni, and Cr contents
further confirm its non-primary nature and indicate
modification of the mantle source before magma
generation. The Zr/Y diagram (Sun and
McDonough, 1989) places the samples within the
enriched mantle field, likely reflecting the presence
of a hydrous phase such as phlogopite or amphibole.
The Rb/Sr versus Nb/Th diagram (Furman and
Graham, 1999), further supports phlogopite as the
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dominant hydrous phase, indicating a relatively deep
magma source consistent with thickened continental
arc lithosphere (Tabbakh Shabani et al., 2017). The
Ce/YDb versus Ce diagram (Ellam, 1992) estimates
the mantle source depth at approximately 90-100
km, and the high Ce/Yb ratios (>10) suggest low-
degree partial melting with garnet in the residue
(Mattsson and Oskarsson, 2005). Geochemical
modeling using Sm/Yb and La/Yb ratios indicates
that the parental magma was likely derived from a
mixed spinel-garnet lherzolite source, with 3-5%
partial melting required for magma generation (Zhao
and Zhou, 2009). From a tectonic perspective, the
Alborz region lies along the Alpine-Himalayan
orogenic belt, and the studied samples show strong
similarities to other Paleogene magmas in the region
(Harangi et al., 2006; Irannezhadi, 2009). The Nb/La
versus La/Yb diagram shows that most samples fall
at the boundary between alkaline arcs and
continental arcs, with only a few samples fully within
the alkaline arc field (Hollocher et al., 2012).
Previous studies also report that post-Eocene
volcanism exhibits continental arc characteristics
(Asiabanha and Foden, 2012). Magma formation
occurred during a post-subduction extensional phase
following the rollback of the Neotethyan slab in the
Eocene, which promoted asthenospheric upwelling
and provided the heat necessary for partial melting of
the lithospheric mantle (Maghdour-Mashhour et al.,
2015; Heidari et al.,, 2022). Accordingly, the
observed geochemical transition from calc-alkaline
to more alkaline compositions during the Eocene can
be attributed to this process (Verdel et al., 2011;
Nabatian et al., 2014; Maghdour-Mashhour et al.,
2015; Ashrafi et al., 2018; Shafaii Moghadam, et al.,

2018; Ahmadvand et al., 2021). Paleogene
magmatism initially occurred in the forearc region
through explosive eruptions and intercalated lava
flows, and subsequently migrated to the back-arc
region (~45-40 Ma) (Sepidbar et al., 2019). Overall,
the temporal sequence and  geochemical
characteristics of the samples indicate a coupled
forearc—backarc magmatic process associated with
lithospheric extension and Neotethyan slab rollback,
which played a critical role in the evolution of
Paleogene magmatism in NW Iran.

Conclusion

Three main groups of subvolcanic rocks, intercalated
lavas of the Karaj Formation, and younger post-
Middle Eocene lavas with the basaltic composition
outcropped in the east of Tehran. Multi-element
spider diagrams and REE patterns show enrichment
relative to primitive mantle, enrichment in
incompatible lithophile elements (LILE), and
depletion in high-field-strength elements (HFSE),
reflecting the influence of subduction in arc
magmatism. Magmatism occurred during a post-
subduction extensional phase following the rollback
of the Neotethyan slab in the Eocene, which
promoted asthenospheric upwelling and provided the
heat necessary for partial melting of the lithospheric
mantle.
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Fig. 2. A: a general view of a basic dike intruded into the tuffs of the Karaj Formation in the Rudehen region, which
seems to have been injected along the fault and then tectonized, and altered severely by hydrothermal fluids, B: The sill
of Rudehen, a part of which is parallel to the tuff layering of the Karaj Formation, and the other part has cut the layering,
and C: Onion-skin erosion and kaolinization in the Mehrabad basalts, resulting from tectonization and interaction with

hydrothermal fluids.
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Table 1. Chemical analyses of major (wt.%), trace, and rare-earth elements (ppm) for volcanic and subvolcanic rocks
from east of Tehran, Pardis-Rudehen area

SampleNo M-18 M-20 M-25 M-26 P-02 P-06 P-9z R-13 R-A015 R-A016
mE N ] ] A A o < (@) O

Type lava lava lava lava dike dike lava dike dike sill

SiO2 49.6 48.68 49.44 49.06 48.71 50.9 47.56 453 48.6 45.44
TiO2 1.24 1.17 1.22 1.13 1.27 1.15 1.09 0.85 1.27 0.75
Al2O3 19.58 17.17 19.7 16.79 18.95 18.19 17.69 14.99 16.46 13.83
Fe203 1.92 1.93 191 1.92 2.61 1.52 1.92 1.80 1.81 1.71
FeO 6.89 6.94 6.86 6.91 5.48 5.47 6.89 6.47 6.50 6.16
MnO 0.16 0.16 0.16 0.17 0.19 0.12 0.18 0.22 0.22 0.11
MgO 3.95 6.05 4.02 6.39 491 491 5.27 9.1 5.59 8.79
CaO 9.28 9.7 9.14 941 7.48 9.46 10.08 9.19 10.23 11.79
Na.O 2.87 2.52 2.86 3 3.49 291 2.52 2.52 2.38 1.44
K20 1.97 1.84 1.96 1.88 2.2 2.04 2.01 0.98 1.95 0.88
P20s 0.4 0.36 0.41 0.41 0.36 0.5 0.29 0.32 0.37 0.27
LOI 111 2.43 1.33 1.95 3.55 2.01 3.51 7.22 3.68 7.94
total 98.97 98.95 99.01 99.02 99.20 99.19 99.01 98.95 99.06 99.11
Mo# 36.44 46.57 36.94 48.04 47.25 47.29 43.34 58.46 46.23 58.81

Sc 14.7 225 15.6 235 15.5 19.7 21.9 22.7 255 26
\Y 238 231 237 233 223 209 223 181 249 181
Cr 12 142 17 176 50 163 67 537 218 665
Co 26.4 29.9 26.6 31.7 25.4 25.7 29.7 39.5 326 44.6
Ni 12 41 13 63 24 45 77 195 55 245
Cu 85 70 71 84 61 49 62 78 79 73
Zn 86 70 82 78 81 80 76 70 82 67
Rb 23 27 32 33 30 36 38 13 36 14
Sr 677 520 702 617 554 679 465 539 423 441
Y 17.7 16.6 18.6 19 18.5 19 16.5 12.7 18.4 12.2
Zr 97 84 98 102 100 116 70 66 89 61
Nb 10.8 7.5 7.6 11.7 11.4 13.2 7.1 6 11.3 5.5
Ba 414 359 412 399 431 419 366 323 414 203
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Table 1 (Continued). Chemical analyses of major (wt.%), trace, and rare-earth elements (ppm) for volcanic and
subvolcanic rocks from east of Tehran, Pardis-Rudehen area

SampleNo M-18 M-20 M-25 M-26 P-02 P-06 P-9z R-13 R-A015 R-A016
m B ] [ A A o < @ O

Type lava lava lava lava dike dike lava dike dike sill
La 22 20 23 24 22 28 17 18 22 16
Ce 42 38 44 46 41 54 31 33 40 29
Pr 5.23 4.81 5.93 5.87 5.17 6.79 4.21 4.18 5.59 411
Nd 21.8 19.9 23.3 24.4 214 27.8 17.7 174 22.3 16.6
Sm 4.77 4.38 4.77 5.21 5.1 5.83 3.87 3.42 3.48 3.57
Eu 1.6 1.37 1.57 1.73 1.7 1.72 1.45 1.13 1.53 1.14

Gd 4.23 4.14 4.53 4.4 4.15 5.08 3.61 3.05 431 3.19
Tb 0.59 0.56 0.59 0.61 0.62 0.67 0.58 0.50 0.60 0.48
Dy 3.51 3.58 3.82 4.28 3.76 4.19 3.59 2.66 3.88 2.63

Er 2.48 2.18 2.66 2.65 2.52 2.71 249 1.69 2.6 1.8
Tm 0.33 0.28 0.32 0.37 0.31 0.31 0.32 0.25 0.35 0.25
Yb 2.2 2.1 2.3 2.3 2.2 2.2 2.1 1.6 2.3 1.6

Lu 0.25 0.24 0.28 0.26 0.25 0.27 0.25 0.19 0.22 0.17
Hf 2.33 2.03 2.42 2.75 2.39 2.82 1.93 1.75 2.5 1.61
Ta 0.68 0.55 0.46 0.70 0.72 0.81 0.61 0.46 0.73 0.46
Th 2.64 2.55 2.81 3.07 2.9 3.45 2.37 1.47 2.98 1.2

U 0.7 0.7 0.83 0.9 0.9 11 0.7 0.5 0.7 0.5
Th/Yb 1.2 1.21 1.22 1.33 131 1.56 1.12 191 1.29 0.75
ZrlY 5.48 5.06 5.26 5.36 5.40 6.10 4.24 5.19 4.83 5

Nb/Y 0.61 0.45 0.40 0.61 0.61 0.69 0.43 0.47 0.61 0.45
Nb/La 0.49 0.37 0.33 0.48 0.51 0.47 0.41 0.33 0.51 0.34
La/Yb 10 9.5 10 10.43 10 12.72 8.09 11.25 9.56 10

Rb/Sr 0.03 0.05 0.04 0.05 0.05 0.05 0.08 0.02 0.08 0.03
Nb/Th 4.09 2.94 2.70 3.81 3.93 3.82 2.99 4.08 3.79 4.58
Sm/Yb 2.16 2.08 2.07 2.26 2.31 2.65 1.84 2.13 1.94 2.23
Ce/Yb  19.09 18.09 19.13 20 18.63 24.54 14.76 20.62 17.39 18.12
ZrlTi 27.63 150 21.63 23.18 26.59 374 120 132 20.64 23.19

Eu/Eu” 1.09 0.99 1.04 1.11 1.13 0.97 1.19 1.07 1.21 1.04
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Fig. 3. A: Photomicroraphs (XPL) of glomeroporphyry texture in clinopyroxene crystals in Rudehen Dike, B:
Amygdaloidal texture filled with secondary calcite, surrounded by chlorite (XPL), C: Large olivine phenocrysts in the
dyke sample showing bowlingitization along fractures (XPL), D: Iddingitized olivine crystal and sieve texture in the core
of a plagioclase crystal in the dyke sample (XPL), E: Clinopyroxene crystals with opaque mineral inclusions, indicating
the earlier crystallization of opaque phases in the dyke sample (PPL), and F Sieve texture in the core of a plagioclase
crystal in the lava sample, with a fresh rim (PPL). Abbreviations after Whitney and Evans (2010) (Cpx: clinopyroxene,
Ol: olivine, PI: plagioclase, Cal: calcite, Opg: opaque).
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Fig. 4. A: The plot of volcanic samples of east Tehran on Zr/Ti versus Nb/Y diagram modified by Pearce (1996), and B:
The plot of study samples on K;O versus SiO, diagram (Peccerillo and Taylor, 1976)
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Fig. 5. A: Spider diagram shows the Patterns of trace elements normalized to the primitive mantle for the volcanic rocks
of east of Tehran (McDonough and Sun, 1995), and B: Chondrite-normalized rare earth element patterns (Anders and
Grevesse, 1989). The diagram legend is available in Figure 4.
-\J‘}S‘uﬁ ujl-’jc C..:BL{).) LAJ\:J,G [):ﬁg;_ﬁr).) é\})) ..o\_.&l.: UT vl;‘ or S0 dab"u): o.f\_ﬁo-l.h\_&ﬂ)'%xjyi_ L;Lh)}l:
Nelson and Montana, ) i ,Lzs i S L Laa ‘,JLM adl= 5 5bcd s S e 53 JU,e S edasolis
Slaysh 55 o3 el s JU e 0l (1992 Sl plal Co Ll i s 5l GLEL als Kb wl5 e &S

DOI: 10.22067/econg.2026.1166 Yoyl A 653 VFD (gslasil ulis e

Y0


https://doi.org/10.22067/econg.2026.1166

g S il @Y o oS 5 ESTIs ¢ o pond e 5 (ool S

Q‘)&h)é\ﬁw

3345 U8 o adadDesl s 1 T 5ol NS 5 50 o
Nelson and ) 55 & o e JU e Sl LSt @ Calg
<! »l .(Montana, 1992; Blundy and Cashman, 2005
(S 55 65 s LSl s g I 0L Lt e oS
adlate 53 L3NS 55 (s Cdloslanl SIS 55w o Jaroms
D 5h(p el ()7 205
o 2050 S kS Al G b ) e laad s
S et S i a4 B s A-F IS s ol 43 5 5
S pkS” S 0yl (6 oz 13 ga 5 (S 530
5 yols Olis Olge 4 R-AD16 550 cJds Slds (61
Ol 1y ol Ly (6 S slalda P-02 s R-AL5 lass s
el e Dl S5 codbplonil (Sladulous 53 ins o0
Ly Aoy sk 68 by 2 8 )5k w8
wod i3 & sl S8 S 5 s o)V okl sl Ol
o as § a3 42% Pl + 30% Cpx + 28% Ol &5 50
SLper 058 o odalin B yA—F o 53 SOk ol
5 Jie Ole ol S a5 5 Lo S St e o5
(W O or ol Al 3 5 o 0oy w0l Bol (AL (sl )
4 lobile SU slacle Wl 5 oo (G 5 Hsks Al
R-4 505 b alin ysbe Olde ¢ 5IP-02 5 R-ALS (glad sos
4R-A016 440 55D 5 C—F S5 5548 sl ADLE
olbg 8 Sl SIS S 5 5 edks 43 8 i 55 pale e Ol e
ol 93 .l 42% Pl + 30% Cpx + 28% Ol &5 4
G e din I3 gas 5 Sl ol gle —ate o S cla |
M-18 (slas gai 5 s lde (61 5 Ty ST 45 S 0l y i
s gks Al 5 3 e eile BL ailde Ol e 4 M-25
SM-18 ladgod S 5 5 S ol 53 Lilod 0313 s s
Ao y3 B i ek e s ands Ol LM-25
28 e OLE ) o Sl pen (deo)n Froadiledl i)
ah o Si b, o gilwdde leslis i bas Il

A b5 ol Loyl 22 s READTE a5l U a5l

isls Sy 5T YL (Sl sme 45T 558 oo 0> (5 5 50N
3 s SIS 5 3D a5 dias e Ol (godaie (Sl )
Lip o SV slos 5 oS 588 Lol b 53 ooy s T
Panjasawatwong et al., 1995; Danyushevsky et al., )
ﬁg‘ﬂﬁj)@);ﬁuéﬂ;M_;bﬁ.(l997
Jols 03,55 o or g ol Sl il 3l 5 5Lt S
S3ledn Sl ¢y 2 3550 SR L e 3550 55 s (51
Sl o oslil CLaST polie S50 bl pladine)
Ol Ol e 4 R-ADLE & god lsesil ¢SS ) 53 (7 JK2)
ole sl S Cals rosdle ¢ i 5 Hok5 (s5ledie 55 Al
@ 5 B ols ()l clad pad L b SlaS
TRLINC <OV IPPTICIUR PSR N BICUM PRETEN DS PN RY
C—ulCo s Ni (Mg ;3 g YL slie gl)l5 (R-13 G450
N P ]
sl b ladsl sl b s 4 ol opll 5 el ad !
3ladde 03037 s (6 s 51 k)85 ST IS
FC-AFC-FCA and mixing JSV N Ble 3 55 (o 5 5k
4 0T )3 aie S 5 &8 &) 5o cpl 4 A dplenil dMOdeler
el s S el 5358 oSl 3C0 s, 0

il 55 &5 4 (Rollinson, 2014) (g5l K1

e 4y iy

b ae Ol 53 —ate Cale Cy abasly oyl 53 1C1=CoF(D-1)
b 4 olde Gl Fjole Ol s pezie clle Cp .l stile
el b e e 155 s 2 Dy i s o e
GleeaS 5 L o5k 8 Calee e L Jb Ol
G GBS § 525 S5 s 350 (el SIS ke
b god (6,80 3 Ly i ys i bl odip s
0351831 50 5 it ABOLs F iy S S0l b
Lo gos plas 55 (ST 53k (lo amie Jls gad )3 S ks &SI
b ol Bl T o (S5 bl i ils s 5 e
530 sle e (6 SIL edde Olde )3 s mie S 05 wglie
0351 S5 pn Loty (L gad (6 il iz 1505 5 (S

DOI: 10.22067/econg.2026.1166

Y&

\ a)L..i: AA 093 AF 0 cLSJL.a;;‘ wuwﬁ)


https://doi.org/10.22067/econg.2026.1166

S W3l Y o slae3IE 5 Ul ¢ o a5 olin e O 5 518 e

s o Ol ) LUl ol bagas aan 5o b 5 oS L slaae same 5 adbate ol 534S Uy o
S Jm s eisl sl LUyl e b oLS e G sladl 3

A B
. Model molt . Model molt
a O R-A016 2 O r06
g @ R-A015 2] @ rn01s
@ P02 = p-02 @ r02
Modol molt
]
e =
£ v s
° § =
_§ S R-A016 o
S - 3
= ]
3 € g
(4 2
Fraction of romaining malt: 70%
Fraction of ramaining molt: 70%
Erbeiphasas: A2 PLY 3O Con+:28% O Frac. phases: 42% Ple 305 Cpx + 28% Ol
= P 2
la C Pr Nd Sm Eu Gd To Dy Mo Er Tm Yb Lu T Gy RbBuTh K U NbLa Ce PrNd Zr Sm Ti Gd To Dy Y Ho Er TmYb Lu
D
Il Model melt 2 [l Nodel molkt
g O RA016 S O rnos
- @ Mis = @ M8
@ M Mode) melt @ M
Model melt .25
L e
S~ -— { —
T 5]
5 5
£
S 3
3 g =
= Z =
g s Q *—o—o =
N 0 :
Fraction of remaining melt: 60% R-A016 Fraction of ramaining molt: 60%
Froc. phases: 42% Pl + 30% Cpx 4 28% Ol Frac. phases: 42% P+ 30% Cpx + 28% Ol
=3
=
e ]

Cs RbBaTh K U Nd LaCe Pe Nd 2r Sm Ti Gd To Dy Y Ho Er TmYb Lu
La C P Nd Sm Eu Gd To Dy Ho Er Tm Yb Lu

S35 sl ylsses 5 (C 5 A—F JK2) S 5ol sls e (55501 55 laS 5 o3 slo aie 505 olol p olesdiipe) (s5led e 1 USS
ol Olde Ol s 4 R-AD16 & 5 S (slaiand 4S5 .(Sun and McDonough, 1989) &y ;S 4 s o slonigs (D 5 B—5 JS2)
Ol luie 542% PL+30% Cpx + 28% Ol &y g0 ) 0 si 3,85 sla G5 S 5 Olaam | b g5ludite B g A Lol ods a5 S b s
l{ 6)LMJJJ :D K] C .l ou\..ﬂ«....«ilfu P-02 _9R-A15 L;UMJ}A.S ;‘.:fj? l.a Jde g.au.n s.a._fj (&de )}l{f oy ) Aoy Ve a.—\ll.aksgb.
.(MJJ\C' LSE‘..J"S )}.U) do s & a-\il.nus\.: g.)‘-:\.n )l..\.s.a) 42% P1 + 30% CpX +28% Ol Oy o b c.,\.v'}..i:&}i: ‘_gl.nuﬂf ;,__fj.? %)LM;':-‘

et s gl 5 S sy s ST GIS 5 D (5lamt (Ve el b e ME25 5 ME18 ladi s S 5 L ke Ol S5
Fig. 6. Geochemical modeling based on the concentration of minor and trace elements in the pattern of rare earth elements
(fig. 6A and C) and spider diagrams (fig. 6B and D) normalized to chondrite (Sun and McDonough, 1989). In all figures,
sample R-A016 is considered as the parent melt. A and B: Modeling taking into account the composition of subtractive
minerals in the form of 42% Pl + 30% Cpx + 28% Ol and the amount of remaining melt is 70% (30% fractional
crystallization). The melt composition of the model has been compared with the composition of R-A15 and P-02 samples.
C and D: Modeling taking into account the composition of subtractive minerals in the form of 42% PI + 30% Cpx + 28%
Ol and the amount of remaining melt is 60% (fractional crystallization 40%). The melt composition of the model is

compared with the composition of M-18 and M-25 samples. The order of abbreviations is plagioclase, clinopyroxene and
olivine.
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Fig. 7. A: The position of the volcanic samples from the east of Tehran in the diagram of Y versus Zr (Sun and
Mcdonough, 1989). The separating line (Zr/'Y=2.46) separates two enriched and depleted mantles, and B: The position of
the study samples in the diagram of Rb/Sr versus Nb/Th (Furman and Graham, 1999). the diagram legend is available in
Figure 4.
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Fig. 8. The plot of the volcanic samples from the east of Tehran on the diagram of Ce/Yb against Ce (Ellam, 1992). The
diagram legend is available in Figure 4.
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Fig. 9. The plot of the volcanic samples from east of Tehran in the geochemical modeling of Sm/Yb and La/Yb ratios

(Zhao and Zhou, 2009). The numbers on the curve lines indicate the partial melting percentage). The diagram legend is
available in Figure 4.
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Fig. 10. The plot of volcanic samples from east of Tehran in the diagram of Nb/La versus La/Yb (Hollocher et al., 2012).

The diagram legend is available in Figure 4.
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