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ARTICLE INFO Introduction

The Bajkan-Durkan complex is located in southeastern Iran within
Received: 09 May 2026 the Makran accretionary wedge (Figure 1a) Despite various
Accepted: 01 July 2026 interpretations, the origin and tectonic setting of the intrusive rocks of

this complex remain unclear and controversial. The Bajkan-Durkan

Keywords complex consists of a southern part, referred to as the Bajkan, which
A-Type Granites mostly consists of sedimentary and metamorphic rocks (schist and
Calc-Alkaline amphibolite-schist) and undifferentiated metamorphic units, and a

Extensional Tectonics
Bjakan — Durkan
Sanandaj — Sirjan

northern part, referred to as the Durkan, which mostly comprises
intermediate to acidic igneous rocks (Figure 1b). McCall et al. (1985)
reported several Permian and Jurassic fossil assemblages from the
southern part and suggested that the shallow sediments of this
assemblage were deposited in a shallow continental margin environment.
Hunziker et al. (2015) also determined the age of the igneous units in the
northern part to be between 175 and 170 million years and suggested that
they were formed on an active continental margin. In previous studies
(Hunziker et al.,, 2015; Dolati, 2010; McCall et al., 1985), the
relationship between the Bajkan-Durkan intrusive rocks and the rock
units forming the Makran accretionary wedge has remained unclear, and
various interpretations have been proposed. Therefore, in this study we
aim to identify the main rock units of the Bajkan-Durkan complex and
examine their relationships with each other through field observations,
petrology, mineralogy, and geochemistry of the igneous rocks.
Furthermore, using geochemical tools and various diagrams, we provide
insights into tectonic setting and geodynamics of this region.
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Method wide in the SSW-NNE direction. Initially, a

The Bajkan-Durkan complex is located in the
northwestern part of the Makran accretionary
wedge, south-southwest of the North Makran
ophiolite mélange. This belt is nearly 250 km long
in the WNW-ESE direction and between 5-25 km

geological map of the study area was prepared based
on satellite imagery and existing geological maps
using ArcGIS 10.4 software. The resulting
geological map was subsequently refined based on
the results of petrological investigations. During
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fieldwork in the Bajkan-Durkan complex, 25 rock
samples were collected from igneous units and 18
thin sections were prepared for detailed petrographic
and mineralogical investigations.  Following
petrographic examination, 12 samples showing the
least degree of alteration were selected for whole-
rock major and trace element analyses. Major-

elements concentrations were determined by X-ray
fluorescence  (XRF), whereas trace-element

concentrations were determined by inductively
coupled plasma mass spectrometry (ICP-MS) at
ZarAzma Minerals Research Company. Finally, the
geochemical data were processed, and various
geochemical diagrams were constructed using lgpet,
GCDKit, and Minpet software.

Results and discussions

Based on petrological studies, the Bajkan-
Durkan intrusive rocks have been classified into
three groups: granite, diorite, and plagiogranite.
Potassium feldspar (3 mm), plagioclase (< 0.1 mm),
and quartz, along with amphibole, biotite, zircon,
ilmenite, and hematite, are the main rock-forming

minerals (Figure 2). Granular and semi-granular,
micrographic and granophyric textures, resulting
from intergrowth of quartz and feldspar, along with
traces and evidence of pertitization and replacement
of biotite by chlorite, are observed in most samples.
This petrographic features (i. e. perthitic and
granophyric textures) together with the geochemical
data (Eu anomaly, the high ratio of (La/Lu)n= 2.85-
13.92) suggest that the rocks were derived from a
differentiated magma (Kong et al., 2018). The
Bajkan-Durkan granitoids exhibit geochemical
characteristics of A-type, met-aluminous granites
and a high-K calc-alkaline magmatic affinity (Figurs
5-6). The enrichment of LREE and LILE, high Zr
contents (71-133 ppm), and negative anomalies of
Nb, P, Ba, and Ti in these rocks suggest a crustal-
derived melt (Bonin, 2007) (Figure 9a). Based on
discriminat tectonic diagrams, the Bajkan-Durkan
granitoids plot within the field of volcanic arc
granites (VAG) and intraplate granites (WPG)
(Figure 10). Based on the Agrawal (1995) method,
these granitoids have positive R values and belong
to orogenic granites (Table 2). The occurrence of
syn- and post-orogenic granite characteristics in the
Bajkan-Durkan granites suggests that these
granitoids formed in a post-collisional or post-
orogenic  tectonic  environment,  potentially
associated with active continental margin subduction
magmatism and related events (\Woodard, 2010).

Conclusion
The Bajkan-Durkan complex is located in the

Makran zone and among the sediments forming the
Makran accretionary wedge. However, the intrusive
rocks of this complex do not appear to be genetically
related to the Makran accretionary wedge. Based on
field observations, petrographic and geochemical
characteristics of the Bajkan-Durkan granitoid
rocks, these rocks exhibit continental-crustal
affinities and were formed contemporaneously with
the granitoid rocks of the Sanandaj-Sirjan zone
(Figure 10). The Bajkan-Durkan granitoids, like
their coeval intrusive rocks in the Sanandaj-Sirjan
zone, are A-type granites, that formed in an
extensional magmatism along the margin of the
Eurasian continental plate, resulting from the
subduction of the Neotethys beneath the central Iran
microcontinent. A transition from a compressional
to extensional tectonic regime (as a result of the
subducting slab roll-back) during Late Jurassic-
Early Cretaceous, together with the emergence of a
pull-apart extensional basin played an important role
in the formation of A-type granitoids in the
Sanandaj-Sirjan/Bajkan-Durkan zone.
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Figure 1. A) Satellite image of Southeastern Iran showing Makran accretionary prism and the surrounding
tectonic units. The convergence rate between the Arabian and Eurasian plates, after DeMets et al. (2010) is also
shown. Study area is indicated by a rectangle. The black stars, from west to east, represent Bazman, Taftan, and
Kuh-e Soltan volcanoes. The background topography was obtained from
http://www.worldmapsonline.com/earth-topographic-bathymetric.htm; B) Simplified geological map of Bajkan-
Durkn complex showing the distribution of rock units and geological structures (modified after 1:100000
Remeshk geological maps (Morgan et al., 1987)).
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Figure 2. Field and microscopic photographs of Bajkan-Durkan intrusive rocks. A) A close up of the Bajgan—
Durkan granites; B) Intrusion of granitoids into limestone units; C) Small and scattered outcrops of intrusive
rocks; D) Intrusion of diabase dikes into the granitoids; E) a plagiogranite vein (dike) within the sedimentary
units; F) Granular texture and rock-forming minerals of Bajkan-Durkan granitoids; G) Protomylonitic texture
in granitoids; H) Polysynthetic twinning and hornblende in the studied granitoids; I) Coarse crystals of the
plagioclase forming granitoids of Bajkan-Durkan. All photomicrographs were taken under cross-polarized light
(XPL). Mineral abbreviations are after Warr (2021).
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Table 1. Geochemical data of granitoids in Bajkan — Durkan (Major elements’ oxides in weight percent; trace
elements in ppm).

Sample D-7 D-13 D-4 D-8 D-21 D-11 D-17 D-28 D-31 D-15 D-6 D-33
SiO, 72.1 71.16 58.29 73.37 73.6 60.01 64.49 67.59 70.77 71.54 72.28 70.89
TiO, 0.15 0.25 1.94 0.11 0.18 0.16 0.53 0.37 0.33 0.27 0.07 0.07
Al,O4 11.7 13.32 17.21 11.45 125 19.04 17.13 16.08 16.12 14.56 14.72 11.89
FeOt 1.15 1.44 0.92 1.44 1.71 1.17 0.19 1.71 0.9 0.87 1.08 1.32
Fe,Ost 1.5 1.9 1.86 1.46 191 1.63 1.81 0.93 1.25 1.65 1.06 1.06
MnO 0.1 0.03 0.11 0.02 0 0.16 0.04 0.08 0.02 0.03 0.03 0.05
MgO 0.1 0.61 4.83 131 0.3 15 11 1.02 0.94 0.31 0.16 0.35
CaO 2.44 2.88 8.61 2.2 0.66 10.12 4.85 3.26 2.17 3.08 3.6 6.39
Na,O 4.5 4.75 3.04 4.98 2.1 2.59 4.7 6.46 5.93 591 4.65 3.54
K,0 4.9 1.27 1.2 2.86 59 2.19 2.07 0.73 1.09 1.03 2.32 4.01
P,0s 0.02 0.16 0.43 0.12 0.011 0.24 0.18 0.11 0.1 0.01 0.01 0.01
LOI 1.5 2.23 1.66 1.07 1.14 0.57 291 2.13 0.89 0.71 0.43 1.07
Total 100.1 100 100.1 100.3 100.01 99.38 100 100.47 100.51 99.97 100.4 100.65
Ba 245 164 278 306 357 721 597 203 392 400 479 326
Ce 31.7 58.5 93.3 31.7 61.8 81.2 52.7 97.4 44.7 72.2 74.8 102.1
Co 1 5.3 15.2 10.2 0.1 32 23.3 6.5 7 6.7 3.2 5.3
Cr 43.6 27 35 2 50 11 6 4 22 4 2 4
Cs 0.91 0.3 0.2 0.1 0.2 0.1 0 0.1 0.2 0 0.1 0
Cu 3.1 2.3 171 2.5 4 11.4 2.4 11 8 2.3 2.2 3.5
Dy 3.91 7.1 5.6 2.9 7.87 41 79 6.3 8.7 54 4.1 6.1
Er 2.11 2.4 2.1 2 2.29 3.9 3.8 2.7 3.02 25 2.1 4.1
Eu 0.34 0.5 0.8 0.3 0.77 0.8 0.22 0.52 0.7 0.4 0.48 0.39
Gd 4.45 6.3 7.8 6.5 7.3 4.2 7.6 6.6 4.4 51 7.2 8.1
Hf 4.75 5.8 4.7 4.4 3.9 53 4.5 4 5.6 55 4.5 4.1
La 13.6 15.8 27.4 211 26.3 41.9 37.6 50.9 354 46.9 325 41.4
Ho 0.79 0.98 1.42 0.59 11 1.14 0.91 1.42 0.89 111 1.5 1.21
Lu 0.31 0.57 0.43 0.44 0.53 0.31 0.32 0.41 0.53 0.41 0.48 0.51
Nb 111 14.3 11.8 12.2 131 15.3 14.8 12.6 12.5 15.8 13.4 111
Nd 16.9 25 43.2 131 24.8 38.9 221 48.3 18.9 36.5 31.8 50.9
Ga 29.7 31.7 38.9 30.1 29.6 34.9 28.8 27.6 31.9 30 33.7 29.4
Pb 2.2 2.7 1.7 5.6 19 0.6 0.5 54 1.2 1 52 11
Pr 141 14.2 11.2 6.7 14.12 11.8 7.5 12.1 4.8 13.7 8.5 6.2
Rb 110 121 70 134 90 65 61 55 101 92 74 84

Sc 4.8 13.6 28.1 4.9 5.1 20.2 1.9 4.5 2.9 4.4 0.1 0.9
Sm 3.3 5 6.7 8.4 7.4 2.3 2.4 1.8 7.7 9.1 5.3 9.1
Sr 41 38.5 42 43.7 47.9 64 57.9 27.1 51.9 49 57.3 46
Ta 1.9 1.7 1.8 1.7 1.6 1.6 1.4 1.7 1.5 1.7 1.6 1.8
Tb 0.59 1.1 0.85 0.54 0.82 0.77 1.2 1.09 1.2 0.72 0.68 0.56
Th 11.2 14.3 10.2 9.4 16.1 8.2 11.2 12.1 13.7 12.3 131 7.9
Ti 1875 1524 11629 635 765 6962 3160 2229 1949 1643 406 404

Ni 4.3 2.9 5.8 2.5 3 1.9 4.1 3.6 1.8 2.9 3.4 1
Tm 0.33 0.6 0.39 0.38 0.65 0.54 0.61 0.41 0.31 0.56 0.46 0.52
U 3.6 3.2 4.2 3.6 3.3 3.3 4.1 3.3 3.2 3.6 4 3.5
\% 5 4.9 326.5 17 54 227 79.3 34.8 29.1 28 8.6 66.7
Y 22 29 42 20 32 40 27.1 42.9 25.2 35 38 45
Yb 3.2 4.6 3.8 4.1 3.33 3.9 3.9 3.6 4.4 3.5 3.1 4.1
Zn 10 20.8 33.5 16.8 17 94.7 34.6 53.3 29.9 10.9 22.6 125
Zr 90 86 95 80.2 71 110 133 71 128 121 105 96
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Figure 3. Geochemical and classification diagrams of granitoids of Bajkan — Durkan on A) Normative Ab-An-
Or ternary diagram (O'Connor, 1965); B) SiO- versus total alkali (TAS) diagram (Le Bas et al., 1986); C) SiO-

versus total alkali (Middlemost, 1994); D) A/CNK versus A/NK molar ratio diagram for determining the
aluminum index in granitoids (Shand, 1943).
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Figure 4. Discrimination diagrams for magmatic affinity of the Bajgan—Durkan granitoids. A) AFM diagram
(Irvine and Baragar, 1971); B) Ta/Yb versus K-O/Yb diagram (Pearce, 1982).
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(Kong et al., 2018); B) La/Sm versus La diagram (Kong et al., 2018).
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Figure 8. Chondrite-normalized rare earth element (REE) and primitive mantle-normalized multi-element
patterns for the Bajgan—Durkan granitoids. A) Chondrite values from Boynton (1984); B) Primitive mantle

values from McDonough and Sun (1995).
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Table 2. Calculated R results for determination the orogenic and non-orogenic granites by using the method of

Agrawal (1995).

Sample Di Di-Ci Mi-Ci R

D-7 1.197356 0.906356 -0.7808 -1.1608
D-13 -4.02787 -4.31887 -0.7808 5.531334
D-4 -17.1317 -17.4227 -0.7808 2.31386
D-8 -3.93545 -4.22645 -0.7808 5.412968
D-21 -0.66038 -0.95138 -0.7808 1.218467
D-11 -8.0932 -8.3842 -0.7808 10.73796
D-17 -4.42001 -4.71101 -0.7808 6.033571
D-28 -4.53575 -4.82675 -0.7808 6.181804
D-31 -4.23737 -4.52837 -0.7808 5.799653
D-15 -2.3473 -2.6383 -0.7808 3.378968
D-6 -2.44653 -2.73753 -0.7808 3.506052
D-33 -2.17783 -2.46883 -0.7808 3.16192
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Figure 9. Tectonic setting discrimination diagrams of Bajkan-Durkan granitoids. A) Ta+Yb versus Rb diagram;
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Rb/30-Hf-3Ta ternary diagram (Harris et al., 1986); F) Y/15-La/10-Nb/8 ternary diagram (Cabanis and Lecolle,
1989) (ORG: ocean ridge granite; VAG: volcanic arc granite; WPG: within-plate granite; syn-COLG: Syn-
collision granites; Group 2: Syn-collision granites; Group 3: post-collision granites).
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Figure 10. Geostructural map of Iran and the location of Jurassic granites in the Sanandaj-Sirjan/Bajkan-
Durkan zone is indicated by black stars. The reference of granitoids’ age are: Soufi Abad Granitoid (SAG)
(Azizi and Stern, 2019); Alvand Granitoid (AL) (Shahbazi et al., 2010); Malayer Granitoid (MG) (Aghazadeh
et al., 2011); Borujerd Granitoid (BG) (Khalaji et al., 2007); Aligoudarz Granitoid (AG) (Esna-Ashari et al.,
2012); Inner Zagros Granitoid (1ZG) (Omrani et al., 2008); Sorkh Koh Granitoid (SKG) (Karimpour et al.,

2011); Bajkan—Durkan Granitoid (BDG) (Hunziker et al., 2015).
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