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1-Introduction

The study area is the middle zone in eastern Iran, between the Lut block to the west and the Afghan block
to the East. This area includes sequences of Upper Cretaceous, siliciclastic sediments, facies from the
Paleocene-Eocene, deep marine deposits, and limestone blocks from the Cretaceous and Eocene
(Tirrul,1983). Due to the diverse structural and deformational features, various ideas have been proposed
regarding Iran's tectonic evolution of the eastern Zagros Mountains. The application of different stresses
over varying periods creates diverse deformations, and paleostress studies in this region and their
relationship with existing deformations are one of the appropriate tools for better understanding the
mechanisms governing these deformations. In this context, paleostress, various studies have been
conducted by different researchers in the northern parts of this mountain range; Mousavi (2010) in the
southern Birjand, Janzer (2017) in the northern regions of the Sistan belt, Ezati (2020) in the Shekarab
Mountains (north of Birjand), and Sahimi (2018) in the Shireshutor area (north of the Sarbisheh). Given
that the region is highly structurally diverse and experiences less deformation and tectonic disturbances
compared to the north of the eastern Iran mountains, it can be a suitable candidate for studying and
differentiating stress phases and, in various contexts, obtaining valuable information that can be used in
interpreting the tectonic evolution of this mountain range. This research aims to examine changes in stress
direction over different time intervals in different rock units and folds by utilizing data obtained from the
geometric and kinematic characteristics of faults, comparing them with folding patterns and other
geological structures, and differentiating various phases of deformation. The tectonic analysis involves data
collection, separation of data based on defined criteria, calculation of stress fields, and examination of the
kinematics of folds, ultimately identifying and classifying different deformation events (Fig 1).

2-Material and methods

Field data was collected after conducting previous studies and investigations, including the geometric
characteristics of faults and folds (including fault planes, slickenside fault, fold limbs, axial surfaces of
folds, and axes of folds) at 15 stations. Then, the principal stress directions were determined using the
inverse stress tensor method using the geometric location of the fault planes and fault lines (Angelier, 1979).

To determine the location of the kinematic axes, the collected data, including the geometric position of the
fault planes and the axial surfaces of the folds, as well as the data collected from earthquakes with
magnitudes greater than 5, were input into Win tensor software for analysis and investigation.
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Fig 1- @) Location of the study area, (b) Geological map and the location of collected data on the map
3-Results and discussions

Paleostress analysis is a useful tool that can help us differentiate between various stress phases and better
understand the relationships among the deformations that have occurred. This analysis can provide us with
valuable and important data regarding the evolutionary processes of mountain ranges. The area examined
in this research is the southern part of the Sistan zone, which has diverse and varied deformational
structures. These structures indicate a complex and rich tectonic history. This region's existing structural
diversity and folds with different axial surfaces suggest that this area has undergone extensive deformations.
In this study, we have used paleostress to investigate and analyze the relationships among the deformations.
The results obtained from the inversion of the data related to fault lines indicate that the maximum stress
axis (o1) has changed over different periods, including from the Cretaceous to the Quaternary, in three

distinct stages. These changes correspond to various historical periods, including the Late Cretaceous
(N197°+10°), Paleogene (N60°+£25°), and Neogene (N10°+10°) ( Fig 2, Fig 3,4). Examining the existing

folds in the region also indicates at least three phases of deformation: the first phase relates to the north-to-
northwest trending folds that have the eastern-western to the northeastern-southwestern axial plane. The
second phase, aligned east, pertains to folding with the northern-southern axial plane, and the third phase,
oriented Northeast, indicates folds with the northwest-southeast axial plane (Table 1, Fig 5).

The maximum stress directions in these folds, as well as in the faults, are generally similar. We can
identify three deformational events based on the stress phases obtained from the existing deformations in
this region and the relationships among various elements. The first event is associated with the folds, the
trend of which is from eastern-western to northeastern-southwestern. The stress field that created these
structures does not correspond with the current stress field, and its dynamic source is directed north-south
and toward the northwest, which relates to the period before the collision of the Lut block and the Afghan
block in the southeast. The second deformational event led to the formation of structures trending north-
south. For example, the folds and fault systems in eastern Iran are the results of this event, which occurred
simultaneously with the collision of the Indian plate with Eurasia and the Lut block with the Afghan block.
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The third event results from the collision of the Arabian plate with Iran and the change of stress phase in
this region; this deformational event has caused the emergence of folds with northwest-southeast trends and
the formation of conjugate shear fractures in the area.
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Fig 2 - Changes in Stress in the Study Area During the Cretaceous, Paleogene, Neogene, and Quaternary Periods
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Paleogene, and (c) Neogene, Quaternary
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Fig 4- View of conjugate faults in the (a) northeast of Zahedan, (b)East of Sefidabeh along with stereograph and

principal stress directions (c)

Table 1: Axial plane, plunge, and Interlimb Angle along with Stereographic Images of Folds in the Study Area

Latitude The angle

Fold Longitude Strat;gr:phlc Axial plane  between plunge mg)r(':g:]:jr:n
g the limb g
29°51.15'S'N .
Folds Pliocene 003°/89° 50° 003°/36°
60°46.60'4'E

29°24'27.53"N )
Fold1, Miocene 345°/87° 85° 345°/03°
59°42'39.32"E

29°23'5.45"N

Foldsa Miocene 340°/80° 100° 340°/01°
59°41'6.67"E
29°201.82"N

Folda 345°/80° 110° 340°/02°

59°42'33.87"E Miocene
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Fig 5 - Classification of the region's folds into three phases of shortening based on the position of the axial plane

4-Conclusion

1- The southern Sistan region has diverse deformation structures, indicating its complex tectonic
history.

2- Three stages of maximum stress (c1) change have been identified in the Late Cretaceous
(N197°£10°), Paleocene (N60°+£25°), and Neogene (N10°+10°) periods.

3- Three deformation events have been identified in the southern Sistan region, related to the collision
of the Lut and Afghanistan blocks, the collision of India with Eurasia, and the collision of the
Arabian plate with Iran, respectively.

4- The direction of maximum stress in folds and faults is almost the same.

5- The first deformation event is related to east-west to northeast-southwest trending folds that
occurred before the collision of the Lut and Afghanistan blocks.

6- The second deformation event includes folds and the East Iranian Fault system, which occurred
simultaneously with the collision of India with Eurasia and the Lut block with the Afghanistan
block.

7- The third deformation event is due to the collision of the Arabian plate with Iran and a change in
the stress phase, which led to the formation of northwest-southeast trending folds and the creation
of conjugate shear fractures in the region (Fig 6).

112 ISSN: 2717-0764



wV

shahid Chamran PEN Adv. Appl. Geol. Spring 2025, Vol. 15(1): 108 - 126
University of Ahvaz
60 0 OE 61 0 OE
Deformaﬂon Phase (1 g \* Syncline/Anticline g
and = (a ) Fold e
Stracture geology | &= | , 53
T Conjugate Fault
12 :
Stress direction in Folds: 253°/32° - \* 1| Strike Slip Fault
Stress direction in Faults: 010°/20° | | =
\ Formation of g =
\ Trending NW-SE Fold § | - \'
s Formation of = x * Q
Conjugate fault w| Qe o \o /
% O N D,
2 4[] — /
§h= m R ’bQ ¢ =
mesvegy OIS o I 5
Formation of B "g = \ / g
ormation ol
+* Trending N-S Fold I =1 ™ J * o
gl V4
}
Formation of u S
Trending N-S Fault i
1 nding au =~ ‘
= ] Nosratabad " ——
cl | 1+
§=| = -
| b ~
|« LB X 5
(*)
2 | G Z S \
. J— | o, 3
fes il e 15[ - 2. \
—n— S () *
+ Formation of Trending 2= \\ tg) \
/>// E-W and NE-SW Fold O;ﬂ *
= =
S T \ S
(b ) o * o 012525 50 75 100 I
(«7) - — e Kilometers \ N
N' O I N
60 0 OE 610 0E

Fig 6- @) Structural map of the study area. (b) Proposed timeline for the changes in deformation phases, along with
the direction of maximum stress and the structures affected by these stresses during the East Iranian orogeny
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Tablel. Axial plane, plunge, and Interlimb Angle along with Stereographic Images of Examples of Folds in the Study
Area.

Latitude Stratigraphic . The angle The trend of Maximum
Fold . Axial plane between plunge -
Longitude age - shortening
the limb

29°42'09.2"N o/ane o o IE(°

Foldy 60°49'11.9"E Cretaceous 256°/80 70 260°/50 NW-NE
29°50'37.43"N 0/q70 o oIRN°

Foldis 60°48'1.10"E Paleocene 267°/87 130 267°/60 N-S
29°51.15'5'N . 0/QQ° o oj2@0

Folds 60°46.60'4'F Pliocene 003°/89 50 003°/36 W-E
29°24'27.53"N . 0/q0 o o/Aa0

Fold1s 50°42'39.32"E Miocene 345°/87 85 345°/03 NE-SW
29°23'5.45"N - o /ono o o/n10

Foldsa 59°41'6.67"E Miocene 340°/80 100 340°/01 NE-SW
29°20'1.82"N . 0 /ono o o/nno

Foldap 59°42'33 87"E Miocene 345°/80 110 340°/02 NE-SW
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Table2. Specifications of Earthquakes Above 5 MW in the Eastern Iran Mountain Range Along with Their Geographical
Locations (GCMT Global Catalog).

le)itgljtil:l?ge Magnitude Depth Strike Dip Rake Strike Dip Rake
27.362°N 60.974°E 5.51 72.4 244° 50° -112° 97° 45° -65°
27.742°N 61.422°E 5.19 84.7 21° 35° -167° 280° 83° -56°
28.033°N 61.996°E 7.7 80.0 55° 15° -90° 235° 75° -90°
27.990°N 62.346°E 5.40 80.0 61° 41° -92° 244° 49° -88°
28.114°N 62.354°E 5.58 40.0 250° 52° -98° 82° 38° -80°
29.053°N 59.773°E 5.9 20.2 283° 55° 6° 190° 85° 145°
29.078°N 59.745°E 5.6 33.0 318° 65° 76° 168° 28° 117°
31.401°N 59.427°E 5 33.0 335° 66° 123° 98° 40° 40°
31.583°N 59.847°E 5.25 33.0 343° 75° 128° 91° 40° 24°
32.200°N 59.920°E 5.96 12.6 336° 62° 124° 101° 43° 43°
33.300°N 59.200°E 5.06 12.0 338° 75° 172° 70° 82° 15°
33.506°N 59.571°E 5.8 14.4 347° 72° 132° 96° 46° 26°
Shear stress magnitude (T) R. Dihedron \sér:;r;;-:m”n;cé:e:v
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Fig10. @) Stereogram related to the focal mechanism of earthquakes and the stress phase obtained from earthquakes, and
(b) Earthquake locations on the Mohr diagram.
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