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Neoproterozoic, The Soursat metamorphic complex in northwest Iran exposes a diverse assemblage
NW Iran of Precambrian, Paleocene igneous and metamorphic rocks. The oldest units in the
Paleocene, Central Iranian Plateau include late Precambrian bimodal granitoids (I-type and S
The Soursat Complex -type) and metapelites, which formed along the northern margin of Gondwana

(Ramezani and Tucker, 2003; Saki, 2010; Jamshidi Badr et al., 2013; Moghadam
et al., 2017). While most researchers relate these Precambrian felsic intrusions to
subduction-related, calc-alkaline magmatism (Yilmaz Sahin et al., 2014; Nayebi
et al., 2024), others argue for an origin linked to the initial opening of Paleo-
Tethys, far from the Cadomian subduction zone (Azizi and Whattam, 2022). The
Central Iranian Plateau remained tectonically quiet until the Paleozoic, with only
weak greenschist-facies metamorphism recorded in the Kahar Formation
(Berberian and King, 1981; Etemad-Saeed et al., 2016). Paleomagnetic and
stratigraphic data indicate that Iran separated from Gondwana during the
Ordovician-Silurian (Muttoni et al., 2009; Torsvik and Cocks, 2009; Vesali et al.,
2020). The Soursat complex (about 100 km?) includes Precambrian mylonitized
granitoids, Paleocene intrusions, and amphibolite-facies schists (Jamshidi Badr et
al., 2012, 2013). Initially assigned a Precambrian age (Pelissier and Bolourchi,
Receive: 2026-04-23 1967), later K-Ar dating suggested a Late Cretaceous age for some plutons
(Kholghi Khasraghi and Vossoughi Abedini, 2004). However, U-Pb zircon and
monazite dating by Jamshidi Badr et al. (2012 & 2013) and Nouri et al. (2021)
Published: 2026-10-23 revealed a more complex Paleocene tectonothermal history.
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This review incorporates previous petrological, geochemical, geochronological, and structural data to define
the tectonic setting and emplacement history of the Soursat complex and to propose it as a Paleocene
Tethysides core complex.

Methodology

This study is a systematic review of the Soursat complex. Data were collected from all relevant peer -reviewed
international and domestic articles covering geology, petrology, geochemistry, Sr—Nd isotopes, U-Pb (zircon
and monazite), and K—Ar geochronology, and deformation structures. Extracted information—including rock
ages, geochemical compositions, isotopic ratios, pressure-temperature conditions, deformation geometries,
and the ages of tectonic events was compiled into an integrated database. Using a comparative -analytical
approach, the Soursat complex was compared with other Iranian core complexes (Takab, Saghand, Birjand)
and global examples (Spain, western Turkey, Tyrrhenian, Aegean Seas). Finally, a consistent geodynamic
model was proposed based on the agreement of age, structural, and geochemical evidence.

Results and Discussion

The igneous rocks of the Soursat complex are divided into three groups. Type | (Precambrian) consists of
syenogranites with mylonitic textures, giving U-Pb zircon ages of 543+6 Ma and 537+8 Ma. They are slightly
peraluminous, medium- to high-potassic, calc-alkaline, and show arc-related geochemical features such as
negative Nb—Ta anomalies. Their initial 87Sr/26Sr is 0.94476 and eNd is —6.71 (Dadfar et al., 2019). Type Il
(Paleocene) includes felsic to mafic granitoids (monzonite, granodiorite) that preserve magmatic layering and
solid-state foliation. U-Pb zircon ages range from 54 to 59 Ma (Jamshidi Badr et al., 2013; Nouri et al., 2021).
These rocks are |-type, calc-alkaline, and subduction-related, with initial 87Sr/2¢Sr = 0.70448-0.7058 and
eNd = -0.12 to +1.8 (Dadfar et al., 2019; Nouri et al., 2021). Type Il (post-Paleocene) comprises quartz
porphyry intrusions in the central part, which are I-type and calc-alkaline, representing the last magmatic
activity and causing contact metamorphism that overprints the earlier regional metamorphism (Jamshidi Badr
etal., 2013).

The metamorphic rocks include garnet schist, garnet-staurolite schist, kyanite schist, and cordierite schist.
U-Pb dating of detrital zircons from the schists yielded ca. 605+43 Ma, interpreted as the protolith age
(Jamshidi Badr, 2010). Monazite U-Pb dating gave 61+8 Ma, indicating Paleocene regional metamorphism
(M3). Kyanite porphyroblasts are partially replaced by andalusite, which is interpreted as evidence of rapid
uplift and sudden pressure drop (Jamshidi Badr, 2010; Jamshidi Badr et al., 2012). Cordierite and andalusite
formed later during contact metamorphism (M) around the Type Il intrusions.

Structurally, three deformation events are recognized. D, is syn- to post-emplacement of Type Il
granitoids, producing the main schistosity (Sn). Dn+1and D+ post-date the M, contact metamorphism and are
recorded as crenulation cleavage and local shear zones. Cordierite porphyroblasts show &-type tails and
evidence of partitioning deformation related to large-scale folding.

The Soursat complex is bounded by normal faults (Pichagchi in the north and Turkeh Dareh in the south)
that separate it from unmetamorphosed Paleozoic and Precambrian sedimentary units. The NE-SW stretching
direction, the Paleocene age of metamorphism and magmatism, the evidence of rapid uplift (kyanite —
andalusite), and the tectonic juxtaposition of different crustal levels all identify the Soursat complex as a
Paleocene Tethysides core complex (Sengor, 1987; Verdel et al., 2007). Magmatic and metamorphic activity
is attributed to Neo-Tethyan slab roll-back, similar to core complexes in the Aegean and eastern Turkey (Okay
and Satir, 2000; Brunet et al., 2000). A geodynamic model is proposed in which Paleocene slab roll-back
caused upper-crustal extension, emplacement of Type Il granitoids, and regional metamorphism (M3).
Subsequent rapid uplift, together with intrusion of Type Il quartz porphyries and formation of contact
metamorphism (M), was likely triggered by slab break-off or increased mantle convection.

Conclusions

The Soursat complex in northwest Iran is interpreted as a Paleocene Tethysides core complex with a SW-NE
extension direction. This interpretation is based on several evidence: the presence of three granitoid generations
(Precambrian Type I, Paleocene Type Il, and post-Paleocene Type Ill); two metamorphic events (regional
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amphibolite-facies M1 coeval with Paleocene intrusions, and low-pressure high-temperature contact
metamorphism M2 related to Type Il intrusions); rapid uplift documented by the replacement of kyanite by
andalusite; and bounding normal faults defining an extensional structure. The formation of the Soursat core
complex is attributed to Neo-Tethyan slab roll-back during the Paleocene, making it the oldest known core
complex in Iran and providing important constraints on early Cenozoic extensional tectonics in the Tethysides
orogenic belt.
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Fig (1): (a) Regional tectonic map showing Iran's location in the Middle East and major convergence vectors.
The Central Iranian microplate is represented by dark grey shading. (b) Schematic tectonic map of Iran
(simplified from Alavi 1994), Sanandaj—Sirjan Zone (S.S.Z.), Zagros Simply Folded Belt (Z.S.F.B.), Main Zagros
Thrust Zone (M.Z.T.); ophiolitic complexes: Kermanshah (K), Neyriz (N), Naien (NA), and Golpaygan (GP). (c)
Simplified geological map adapted from Kholghi Khasraghi (1994). Distribution frequency of metamorphic
minerals in the Soursat Complex from Jamshidibadr et al., 2013. Abbreviations for names of minerals
(Whitneyand Evans, 2010). (d) Representative cross-sections showing deformational features of the Soursat
Complex.
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Fig (2): (a) Macroscopic image showing the transformation of kyanite porphyroblasts (blue) to andalusite (pink),
(b and ¢) Microscopic images of kyanite schists from the Soursat Complex where kyanite porphyroblasts are
progressively replaced by andalusite from the margins. This indicates changing thermodynamic conditions in
the Soursat complex. Abbreviations for names of minerals (Whitneyand Evans, 2010).
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Fig (3): Key structural relationships in the Soursat metamorphic terrane. (a) Regional fold geometries after
Ghasemi and Kermani Poor (2009). (b) Schematic diagram showing the development of partitioning
deformation due to large-scale folding after (Bell et al., 2003). (c) and (d) Microscopic images of cordierite schists
from the Soursat Complex showing cordierite porphyroblasts recording Dn+1 and Dn+2 deformations after the
contact metamorphic event and cordierite porphyroblast formation. Abbreviations for names of minerals
(Whitneyand Evans, 2010).
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Fig (5): Schematic diagram of the formation conditions of the Sursat core complex during the create granitic
intrusive, metamorphism, deformation, and rapid uplift. (a) Geological cross-section showing Precambrian
sediments and the intrusion of type | granitoid during the Late Precambrian. (b) Geological cross-section
showing the intrusion of Type Il granitoid during the Neotethys subduction. (c) Showing deformation and
injection of a huge volume of type Il granitoid in the north, south, and west of the region, rapid uplift of
sediments, and formation of regional metamorphism M1; development of mylonitic deformation in Type |
granites and development of NE-SW trending banding in Type Il granitoids. (d) Intrusion of Type 111 granitic
and formation of contact metamorphism M2 and formation of cordierite porphyroblasts overprinted on the M1
regional metamorphic schists.
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Fig (6): Sequence of deformation events (Dn, Dn+1, Dn+2) and metamorphic events (M1 to M5) in the Soursat
Complex. Crystallization of index minerals including biotite, garnet, staurolite, kyanite, andalusite, and
cordierite during regional metamorphism M1 (Paleocene) and contact metamorphism M2 (post-Paleocene).
Abbreviations for names of minerals (Whitneyand Evans, 2010).
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