[ Downloaded from gnf.khu.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.2538449.1404.11.2.10.1 ]

[ DOI: 10.22034/KJES.2025.11.2.108251 ]

Vol. 11, No. 2, Autumn and Winter 2025, pp. 517-542

ISSN (Print): 2538-449X  ISSN (Online): 2981-1619

~up’
Cojiah s\ e

Research Article
OPEN (=) ACCESS

Kharazmi Journal of Earth Sciences
Journal homepage https://gnf.khu.ac.ir

Tectonic evolution of the Saqggez — Baneh structural zone in relation with the Zagros collision

Mehdi Naghdi®*, Esmaeil Shabanian Borujeni?, Iman Monsef®
1, 2, 3. Department of Earth Sciences, Institute for Advanced Studies in Basic Sciences (IASBS), Zanjan, Iran

Article info

Abstract

Article history
Received: 3 November 2025
Accepted: 20 December 2025

Keywords:

Transverse structures, Main
thrust, Sanandaj-Sirjan
structural zone, Saqgez-Baneh
structural zone, Zagros
orogeny.

The Zagros collision zone is the product of convergence between the Arabian and Eurasian plates and
extends in a NW-SE direction. Within this framework, the Saqqgez-Baneh structural zone—located in the
northwestern part of the Zagros orogeny and forming part of the Sanandaj -Sirjan metamorphic-igneous
belt—exhibits a NE-SW structural trend that is markedly different from the overall trend of the Zagros.
Given that the tectonic evolution of this zone is closely linked to the developmental history of the Zagros
orogeny, its investigation offers valuable insight into the continental deformation history of the region.
Kinematic, geometric, and dynamic analyses of this zone have enabled the reconstruction of the paleo
stress field and the orientation of the principal compressional and extensional axes responsible for the
recorded deformation in the thrust belt. Based on the collected data and field observations, no clear
evidence is found for vertical-axis rotations or for local stress-field perturbations around the thrust zone.
Instead, the northern and southern sectors of the thrust belt—despite their nearly perpendicular trends—
represent components of a pre-existing structure that formed under a homogeneous stress regime during
thrust emplacement. Each segment expresses its own characteristic structural geometry and kinematics
depending on its relationship to the shear zone. Structural data from different parts of the thrust belt
indicate that while the northern segment functioned as a typical Zagros-style thrust, the southern segment
operated as a lateral ramp, parallel to the Saqgez-Baneh structural trend, and accommodated left-lateral
obligue-slip motion. The presence of this inherited structure facilitated westward propagation of the main
thrust front and acted as a transverse structure during the structural evolution of the region. Accordingly,
the Sagqgez-Baneh structural zone—similar to the well-known Muteh-Laybid transverse trend—
demonstrates that the tectonic processes associated with the opening and closure of the Neo-Tethys were
unable to completely rework the southwestern margin of the Central Iranian microcontinent.

Introduction

the west of Lake Urmia in the northwest to north of

The Sagqgez—Baneh structural zone, located in the
northwestern part of the Iranian plateau, occupies the
northern margin of the Sanandaj—Sirjan metamorphic—
igneous belt from a structural geology perspective. This
belt itself is a consequence of the opening and subsequent
subduction of the Neo-Tethys Ocean beneath the Iranian
microcontinent (Davoudian et al., 2016; Agard et al.,
2011). The Sanandaj—Sirjan zone runs roughly parallel to
the general trend of the Zagros orogen, extending from

Bandar Abbas in the southeast, with a length of
approximately 1,500 km and a width of 150-250 km, and
is primarily composed of metamorphic rocks and
intrusive bodies (Masoudi et al., 2011). Ghasemi and
Talbot (2006) subdivide the Sanandaj—Sirjan zone into
northern and southern segments, which exhibit distinct
evolutionary histories. The rocks of the northern segment
were deformed during the Late Cretaceous. According to
Davoudian et al. (2016), the main metamorphic and
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deformational events in the central and southern parts of
the Sanandaj—Sirjan zone occurred predominantly from
the Lower Jurassic onwards, reflecting significant
tectonic activity and structural transformations during
this interval. The structural framework and tectono-
magmatic processes of the Sanandaj—Sirjan zone have
been closely linked to the evolution of the Zagros orogen,
maintaining geometric and kinematic coherence with it
over time. However, limited areas such as the Motah—
Laibed complex (Aflaki et al., 2017) and the Saqgez—
Baneh region, despite being part of the broader belt,
exhibit distinct structural patterns. Previous studies
published in Journal of Earth Sciences (Kharazmi
University) have examined tectonic evolution and
structural trends in the Sanandaj-Sirjan and Zagros
domains, providing useful insights for understanding
oblique convergence and basement reactivation in
northwest Iran (Najari et al., 2024; Alipoor et al., 2021).
In these regions, the structural trends are nearly
perpendicular to the general orientation of both the
Zagros and Sanandaj—Sirjan belts. The Motah—Laibed
segment is interpreted as composed of ancient basement
trends that have preserved structural autonomy during the
Zagros orogenic evolution and have been reactivated at
various times in accordance with the prevailing stress
field (Aflaki et al., 2017). In contrast, regarding the
structural-magmatic framework of the Saggez—Baneh
region, it remains unclear whether these deviations
reflect inherited structures or resulted from deformation
during the Zagros orogeny. Understanding the origin of
this structural divergence is crucial for improving our
knowledge of the Zagros orogen’s evolutionary history
and for better explaining the tectono-magmatic processes
that occurred in this part of the orogen. For example, if
ancient structures controlled the geology of this region,
what roles did they play during pre- and post-collisional
processes? Conversely, if the trend rotation occurred
during orogenic deformation, what were the controlling
factors, and why are its effects observed only in this
sector? Although answering these questions is
challenging, the present study aims to elucidate the
nature of this distinct structural pattern based on field
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observations and structural data. We have selected a
major thrust zone in the area as a key structural feature;
this thrust initiates within the Saggez—Baneh structural
zone, continues through the Zagros segment, and exhibits
a near-vertical curvature along its strike. Conducting
structural measurements, including brittle and ductile
deformation elements, followed by kinematic and
dynamic analyses, has allowed reconstruction of
movement patterns and possible changes in the geometry
of this belt. This dataset enables a comprehensive
assessment of the intrinsic nature of the Sagqgez—Baneh
structural zone.

Materials and Methods

The aim of this study is to identify the deformation
history and movement pattern within the thrust zone
between the Precambrian and Cretaceous units, which
has been selected as a key structure for understanding the
tectonic nature of the Saggez—Baneh structural zone.
This thrust zone exhibits a Zagros-type orientation (NW-—
SE) in its northern part, whereas in the southern part it
becomes nearly perpendicular to that trend. The key
question is whether the structural curvature observed
along this thrust represents a primary geometric feature
or a later deformation. If the curvature is an inherited or
primary geometry, then the Saggez-Baneh structural
zone must have acted as a pre-existing structure that
influenced the development of this geometry. In such a
case, the differently oriented segments of the thrust
would have operated under the same regional stress
regime but through distinct kinematic mechanisms.
Conversely, if the Saqgez—Baneh structural zone formed
or was reactivated after the continental collision,
significant structural rotations (around a vertical axis)
should be observable in the geometry and kinematic
characteristics of different segments of the main thrust.
Reconstructing this deformation history requires
establishing a chronological sequence of geometric and
kinematic changes along the main thrust zone, enabling
the identification of the corresponding stress field
variations and deformation phases that have occurred
since the initial development of the thrust.
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Results and Discussion

In our observations, a different maximum
compression direction was obtained at stations 5, 6, and
15. The stress responsible for deformation in these
stations has produced minor folds (micro folds) that,
based on the field evidence described for each station, are
attributed to the oldest recognizable deformation stage in
the area (Early Cretaceous). These three stations are
structurally located outside the influence zone of the
main thrust and their examined outcrops are also older in
age. Based on this, it can be concluded that the structural
features related to the general NW-SE compression
(almost perpendicular to the common compression trend
in the Zagros) must be associated with an older,
previously unrecognized deformation phase. The effects
of this ancient deformation can be observed in locations
that have remained relatively undisturbed due to their
distance from the main thrust zone. In contrast, near and
above the main thrust, because of the over thrusting of
Precambrian units onto the Cretaceous units during a
younger deformation phase, the structural traces of the
older set have been overprinted by those of the younger
deformation related to thrusting. Thus, the dominant
structural pattern observed today corresponds to the
typical Zagros deformation seen and reported elsewhere.
From this discussion, it can be inferred that the region
had already undergone a general NW-SE compression
prior to the main thrusting event, evidence of which is
preserved in the above-mentioned three stations. Since
these stations are located in the footwall block and away
from the thrust, they preserve the older features, while in
the upper parts of the thrust zone, the structures have
been modified by deformation related to and following
the thrusting event

Conclusions

The structural analysis of the Saggez—Baneh zone
demonstrates that NE-SW-trending basement structures
predate the final closure of the Neo-Tethys and were
repeatedly reactivated during subsequent tectonic phases.
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Field evidence indicates that deformation occurred under
a transpressional regime associated with oblique
convergence, resulting in the development of thrusting
combined with strike-slip components. The present-day
geometry of the main thrust zone reflects cumulative
deformation and structural inheritance from pre-existing
basement fabrics. These findings highlight the
fundamental role of inherited structures in controlling the
tectonic evolution of the northern Sanandaj—Sirjan Zone.
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Fig. 2. Geological map of the Saqgez—Baneh area modified and simplified after (Eftekharnejad, 1973; Zahedi and Hajian, 1985;
Alavi et al., 1976; Nogol-Sadat and Houshmandzadeh, 1993). The blue rectangle indicates the main thrust of the Saqgez—Baneh

region, selected as a key structure in this study.
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Fig. 3. Geological map redrawn and corrected for the main thrust of the area based on the geological maps of the region
(Eftekharnejad, 1973) and the office and field investigations carried out in this study. Sampling stations are shown and numbered
with small squares.
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Table 1. Information related to the sampling stations and the results of stress and strain analyses obtained from the measured data at
the stations.

Longitude  Latitude 1 2
Site (°E) (°N) Stress axis (trend/plunge) Nt  Regim Strain axis Nt Lithology ForrAn;gion
ol o2 o3 R N Q Con. Ext.

1 46.10874 36.27126 N135 10 Phylite Cretaceous
2 46.21135  36.20338  206/0 116/0  296/90 _ 4 CF 6 _ N110 4 Izr?getﬂ}'? Cretaceous
3 46.17703 36.12275 N120 12 Schist Precambrian
4 4611713  36.00126 2050 1150  312/90  _ 3 CF 3 B Am(‘;’r?;?sos' i precambrian
5 45.97105 36.02605 N124 3 Phylite Precambrian
6 45.94004 36.02312 N135 8 Phylite Precambrian
7 4582152  36.09203 053/25 223/64 321/4 0395 10 B 12 S NO059 2 Phylite Cretaceous
8 45.81517 36.09734 NO051 10 Phylite Cretaceous
9 45.76674 36.14073  049/13 141/7 259/76 0705 7 B 12 C Limestone Precambrian
10 45.74011 36.13350 NO055 8 Phylite Cretaceous
11 45.73299 36.17654 N125 8 Phylite Precambrian
12 4559047  36.33028 029/23  297/5  196/67 0.256 8 C 9 C Limestone Cretaceous
13 4559358  36.32826  224/9 134/0  041/81 0352 3 B 8 C Phylite Precambrian

13* 4559358  36.32826  114/90  292/0 22/0 _ 4 CF 8 _ Phylite Precambrian
14 45.58687 36.32191 N062 4 Phylite Cretaceous
15 4555296  36.29353 072/15 289/72 165/10 0.615 3 B 12 S Diorite Cretaceous
16 45.60627 36.15145 N120 12 Phylite Cretaceous
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Note: The principal axes of the deviatoric stress are 6, (compressional), 6, (intermediate), and o3 (tensional). The stress ratio (R=
(o2 — 01)/ (03 — o1) is a linear index expressing the relative magnitude of the principal stresses .N: Number of data used in the
calculations; Nt: Total number of data in each station; Rm: Stress regime (C: compressional, T: tensional, S: strike-slip, TP:
transpressional-strike-slip); Q: Data quality (A: good, B: moderate, C: poor, CF: constrained to one vertical stress axis); Con:
Compression direction; Ext: Extension direction .All angles are given in degrees. The asterisk (*) denotes the only station where two
different stress tensors were calculated for the data.
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Fig. 4. a) Lower hemisphere of the Schmidt stereonet of the compiled data from station 1, including foliation planes developed in
the phyllitic metamorphic outcrop (large black arcs), extensional lineation’s on schistosities (red plus symbols), and foliation poles.
Red points represent lineation measurements, and foliation pole concentrations are shown with color contours. The large red arc
passes through the foliation poles and the concentration of extensional lineation. Red arrows indicate the trend of the stretching axis.
b) Outcrop of the metamorphosed phyllites at station 1, with yellow dashed lines indicating the measured foliation planes.
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Fig. 5. a) Processed stereonet of fault-plane data from the shear zone of andesitic units. Black arcs represent fault planes, and black
arrows indicate the direction of mechanical slicken lines. The Mohr circle illustrates the relationship between normal and shear
stresses. The misfit diagram with the R-value indicates the degree of fit between the data and the stress regime. The rose diagram
shows the fracture orientations. b) Lower hemisphere Schmidt stereonet of compiled data from station 2, including foliation planes
developed in the phyllitic metamorphic outcrop (large black arcs), extensional lineation’s on schistosities (red plus symbols), and
foliation poles. Red points represent lineation measurements, and foliation pole concentrations are shown with color contours. The
large red arc passes through the foliation poles and the concentration of extensional lineation. Red arrows indicate the trend of the

stretching axis. c) Outcrop view of the shear zone, with the phyllitic metamorphic unit on the right and faulted Cretaceous andesitic
units on the left.
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Fig. 6. a) Lower hemisphere of the Schmidt stereonet of the compiled data from station 3, including foliation planes developed in
the schistose metamorphic outcrop (large black arcs), extensional lineation’s on schistosities (red plus symbols), and foliation poles.
Red points represent lineation measurements, and foliation pole concentrations are shown with color contours. The large red arc
passes through the foliation poles and the concentration of extensional lineation. Red arrows indicate the trend of the stretching axis.
b) Outcrop view at station 3 showing the thrust sequence (yellow line), where Precambrian schists are thrusted over limestone and
Cretaceous schist units. Red dashed lines indicate the measured foliation planes.
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Fig. 7. a) Processed stereonet of fault-plane data from the Cretaceous sedimentary units. Black arcs represent fault planes, and black
arrows indicate the direction of mechanical slicken lines. The Mohr circle illustrates the relationship between normal and shear
stresses. The misfit diagram with the R-value indicates the degree of consistency between the data and the stress regime. The rose
diagram shows the fracture orientations. b) Processed stereonet of fault-plane data from stations 2 and 4.
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Fig. 8. a) Processed stereonet of fault-plane data from the Precambrian limestone units. Black arcs represent fault planes, and black
arrows indicate the direction of mechanical slicken lines. The Mohr circle illustrates the relationship between normal and shear
stresses. The misfit diagram with the R-value indicates the degree of fit between the data and the stress regime. The rose diagram

shows the fracture orientations. b) Photograph of steeply dipping fault planes within the limestone units at station 9, showing
mechanical slicken lines whose opening direction is oriented relative to the horizontal.
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Fig. 9. a) Processed stereonet of fault-plane data from the Precambrian limestone units. Black arcs represent fault planes, and black
arrows indicate the direction of mechanical slicken lines. The Mohr circle illustrates the relationship between normal and shear
stresses. The misfit diagram with the R-value indicates the degree of consistency between the data and the stress regime. The rose
diagram shows the fracture orientations. b) Outcrop view of the measured fault planes at station 12. Yellow dashed lines mark the

steeply dipping fault planes that were measured.

b SHS5 S ol slalisle s (10 JSB 50 ¥ gt sipmstll
S8 50 ¥ Ggt) wloads Syl 5 o0y salliwly DU > 0o ol
AN (50, 50 slecsle g aaled (o p S0 e 51OV
osds oly (S595S5 SIS o BT 1 (9381 (g (st ez )
Gl 05,5 Ll |y SenS 5u,,50 bl 5l snile sl v LT
50550 8 530S bl ol (e JSE 58 5,5 o5)
S8 S0l owle gl 4y BT LIB o dilaie o globis LG
e 45 083 00 Lt | (g2 )8 o (59788 g Mgy boo S
—aradled Al b)) Jo bz iy sbul g La¥ (23 2 sl
ol adgl 3,128 Al o S ,Siks amled cnl ol 039 o fgi
S U 58 Jloiml s g ond ailSs el ) slacKiw ;o oS

OY#

S oS azxuis g Olodlice yunnds
2zl goaie waled @il — i ddlaie gla S5, 50 (o) 2 5
iz glaosy B Sls a5 sl sanline JB o kol codld fus
J58) sl 4l cpl 5o (2S5 (2)l8d Clunej Sl lal 5o
Dol S w23 de (55l )5 LS adlaie 2 Jolod gl ()
SlaKin 55 o1 BT 5 wload el anl,S lackin ;3 a5 cuul
dw (pl Ao a5 e cpl 4 il (6,80l LB S8 5 Al S
AoS leols 7y laSw (pl S 51 G Jlote (iS5
olad ain Wg,y b olsten (S0l peen S o byl
S 5B S G (V1 S0 50 B)led g) Cal (B0 Loy
o 4l Jlexsl 4 ) en,S Sl 1) S bl ol


http://dx.doi.org/10.22034/KJES.2025.11.2.108251
https://dor.isc.ac/dor/20.1001.1.2538449.1404.11.2.10.1
https://gnf.khu.ac.ir/article-1-2963-fa.html

[ Downloaded from gnf.khu.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.2538449.1404.11.2.10.1 ]

[ DOI: 10.22034/KJES.2025.11.2.108251 ]

B O Y N D L T J - W CU R S C LA gt O Ko 5 (guis

T~ Stress State

Auc\ Strain 1 2 3

X 5 X
1\ 2\ n\ / t /'.‘

B "y 7
13
2 / : x
Cretaceous " / /"n

/8 m/ / T s

SN | e sl T
14/ “*\

%\ ¢ 7

N |af s
Precambrian /

W % ]
5\ 6\ 9/

Micro folding: contraction eep ¢ e REVErse =———p o €= Foliation:

CONraCtion e ¢ de—

EXIENiOnN e a—p

\d
I'ension strike-slip “—:=> Compression strike-slip — —

sl lsp tlacy iy 5l ool Caws 4 (58,88 j9mme 1S5, ol slo,lop Jold s 5 4 bl il — i ddlate jo  Sloipe; (slaslas ) amsy G-V S
s hol iS50, slayls et Sl cans (59,88 Cua i Sige slayley o Suil) Sl esel Cans 4 ame ilid : S
b aicion iid ol gl jsome cua ¥ g ¥ ) slacygin aiun ob,Led glajalolaiel o (y,Lid ainn : St slojloy cio ¢ o2iS slajsdolal

Do oo lid Gl slajls jo 1) S
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Fig. 11. Geological map redrawn and corrected for the main thrust of the area, along with the stress field derived from kinematic data
analysis of the oldest generation of movements recorded in the main thrust zone. Geometric information of resolved stress
tensors/stereographic plots of deformable structures at each station are shown around the map with the corresponding station

numbers. Converging arrow pairs indicate the trend of maximum compression/shortening, while diverging arrows indicate the trend
of minimum compression/extension.
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Fig. 12. Proposed tectonic model for the Saqgez—Baneh zone in relation to the Zagros collision area. a) Presumed existing tectonic
trends prior to the collision. b) Orientation of maximum compressional stress axes determined in this study. c) Initial configuration
of structures in Scenario 1 at the onset of deformation. d) Final configuration of structures in Scenario 2 after tectonic movements
responsible for reactivating the Saqgez—Baneh structural trend, leading to structural rotations in the southern part of the thrust zone.
The rotation of structures also involved rotation of the stress axes responsible for these structures. e) Final state of the regional
structures in Scenario 2. The Saqgez—Baneh structural zone, as a pre-existing boundary tectonic trend, became active during thrust
formation and, by controlling the structural pattern, led to the development of a curved thrust complex. The northern part of this
complex functioned as a nearly pure thrust, while the southern part operated as a transpressional zone. In this scenario (consistent
with our observations in Figure 12-e), no evidence of structural rotation after the formation of the complex is observed.
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