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1- Introduction

Recent geological studies represent that the lithosphere is evolved by time and place. Hence, one of the
essential ways for interpreting how structures and deformation are formed, it appeared in finding
paleostress direction. Reconstruction of paleostress is performed by using analysis of tectonic data with
conjugate fault (Anderson, 1951), moving surfaces of faults (Arthaud, 1969), two-sided perpendicular to
each other (Carey and Brunnier, 1974; Angelier and Mechler, 1977; Angelir, 1990; Ramsey and Lisle,
2000) and inversion method (Yamaji, 2000). Analysis of the paleostress phases performed by the
inversion method measured with using fault plane in southern Birjand city. Results indicate at least two
stress phases have been operating in the study area. After changing the direction of phases trends;
extension and deformation are observed and on the structural component (Moussavi et al., 2011).

The study area is located in the Sistan suture zone. This paper aims to investigate the variation of
maximum stress axis (cl) along with the history of the tectonic regime with the use of structural
markers, including faults, foliated structure, and veins. In order to investigate paleostress variations,
have been used stress analysis methods on fault data with using the relevant software. The results
indicate two stress trends during tectonic history based on the age of rock units. The initial direction of
the maximum stress axis is acted NW — SE since Cretaceous to the before Eocene, after that the
direction of stress has been changing toward NE- SW since Eocene to the present time. Furthermore, by
combining between the results obtained from stress analysis with the results obtained from the kinematic
of veins and foliation indicate the variations of directional stress field represent a clockwise rotation.

2-Methodology
In order to recognize the arrangement of the paleostress axis establish a relationship between main
structures and direction of stress axis during the tectonic history, and based on the litho-stratography unit

(Fig.1).

2-1- Slickenlines analysis

Analysis of fault slickenline is the most reliable way to access the distribution of paleostress. Indeed, in
term of structural form based on the same tectonic stress regime. Finding them in proportion to the age
and type of rocks units forming the area seems logical and will result in the least error. In order to access
this purpose is used, the slickenline data of fault plane (Fig. 2).
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Figure 2. (a) Structural map of the study area, (b) Rose diagram of the area's veins (c) Rose diagram of
the area's foliations.

It is important to note that patterns of stress change over time, and it affects the fault-plates of several
stresses that are the result of the effects of stresses generations in the area. In order to reach the
acceptable results in studying the maximum stress direction changes during the tectonic history of the
study area, we have considered slickenline, which has been created by given stress. For this purpose,
stress analysis should first be applied to the slickenline data extracted from the unit of stone young
(sandstone to Eocene age). At the next stage, by removing the stress field that creates it from the data
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obtained from the older units that are to Cretaceous age, we will find the paleostress field old dominant
governing the area.

2-2- Structures

By using the results of the analysis of the structural elements and combining them with the results of the
analysis of the paleostress, helps in finding the development of deformation and its history. Among these
elements, which have good abundance, one can mention the foliation and veins.

In order to determine the paleostress is collected from field data, especially outside and inside of the
faults zone, and then processed in Win-Tensor, FaultKin, Tectonics FP and Dips software. Also, to
determine the paleostress, several paleostress analysis methods used and compared together. Moreover,
finally, a paleostress map was drawn for the study area.

3-Results and discussion

In order to extract the variation of tension regime, so the analysis of the structural elements initially
investigated. Then, slicken lines data extracted from paleostress methods with an analysis of the primary
faults. After that, the result processed in Win-Tensor and Tectonics FP software. Variation of maximum
stress (ocl) is based on the relative age of rock units in major faults during the tectonic history.
Ultimately, the final result is coming in table 1 and the paleostress map (Fig.3).

Paleostress analysis map of Shir-e-Shotor Area
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Figure 3. Paleostress analysis map of Shir-e-Shotor area.

4-Conclusions

In the study area, Result indicates at last two trends of NW-SE and NE-SW by using faults slicken line.
The first trend formed under the NW - SE stress regime with an angle of 20 to 30 degrees and the next
trend formed under the current NE-SW regime. Most of these faults represent strike-slip mechanism
with the reverse component.

Among the other structural elements studied, we can mention the foliations with E-W to NW-SE
direction, so it indicates the rule of an N-S to NE-SW stress regime. Also, the variation of foliations
represents a unique feature that is affected by the clockwise rotation of maximum.
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The dominant trends of veins indicate three directions (N310-330, N80-110, and N40-60). Veins are
formed in different parts of the area under a particular regime, such that the N310 to N330 ranges under
the contraction regime of the area and in relation to the main faults of the area, N80 to N110, are also
affected by the shear-tensile regime and the N40 the N60 is also formed under the maximum stress
rotation clockwise.

According to litho-stratigraphy, it has been predominant NW - SE maximum stress from Upper
Cretaceous to Eocene and NE-SW direction has affected the old and new units (Paleogene), which
corresponds to the present stress regime. Values have been set for every fault.

Table 1. The characteristics of the stress field in different areas.

Row |Recreation area| ol o2 o3 [Elliptical stress Tectonic stony unit Age of Unit
name (Az/Pl) | (Az/Pl) | (Az/PI) D regime
1 | Shirshotor Fault | 344/08 | 079/32 | 242/57 0.5 Compression- Serpentine Upper
shear Cretaceous
2 Fault center | 288/03 | 021/49 | 196/41 0.5 Compression- Donitz and Upper
Shirshotor shear Serpentine Cretaceous
3 F1 208/19 | 049/70 | 301/07 0.7 Tension-Shear | Diabase and Lime | Cretaceous
4 F2 324/11 | 191/75 | 056/11 0.5 Shear Diabase and Lime | Cretaceous
5 F3 136/11 | 227/05 | 342/78 0.5 Compression- Lime Cretaceous
shear
6 F4 064/05 | 333/07 | 190/82 0.5 Compression- Altorbazik Cretaceous
shear
7 F5 052/25 | 151/20 | 275/57 0.5 Compression- | Tuff and serpentine | Cretaceous
shear
8 F7 067/14 | 167/35 | 319/51 0.4 Compression- Serpentine Cretaceous
shear altorbazik
9 F8 052/20 | 194/65 | 317/14 0.5 Tension-Shear Sandstone Paleogene
10 | North Mesgaran | 220/15 | 312/08 | 071/73 0.5 Compression- | Albite and sericite | Cretaceous
shear schist
11 | South Mesgaran | 125/63 | 234/09 | 329/25 0.3 Tension Metamorphic Cretaceous
12 Shorak Fault | 212/33 | 302/01 | 034/57 0.5 Compression Metamorphic Cretaceous
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Table 1. The geometrical position of the foliation.

Lithology Geometry position | Type of structure
Serpantinite N290/70NE Foliation
Sandestone N125/60NE Foliation
Serpantinite N275/90 Foliation

Shale N270/90 Foliation

Sandestone N130/40NE Foliation
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Fig.5 Rose diagram and contour diagram of the foliations’ pole.
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Table 2. The position of the measured veins.

Lithology vein Geometry position Lithology vein Geometry position
Serpentine N125/22NE Serpentine N305/70SW
Serpentine N090/58N Serpentine N310/75NE
Serpentine N205/90 Serpentine N310/85NE
Serpentine N328/455W Serpentine N286/40NE
Serpentine N135/48NE Serpentine N310/40NE
Serpentine N048/38NW Quartz N295/30SW
Serpentine N328/73SW Quartz N140/90

Calcite NO50/60NW Quartz N210/90
Quartz N348/70SW Quartz N325/435W
Serpentine N000/30W Quartz N345/255W
Serpentine N055/67TNW Quartz N068/40NW
Calcite N260/36SE Quartz N260/80SE
Quartz N287/20SW Quartz N250/38SE
Quartz N105/55NE Quartz N250/05SE
Calcite N058/64NW Serpentine N250/45SE
Serpentine N047/55NW Serpentine N289/80NE
Serpentine N240/58SE Serpentine N265/90
Serpentine N110/42NE Calcite N129/18NE
Calcite N135/30SW Calcite N170/74NE
Serpentine N165/26NE Serpentine NO045/51INW

Ll b ol 540 1528 ol e 4y aaS gl o, - U5
Fig.9. Rose diagram veins and contour diagram of the veins’ pole.
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Fig 10. Images from the veins of the study area, (a) Three coaxial serpentine veins with similar strike and variable
slope (b), Antitaxial calcitic vein in diabasic unit (c- d), Coaxial veins of serpentine.
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Fig.11. Geometry fault and dihedral Method.
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Tabel.3. Location of paleostress stress axes to Right dihedral method.

Faults 61 (Az/PIl) 62 (Az/Pl) o3 (Az/PI)
F1 202/31 031/59 294/04
F3 137/16 234/23 016/62
F4 071/09 339/15 191/72
F5 049/27 151/22 275174
F7 065/06 159/28 324/61
Mesgaran/N 220/15 129/04 023/79
Mesgaran/S 114/52 232/20 334/30
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Fig.12. Location of paleo stress axes to right dihedral method (a), Fault F1 (b), Fault F2 (c), Fault F3 (d), Fault F4 (e),
Fault F5 (f), Fault F6 (g), Fault F7 (1), North Mesgaran (J), South Mesgaran.
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Tabel.4. Parameters calculated from data harvested area.

Location N %i/n total R% SHmax SHmin R’ Reg

Shirshotor fault 3 33 52 161 71 2,5 TF

Central Shirshotor fault 6 50 20 117 27 15 SS

F1 4 100 30 30 120 1,31 NS

F3 4 100 84 135 45 2,43 TS

F4 32 43 42 64 156 2,46 TS

F5 15 26 10 37 127 2,62 TF

F7 32 50 36 62 152 2,47 TS

Mesgaran/N 25 52 20 38 128 2,5 TF

Mesgaran/S 9 77 48 76 166 0,31 NS

(Sl alizee 3blie yo (i Glace sl Sy -0 sz
Tabel. 5. Characteristics of stress field in different harvesting zones.
. . Tectonic Ellipsoide o3 o2 o1 . N
Age unit Rock unit regime Stress® (Az/Pl) | (Az/Pl) | (Az/P]) Location 0
uper Serpantinite Compersional- 0.5 242/57 | 079/32 | 344/08 Shirshotor fault 1
Cretaceous shear
uper Donite- Compersional- Central
Cretaceous Serpantinite shear 0.5 196/41 | 021/49 | 288/03 Shirshotor fault 2
Diabas, .
Cretaceous Limestone Tensional-shear 0.7 301/07 | 049/70 | 208/19 F1 3
Cretaceous Diabas, shear 05 056/11 | 191/75 | 324/11 F2 4
Limestone
Cretaceous Limestone Comsﬁ;lronal- 0.5 342/78 | 227/05 | 136/11 F3 5
Cretaceous Ulterabasic Comsﬁ]eggiona" 05 190/82 | 333/07 | 064/05 F4 6
Cretaceous | Tuff, Serpantinite Comsﬁézlronal- 0.5 275/57 | 151/20 | 052/25 F5 7
Cretaceous Ulterbasic- Compersional- 0.4 310/51 | 167/35 @ 067/14 F7 8
Serpantinitie shear
Paleogene Sandestone Tensional-shear 0.5 317/14 | 194/65 | 052/20 F8 9
Cretaceous | Albite, sericite Comfﬁ;'r"”a" 05 071/73 | 312008 | 220/15 Mesgaran/N é
Cretaceous Metamorphic Tensional 0.3 329/25 | 234/09 | 125/63 Mesgaran/S 1
Cretaceous metamorphic Compersional 0.5 034/57 | 302/01 | 212/33 Shork fault %
rArea

Paleostress analysis map of Shir-e-Shotol
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Fig. 14. Paleostress Analysis map of area (Sashimi, 2017).
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