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Middle Miocene igneous rocks are located in the Northeast of Joveinan,
the middle part of the Urumieh-Dokhtar Magmatic Belt. The igneous
rocks have intruded into the Eocene volcano-sedimentary units. The
rocks consist of diorite, quartzdiorite, and monzodiorite. They contain
plagioclase, hornblende, biotite, pyroxene, orthoclase, quartz, and
opaque minerals, and have granular to porphyroid textures. Field and
petrographic evidence such as alack of thermal metamorphism and
graphic texture suggests that the rocks crystallized at a shallow depth.
The rocks exhibit characteristics of I-type granitoids and a calc-alkaline
nature with metaluminous affinities. The enrichment of large ion
lithophile elements (LILES) and the negative anomaly of Ta, Nb, and Ti
elements in the primary mantle normalized diagram demonstrate
subduction-related magmatism in the continental arc setting. The
chondrite normalized pattern of the rocks (Lan/Yb,= 3.68-5.64) suggests
a low degree of partial melting and the absence of garnet as a permanent
phase in the source region. Based on the petrological data, the parental
magma has been produced in the subduction setting of the collisional
zone. The primary magma resulting from the partial melting of the
subducted lithospheric mantle intruded into the continental crust. The
magma underwent numerous changes and evolution during ascent and
created the intrusive rocks of Northeast Joveinan.
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EXTENDED ABSTRACT

Introduction

The study area is located 130 km north of Isfahan and
10 km northeast of Joveinan which is a part of the
Urumieh-Dokhtar magmatic Belt. The Urumieh-
Dokhtar magmatic belt resulted from the subduction
of the Neotethys oceanic crust under the Central
Iranian continental plate (Agard et al., 2005;
Mohajjel and Fergusson, 2014).

The Urumieh-Dokhtar zone experienced severe
Tertiary magmatism during the Eocene (Alavi, 2004)
that persisted until the Quaternary (Agard et al.,
2011). The variations in the composition and origins
of the melts at different periods have been
demonstrated in previous research (Omrani et al.,
2008; Chiu et al., 2013; Honarmand et al., 2014).
However, no geochemical or petrological data have
been reported from the Northeast Joveinan intrusive
body. The only available information is derived from
investigations carried out during the preparation of
the Kashan geological map 1:100000 and Ghohroud
geological map 1.25000.

The research on the North Jovian intrusive body
provides valuable insights into Cenozoic magmatism
and the geology of the middle part of the magmatic
belt of Zagros orogeny. This study aims to
understand the nature, tectonic setting, origin, and
various processes involved in the magmatic
evolution of the Northeast Joveinan intrusive rocks.

Material and Methods

After field studies and the sampling of outcrops, 52
microscopic thin sections were prepared and studied
using an Olympus polarizing microscope model BX-
2. Subsequently, 6 samples with the least amount of
alteration were chosen and sent to the ACME
Canadian laboratory for ICP-OES inductively
coupled plasma emission spectroscopy and ICP-MS
inductively coupled plasma mass spectrometry
analysis. The data from field, petrographic, and
geochemical studies were used for the best
conclusion.

Result and Discussion

The main rock units found in the research area
include sedimentary rocks belonging to the
formations of Niur (Early Silurian), Padeha (Late
Devonian), Bahram (Late Devonian), Shotori
(Middle Triassic), Shemshak (Jurassic), Cretaceous

carbonate rocks, Eocene volcanic rocks, and
Neogene intrusive bodies. The widespread intrusive
bodies and Cenozoic volcanic rocks are exposed in
the area.Eocene volcanic-sedimentary  rocks,
including andesitic lavas, hyaloclastite tuffs, and
sandy tuffs are the Cenozoic units in the area. In the
western part of the area, the Ghohroud batholith,
consisting of granite, monzonite, and granodiorite,
intruded into the Lower Miocene formations, leading
to significant contact metamorphism. North Joveinan
post Lower Miocene intrusive body intrudes Eocene
volcanic and pyroclastic rocks. These rocks comprise
diorite, monzodiorite, and quartzdiorite with
granular to porphyroid, poikilitic, and micrographic
textures. The marginal parts of intrusive rocks are
more microcrystalline and have a porphyroid texture,
while the middle parts have a granular, poikilitic, and
graphic texture. The main minerals of the rocks
include plagioclase, clinopyroxene, hornblende,
biotite, opaque minerals, minor quartz, sphene,
apatite, and zircon, and secondary minerals including
calcite, clay minerals, sericite, and chlorite. The
igneous rocks exhibit a composition range of
amounts of SiO; (53.18-59.46 wt.%), Al,O3 (15.27-
16.14 wt.%), Na,O (2.79-5.76 wt.%), KO (1.42-
2.56 Wt.%) and variable concentrations of Fe,O3"
(7.61-11.13 wt.%), MgO (2.92-3.87 wt.%), CaO
(5.15-7.80 wt.%) and LOI (1.4-2.7 wt.%).
Geochemical data show these rocks are mainly calc-
alkaline diorite, monzodiorite, and quartzdiorite with
metaluminous affinities. The primary mantle
normalized pattern shows the enrichment of large ion
lithophile elements (LILE) and depletion of high
field strength elements (HFSE), which is one of the
geochemical characteristics of the magma related to
the subduction zone (Kuscu and Geneli, 2010). The
chondrite-normalized rare earth elements diagrams
show a medium enrichment of LREE compared to
HREE, a weak negative anomaly of Europium, and a
flat pattern of heavy rare earth elements. The rare
earth element (REE) patterns indicate low amounts
or absence of garnet in the source (Rollinson, 1993),
also the magma could be formed at a depth where the
garnet is not stable. Based on the discrimination
diagrams, the rocks are formed in a magmatic arc
setting. Geochemical data, such as the negative
anomaly of Ti, Ta, P, and Nb, and the positive
anomaly of Rb, Th, and K, along with the enrichment
of LILE and LREE, suggest that the North Joveinan
intrusive body is comprised of normal calc-alkaline
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I-type granitoids, which are produced in an active
continental margin. The samples in various diagrams
fall within the range of melts formed from the
metasomatized mantle (MM) and continental crust
(CC). This suggests that the magma results from a
mixture of melts from the mantle and crust or a
combination of mafic magma with crustal
components. The ratio of mantle to crust in the final
magma is approximately 50%.

Conclusion
The North Joveinan intrusive rocks in the middle part
of the Urumieh-Dokhtar magmatic Belt are formed

due to the subduction of the Neo-Tethys oceanic
crust. This causes the release of fluids and melts from
the subducted slab into the lithospheric mantle,
leading to the melting of the mantle and generating
primary mafic magma. The heat needed for partial
melting and contamination of crustal rocks is
provided with the ascent and placement of basic
magma in the lower continental crust. The
contamination in the magma reservoir caused the
primary magma to change, forming intermediate
magma.
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Fig. 2. Microphotographs of the plutonic rocks in the northeast of Joveinan in crossed polarized light. A: Porphyroidic
texture in diroites, B: Granular texture in monzodioritic rocks, C: Two generation of plagioclase in quartzdiorite, D:
Pyroxene accumulation in diroites, E: Amphibole inclusion in plagioclase, and F: Intergraowth of quartz with feldspare

and graphite texture in monzodioritic rocks. Abbreviations after Whitney and Evans (2010) (Cpx: Clinopyroxene, PI:
Plagioclase, Or: Orthoclase, Amp: Amphibole, Bt: Biotite, Qz: Quartz).
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Table 1. Whole rock chemical analysis results of the northeast of Joveinan intrusive rocks using the ICP-MS and the ICP-
OES method (major elements in Wt.% and trace elements in ppm).

6-1 7-1 9-1 6-5 7-4 8-2

SiO2 59.25 56.44 5693 5946 53.18 57.60
TiO: 0.84 0.98 0.88 0.85 1.38 0.83
Al203 1554 1585 1557 1565 1527 16.14
Fe:03" 793 870 7.61 796 1113  7.82
MnO 0.16  0.17 0.12 0.15 0.19 0.15
MgO 293  3.36 2.73 2.92 3.87 3.69
CaO 6.12 6.85 7.80 5.94 5.15 6.03
Na20 281 3.03 3.24 2.79 5.76 3.46
K20 256 193 1.98 2.26 1.42 1.87
P20s 0.17 0.19 0.17 0.17 0.30 0.15

LOI 14 2.3 2.7 1.6 2.1 2.0
Total 9981 99.82 99.81 99.81 99.78 99.82
Ni <20 <20 <20 <20 <20 <20
Co 188 213 16.8 19.3 255 20.2
Sc 21 25 21 21 33 23
\Y 160 207 181 165 338 179
Sn 2 2 <1 2 <1 1
W 14 0.8 11 1.3 <0.5 11
Rb 80.9 559 56.8 73.4 245 55.5
Cs 15 1.8 13 3.2 1.0 2.2
Ba 535 445 410 527 448 385
Sr 263.4 2489 3284 279.0 2220 2464
Ga 14.9 15.7 15.7 14.8 17.0 14.8
Ta 0.8 0.7 0.6 0.6 0.4 0.7
Nb 10.4 9.4 9.1 10.2 6.1 7.9
Hf 5.8 5.1 5.0 4.7 3.1 4.3
zr 206.7 190.7 1914 1948 121.3 165.6
Y 29.1 289 29.0 28.9 29.9 24.7
Th 9.1 6.3 8.6 10.8 2.6 7.5
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Table 1 (Continued). Whole rock chemical analysis results of the northeast of Joveinan intrusive rocks using the ICP-
MS and the ICP-OES method (major elements in Wt.% and trace elements in ppm).

6-1 7-1 9-1 6-5 7-4 8-2

U 3.4 2.0 2.8 3.7 0.7 2.6
La 178 224 25.2 25.0 17.9 214
Ce 359 455 49.8 49.7 38.4 424
Pr 443 537 5.59 5.51 4.65 4.78
Nd 186 217 235 23.0 19.9 19.6
Sm 466 4.78 4.78 4.88 4.70 4.27
Eu 1.05 111 1.13 1.09 1.53 1.00
Gd 509 513 4.85 4.99 5.23 4.45
Tb 087 0.84 0.80 0.83 0.88 0.73
Dy 517 520 491 4.84 5.12 4.20
Ho 116 111 1.05 1.06 1.17 0.95
Er 338 314 2.92 3.17 3.31 2.89
Tm 048 045 0.42 0.44 0.47 0.40
Yb 317  3.02 2.98 2.97 3.24 2.82
Lu 049  0.46 0.44 0.48 0.50 0.41
Lan/Ybn 3.74 494 5.64 5.61 3.68 5.06
Gdn/Ybn 128 135 1.30 1.39 1.29 1.34
Gdn/Ybn 066  0.69 0.72 0.68 0.95 0.71
Dyn/Ybn 1.05 110 1.06 1.05 1.01 0.95
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o3 e 0Lt b1 g5 sl g2l S LT ali5 35 (s

.(Clarke, 1981)
Sun and ) ayl az s S 4 o i sl i Hloig s sl 53
ol 5y 35 50 S (McDonough, 1989
Sy Sas Ba ST K Cs aslen 0y o bys fb sz
olas Sas P s TidND asle YU ol s b wle

slbed o) b Sy sledial Sy (A-F i) dias o

e ( Lol folie GaduST Sl i 05 3does 4 43 55 L
5 S (o3 F s S Bl () 3 5

Aed 2355158
253 gl (iven s s sad 53 gy 3550 LS
5 Sao¥s ealgiin Lls e 5 (Middlemost, 1994) ...
S 5 o8 ;5 (De La Roche et al., 1980) ol ,Sen
(B A-Y JS0) 85,8 o S Cuspd s — a5 5 Saspd
e e p s T 51 (St pldl pasls i 5l S )
Pearce, ) o ,m @olgin la,ls 50 aly 5 (C-¥ S 2)

DOI: 10.22067/econg.2024.1120

A4

Y ooyled NP oy95 NPV (ool u“”uw")


https://doi.org/10.22067/econg.2024.1120

s gl oS ag Olgiol Jlad Ol i G adled $3 58 035 3598 OLes 5 él s

Il (63 55 03 55 odins LSt glaeKiw NasO/Ko0 s KUsCU and ) ol il 5 5 slaargy 53 o 1S5 a8l
3 sed 5 LS ol ia B0 ) s YL Ol (Geneli, 2010
A3l s izt 8 esgdome 13 KoO o W N&O  uytiS (STl b ol wCod ol lonigy Jls g 5o
Sl gad 53 (350 S (A-D JS2) i, 0 L b sy, Laassed plas «(Nakamura, 1974)
Lot sbss) 52 Th s s RO 5Y ol ;sRD s mbas (6 831 5 HREE & s LREE Lo e S 2

(€ 5B-0 JS8) L,l8 o sl )y g s sas sl § L pamans Cuad e Gl o b K (S 36 ole

(B-¥ JSK&) b & o sl

Tawite/Urtite/Italite

w
—~ ™
= f =
E | &
) o
Sell ~;
&7 g
<. \ |
2 |\ &
\ Granite
.1\
\ |
O ]
3 o
5 § Quartzolitd =
o | o T T T
T T T T T o
40 50 60 70 80 90 1000 0 ) 1?00 ” 20.00 3000
Cl Si02(wt.%) D R1=4Si-11(Na+K)-2(Fe+Ti)
~ - § L2 )
@ 4  Metaluminous Peraluminous
Shoshonitic
e |
0 - -
= - =
. A e
el Calc-alkaling ©
= o
-
~ = T
S -
"
- -
---Péraikaline
4 T T T T § T L3 T
0.6 0.8 1.0 1.2 14 0.01 0.1 1 10 100
A/ICNK Ta/Yb

15505 B «(Middlemost, 1994) .lw 4 JSIT g snzme 1 50 IALOL g G idleds (6358 el Sl ity gndid ¥ S
3> ThIYD cs 13 505D 5 (Shand, 1943) A/ICNK' Lilie ;5 A/NK ,ls 5.5 :C «(De La Roche et al., 1980) R1-R2 .lul 5 (stues,

(Pearce, 1982) Ta/YDb i

Fig. 3. Classification and magmatic affinity of the northeast Joveinan intrusive rocks, A: Total Alkalis versus Silica
diagram (Middlemost, 1994), B: R1-R2 classification diagram (De La Roche et al., 1980), C: A/NK versus A/CNK
diagram (Shand, 1943), and D: Th/Yb versus Ta/Yb diagram (Pearce, 1982)
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Fig. 4. A: Spider diagram of northeast Joveinan intrusive rocks normalized by primitive mantle (Sun and McDonough,
1989), and B: Chondrite normalized diagram for the samples (Nakamura, 1974)
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Fig. 5. Position of northeast Joveinan intrusive rocks in granitoids discrimination diagrams, A: Na,O versus K,O diagram
(White and Chappell, 1983; I-, S- and I-type granitoids are from Christiansen and Keith (1996), B: Rb versus Y diagram,
and C: Rb versus Th diagram (I and S granitoid trends from Liu et al., 2009)
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Fig. 6. A, B: Tectonic discrimination diagrams of northeast Joveinan intrusive rocks after Pearce et al. (1984), C: Th/Yb
versus Ta/Yb (ACM = active continental margin; WPB = within-plate basalt; WPVZ = within-plate volcanic zones), and
D: Th/Ta versus Yb discrimination diagrams (Schandl and Gorton, 2002) show active continental margins.
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Fig. 7. A: Th/Yb versus Ta/Yb diagram (Pearce, 2008) show effect of subduction zone enrichment and crustal
contamination on genesis of northeast Joveinan magma, the average upper crust (U.C.) is from Sun and McDonough
(1989), and B: Zr/Sm versus Nb/Ta diagram (Foley et al., 2000)
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Fig. 8. A: Tb/Yb versus La/Sm diagram for the samples from the northeast Joveinan pluton (Wang et al., 2002), and B:

Rb versus Sr diagram (Condie and Hunter, 1976)
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