1GW I - T HUENFZE S, No. 11, p. 139-150, 2011

HMEZHICHE SNDL N EMBERNICHE SN S FHED
EF M EDLLE : FIFEEZROB
Comparison between the seismologically determined stress and the geologically

determined slip direction along an active fault: An example of the Atera fault
system, Central Japan
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Abstract: We compared the seismologically determined stress with the fault-slip data observed at the
outcrops along the Atera fault, Central Japan, to understand relationship between the crustal stress and
the slip directions of active faults. The seismologically determined stress was estimated by a stress tensor
inversion technique from the focal mechanism solutions. The focal mechanism solutions are mixture of
strike-slip- and reverse-faulting types. We obtained the stress with the maximum principal stress S,
oriented horizontally NW-SE or WNW-ESE. The fault-slip data were obtained at five outcrops of the
Atera fault. We observed more than 100 slickenlines on fault planes and acquired 95 fault-slip data. We
calculated a misfit angle of each fault-slip data for the stress and found that most fault-slip data obtained
from the main fault planes have small misfit angles less than 30°, whereas those obtained apart from the
main fault planes have a wide range of misfit angles. This variety of misfit angles indicates that
slickenlines in the damage zone have been formed by several different stresses.
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Table 1. Fault-slip data from the Atera fault system. Misfit angles from the optimal stress tensor determined by the
stress tensor inversion of microearthquake data are showed. Data with peaks of misfit angles smaller than 30°
are shaded. Abbreviation: D, distance from main fault plane.

Fault plane(®) Slickenline(®) Fault plane(®) Slickenline(®)
No. Locality Type ;O Dip PP 'Dip Sense D(m)  Misfitangles() |[No. Locaiity Type ;,OP Dip ,DIP Dip Sense D(m)  Misfit angles(*)
23 Kawaue F 41 81 321 50 S 06 E | || 73 Butai-toge L 70 8 357 66 U 10 e
24 Kawaue F 247 66 281 61 S 20 | | 4k | || 74 Butai-toge L 51 8 105 8 U 10 e
25 Kawaue F 40 27 87 19 D 20 N 75 Butai-toge L 96 38 60 32 U 10 -
26 Kawaue F 49 89 136 51 S 07 | |y | || 76 Butaitoge L 101 41 72 38 U 10 ey
27 Kawaue F 352 60 263 2 D 18 L | || 77 Butai-toge L 77 29 70 29 U 10
28 Kawaue F 212 37 284 12 D 11 il | || 78 Butaitoge F 56 66 106 55 N 15 -
29 Kawaue L 332 20 34 9 U 1.0 ., 79 Butai-toge F 320 66 237 17 S 1.5 j
30 Kawaue L 203 86 289 45 U 01 80 Butai-toge F 8 34 35 0 S 25| | g
31 Kawaue F 344 86 254 13 S 1.2 Jh | || 81 Butaitoge F 125 56 3 2 D 25 : A
32 Kawaue L 13 68 303 40 U 04 | || 82 Butaitoge L 340 83 258 50 U 25 | | o o
33 Kawaue L 34 83 305 9 U 0.6 Butai-toge F 57 79 141 25 S 0.0 [
Kawaue F 24 63 109 8 D 00 gl | || 84 Butai-toge F 88 8 177 1 D 25 e |
35 Kawaue F 56 60 134 29 S 20 E | || 85 Butai-toge F 89 75 3 16 D 20 ke
36 Kawaue L 1 72 278 22 U 10 86 Butai-toge F 78 67 76 3 D 20 | g
37 Kawaue F 57 60 134 21 S 05 87 Butai-toge F 54 68 140 9 D 20 |
38 Kawaue F 72 8 159 27 D 20 il || 88 Butaitoge F 90 34 15 10 S 20 P
39 Kawaue L 185 89 275 25 U 13 __—i 89 Butai-toge L 69 56 46 53 U 20 | |
40 Kawaue F 193 82 109 40 S 05 _‘J 90 Butai-toge L 61 27 58 26 U 20
41 Kawaue L 199 69 152 61 U 07 91 Butai-toge F 76 32 161 2 D 20
42 Kawaue F 196 74 136 61 D 08 92 Butai-toge F 292 53 355 30 D 20 e |
43 Kawaue F 187 70 105 22 S 03 .l Butai-toge F 38 74 303 15 S 00
44 Kawaue F 226 83 303 62 S 04 | | gm | || 94 Butai-toge F 97 77 6 37 R 02 ra
45 Tase F 38 89 308 5 S 00 ; | || 95 Butaitoge F 111 80 22 7 D 03 .
46 Tase F 49 36 319 0 S 02 L 96 Ogo F 30 8 300 4 s 05
47 Tase L 319 53 327 49 U 25| |g 97 Ogo F 297 74 224 45 D 05
48 Tase L 184 38 219 32 U 20 98 Ogo F 54 76 122 56 R 05 | g
49 Tase F 42 63 37 62 R 04 | || 99 Ogo L 9 65 16 65 U 05| | o m
50 Tase L 33 8 263 17 U 04 | |[100 Ogo F 63 & 131 69 N 05 AT
51 Tase F 33 60 289 37 R 04| U | ||[101 Ogo F 65 8 152 17 S 05 l
52 Tase F 27 60 302 8 S 0.4 102 Ogo F 52 86 139 34 S 0.5 F —
53 Tase F 3 75 33 61 R 06 Ogo F 17 76 292 20 S 00
54 Tase L 67 8 150 56 U 05 - - 104 Ogo F 19 65 289 2 S 08
Tase L 30 72 303 10 V] 0.0 105 Tsukechi L 87 56 175 2 u 100
56 Tase F 17 47 285 1 S 1.0 J 106 Tsukechi F 324 45 9 3 R 100 il
Tase F 31 63 113 13 S 0.0 107 Tsukechi F 158 63 81 24 S 100 Jk
58 Tase F 62 54 23 47 R 0.6 ol 108 Tsukechi F 254 78 247 78 N 100 il
59 Tase L 67 50 120 35 U 05 m | 109 Tsukechi F 70 90 160 12 S 100 L
60 Tase F 40 68 % 68 R 05 o 110 Tsukechi F 337 46 336 46 R 100 | | gy
61 Tase L 29 69 347 63 U 2.0 111 Tsukechi F 51 28 341 10 S 100 ]
62 Tase F 357 90 8% 6 D 04 | |[112 Tsukechi F 80 60 357 12 S 100 | | ju
63 Tase L 35 45 296 31 U 01 | | 113 Tsukechi F 337 76 6 1 D 100
64 Tase F 39 79 124 21 s o4l L ]|[114 Tsukeci F 76 76 349 14 s 100
65 Tase F 42 84 324 66 R 04 | |[115 Tsukechi F 323 46 339 44 N 100
66 Tase E 6 69 201 34 R 04| |.m | |[116 Tsukechi F 169 69 76 0 D 100
67 Tase F 26 42 359 38 N o4 | | - ||[117 Tsukechi F 33 47 33 26 S 100 LL J
Tase F 49 8 135 16 S 00 g
Tase F 56 81 137 23 S 00 E |
70 Tase F 7 67 94 6 S 1.2 Gl | Legend
71 Butaitoge L n 83 18 80 u 1.0 Fault slip data on the main fault plane
72 Butaitoge F 60 80 341 50 N 1.0 ﬁ‘a——_go T80 56 Fault slip data from damage zone
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Fig. 1. Geologic map of the study area after Yamada et al. (1990) and The Research Group for Active Faults of Japan
(1991), showing locations of microearthquakes and fault-slip data.
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Fig. 2. Focal mechanism solutions of all events determined in the present study (lower hemisphere of equal-area
projection). The circles and triangles represent compressional and dilatational first motions, respectively.
Origin time (LT), event number, and moment magnitude are shown above each beach ball.
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Fig. 3. Spatial distribution of focal mechanism solutions in six different depth ranges (lower hemisphere of equal-area
projection), where different colors are used to differentiate strike-slip (red), reverse (green), and normal (blue)
faulting mechanisms. The numbers adjacent to each beach ball correspond to the event number in Fig. 2. A triangle
diagram (Frohlich, 1992) with color scale is shown on the right. Each focal mechanism is plotted by open circles.
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Fig. 4. Stress tensor inversion results in the study area. (a) Principal stress axes with their 95% confidence regions
plotted on lower hemisphere stereonets. (b) Frequency of the stress ratio which belongs to the 95% confidence
region. (c) Misfit angles for the data with respect to the optimal stress tensor determined by the stress tensor
inversion. Here, the misfit angle represents the angle between the tangential traction predicted from the optimal
stress and the observed slip direction on each plane determined from the focal mechanism.
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Fig. 5. (a) Fault striations on a fault surface of fracture zone. A red arrow indicates the slip direction of the fault plane shown by slickenlines
and secondary fractures. (b) Fault striations on a fault surface. There are comet-like structures heading left below. A red arrow
indicates the slip direction of the fault surface. A black bar of upper right is a mechanical pencil lead of 0.5 mm diameter.
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Fig. 6. Photograph of the Atera fault system in Kawaue area, showing locations of fault-slip data.
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Fig. 7. (a) Photograph of the Atera fault system in Tase area. (b)
Locations of main fault plane and fault-slip data of (a).
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Fig. 8. (a) Photograph of the Atera fault system in Butaitoge area.
(b) Locations of main fault plane of (a). (c) Photograph of
fault which is same locality and different view angle of (a).
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Fig. 9. Photograph of the Atera fault system in Ogo area, showing locations of fault-slip data.
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Fig. 10. Photograph of fracture zone of the Atera fault system in Tsukechi area.
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Fig. 11. Tangent-lineation diagram of fault-slip and microearthquake data in
the study area. Lower hemisphere of equal-area projection.
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