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1-Introduction

Studies show that a change in slip direction sometimes accompanies the reactivation of strike-slip faults.
(Leloup et al, 1995; Lacassin et al, 1998; Kim et al, 2001; Maruyama and Lin, 2004). Change in direction of
movement along strike-slip faults, from right-lateral to left-lateral and vice versa, is called inversion of slip
direction. (Lacassin et al., 1998).. In this research, we intend to analyze the dynamic and geometric structures,
study and distinguish the orientation of ancient stress phases, and analyze the mechanism of reverse tectonics
in shear zones. Large intracontinental strike-slip fault systems usually record a multistage tectonic history
commonly assumed to represent an intraplate response to intracontinental time-spatial changes in the stress
state at plate boundaries. (Storti et al, 2003; Van Hinsbergen et al, 2015; Calzolari et al, 2016).

According to the evidence indicating significant kinetic changes from dextral to sinistral shear and changes
in the state of regional stress in the late Cenozoic, the DFS region represents a key region for discovering the
spatio-temporal tectonic evolution of the central Iranian microplate.

Each fault zone has a discrete geometry and a specific movement, which indicates that the deformation is
not uniformly located along the DFS. In this research, the mechanism of inversion tectonics has been
investigated in the Doruneh fault zone with the dynamic and geometrical analysis of the structures, the study,
and separation of the orientation of ancient stress phases.

2-Material and methods

Typical steps in these analyses include data collection, data separation and age detection, stress field
calculation, and identification and classification of different events. Layering modes were recorded at all
locations in the sedimentary formations, as they provide an essential key to reconstructing the pre-tilting
situation, if necessary. Field visits have been conducted to collect data such as the location of faults, impression
of slickenline, an impression of joins in rock units, and determination of the type of layers in line with the
geometrical-kinetic analysis of structures. For the general analysis of the regional structures, the main
structures affecting the arrangement of the tectonic system (such as the main fault zones and folds) have been
studied and investigated. Structural data, including faults, seams, and layering, have been collected at 40
stations with geographical coordinates distributed in the study area. A total of 612 data (including faults, folds,
and layering) have been collected, and stereographic images and structural data analysis have been done using
DAISY software (http://host.uniroma3.it/progetti/fralab/Downloads /Programs/).

3-Results and discussions

Considering that the Doruneh fault has a curved appearance in satellite images, each fault region shows a
discrete and kinetic geometry, which indicates that the shape change does not occur uniformly along the fault
geometry change is due to the bending of the ratio to apply tension as caused a shift in the mechanism in
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different parts of this fault system, according to satellite images and field evidence and measurements, folds
have been formed in the upper part of the Lut block (south of Kashmar), which confirms the bending of the
Doruneh fault due to pressure from the Lut side (Figure 2b).
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Fig. 1. Geological map of the studied area (the Kashmar quadrangle (at 1:250,000 scale; Eftekhar-Nezhad, et al., 1976)
and the Doruneh (Ghaemi and Mussavi Herami, 2008), Bardaskan (Shahrabi et al., 2005), Feyz Abad (Behroozi et al.,
1987) (at 1:100,000 scale).

Fig. 2. (a)Satellite image and (b) field image related to the folding of southern Kashmar
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Seismic records have confirmed the left-lateral nature of the kinetic regime in the DFS (Fattahi et al., 2007,
Farbod et al., 2011).

In the study of Zare et al. (2009), the mechanism of major structural trends was investigated using the deep
mechanism of earthquakes in the western part, the left-lateral mechanism, and the central part, the
compressional mechanism, was introduced. The results of Enayati et al.'s study (1401) show that there is a
significant difference in the focal mechanism of earthquakes in the three eastern, middle, and western parts of
the Doruneh fault, which confirms the movement of the blocks in both left-lateral and right-lateral directions
along the fault. The difference in focal mechanism between the events in the eastern and western parts is
justified by the Lut block's northward movement and the Doruneh fault's curvature.

In this research, to obtain the directions of the stresses that shape the region's structures, structural elements,
including faults, fractures, and folds in the northern part of Lut (Bardeskan-Kashmir), were investigated in 40
stations. (Figures 3 and 4). The investigation of the stratigraphic age of the stations shows that the youngest
layers affected by the NW stress (mean direction N47W) are rocks of Miocene-Pliocene age. No evidence of
an NW event in the younger strata earlier dextral displacement is observed where the fault zone cut the pre-
Pliocene rock units.

In some stations, the principal fault planes show two sets of slickenlines (Figure 3), indicating that the stress
state has changed over time.

Fig.3. Field images related to the Doruneh fault

Current geological, tectonic, and geomorphological data indicate that the DFS has been subjected to a NW-
SE-rounded transpressional tectonic regime since the early Eocene. Furthermore, in the Miocene-Pliocene, it
has moved from right-lateral to left-lateral. The dextral transpressional regime has been dominant along the
northern margin of the subcontinent following the counterclockwise rotation of the central Iranian microplate
(Wensink, 1970; Soffel et al., 1996; Mattei et al., 2012) and its migration to the northwest during the Paleogene
(Schmidt and Soffle, 1984). The folding patterns in the upper part of the fault (Fig. 1) also show two different
shortening directions. The first phase of NE-SW folding is caused by dextral transpression. In contrast, the
second phase of NW-SE is caused by a left-lateral transpression that prevailed after the final collision of the
Arabian plate and Iran and the tectonic inversion in northern central Iran.
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4-Conclusion

Analysis of fault kinematic data along the DFS indicates a recent maximum stress field with an average
direction of N15E. The investigation of the stratigraphic age of the stations shows that the youngest layers that
have been affected by the NW stress (mean direction N47W) are rocks of Miocene-Pliocene age. as well as
the geomorphic indicators along the DFS and the prominent geomorphological evidence in the central part,
where the fault crosses the Quaternary alluvial sediments show the left movement on this area fault While the
waterways have displaced dextral in the eastern part of the fault which is consistent with the studies of Enayati
et al., (1401) with the focal mechanism difference of the events in the eastern and western parts, which indicate
the movement of the blocks in both right-lateral and left-lateral ways.

The difference in the slipping rate on the two sides of the Lut (Yazdan Panah et al., 2013) and the gradual
increase in the amount of applied stress towards the east of the Lut plays a vital role in the structural bending
of the northern part of the Lut. so that it has changed the trend of the Doruneh fault in the eastern and western
parts and the structures located in the upper part of the fault.

Folds have been formed in the upper part of Lut (south of Kashmar), which confirms the bending of the
Doruneh fault due to pressure from the side of Lut. The change in the geometry of the fault due to the bending
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caused by the pressure from the lut side compared to the direction of the current stress has caused a change in
the mechanism in different parts of this fault system. The major reorganization of tectonic deformation in the
collision zone of Arabia and Eurasia occurred about 2+5 million years ago. This age range is much shorter
than the total age of collision, which occurred during the early Miocene (16-23) million years ago, so the
direction of the current stress can be attributed to Makran subduction. The NW stress caused the dextral
movement of the Doruneh fault system before the Pliocene. After that, the present tension caused a tectonic
inversion in the form of a left-lateral movement on this fault zone. Also, the change in the geometry of the
fault due to the bending caused by the pressure from the lut side compared to the direction of the current stress
has caused a change in the mechanism in different parts of this fault system. As a result of the change in the
curvature of the fault, different mechanisms have occurred in the eastern and western parts of the fault.
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Table 1. Geological location of brittle structures and reconstructed stress fields( ®: Elliptical shape of stress,
n:Number of data

01 G2 03
Strike,  Strike,  Strike,
Dip, Dip, Dip,
. . Longitude latitude

Station | n Lithology Age (deg) (deg) (deg) (utm) (utm)

1 5 Dolomite Percambrian  331.19 10462 235.18 0.48 589110 3914814
5 5 Green schist Percambrian  198.62 313.12 49.24 0.31 585403 3913862
6 3 Tuffacous shale  Percambrian  282.73 39.7 132.14 0.32 585691 3917621
7 3 Tuffacous shale ~ Percambrian ~ 105.43  207.12 309.43 0.72 585790 3917386
8(1) 4 Limestone Early Cretac 20353 302.6 37.35 0.60 585390 3922037
8(2) 4 Limestone Early Cretac 21355 307.2 39.34 045 585390 3922037
9 2 Dolomite Percambrian ~ 289.46 38.17 14238 0.75 578892 3911062
10) |6 Granit Percambrian  226.29 6259  320.7 0.35 575888 3916367
10(2) 2 Granit Percambrian  104.15 336.66 199.17 0.77 575888 3916367
11 3 Granit Late Cretac 23121 4968 1407 0.21 575522 3918040
12 3 Volcanic Rocks  Late Cretac 253.71 0.8.5 92.17  0.72 574766 3917842
13 4 Limestone Early Cretac  317.20 100.65 221.13 0.70 592482 3925219
14 4 Volcanic Rocks  Late Cretac 250.1 34032 158,57 0.15 592724 3926622
15 5 Volcanic Rocks  Late Cretac 77.10 19568 343.18 061 593501 3931393
16 14 Volcanic Rocks Late Cretac 117.67 338.17 24413 0.39 590987 3936231
17 15  Conglomerate Neogen 2921 201.44 245 0.34 649850 3884951
18 4 Conglomerate Neogen 338.27 162.62 69.1 0.20 649850 3884951
19 25  sandstone Neogen 180.9 79.50 277.38 0.49 648585 3887074
20 3 Sandstone Miocene 12.0 285.0 0.90 0.41 630479 3905847
21 9 Sandstone Miocene 323.1  225.82  53.7 0.53 630489 3905855
22 3 granitoid Middle 192.5 282.53 101.36 0.35 633252 3907678

Eocene
23 13 granodiorite Middle 358.45 154.42 255.12 0.85 633123 3914031
Eocene
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Table 1. Continued

24 7 granodiorite Middle 6.4
Eocene

25 8 granodiorite Middle 24.1
Eocene

26 14  granodiorite Middle 189.36
Eocene

27 3 Sandstone Neogen 208.8

28(1) 3 andesitic lava Paleogen 199.45

28(2) 2 andesitic lava Paleogen 193.69

28(3) 8 andesitic lava Paleogen 2.24

29 7 andesitic lava Paleogen 190.18

30 7 Conglomerate Neogen 211.10

31 7 granodiorite Middle 176.9
Eocene

32 9 Andesite dacite Early 295.7
Eocene

33 3 Andesite dacite Early 142.10
Eocene

34 6 Andesite dacite Early 16.30
Eocene

35 5 Light grey marl Pliocene 130.30

36pre | 4 Light grey marl Pliocene 299.5

36post | 4 Light grey marl Pliocene 294.30

37 12 Dark dolomitic Devonian 310.36

39 4 Limestone Ordovisian 128.28

40 2 Shale Ordovisian 139.15

oK wilas 5 1,8 (NATW) .Sl > L (NW)
2 Sdyes85 sl ety aiiis gl wge e b
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ARA

2755 136.83 0.15 632791 3917146
116.4 292.47 0.28 633123 3919103
62.39 303.29 0.35 633170 3908135
31054 112.34 0.50 648667 3904994
357.42 97.11 0.53 649617 3906853
40.18 307.8 050 649617 3906853
242.48 108.31 0.57 651473 3906164
37.69 283.8 0.75 664149 3904245
316.55 114.32 0.42 656617 3904661
13.80 267.2 0.5 617757 3908979
199.41 3447 015 611538 3914614
317.79 51.1 0.29 610283 3916873
284.4 186.59 0.15 610420 3916755

147 23828 041 631138 3885253
197.64 32.24 0.52 631538 3884441
10559 2023 073 631538 3884441

446 14353 052 630603 3883470

33.9 286.60 0.85 613960 3884562
33.44 24341 038 614300 3884258
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