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1. Introduction

The study area is located in the northwestern part of the Sanandaj-Sirjan zone, at the intersection of the
Sanandaj-Sirjan zone with the Khoy-Mahabad structural zone (in the east of the Eastern Anatolian micro
plate). This zone was formed by the convergence (and eventually collision) of the Central Iranian with the
Arabian plate during the Late Triassic-Late Cretaceous (Alavi, 1994; Mohajjel et al., 2003; Behyari et al.,
2017). The study of the structures and phases of deformation in this zone have shown great complexity with
age diversity, which indicates the occurrence of several phases with a pattern of ductile, brittle-ductile and
brittle deformations (Hajioghlu, 2011; Haji and Safari, 2017). Initial structural studies in this area show two
sets of structural trends, N130-150 and N60-70, which has created a curved pattern of structures with
outcrops of different generations of igneous, metamorphic and sedimentary activities, including: (a) at least
four generations of granitoid intrusions related to opening (A-type), subduction (I-type) and collision (S-
type), (b) four phases of metamorphism with facies and tectonic settings, and (c) sedimentary rock
sequences from Precambrian to Eocene. These tectonic phenomena cannot be explained by a simple model
of the opening and extension of the Neotethys and subsequent subduction and eventually collision of the
Central Iranian with the Arabian plate. It also seems that an early collision during the tectonic evolution of
this part was occurred. To investigating on tectonic events, an area including the Bukan-Sagez-Baneh
regions has been selected as the study region (Fig. 1) to provide a model of this early collision through
structural, lithological and tectonic studies.

2. Material and Methods
The adopted research methodology in this research includes seven steps which are summarized as follows:

1. Collecting and preparation of available data.

2. Geological studies by field investigations and also using remote sensing techniques.

3. Determination of surface structures by using Remote sensing techniques as implying different filters
on Landsat 8 TM image, using subsurface data and finally digitizing of extracted faults by using GIS
functions (Fig. 2) and complementary field investigation.

4- Determination of surface structures by using Magnetic anomaly and gravimetrical Bouger maps

5- Geometrical analysis of data contains: (a) preparation of Rose diagram; (b) calculation of main fault
attitudes and; (c) calculation of fold axes and axial planes

6- Kinematic analysis as calculation of different stages of P-axes in three levels Macroscopic,
Mesoscopic, and Microscopic
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7- Interpretation of extracted results and finally determination of different steps of deformation

Figure 2: The procedure of extraction of Lineaments with using of different techniques and their digitization and
catagorization
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3. Results and Discussion

The structural investigations showed that the main faults of Sheikh-Choupan-Hasan-Salaran and Temogha-
Kanikabad, which are curved with trends N160-170 to N70-80, have formed an arc shape of metamorphic
outcrops and collision-type relation intrusive masses with ages of 570-530 Ma ( Azizi and Whattam, 2022)
for this region (Fig. 3). With considering to the ductile shear zones along these fault zones, it can be
concluded that these curved fault zones are the first generation of faults in the region. In gravimetrical
bouger anomaly map, the masses with positive anomalies were identified that were consistent with a curved
pattern at the location of the outcrops attributed to the Precambrian (gneissic facies and igneous masses)
and indicated that the Precambrian basement resulting from the Cadomian orogeny (Azizi and Whattam,
2022) was located at shallow depths or was exposed at the surface. This phenomenon is called exhumation
of buried basement rocks (Zarunizadeh et al., 2025), which is the result of the exposure of the core complex
of the continental crust under the effect of isostasy. With considering to the curved pattern of these outcrops,
it can be concluded that these ancient rock units are related to collisional orogeny and cratonized of an
ancient island arc.
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Figure 2: Geological map of studied region

Kinematic analyses of structures at three scales: macroscopic in brittle, mesoscopic and microscopic
(Figures 9, 10, and 11) in ductile-semi ductile environments (including microfolds, shear zones, and formed
duplexes) indicated the existence of at least four generations of compressional and deformation axes,
included two phases in the ductile environment, one phase in the semi-ductile environment and one phase
in the brittle environment in different parts. Haji and Safari (2017), Mojallal Aghbolagh and Haji (2017)
also concluded during structural studies of the Saqqgez region that this region has undergone at least four
generations of ductile, semiductile, and brittle deformation. While Aliyari et al. (2012), Aliyari (2006),
Tajeddin et al., (2013) and Heydari (2019) believe that this zone has undergone three generations of
deformation. The results of this study show that the deformations. These studies showed that ductile
deformations are only seen in the western and southern parts (the outcrop of igneous-metamorphic rocks
attributed to the Precambrian). However, in the central and northeastern parts (the outcrop of igneous-
sedimentary rocks attributed to the Mesozoic), mainly semi-ductile (ductile-fragile environment) and brittle
phases are visible. The characteristics of the different deformation phases obtained in this study are: (a)
First-stage deformations (D1) have a southwesterly P-axe trend (N190-240) and have been investigated,
measured and analyzed in ductile zones (in the form of schistosity formation) in metamorphic rock outcrops
attributed to the Precambrian in the western-southwestern areas of the study area. This metamorphic phase
has been introduced by Azizi and Whattam (2022) as the Cadomian phase with an age of 570-530 million
years ago. (b) Second-stage deformations (D2): have a northwest (N290-310)-southeast (N130-160) P-axes
trend in the Precambrian and Upper Paleozoic deformations, which are related to the function of strike-slip
shear zones in ductile-semi-ductile shear environments, in the form of the creation of: Ptygmatic,
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Rhombohedra structures, Prophyro-blasts rotations and the creation of Pressure shadows. This generation
of deformations was formed in the Late Paleozoic-Triassic. Also, the activity of the main Baghloj and
Shivatou faults with N80-90 trend, caused a left-lateral displacement on older structures, which can
therefore be considered as a second generation of faulting in the Late Paleozoic-Triassic time interval. (c)
Third-stage generation deformations (D3) northwest (N290-310) and southeast (N130-160) P-axes trends
can also be observed in the pre-Late Cretaceous-Eocene metamorphic outcrops (Heydari et al., 2005;
Aliyari et al., 2005; Mohajjel et al., 2003; Ghasemi & Talbot, 2006) in the high-temperature-pressure
greenschist facies (along with Glaucophane schist in the Ophiolite mélanges of the Khoy region). This stage
of deformation was together with subduction-related igneous masses (I-type) related to the Laramide
orogeny phase. This generation of deformations can be considered as the third generation of deformations
which occurred in semi-ductile to brittle condition. Also, the Saqqez and Sonnate faults with structural
trend N30-45, due to cut and displaced all the old structures (first and second generations); can be
considered as the third generation of faults. This generation of deformation, could be related to an early
collision along an approximately north-northwest-south-southeast (NNW-SSE) trend. (d) Fourth-stage
deformations (D4) have northwest-southeast and northeast-southwest P-axes trends in brittle
environment. Thus, all the structures that have been created in this stage are mostly visible on Cretaceous
and younger rock outcrops. It can be seemed that these structures formed during the main collision between
Iranian-Arabian plates (along final-stage Alpine orogeny).

4. Conclusion

The investigations on tectonic evolution of the Bukan-Baneh-Divandereh show the forming of the curved
state of the basement structures along ductile shear zones and outcrops of ancient metamorphic gneiss facies
and collisional related igneous masses (which were coincident with buried masses); proves the effects of
an old orogen resulting from arc-continent collision as the first generation of deformations. In these areas,
the Precambrian basement (resulting from the Cadomian orogen) has been exposed under the effect of
buried basement outcrop (Exhumation) or has been located at a shallow depth. Thus, the conditions for the
completion of the basement cratonization stages have been provided. The effects of rifting in the Middle-
Upper Paleozoic (on the northern edge of the Gondwana supercontinent) indicate the establishment of the
main Neotethys and also a minor intracontinental rift with a NW-SSE trend in the WNW part of the study
area (on the border of the Iranian-Eastern Anatolian plates). During this time period, the second generation
of metamorphisms in a semi-ductile environment were accompanied by the intrusion of igneous masses
related to rifting. These rifts began to open and oceanization during the Carboniferous to Triassic and
provided the conditions for the separation of the northwestern Sanandaj-Sirjan area from Anatolian micro-
plate from the. With onset of the Laramide orogen, the Neotethys subduction was completely closed and
the eastern Anatolian micro-plate collided with the old arc (the studied area), and thus, the first early Alpine
microcontinent-microcontinent collision occurred in the west of this area. Finally, with the onset of the final
phases of the Alpine, the Neotethys was completely closed and the collision of the Arabian-Iranian plates
took place, which caused deformations in the brittle condition and as a result, the current structural
framework of this area was formed.
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Figure 1: Geographic location and available roads (NCC, 1999), (b) Landsat 8 Satellite Image of studied region
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Figure 2: Geological map of studied region (Modified after Hariri and Farjandi, 2003)
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Figure 3: (a) modified and enhanced satellite image, (b) operating of filter on R-band of image, (c) Digital Elevation Model
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of data layers.
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Figure 4: Structural Map of studied region
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Figure 5: (a) a view from ductile shear zones along Sheikhchupan-Hasansalaran fault (in Kervian area), (b) a view from
ductile shear zones along Tamughe-Kanikabud fault (in Taherboghde area), (c) Baghlujeh fault, (d) Shivatu fault, (¢) Sonnate

fault, and (f) Saqqez fault
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Figure 6: Calculating of Rose diagram for different stations in studied region

Yy



¥ O)Lo.ai} YA 0)90 AfF-¥F QL"“""“)

w

wh o . K >
A9y Lgaﬁ)Lf stLw:u—:-") ;'(’Uzﬁ’:"¢f’

oLl Soleiw 5 gwiin slodod mls ) oo

Table 1: The results of Geometrical and Kinematic Analysis

Station

ST-1

ST-2

ST-3

ST-4

ST-5

ST-6

ST-7
ST-8
ST-9

ST-10

ST-11

ST-12
ST-13
ST-14

ST-15

ST-16

ST-17

ST-18

ST-19

ST-20

Area Name

Tamogheh

Taherboghdeh
Shivato
Miredeh

Karviyan

Ghoradarah

Gholghole
Kanikabod
Khordaloki

Hasansalaran

Sonnate

Ghalandar
Sad Kazemi

Alton
Bukan

Saqqez

Kachal
Mangan

Mirge-

Naghshineh

Sheikh
Choopan

Baghlujeh

Geographical Coordinates

Latitude Longtiude
361219 46 07 21
36 14 53 46 02 54
361110 46 02 54
36 08 38 46 04 12
36 04 39 46 05 09
3607 17 46 02 31
360343 46 02 11
36 1145 46 19 50
36 10 04 46 19 39
3602 54 46 16 54
36 08 42 46 33 59
362348 46 28 01
36 16 00 46 19 01
36 16 47 46 16 47
362642 46 11 15
361333 46 15 56
36 06 24 46 20 56
36 1329 455514
361110 4553 49
362300 46 06 26

Rose
Diagram
(Azimuths)

40-50,
120-130

60-70,
140-150,
110-130

110-120

110-120

60-70

90-100,

20-30
110-120,

160-170
60-70

100-110

100-110,
30-40, 40-
50
90-100,
20-30
150-160,
170-180
160-170

170-180

60-70

50-60,
80-100
60-80,
30-50, 160-
170,  140-
150
50-60,
30-40
90-100,
60-80, 40-
50, 170-180
80-
90,00-10

Calculating of
Fault Planes

N115/16-SW,
NO93/63-NW

N139/44-NE,
N51/16-NW

N92/61-NE
N89/49-NW,
N179/41-NW
N136/84-NE,
N53/26-NW,
N116/55-SW
N152/26-SW,
N120/21-NE
N139/45-NE,
N33/34-NW
N18/58-NW
N15/41-SE,
N162/39-NE

N159/19-SW,
N71/44-SE

N21/57-NW,
N139/40-NE

N144/61-NE

N151/46-NE
N123/28-NE,
N46/30-NW
N67/45-SE,
N168/45-SW
N147/38-SW,
N50/40-SE

N150/30-NE,
N162/40-NE

N157/25-SW

N111/29-SW

P-axes
Azimuths in
Brittle Condition

55,300, 170
72

27,233
27,291

27,291

315, 163

351, 188
340, 73, 160
322,45

236, 182,130

360, 155

40, 200
232
100

24

AR
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Figure 7: Calculating of main faulting planes for different stations in studied region
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Figure 8: Calculating and categorizing of P-axes in brittle environment
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Figure 9: Some views of field investigation and analyzing of ductile-semiductile structures; (a) Dextral shear zone in Kervian
area, (b) Quartz grain extension in a shear zone in Saqqez area, (c) layer flexuring in a shear zone in Baghlujeh area, (d)

strike-slip shear zone in a ductile environment in Kanikabud area, (e) micro-folds formed in semiductile environment in
Taherboghde area, and (f) Duplex formed in in semiductile environment in Alton area.
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Figure 10: Calculating and categorizing of P-axes in ductile-semiductile environment
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