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Summary

In this study after considering the importance of the stress filed and its applications in
different branches of earth sciences, the focal mechanism stress inversion techniques were
reviewed in a short way. Although the problem in hand was highly nonlinear, according
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to the benefits of the linear approaches some authors have tried to linearize the problem
by making some extra assumptions in addition to the assumptions that all stress inversion
methods share i.e. homogeneity of the stress tensor in the area or assuming the slip
direction to be in the direction of maximum shear traction. Therefore two different
approaches, linear and nonlinear methods were investigated in this study.

Then two major methods from each division namely Michael (1984) from linear
approaches and Lund and Slunga (1999) from the nonlinear ones, were selected and the
main aspects of each method were shortly described without entering into details. After
that each method was applied to a dataset from a previously studied and widely known
area in California, United States of America, to ensure the validity of the results. The
results from both methods showed good agreements with the expected results based on
the successful studies in the area about the stress field performed by Angelier (1979).

Some of the differences observed in the results from different methods are due to the
way they make choice between the nodal plains. In Michael (1984) method this choice is
being made during the bootstrap randomly, thus there is a similar chance for each nodal
plane to be selected as a fault plane. This increases the ability of the method to deal with
the noisy data. On the other hand Lund and Slunga (1999) method has the ability to select
the fault plane based on two different methods which are slip-angle and instability. The
experience of using these methods shows that the Michael (1984) method generally gives
an average orientation of the maximum horizontal stress. that approximately occurs
between the two methods introduced by Lund and Slunga (1999).

Finally the methods were applied on a dataset from Makran region which is placed both
in Iran and Pakistan. The result of the stress inversion of all available data from Makran
was an average of the SHmax (maximum harizontal stress) directions in the area and
therefore the dataset was divided into three different parts: western, central and eastern.
The result showed an interesting variation in the maximum horizontal stress directions.
Different methods used in this study showed a good agreement again and this led to the
higher reliability of the stress directions in Makran.

These directions showed a variation which was acceptable according to the tectonic
state of the region and also the previous studies in the region. In the western part of
Makran, the maximum horizontal stress orientation was 17.6+4, parallel to Zagros, and
showed the effect of the continent-continent collision between Arabia and Eurasia plates.
In Central Makran, this direction showed a clockwise rotation and became 38.2+3. In the
eastern part which is under the influence of the continent- continent collision between
Indian and Eurasian plates, the direction was 157.0+4. Paying attention to these variations
in stress states can be helpful to study the area especially in the western part of the
Makran subduction zone which is associated with lack of seismicity. The observed
correlation of the variation in crustal stress and the seismicity agrees with the recent
studies reporting a similar correlation between the seismicity and the upper mantle
velocity variations obtained from surface wave tomography. It confirms the changing
nature of the subducting slab stretched from west to east in Makran subduction Zone

Key words: Dixie valley, earthquake focal mechanism, linear and nonlinear inversion,
Makran, stress tensor
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Date Longitude | Latitude Mo Strike | Dip | Rake
o o Depth mp, o o
(mm/dd/yyyy) E N Mantissa Exponent (Az) ©) ©)
11/17/1980 56.07 26.98 - 8.67 23 - 251 30 87
4/5/2002 56.07 31.85 - 6.7 23 - 65 72 4
6/9/1988 56.1 27.67 - 8.06 23 - 310 11 139
3/22/1977 56.13 27.23 - 9.4 24 - 75 43 96
11/5/2003 56.15 27.09 - 2.665 23 - 70 39 105
11/3/2009 56.16 27.04 - 3.874 23 - 246 30 63
10/21/2005 56.18 28.01 - 1.958 23 - 257 32 76
1/14/1999 56.2 28.95 - 3.08 23 - 210 44 -57
10/16/2002 56.23 31.19 - 9.59 23 - 298 37 176
12/19/1977 56.25 27.31 - 5.24 23 - 221 42 8
4/16/1981 56.25 30.61 - 7.65 24 - 231 69 4
7/12/1983 56.26 27.11 - 1.07 25 - 241 45 73
4/25/2007 56.34 28.04 - 0.892 24 - 282 34 94
4/1/1977 56.4 27.61 - 1.63 24 - 290 45 106
3/5/2000 56.4 27.37 - 9.56 24 - 262 44 90
12/18/1987 56.42 27.9 - 6.72 24 - 155 39 | -149
3/21/1977 56.44 27.25 - 2.28 24 - 261 41 92
3/23/1977 56.44 27.47 - 14 26 - 267 27 98
7/27/1997 56.56 27.3 - 6.37 23 - 88 42 92
8/1/1998 56.56 2741 - 5.82 23 - 108 76 175
11/28/1980 56.61 27.02 - 1.36 24 - 311 37 134
4/17/2002 56.66 273 - 9.11 23 - 237 39 36
5/7/2006 56.69 30.79 - 3.408 23 - 324 72 | -162
7/31/2010 56.69 29.46 - 1.663 24 - 211 60 -25
1/5/1977 56.73 27.25 - 5.2 23 - 204 43 40
7/13/1977 56.74 27.5 - 3.13 24 - 248 9 78
8/25/2007 56.74 28.05 - 4.443 23 - 314 85 | -178
2/14/2003 56.77 27.48 - 2.924 24 - 288 18 97
2/22/2005 56.81 30.76 - 5.197 25 - 71 44 79
5/14/2005 56.84 30.72 - 0.9 24 - 69 53 46
12/27/2005 56.87 27.86 - 1.366 25 - 302 19 118
8/6/1984 56.92 30.84 - 1.5 24 - 72 39 66
5/1/2005 56.93 30.64 - 5.835 23 - 214 63 3
3/21/1977 56.96 27.63 - 1.81 25 - 241 26 78
4/19/1997 57.01 27.64 - 2.58 24 - 215 58 22
5/7/2009 57.03 25.16 - 4.741 23 - 227 26 82
11/25/2001 57.05 27.74 - 4.23 23 - 299 32 125
12/19/1991 57.06 27.97 - 1.42 24 - 215 35 26
2/26/1996 57.09 28.32 - 2.35 24 - 315 7 125
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11/10/2010 57.12 27.75 - 3.032 23 - 255 36 94
4/12/1993 57.15 28.39 - 3.32 23 - 292 44 97
2/7/1983 57.21 26.28 - 9.77 24 - 5 4?2 172
4/2/1989 57.25 27.91 - 12.23 23 - 242 24 81
12/8/2004 57.32 27.71 - 4.196 23 - 3 64 162
10/7/2004 57.34 28.14 - 3.674 23 - 211 67 | -156
6/11/1981 57.36 29.69 - 9.82 25 - 172 37 171
1/28/2004 57.36 26.75 - 7.169 23 - 27 59 161
11/18/1998 57.38 30.26 - 1.29 24 - 174 55 173
10/20/1997 57.45 27.98 - 1.54 24 - 293 21 124
3/4/1999 57.49 27.91 - 10.07 25 - 250 16 68
7/6/2003 57.53 27.59 - 4.089 23 - 102 48 7
7/28/1981 57.58 30.03 - 9.01 26 - 150 13 119
3/14/1998 57.6 29.95 - 9.43 25 - 154 57 | -174
10/18/1996 57.69 27.26 - 12.16 23 - 289 21 83
11/20/1989 57.8 29.89 - 8.18 24 - 240 75 9
10/6/2004 57.93 28.75 - 7.618 23 - 280 75 4
12/26/2003 58.24 29.11 - 1.53 23 - 152 38 138
7/22/2004 58.24 29.1 - 9.312 25 - 172 59 167
6/10/1998 58.52 28 - 1.32 24 - 167 10 -32
12/7/1989 58.86 25.59 - 9.67 24 - 142 37 103
11/21/2003 58.95 31.11 - 3.697 23 - 98 40 40
12/20/2010 59.11 28.1 - 0.826 26 - 36 87 180
10/23/2000 59.33 31.93 - 9.3 23 - 92 40 24
8/4/2003 59.69 28.94 - 3.043 24 - 168 28 117
8/21/2003 59.7 28.88 - 8.682 24 - 183 76 | -172
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Date Longitude | Latitude Mo Strike | Dip | Rake
Depth mp,

(mm/dd/yyyy) E° Ne Mantissa | Exponent (Az) ©) ©)
2/13/1979 60.27 26.99 - 1.84 24 - 208 80 -178
3/15/1990 60.3 31.44 - 6.34 23 - 100 82 -1
2/26/1994 60.44 30.59 - 13.93 24 - 168 32 125
2/28/1994 60.48 30.77 - 3.09 24 - 136 30 92
2/23/1994 60.5 30.83 - 1.72 25 - 145 33 96
9/26/1990 60.51 29.06 - 2.94 24 - 189 90 -180
2/24/1994 60.52 30.73 - 33 25 - 158 43 105
2/23/1994 60.61 30.87 - 2.22 24 - 108 31 62
9/11/1992 60.76 30.07 - 8.82 23 - 91 25 51
6/24/2003 60.91 27 - 2.328 24 - 97 45 -65
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1/10/1979 60.95 26.55 3 - - 5.8 256 61 13
1/10/1979 61.02 26.48 2 - - 5.9 230 91 -4
8/6/1972 61.22 25.14 18 - - 5 334 15 148
8/8/1972 61.22 25.14 26 - - 5 95 115 | 288.75
8/8/1972 61.22 25.04 36 - - 53| 925 | 120 | 296.25
8/8/1972 61.22 25.14 18 - - 54 334 15 148
8/6/1972 61.22 25.04 20 - - 54 321 17 134
1/10/1979 61.23 26.07 - 1.099 24 - 107 67 -12
7/18/2006 61.23 26.75 - 10.83 24 - 338 62 -152
1/10/1979 61.31 26.75 - 1.72 25 - 328 58 -159
4/30/2009 61.37 27.64 - 7.638 23 - 21 35 -167
12/17/1992 61.43 25.68 - 4.47 24 - 8 54 142
3/13/2005 62 26.73 - 1.171 25 - 253 37 -89
3/30/1966 62.32 21.87 28 - - 5.3 20 60 345
2/10/1978 62.4 25.33 18 - - 5.1 214 16 19
1/14/2003 62.42 27.77 - 1.566 24 - 61 41 -92
4/18/1983 62.44 27.94 - 1.39 26 - 81 43 -68
8/12/1963 62.74 25.32 33 - - 54 100 90 300
2/13/1969 62.75 24.99 18 - - 5.1 279 9 84
8/3/1968 62.87 25.19 26 - - 4.7 290 49 -50
1/30/1992 62.88 24.25 - 6.71 24 - 298 10 126
12/7/1991 62.94 25.08 - 2.86 24 - 309 8 133
7/29/1975 63.09 25.22 18 - - 5 278 27 88
9/2/1973 63.14 24.83 20 - - 4.6 277 9 84
8/18/1972 63.14 24.9 25 - - 5.3 90 120 270
9/2/1913 63.21 24.88 18 - - 5.2 281 23 70
11/27/1945 63.48 25.15 27 - - 7.9 246 7 89
8/5/1947 63.49 25.04 20 - - 6.8 236 7 68
8/10/1987 63.72 29.65 - 1.39 25 - 349 32 -73
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Date Longitude | Latitude Mo Strike | Dip Rake
Depth my,
(mm/dd/yyyy) E° Ne Mantissa | Exponent (Az) ©) ©)
10/25/2009 64.09 29.52 - 3.317 24 - 154 2 22
4/28/1980 64.33 27.73 - 2.06 24 - 39 17 -119
4/28/1980 64.5 27.54 60 - - 5.3 357 20 -172
1/5/1998 64.61 29.13 - 6.49 23 - 48 37 104
11/9/1968 64.73 23.79 15 51 | 21.25 65 5
12/4/1997 64.81 29.43 - 5.94 23 - 53 46 119
11/7/2006 64.99 24.31 - 3.886 23 - 137 61 9
12/10/1994 65.19 28.05 - 6.55 23 - 204 37 -130
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9/1/1962 65.22 25.6 18 - - 53 251 10 80
6/17/1990 65.25 26.75 - 1.8 25 - 210 63 15
7/22/2004 65.36 28.71 - 5.137 23 - 70 60 -7
1/18/1984 65.59 27.62 - 3.38 24 - 349 50 -13
6/17/1990 65.62 27.34 - 2.52 24 - 115 56 173
8/14/1990 65.8 26.93 - 1.89 24 - 287 71 -170
7/26/1990 65.81 27.44 - 7.61 24 - 209 63 2
11/14/1990 65.84 27.45 - 2.51 24 - 97 59 151
1/20/1992 65.93 27.37 - 2.03 24 - 99 72 170
4/24/1992 65.97 27.47 - 12.78 24 - 102 60 156
6/5/2010 66.04 27.87 - 3.841 23 - 196 83 6
12/10/1978 66.05 28.59 - 54 23 - 270 78 -176
10/19/2007 66.14 28.38 - 1.905 24 - 197 86 -2
3/4/1990 66.16 28.66 - 1.35 25 - 278 78 -176
5/6/1978 66.2 29.8 - 7.77 24 - 101 79 -179
4/4/1968 66.23 27.55 - 2.13 24 - 197 75 12
9/8/1990 66.23 24.58 33 - - 5 30 70 30
8/14/2010 66.31 28.1 - 6.84 23 - 208 83 -5
5/25/1973 66.34 25.48 29 5.1 S - 125 120 30
2/2/2009 66.37 26.98 - 6.016 23 - 189 81 -6
3/16/1978 66.43 29.83 - 1.82 25 - 104 77 -173
10/2/1984 66.45 26.96 - 10.87 23 - 191 76 0
10/16/1986 66.45 27.24 - 4.18 23 - 1 60 28
4/27/1990 66.46 28.7 - 2.27 24 - 358 57 8
10/4/1974 66.54 26.29 33 59 S - 70 70 135
12/12/2009 66.56 28.28 - 2.131 23 - 198 66 -11
8/28/1992 66.69 2843 - 2.58 24 - 118 67 179
11/16/1993 66.88 30.54 - 3.15 24 - 114 77 -179
2/5/1992 66.92 31.42 - 1.98 24 - 299 87 -177
5/29/1977 67.13 29.69 - 2.48 24 - 109 75 166
3/28/1992 67.36 26.75 - 3 23 - 3 33 91
12/28/1992 67.42 25.84 - 4.628 23 - 214 45 106
3/17/2009 67.42 26.59 - 6.3 23 - 173 33 32
10/28/2008 67.43 30.47 - 1.107 24 - 229 63 22
10/28/2008 67.48 30.4 - 5.079 25 - 304 73 171
12/9/2008 67.48 30.32 - 0.86 24 - 64 79 7
1/21/1992 67.49 26.9 - 1.49 24 - 15 44 75
12/9/2008 67.5 30.31 - 1.286 24 - 63 73 11
12/9/2008 67.51 30.33 - 3.985 24 - 62 75 0
11/15/2008 67.56 30.31 - 2.339 23 - 28 78 -10
10/29/2008 67.57 30.29 - 5.39 25 - 324 68 -178
8/2/1996 67.63 29.29 - 6.77 23 - 247 24 129
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11/3/2008 67.63 30.31 - 3.039 23 - 285 43 108
5/23/2005 67.69 30.39 - 8.742 23 - 86 4 -66
3/20/1997 67.79 30.79 - 8.09 24 - 76 7 -91
5/31/1995 67.84 30.8 - 2.53 24 - 74 5 -85
4/2/1984 67.92 30.04 - 6.71 23 - 140 45 113
9/7/11997 67.92 29.5 - 1.48 24 - 283 29 96
3/21/2006 67.94 29.28 - 2.182 23 - 271 21 46
8/24/1997 67.99 29.711 - 3.32 24 - 258 28 74
12/10/1977 56.74 27.50 15 - - 5.1 248 9 78
2/7/1983 57.21 26.28 33 - - 5.5 5 42 172
11/17/1972 59.14 27.40 65 - - 54 | 141.33 | 42.33 | 16.67
29/5/1963 59.40 27.00 52 - - 52 | 1205 50 48.5
11/7/1969 60.02 27.80 35 - - 6.1 | 134.33 31 1
8/2/1968 60.92 27.54 62 - - 5.7 | 11933 | 2233 | -48
1/10/1979 60.95 26.55 33 - - 59 300 40 90
1/10/1979 61.02 26.48 33 - - 54 300 34 90
8/8/1972 61.22 25.04 30 - - 5.5 265 14.33 | 71.33
8/6/1972 61.22 25.04 33 - - 5.5 | 271.67 | 27.67 | 84.33
4/18/1983 62.05 27.79 65 - - 6.5 83 32 -67
8/12/1963 63.14 25.32 5 - - 54 190 30 0
9/2/1973 63.21 24.88 30 - - 5.3 270 30 90
4/28/1980 64.50 27.54 34 - - 54 90 6 -90
12/10/1978 66.06 28.59 33 - - 4.8 179 86 -12
5/6/1978 66.20 29.80 33 - - 54 11 89 -11
10/2/1984 66.45 26.6 13 - - 5.2 191 76 0
G\JA
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