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Stress orientation measurements around the Kego fault: Application of a new
technique of a borehole deformation measurement
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Abstract: Stress field around the Kego fault in Fukuoka Prefecture was measured with a new technique
of a stress orientation measurement. The first principle of the new technique is to measure creep
deformation of a borehole just after drilling in anisotropic stress filed at shallow depths. The second one
is that perturbation of the stress orientation field around fault edges indicates a degree of a present effect
of stress release due to a former earthquake on the fault. We chose three locations for the measurement
around the southern edge of the Kego fault to measure a far field stress and the effect of the former stress
release. The measurements were conducted at three depths with 1 — 3 m intervals in each location. The
measurements were successful in two locations, while the third one was not perfect because of an
unexpected thick weathering layer where the measurement was difficult. The orientations of the
maximum horizontal compressive stress (SHmax) were determined to be NE to ENE for the locations
with distances of 2 km and 4 km, respectively, from the fault. Data scatter even in one location was about
20°, which is too large to evaluate the perturbation of the stress orientation field around fault edges due
to a former earthquake. The average orientation of SHmax is about N60°E for the both locations. The
estimated orientation is found to be unfavorable for a strike slip on the Kego fault. One of possibilities of
tectonic meanings of the present result is a considerable component of reverse faulting on the fault.
However, further studies on various data such as geodetic measurement and stress at large depths are

necessary.
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Table 1. Specification of the downhole tool.

Tool length 1500 mm
Tool diameter 100 mm
Tool weight 25 kg

Aplicable hole size

116 or 123 mm

Maximum depth 20 m
Rotation speed of sensor 1 degree / s
Resolution of sensor unit 01 Um
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Table 2. Specification of stress orientation measurement.

No.1 N33° 28" 07” ; E130° 30" 56"
Measurement location No.2 | N33° 27" 48" ; E130° 30" 42"
No.3 N33° 29" 06" ; E130° 27" 39”
No.1 16.24, 19.85, 21.50
Measurement depth (m) No.2 11.08, 12.50, 13.20
No.3 12.71, 13.80, 14.96

Measurement time

= 2~2.5 hours in daytime measurement.
* about 15~17 hours in nighttime
measurement.

Measurement lap

* 20~25 laps in daytime measurement.
» about 150~170 laps in nighttime
measurement.

Borehole diameter (mm)

116

33°50'

The 2005 West Off Fukuoka

Prefecture Earthquake

\

Aftershock
region

33°20'
130°0

130°45’

55 1. 4@ IRV T PR O FR S & ARERIK, I W M ONIE 0 5 (S AR

(3 M) DAL{EX.

Fig. 1. Location of The 2005 west off Fukuoka Prefecture earthquake, aftershock
region, Kego fault and three locations for stress orientation measurement.
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Fig. 2. System diagram of the new tool of the laser scanner for borehole deformation. The downhole tool is
composed of a laser sensor with rotary mechanism, a digital compass for tool direction measurement
and centralizer. The data is transferred to the control and recording unit and the PC for data store and
tool control.
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Fig. 3. Example of stress field calculation around the southern edge of the Kego fault. (a)
Calculation region of 10 km square. (b) Distribution of stress orientation for the
case of 100 % stress relief on the fault. The classified area corresponds to the
perturbation of stress orientation compared with far field. There is quite a large
perturbation near the fault. (c) The same as (b) for 70 % stress relief. (d) The same
as (b) for 30 % stress relief.
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No.2

depth: 11.08 m

No.3

depth: 1271 m 13.80m
. Nb50.9E ., N79.7E

25 4. No. 2 & No.3 DALIDA 3R TH LN ILEDOHXI A L&, 10° OFEH TREI T 217> T 5.
PSR O BV L 10 um. Z OZb R A W 7oA AT RIS Ko TR D 7 ik o0 J5 17 23 e KK R
7). (SHmax) oJim) (KHOKE) &7e5. 3WETH LN G OFEEMHIE, No. 1 & No.2 &
HITKI N60°E Th 5.

Fig. 4. The relative changes of the borehole shape obtained at No. 2 and No. 3 locations. Moving average for 10
degrees is applied to this data. Radial axis tick is a 10 um interval. The maximum horizontal compressive stress
(SHmax) orientation (arrows in figure) is determined from the minor axis of the ellipse fitted to the deformed
shape of borehole cross section. The average orientation of SHmax is about N60°E for the both locations.
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33°50'
The 2005 West Off Fukuoka
Prefecture Earthquake

\

Aftershock
region

33°20'
130°0 130745
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Fig. 5. SHmax orientation (red lines in figure) at No. 2 and No. 3. The orientation estimated at 3
depths in each location is overlaid on the map. Estimated orientation has a large angle to the
strike of the Kego fault.
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