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Introduction
Although the distribution of fluvial knickzones, as an important 

geomorphic feature in bedrock river morphology, has been studied by 
many investigators, the role of them in examination of tectonic activity 
has not been well investigated [1], specially based on its comparision 
with movement potential faults over a broad area. This study examines 
the tectonic activity of Khuzestan province, South West Zagros, 
by considering two different parameters: distribution of the fluvial 
knickzones along Mountain Rivers and evaluation of faults activity 
in the study area. A segment of a river long-profile that is steeper 
than adjacent segments is commonly referred to as a knickzone or 
a knickpoint if it is visibly steeper than the trend of the longitudinal 
profile. Knickzones are often observed along bedrock rivers and the most 
visible form is a waterfall. Knickzones are supposed to be a response to 
base-level changes or to alternations of local lithology [2]. Upstream 
migration of knickzones has been argued to cause rapid river incision 
and result in the formation of terraces and instability of valley-side 
slopes. Knickpoint evolution on a river can provide evidence for uplift 
of plate margins [3]. Knickpoints can be used as geomorphic markers 
in steep, rapidly eroding landscapes that commonly lack datable river 
terraces [4]. In this paper we use the method that was proposed by 
Hayakawa and Oguchi [5] to extract knickzones in broad areas using 
DEMs (Digital Elevation Models) and GIS (Geographical Information 
System). DEM analysis of the longitudinal profiles of rivers permits 
quantitative, reproductible, and efficient identification of knickzones. 
The obtained inventory of knickzones will provide a basis for objective 
analyses of the distribution of knickzones. 

Study Area
The study area is a region in west to southwest Iran, where geologic, 

climatic and tectonic settings vary (Figure 1). Most of the area has been 
tectonically active through the Quaternary, except Khuzestan plain. The 
climate of the study area is warm and temperate with a mean annual 
temperature of 49.6ºC. The mean annual precipitation is less than 2000 
mm.

Materials and Methods
Knickzone

50-m grid cell DEMs, provided by Geographical Survey Institute of 
Iran, were used in this study. The projection is the UTM Zone 54N. The 
DEMs were derived from the contour lines of the 1:25,000 topographic 
maps published from the Geographical Survey Institute of Iran, on 
which the contour interval is 10 m. Using the hydrological functions of 
GIS (Arc Hydro), the direction of surface water flow, the drainage area, 
and stream networks were obtained from the filled DEMs (Figure 2). 
Geology data come from a 1:100,000 digital vector map (Geographical 
Survey Institute of Iran). Additionally, the distribution of active faults 
in the study area was obtained from published digital data.

Lengths of rivers range from 0 to 666 km mean value is 26 km 
and standard deviation is 48 km. Total length of the rivers is 8880 

km (Figure 3). First we calculate stream gradients as a function of 
measurement length. Second, we use the method of defining reaches 
whose steepened 	 slopes are sufficiently anomalous to be regarded as 
knickzones. The transition rate from the local to regional gradients, i.e. 
the decreasing rate of gradient with increasing measurement length, is 
then obtained as the indicator of relative steepness of a river segment, 
which permits the objective identification of fluvial knickzones [5]. 
Finally, we illustrate the regional distribution of knickzones from this 
method and discuss the implications of this pattern.

Figure 1: Geological situation of the study area (Stocklin, 1968a).
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subbasin 327) is shown in the Figure 5. Some statistical values of stream 
gradients (d=160-1120) for each river were calculated. The uppermost 
and lowermost 560-m reaches were excluded from the calculation 
because Gd for d=1120 could not be obtained. As the fluctuation of 
Gd decreases with increasing d, the standard deviation, maximum 
and range of Gd also decrease and the minimum Gd increase 
(Figures 6 and 7) (Tables 1-3). Unlike the local gradients, the trend 
gradients and the changing rates tend to increase with increasing d, 
which is particularly apparent when d exceeds ca. 6000. The standard 
deviation and range of Gd also increase with increasing d if d exceeds 
6000. These facts seem to reflect the overall concavity of stream 
profiles. Because rivers generally take concave longitudinal profiles, 
Gd based on large d tends to be larger than that based on small d in 
the middle to lower reaches. Although the inverse is true for some 
upper reaches, the lengths are generally short. On the other hand, the 
standard deviation and range of Gd for d less than ca. 3000 decrease as 
d increases in the case of the local gradients. Therefore, Gd for d=ca. 
3000-6000 can be regarded as the trend gradient suitable to this study. 
Because locally steep river segments have trend gradients less than the 
local gradients, we examined the rate of gradient change with increasing 
d as an indicator of relative steepness (Rd) of local river segments. As 
shown in Figure 8, some locations along a river show rapid decrease 
in Gd with increasing d when d is shorter than several thousand 
kilometers, and such locations seem to correspond to knickzones. 
Standard deviation of Gd for d=320-3040 except for the uppermost 
and lowermost 1520 m reaches was computed for each river, and the 
average was shown in Figure 8. For ca. d<1500, the standard deviation 
of Gd decreases as d increases, whereas for ca. d>1500, it increases 
with increasing d. The value of d at which the standard deviation is 
minimized was examined for each river; the average was 1805 m. This 
result is slightly different from the trend shown in Figure 6B, because 
of the inclusion of some uppermost and lowermost river segments (the 
uppermost and lowermost 1520 m reaches). The range of d from 320 
to 1760 (the range of decreasing standard deviation with d) is, thus, 
regarded as the transition of the local to trend gradient (Figure 9).

Calculation of stream gradients

Stream gradients were measured at points along a stream line. The 
distance between two adjacent measurement points was set to be 80 
m, which is slightly longer than the diagonal length of the cell size of 
70.7 m covering the horizontal resolution of the DEMs (Figure 4).The 
stream gradient at each measurement point, Gd (m/m), is defined as:

where d is the horizontal length used for the calculation of gradient 
(m), and E1 and E2 are elevations of upstream and downstream points [5].

Gd values for various d (160-9920) were calculated along each 
river. The results indicate that the gradients can be grouped into 
two major types: local and trend gradients. The local gradient with 
d<1200 shows a large fluctuation, reflecting local riverbed form. 
Such fluctuations decrease as d increases, and curves showing the 
trend gradient with d>1200 are much smoother. Example of stream 
gradients for various values of d (Karun River in central study area, 
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d
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Figure 2: Study area in South West Iran, including 474 bedrock 
rivers without large lakes or dams.

Figure 3: Frequency Distribution of rivers.

Figure 4: Calculation of stream gradient.
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Figure 5: Example of stream gradients for various values of d (Karun River in central study area, subbasin 327.

Figure 6: Mean (black circle) and standard deviation (vertical gray line) of statistical values of stream gradients (d=160-1120) for each river.
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Figure 7: Statistical parameters and the changing rates of stream gradients (d=1280-9920 m).

Mean Gd (m/m) Minimum Gd (m/m) Maximum Gd (m/m) Standard deviation of Gd (m/m)
d=160 0,00186 -5,40125 0,49706 0,10005
d=240 0,00184 -3,45083 0,33146 0,07987
d=320 0,00182 -2,58750 0,26250 0,06856
d=400 0,00181 -2,05250 0,21885 0,06183
d=480 0,00180 -1,69167 0,18242 0,05620
d=560 0,00179 -1,44286 0,16071 0,05109
d=640 0,00178 -1,25625 0,14616 0,04775
d=720 0,00177 -1,11597 0,12994 0,04494
d=800 0,00176 -1,00375 0,11698 0,04254
d=880 0,00176 -0,91227 0,10636 0,04050
d=960 0,00175 -0,83594 0,09752 0,03886

d=1040 0,00175 -0,76971 0,09004 0,03728
d=1120 0,00175 -0,71429 0,08363 0,03592

Table 1: Statistical parameters and the changing rates of stream gradients (d=160-1120).

Average Gd (*10-5 m/m) Standard deviation of Gd (10-4 m/m)
d=1280 167 2
d=2240 167 2
d=3200 167 2
d=4160 167 2
d=5120 168 2
d=6080 169 3
d=7040 170 4
d=8000 171 5
d=8960 172 7
d=9920 174 11

Table 2: Statistical parameters and the changing rates of stream gradients (d=1280-9920 m).
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Change of average Gd (10-6 m/m2) Change of standard deviation Gd (*10-5 m/m2)
1280-2240 0 2
2240-3200 2 2
3200-4160 6 2
4160-5120 8 3
5120-6080 8 5
6080-7040 10 6
7040-8000 10 10
8000-8960 20 21
8960-9920 20 46

Table 3: Statistical parameters and the changing rates of stream gradients for different values of d.

Figure 8: Gradient change with increasing d at a measurement point along Karun River.

Rd (m-1) for each location was measured by fitting a linear 
regression line to the relationship between d and Gd. An example 
of Rd distribution along a river is shown in Figure 10. The curve 
of Rd along the river shows fluctuations, in which relatively steep 
segments correspond to large values of Rd. The standard deviation 
of Rd for each river was examined, and its average for all the rivers 
was 1.42 × 10-5. River segments with Rd larger than this value were 
identified as knickzones (Figure 10), whereas those with height 
less than 10 m were excluded because the DEMs used in this study 
were constructed from topographic maps with 10-m contours.  
Relationship between fluvial knickpoint distribution and lithology in 
the study area was examined (Figure 11). Effects of rock properties on 
the frequency and form of knickzones are observed, but they seem to 
play only a subordinate role [5].

Fault movement potential

Study of quantitative seismotectonic parameters in a seismogenic 
area play an important role in the analysis of tectonic characteristics 
and earthquake potential in that area. Interrelationship between 
the tectonic stress field and crustal movement potential of any given 
area can be drawn by examining the principal stress orientations 
and the fault geometrical characteristics in that area, based on the 
Navier-Coulomb shear failure criterion [6]. In this paper the source 
parameters of 49 earthquakes with mb ≥ 4.0, from 1977 to 2010 [7], 
combined with information obtained from the fault maps have been 
analyzed to investigate the interrelationship between the Current 
Tectonic Regime (CTR) and the movement potential of the major 
faults in Khuzestan province. The overall orientation of the greatest 
principal stress was horizontal with an azimuth of NE-SW (Figure 12). 

Finally, the relationship between fluvial knickpoint distribution, active 
faults and maximum value of FMP in the study area was investigated 
(Figure 13) (Table 4) [8].

Conclusion
Investigations on major mountain rivers revealed that knickzones 

are generally abundant in the study area. Knickzones with large relative 
steepness near the outlets of large watersheds are related to the tectonic 
activity and most of them are actually close to the known locations 
of active faults. Knickzones occur along upstream steep reaches can 
be related to active hydraulic and erosional conditions regardless of 
geological or tectonic conditions. Effects of rock properties on the 
frequency and form of knickzones are observed, but they seem to play 
only a subordinate role. This study concludes that tectonics and geology 
are more important than topographic and hydraulic conditions in 
knickzone existence. The Fault Movement Potential (FMP), one of the 
most important parameters related to seismicity assessment, evaluates 
the seismic hazard of fault systems, based on evaluation of fault activity 
by considering the mechanical relationships between fault geometry 
and regional tectonic stress field. FMP values are more consistent with 
the patterns of faults and present-day earthquake activity in the area. 
There also seems to be a good relationship between fluvial knickpoint 
distribution, seismotectonic zoning based on FMP and seismotectonic 
source of knickpoints.
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Figure 9: Changes of standard deviation of stream gradients with d for d ≤ 3040.

Figure 10:  Longitudinal profile, relative steepness (Rd) and identified knickzones for Karun River. Gray dotted line shows a threshold value of Rd 
(1.42 × 10-5). Segments less than 10-m in height are not included in knickzones.

Figure 11: Relationship between fluvial knickpoint and lithology along river 201.
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Figure 12: Maximum principal stress direction (σ1) in this study and previous study (Wyss, 1995).

Figure 13: Relationship between fluvial knickpoint distribution, active faults and maximum value of FMP in the study area.
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No Zone FD.DD N.F σ1 µ φ θ0 θf (FMP)max (FMP)avg

1 (32 45-33)(48- 48 15) 90/268 0/88 06/035 0,3 16,7 53,35 56,73 0,99 0,84
2 (32 45 33)(48 15-48 30) 90/354 0/174 19/207 0,3 16,7 53,35 37,54 0,61 0,4
3 (32 45-33)(48 30-48 45) 90/354 0/174 19/207 0,3 16,7 53,35 37,54 0,69 0,55
4 (32 45-33)(48 45-49) 37/349 53/169 19/207 0,3 16,7 53,35 44,89 0,82 0,53
5 (32 45-33)(49-49 15) 53/220 37/40 06/104 0,3 16,7 53,35 65,73 0,92 0,72
6 (32 45-33)(49 15-49 30) 37/55 53/235 19/207 0,3 16,7 53,35 40,32 0,73 0,48
7 (32 30-32 45)(47 45-48) 90/11 0/191 2/224 0,3 16,7 53,35 33,05 0,96 0,78
8 (32 30-32 45)(48-48 15) 90/354 0/174 03/198 0,3 16,7 53,35 29,92 0,95 0,67
9 (32 30-32 45)(48 15-48 30) 53/67 37/247 13/193 0,3 16,7 53,35 56,35 0,97 0,7

10 (32 30-32 45)(48 30-48 45) 37/346 53/166 13/202 0,3 16,7 53,35 47,83 1 0,7
11 (32 30-32 45)(48 45-49) 53/93 37/273 16/201 0,3 16,7 53,35 66,23 0,74 0,58
12 (32 30-32 45)(49-49 15) 37/215 53/35 20/48 0,3 16,7 53,35 34,49 0,95 0,61
13 (32 30-32 45)(49 15- 49 30) 37/41 53/221 19/207 0,3 16,7 53,35 35,69 0,98 0,55
14 (32 30-32 45)(49 30-49 45) 37/55 53/235 19/207 0,3 16,7 53,35 40,32 0,93 0,64
15 (32 15-32 30) (47 45-48)                  
16 (32 15-32 30)(48-48 15) 90/73 0/253 19/207 0,3 16,7 53,35 48,94 0,88 0,88
17 (32 15-32 30)(48 15-48 30) 37/27 53/207 19/207 0,3 16,7 53,35 34 0,47 0,47
18 (32 15-32 30)(48 30-48 45)                  
19 (32 15-32 30)(48 45-49) 53/93 37/273 19/207 0,3 16,7 53,35 59,8 0,95 0,58
20 (32 15-32 30)(49-49 15) 37/34 53/214 19/207 0,3 16,7 53,35 34,43 0,97 0,64
21 (32 15-32 30)(49 15-49 30) 90/359 0/179 43/220 0,3 16,7 53,35 56,5 0,99 0,54
22 (32 15-32 30)(49 30-49 45) 37/47 53/227 19/207 0,3 16,7 53,35 37,37 1 0,57
23 (32 15-32 30)(49 45-50) 37/58 53/238 19/207 0,3 16,7 53,35 41,6 0,97 0,61
24 (32-32 15)(47 30-47 45)                  
25 (32-32 15)(47 45-48) 37/48 53/228 19/207 0,3 16,7 53,35 37,7 0,98 0,55
26 (32-32 15)(48-48 15) 37/52 53/232 19/207 0,3 16,7 53,35 39,13 0,89 0,52
27 (32-32 15)(48 15-48 30) 53/108 37/288 19/207 0,3 16,7 53,35 71,7 0,93 0,59
28 (32-32 15)(48 30-48 45) 37/32 53/212 19/207 0,3 16,7 53,35 34,22 0,98 0,72
29 (32-32 15)(48 45-49) 90/93 0/273 12/049 0,3 16,7 53,35 67,38 0,97 0,71
30 (32-32 15)(49-49 15) 90/69 0/249 26/39 0,3 16,7 53,35 36,75 0,98 0,51
31 (32-32 15)(49 15-49 30) 37/29 53/209 19/207 0,3 16,7 53,35 34,04 1 0,57
32 (32-32 15)(49 30-49 45) 90/194 0/14 11/052 0,3 16,7 53,35 39,33 0,99 0,68
33 (32-32 15)(49 45-50) 90/82 0/242 19/207 0,3 16,7 53,35 39,24 0,98 0,55
34 (32-32 15)(50-50 15) 90/58 0/238 19/207 0,3 16,7 53,35 35,86 0,95 0,7
35 (31 45-32)(47 30-47 45)                  
36 (31 45-32)(47 45-48) 37/48 53/228 19/207 0,3 16,7 53,35 37,7 0,57 0,57
37 (31 45-32)(48-48 15) 37/48 53/228 19/207 0,3 16,7 53,35 37,7 0,9 0,57
38 (31 45-32)(48 15-48 30) 53/90 37/180 19/207 0,3 16,7 53,35 29,69 0,9 0,57
39 (31 45-32)(48 30-48 45) 37/209 53/29 02/051 0,3 16,7 53,35 54,16 0,98 0,71
40 (31 45-32)(48 45-49) 37/55 53/235 06/049 0,3 16,7 53,35 84,34 0,99 0,68
41 (31 45-32)(49-49 15) 37/45 53/225 10/213 0,3 16,7 53,35 44,08 0,97 0,67
42 (31 45-32)(49 15-49 30) 53/159 37/339 02/047 0,3 16,7 53,35 68,1 1 0,84
43 (31 45-32)(49 30-49 45) 37/217 53/37 11/047 0,3 16,7 53,35 41,81 0,95 0,54
44 (31 45-32)(49 45-50) 90/66 0/246 19/207 0,3 16,7 53,35 42,71 0,98 0,68
45 (31 45-32)(50-50 15) 90/58 0/238 09/206 0,3 16,7 53,35 33,11 0,95 0,59
46 (31 45-32)(50 15-50 30) 37/57 53/237 19/207 0,3 16,7 53,35 41,17 0,95 0,62
47 (31 30-31 45)(47 30-47 45)                  
48 (31 30-31 45)(47 45-48)                  
49 (31 30-31 45)(48-48 15) 37/33 53/213 19/207 0,3 16,7 53,35 34,32 0,98 0,54
50 (31 30-31 45)(48 15-48 30) 90/62 0/242 19/207 0,3 16,7 53,35 39,24 0,97 0,65
51 (31 30-31 45)(48 30-48 45) 90/329 0/149 19/207 0,3 16,7 53,35 59,93 0,98 0,67
52 (31 30-31 45)(48 45-49) 90/348 0/168 19/207 0,3 16,7 53,35 42,71 0,71 0,71
53 (31 30-31 45)(49-49 15) 90/348 0/168 19/207 0,3 16,7 53,35 42,71 0,71 0,58
54 (31 30-31 45)(49 15-49 30) 53/168 37/348 07/052 0,3 16,7 53,35 76,85 0,95 0,73
55 (31 30-31 45)(49 30-49 45) 90/353 0/173 6/222 0,3 16,7 53,35 49,27 0,91 0,79
56 (31 30-31 45)(49 45-50) 90/358 0/178 69/221 0,3 16,7 53,35 74,81 1 0,6
57 (31 30-31 45)(50-50 15) 37/2 53/182 19/207 0,3 16,7 53,35 39,13 0,98 0,57
58 (31 30-31 45)(50 15-50 30) 53/100 37/280 14/181 0,3 16,7 53,35 88,6 0,97 0,63
59 (31 15-31 30)(47 30-47 45)                  
60 (31 15-31 30)(47 45-48)                  
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61 (31 15-3130)(48-48 15) 37/33 53/213 19/207 0,3 16,7 53,35 34,32 0,9 0,69
62 (31 15-31 30)(48 15-48 30) 37/33 53/213 19/207 0,3 16,7 53,35 34,32 0,95 0,57
63 (31 15-31 30)(48 30-48 45) 37/36 53/216 19/207 0,3 16,7 53,35 34,71 0,56 0,52
64 (31 15-31 30)(48 45-49)                  
65 (31 15-31 30)(49-49 15) 90/66 0/246 19/207 0,3 16,7 53,35 42,71 0,71 0,71
66 (31 15-31 30)(49 15-49 30) 37/8 53/188 19/207 0,3 16,7 53,35 37,06 0,73 0,62
67 (31 15-31 30)(49 30-49 45) 37/8 53/188 19/207 0,3 16,7 53,35 37,06 0,64 0,47
68 (31 15-31 30)(49 45-50) 37/42 53/222 19/207 0,3 16,7 53,35 35,94 0,81 0,58
69 (31 15-31 30)(50-50 15) 53/90 37/270 19/207 0,3 16,7 53,35 57,4 0,89 0,6
70 (31 15-31 30)(50 15-50 30) 37/57 53/237 19/207 0,3 16,7 53,35 41,17 0,95 0,6
71 (31-31 15)(47 30-47 45)                  
72 (31-31 15)(47 45-48)                  
73 (31-31 15)(48-48 15)                  
74 (31-31 15)(48 15-48 30)                  
75 (31-31 15)(48 30-48 45) 37/36 53/216 19/207 0,3 16,7 53,35 34,71 0,49 0,49
76 (31-31 15)(48 45-49) 37/36 53/216 19/207 0,3 16,7 53,35 34,71 0,49 0,49
77 (31-31 15)(49-49 15)                  
78 (31-31 15)(49 15-49 30) 90/58 0/238 19/207 0,3 16,7 53,35 35,86 0,78 0,55
79 (31-31 15)(49 30-49 45) 53/122 37/302 19/207 0,3 16,7 53,35 82,52 0,6 0,41
80 (31-31 15)(49 45-50) 90/100 0/280 7/243 0,3 16,7 53,35 37,56 0,97 0,69
81 (31-31 15)(50-50 15)                  
82 (30 45-31)(48-48 15)                  
83 (30 45-31)(48 15-48 30)                  
84 (30 45-31)(48 30-48 45)                  
85 (30 45-31)(48 45-49) 90/69 0/249 19/207 0,3 16,7 53,35 45,36 0,78 0,78
86 (30 45-31)(49-49 15) 90/69 0/249 19/207 0,3 16,7 53,35 45,36 0,78 0,78
87 (30 45-31)(49 15-49 30) 90/72 0/252 19/207 0,3 16,7 53,35 48,04 0,86 0,86
88 (30 45-31)(49 30-49 45) 37/56 53/236 19/207 0,3 16,7 53,35 40,74 0,86 0,54
89 (30 45-31)(49 45-50) 90/174 0/354 14/40 0,3 16,7 53,35 47,62 0,84 0,65
90 (30 45-31)(50-50 15) 53/100 37/280 13/206 0,3 16,7 53,35 69,52 0,75 0,64
91 (30 45-31)(50 15-50 30) 53/323 37/143 19/207 0,3 16,7 53,35 58,2 0,87 0,87
92 (30 30-30 45)(48-48 15) 37/6 53/186 19/207 0,3 16,7 53,35 37,7 0,57 0,57
93 (30 30-30 45)(48 15-48 30) 37/6 53/186 19/207 0,3 16,7 53,35 37,7 0,63 0,4
94 (30 30-30 45)(48 30-48 45)                  
95 (30 30-30 45)(48 45-49) 53/327 37/147 19/207 0,3 16,7 53,35 55,01 0,95 0,95
96 (30 30-30 45)(49-49 15) 90/69 0/249 19/207 0,3 16,7 53,35 45,36 0,78 0,78
97 (30 30-30 45)(49 15-49 30) 90/72 0/252 19/207 0,3 16,7 53,35 48,04 0,86 0,86
98 (30 30-30 45)(49 30-49 45) 90/72 0/252 19/207 0,3 16,7 53,35 48,04 0,93 0,83
99 (30 30-30 45)(49 45-50) 53/333 37/153 19/207 0,3 16,7 53,35 50,22 0,91 0,69

100 (30 30-30 45)(50-50 15) 37/229 53/49 04/048 0,3 16,7 53,35 49,01 0,88 0,53
101 (30 30-30 45)(50 15-50 30) 37/38 53/218 19/207 0,3 16,7 53,35 35,06 0,76 0,47
102 (30 15-30 30)(48-48 15)                  
103 (30 15-30 30)(48 15-48 30) 53/102 37/282 19/207 0,3 16,7 53,35 66,96 0,63 0,31
104 (30 15-30 30)(48 30-48 45) 53/327 37/147 19/207 0,3 16,7 53,35 55,01 0,95 0,95
105 (30 15-30 30)(48 45-49) 53/327 37/147 19/207 0,3 16,7 53,35 55,01 0,95 0,95
106 (30 15-30 30)(49-49 15) 53/327 37/147 19/207 0,3 16,7 53,35 55,01 0,95 0,91
107 (30 15-30 30)(49 15-49 30) 53/327 37/147 19/207 0,3 16,7 53,35 55,01 0,95 0,91
108 (30 15-30 30)(49 30-49 45) 53/327 37/147 19/207 0,3 16,7 53,35 55,01 0,95 0,91
109 (30 15-30 30)(49 45-50)                  
110 (30 15-30 30)(50-50 15) 53/120 37/300 19/207 0,3 16,7 53,35 81 0,9 0,6
111 (30 15-30 30)(50 15-50 30) 53/300 37/120 04/044 0,3 16,7 53,35 76,43 0,89 0,56
112 (30-30 15)(48 15-48 30) 53/102 37/282 19/207 0,3 16,7 53,35 66,96 0,63 0,31
113 (30-30 15)(48 30-48 45)                  
114 (30-30 15)(48 45-49)                  
115 (30-30 15)(49-49 15)                  
116 (30-30 15)(49 15-49 30) 90/72 0/252 19/207 0,3 16,7 53,35 48,04 0,86 0,86
117 (30-30 15)(49 30-49 45) 90/75 0/255 19/207 0,3 16,7 53,35 50,75 0,93 0,93
118 (30-30 15)(49 45-50)                  
119 (30-30 15)(50-50 15) 37/38 53/218 19/207 0,3 16,7 53,35 35,06 0,93 0,76
120 (30-30 15)(50 15-50 30) 37/4 53/184 19/207 0,3 16,7 53,35 58,41 0,91 0,89

Table 4: Results of maximum stress direction, fault movement potential in each zone.
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