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1-Introduction

The Garijgan mining area is located about 25 km south of Khousf in South Khorasan province. Regarding
tectonic-sedimentary divisions (Alavi, 1991), this area is located in the eastern part of the Lut block. The
Nehbandan strike-slip fault system in the east of the Lut zone and the Naiband strike-slip fault in the west
of the Lut zone are the most prominent tectonic mechanisms in eastern Iran. The activity of these dextral
strike-slip faults and sub-branches has been shown in the form of numerous regional shear zones. It seems
that these shear zones caused this area's metallic and non-metallic mineral deposits to mostly have a vein
style (; Khatib, 1998; Khatib and Zarrinkoub, 2012). One of these shear zones is a small non-parallel
Garijgan shear zone. In this paper, we have examined paleo-stress data. Also, we have studied fracture
densities concerning mineralization.

2-Material and methods

At first, in order to prepare a map of fractures, Landsat 8 data with a spatial resolution of 14.25 meters
(combined data with band 8) and Aster data with a spatial resolution of 15 meters were used because it is
known that satellite images can be used for depicting lineaments (such as fractures) (Gholamzadeh et al.,
2021). In the next step, for a detailed examination of the structural controls, the studied area was placed in
a 19-cell grid (the size of each cell is 1000 meters by 1000 meters, equivalent to 1 square kilometer), and
the structural elements for each grid were examined. Also, parameters such as stria on the fault surface,
displacement of rock units relative to each other, and processing of satellite images were used to determine
the faults' motion mechanism. Then, the structural map of the faults and the outcrops of veins in the area
was prepared, and the rose diagram of fractures and mineralization veins was drawn. Finally, using Win
Tensor software, the maximum stress direction (16) was obtained for each network, and the focal
mechanism resulting from the kinematics of the faults in each station was displayed on the structural map.

3-discussions

Band composition of the main components of Aster satellite data revealed the lineaments in the region. In
the next step, to examine the exact position of the structural controls, the studied area was placed in a 19-
cell grid, and the structural elements of each grid were taken, and the rose diagram of linear structures
(faults and mineralized veins) was drawn. As can be seen, most of the mineralization veins are concentrated
along the fractures in the northwest-southeast direction (Fig. 1). Based on the rose diagrams and the
histogram of the lineaments, the fractures of this area can be divided into three groups: a) Faults with a
northwest-southeast trend, and their mechanism is right-lateral, strike-slip with a reverse component. These
faults are more abundant in the region, and the mineralization veins are concentrated along them. b) Faults
with a northeast-southwest trend and a left-lateral strike-slip mechanism. No mineralization was observed
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along these faults. c) Several faults have an almost east-west trend. These faults are secondary (third order),
and their mechanism is a left-lateral strike slip with a reverse component. Mineralization is not observed
along these faults.

Based on the results of the rose diagram, the dip direction distribution, and the histogram of jasperoid
veins, it can be stated that the dominant trend of the veins is in the northwest-southeast direction.
Mineralization has occurred along the faults. Moreover, the dip of the veins follows the dip of the fault .As
a result, the average dip of the veins in the eastern border is 65 degrees towards the northeast, and in the
western border, it is 71 degrees towards the southwest. In cell networks I, H, O, and R, the dip direction
distribution of veins is almost radial, which can be related to the presence of intrusive bodied in-depth
because there are many cases in which the presence of intrusive bodies caused fractures, especially radial
types, to develop (Stevenson et al., 2008).

According to the fault structures examined in the Cenozoic (Eocene) and Quaternary time units, it can
be seen that there were at least two stress phases in the study area. In the time units of the Eocene, the first
stage in the northeast-southwest direction is a strike-slip with the position of the main stress axes, ol =
058.04, 62= 174.80, 63= 327.9 that indicates the predominance of compressive stress in these units. The
second stage of stress in the Quaternary time units in the approximate north-south direction is strike-slip
and thrust with the position of the main stress axes, 61=003.05, 62= 207.85, and 63= 093.02. This research
shows that the axis of maximum stress (c1) in the studied area, from the Eocene to the Quaternary, has
rotated about 55 degrees counterclockwise (Fig. 1). Similar results have been obtained by Jentzer et al.
(2017). They analyzed the ancient stress field in the northern part of the Sistan orogenic belt in eastern Iran
and concluded that in less than 10 million years, the compression direction (1) had undergone a rotation
of approximately 65 degrees counterclockwise.
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Fig. 1. Structural map of the study area along with the position of the stress axes in the measured stations.

4-Conclusion

The Garijgan region is a classic non-parallel shear zone between two faults with a dominant strike-slip
component. The fault located on the eastern border has an average dip of 65 degrees to the northeast, and
the fault located on the western border has an average dip of 71 degrees to the southwest. According to the
data obtained from the study of satellite images and the preparation of the fracture distribution map and
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based on the rose diagrams and the histogram of the regional lineaments, it can be concluded that the
mineralization occurred mainly in the fractures with the northwest-southeast trend. These mineralization
veins in the eastern part have an average dip of 65 degrees towards the northeast, and in the western part,
they have an average dip of 71 degrees towards the southwest. On the other hand, the preparation of the
fault density map using the Hardcastle method also shows that the highest density of fractures occurred in
the northwest-southeast direction, which is the same direction as the mineralization veins that confirms that
the mineralization in the Garijgan area is controlled by structures (fractures). In addition, in cell networks,
I, H, O, and R, the direction of the distribution of the vein dips is almost radial, which can be justified by
the presence of intrusive bodies in depth. Of course, confirmation of this issue requires more studies,
primarily geophysical investigations.

The study of paleo stress patterns indicates the occurrence of at least two phases of right-lateral shear-
compressive stress with azimuth NO3 and N58. The first stage occurred in the Eocene time in the
approximate northeast-southwest direction in the form of strike-slip, and the second stage occurred in the
Quaternary time in the approximate north-south direction in the form of strike-slip and thrusting. In
addition, these faults have rotated about 55 degrees counterclockwise due to the stresses affecting the region
until the Quaternary period. This rotation has opened most of the pore spaces and caused the mineralized
veins to fit in their current direction (northwest-southeast).
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Fig. 5. The geometric position of the faults and their surface dip on the structural map of the study area along with their
rose diagram.
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Fig. 6. Histogram of the lineaments in the study area. As can be seen, there are more lineaments with northwest-southeast
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Fig. 7. (a) A fault with northwest-southeast orientation in the study area, (b) A fault with northeast- southwest orientation

in the study region.
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Fig. 8. The geometric position of the veins and their surface dip on the structural map of the study area.
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Fig. 13. (a) and (b) Filling of minor fractures resulting from shear zone by hydrothermal deposits.
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