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1-Introduction

The study area in South Khorasan is 58 46 to 58 57 and 33" 10 to 33 29 wide. In this study, the seismicity
study of Chahak fault and investigation of tectonic and neutral morphological indices associated with Chahak
fault thrust. Finally, by combining the results of these two methods, it is suggested to investigate the activity of
the Chahak fault as well as identify the high-risk areas.

2-Methodology

In the first phase, to raise the level of self-knowledge, books, articles on related sites were studied. In the next
step, field surveys and the use of a variety of related sites and various software were collected and analyzed.
Finally, according to the goals set, the information was combined, and the results presented.

3- Results and discussion

In this study, two parameters of tectonic morphological analysis and seismic analysis were used to evaluate and
evaluate the activity of Chahak Fault.

3-1- Morphometric indices

Morphotectonic indices and morphological evidence are useful tools in assessing neonatal activity in the
regions, and their study will help us to better understand the action of forces affecting their formation.
Accordingly, land forming is the construction of knowledge that encompasses all aspects of the relationship
between geological structures and existing landforms (Adams et al., 1999). Twelve catchments were identified
for the study area (Fig. 1) and each of the geomorphic indices topographic symmetry (T), drainage basin
asymmetry (Af), basin shape (Bs), river channel sinusitis (S) and mountain frontal sinusitis. (SMF) have been
measured (Table 1). Finally, by combining the above indices, the relative active landfill index (IAT) is
presented in this area. The average values of the geomorphic index categories were measured separately and
then classified into four categories, which are, in fact the same categories of Active Land Index (lat) of the study
area (Table 2), to calculate the Active Land Index in each basin. Tier 1 values are divided between 1 to 1.5, Tier
2 between 1.5 and Tier 2, Tier 3 between 2 and 2.5, and Tier 4 over 2.5 (El Hamdouni, 2008). According to the
results, ten basins have high tectonic activity, and two basins have a moderate tectonic activity that shows that
the study area has relatively high tectonic activity, due to movements and activity of Chahak Fault.

3-2- Seismic inspection

The earthquake catalog of the International Earthquake Research Institute and the USGS site was used in this
study, and earthquakes of the twentieth century with a radius of 150 km to the center of Aryan city between
1900 and 2019 were prepared and analyzed (Fig. 2). Then the bM - a = LogN relationship was used to obtain the
seismic formula of the study area, where N is the number of earthquakes with magnitude M and a coefficient
determining the earthquakes with magnitude greater than zero. The seismic context of the region and the
coefficient b represent the region's tectonics (Akasheh, 1999). In this study, earthquakes of 4 Richter were
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considered, and finally, by drawing a semi-logarithmic curve, the seismic formula of the study area was
discussed. Finds that the seismic equation of the region is as follows LOGN = 2.16-0.61MS. Using the obtained
seismic equation, we can recover the period of earthquakes. RA study to estimate the values in (Table 3) is
provided. The experimental conditions of Salmonz, Ambraseys, and Melville and Norouzi were used to
investigate the seismic potential of the faults in the region. Estimation of the maximum probable magnitude for
each fault and then calculating the maximum horizontal acceleration of the earth for that fault area were
determined. A seismic acceleration map of eastern lIran is also were provided, which well represents the
maximum horizontal acceleration around the major faults (Fig. 3).

4-Conclusions

The morphometric indices S, BS, AF, and T calculated the mean AF value in the main basin 59, indicating that
the main basin tilted westward. The result can be attributed to the density of faults in the east and the persistent
lithologies in the eastern part of the basin. The mean BS value in the main basin is 1.88, which indicates the
closeness of the basin shape to the circle, indicating a low uplift rate and more time spent on erosion in the main
basin. The mean S in the main basin is close to the numerical value of 1, indicating activity and uplift in some
parts of the study area. The average Smf at the five mountain fronts is a numerical average of 1.02, indicating
the activity of the Chahak Fault and its surrounding faults, preventing erosion and creating a winding mountain
front. Also, the value of the relative active landfill index is 1.94, indicating high activity in the study area. The
presence of alluvial cones indicates a high rate of frontal mountain elevation relative to the amount of
downstream drilling that results in the formation of new alluvial cones at the apex that show tectonic activity in
different parts of the range. Other evidence includes the existence of diverted waterways and fault segments in
the gorge. The waterways diagonally enter the fault zone and flow parallel to the faults of the area before
returning to their original course. By examining the fault fractions of the study area, the Chahak fault in the
south of the region changes from a strike-slip to a reverse mechanism. By reviewing the twentieth-century
earthquakes from 1900 to 2019, the LOGN = 2.16-0.61MS seismic formula was obtained for the study area,
where a = 2.16 and b = 0.61 are the seismic parameters. The return period values for earthquakes of 4, 5, 6, 6.5,
7, and 7.4 are estimated to be 1.92, 7.82, 32, 65, 130, and 228 years, respectively. According to the acceleration
map (Fig. 10), the horizontal gravity acceleration value for the studied PGA ranges between 0.28g and 0.40g
due to the Chahak fault performance with an average seismic power of approximately 7.1 Richter and a length
of 50 km. It has a relatively high seismic hazard. In summary, the comparison between the use of statistical
seismic analysis on the one hand and tectonic morphing on the other shows acceptable agreement in the study
area.
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Fig. 2. Basin location of the study area.
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Table 1. Calculated mean of morphometric indices for the study area.

Basin Name BS AF T S
1 1.66 87 0.6 1.13
2 2.35 58 0.27 1.11
3 1.98 35 0.1 1.35
4 1.94 65 0.34 1.12
5 1.59 39 0.25 1.22
6 1.62 89 0.9 1.34
7 1.88 50 0.17 1.21
8 2.72 59 0.79 1.36
9 2.28 41 0.78 1.42
10 1.17 71 0.35 131
11 1.53 54 0.18 1.21
12 1.72 45 0.16 1.14
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Table 2. Calculated Smf values for the study area.

Mountain Front Name Lmf Ls Smf
1 3 291 1.03
2 7.53 7 1.07
3 3.49 3.34 1.04
4 249 2.49 1
5 2.92 2.88 1
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Fig 3. Direct Lines (LS) with locations of mountain sinusits index calculation.
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Table 3. Calculated values of tectonic classes per individual to obtain index (lat).

Basin Name Bs AF T S Smf lat lat Status
1 3 1 2 1 1 1.6 High activity
2 3 3 2 1 1 2 High activity
3 3 2 2 2 1 2 High activity
4 3 1 2 1 1 1.6 High activity
5 3 2 2 2 1 2 High activity
6 3 1 2 3 1 2 High activity
7 3 3 2 2 1 2.2 Moderate activity
8 3 3 1 2 1 2 High activity
9 3 2 1 3 1 2 High activity
10 3 1 2 2 1 18 High activity
11 3 3 2 2 1 2.2 Moderate activity
12 3 3 2 1 1 2 High activity
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Table 4. Estimation of earthquake return period of different magnitude for the study area.

MS N T MS N T MS N T

4 0.52 1.92 5.4 0.07 13.72 6.8 0.01 98.19
4.1 0.45 2.21 5.5 0.06 15.79 6.9 0.01 113.02
4.2 0.39 2.54 5.6 0.06 18.17 7 0.01 130.08
4.3 0.34 2.92 5.7 0.05 20.91 7.1 0.01 149.71
4.4 0.30 3.36 5.8 0.04 24.07 7.2 0.01 172.31
4.5 0.26 3.87 5.9 0.04 27.70 7.3 0.01 198.33
4.6 0.22 4.45 6 0.03 31.89 7.4 0.00 228.27
4.7 0.20 5.13 6.1 0.03 36.70

4.8 0.17 5.90 6.2 0.02 42.24

4.9 0.15 6.79 6.3 0.02 48.62

5 0.13 7.82 6.4 0.02 55.96

51 0.11 9.00 6.5 0.02 64.40

52 0.10 10.35 6.6 0.01 74.12

53 0.08 11.92 6.7 0.01 85.31
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Table 5. Estimates of DBE and MCE for shelf life of 10 to 100 years.

Shelf life of the structure
(year)

10

20

30

40

50

60

70

80

90

100

DBE MCE
3.5 53
4.0 5.8
4.3 6.1
4.6 6.3
4.9 6.4
5.0 6.6
5.1 6.7
5.3 6.8
54 6.9
55 7.1
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Table 6. Estimation of seismic potential of faults over 10 km in radius of 150 km from the study area using
empirical formulas. In this table; S = Salmons (1978), M&A= Ambraseys and Melville (1982), N = Norouzi (1985).

Fault name Fault length Seismic Potential Fault
(km) (Ms)
S AM&M N Ms
Avrdecol 138 8.40 7.69 7.24 7.7
Dashte Bayaz 120 8.34 7.60 7.18 7.7
Gio 107 8.29 7.53 7.13 7.6
South Birjand 80.2 8.16 7.35 7.00 75
Chahak 50 7.84 6.89 6.68 7.1
Chahpanjsar 71 8.11 7.27 6.95 7.4
Abgarm 70 8.11 7.27 6.94 7.4
Pereng 60 8.04 7.17 6.88 7.3
Ferdows 80 8.16 7.35 7.00 75
Sadeh 58 8.02 7.15 6.86 7.3
North Birjand 474 7.94 7.02 6.77 7.2
Dastgerd 47 7.93 7.02 6.77 7.2
Shekrab 45.3 7.92 7.00 6.76 7.2
Nozad 375 7.83 6.88 6.67 7.1
Koli 324 7.77 6.79 6.61 7
Shah Abad 30.5 7.74 6.75 6.58 7
Dost Abad 14 7.41 6.27 6.25 6.6
Asfzar 42.2 7.89 6.95 6.72 7.1
Farrokhi 29.2 7.73 6.72 6.56 7
Gol 47 7.93 7.02 6.77 7.2
Kalate Solomon 14.5 7.42 6.29 6.26 6.6
Shorestan 30.1 7.74 6.74 6.58 7
Sidan 23.8 7.64 6.60 6.48 6.9
Faizabad 51.8 7.97 7.08 6.81 7.2
Tabas Masina 425 7.89 6.96 6.73 7.1
Ahangaran 33.2 7.78 6.80 6.62 7
Asadabad 40.6 7.87 6.93 6.71 7.1
Chah Khu 46.6 7.93 7.01 6.77 7.2
Chah khosh 40.2 7.86 6.92 6.70 7.1
South Boshruyeh 50.2 7.96 7.06 6.80 7.2
East Boshruyeh 18.2 7.52 6.43 6.36 6.7
Afriz 13 7.37 6.22 6.21 6.6
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Fig.8. Acceleration map. Rectangular shows the study area.
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