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Abstract

The Nojima fault appeared on the surface in the northern part of Awaji Island as a result of the Hyogo-ken
Nanbu earthquake (1995. 1, Ms7.2). Three deep boreholes of 1,000m to 1,800m were drilled by NIED (National
Research Institute for Earth Science and Disaster Prevention) in the vicinity of the epicenter of the 1995
Hyogo-ken Nanbu (Kobe) earthquake for scientific research purposes. In particular, the Nojima-Hirabayashi
borehole was drilled to a depth of 1,800m and crossed the fault zones below a depth of 1,140m. To investigate
tectonic and material characteristics near and in active faults, we have been conducting an integrated study
of crustal stress, heat flow, permeability, resistivity structure and material properties of the cores. Major
results obtained from this study include the following : (1) Shear stress around the fault zone is very small, and
the orientation of the maximum horizontal compression is perpendicular to the surface trace of the faults. (2)
From the results of the heat flow value, the cutoff depth of the aftershocks was estimated to be roughly 300°
C in temperature. (3) Core pieces were classified into several types of fault rocks, and the asymmetric
distribution pattern of these fault rocks in the fracture zones was clarified. (4) A shear zone of low-permeabil-
ity is surrounded by a damaged zone, which will act as a high-permeability conduit for fluid flow in the plane
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of the fault. (5) Resistivity structure can be explained by a simulation model of the fault continuing to a deeper

part as a low resitivity body.

Key words : Fault zone drilling, The Nojima fault, The 1995 Hyogo-ken Nanbu (Kobe) earthquake, In-situ

stress, Fault core property
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Fig. 1 The drilling sites around the epicenter of the 1995 Hyogo-ken Nanbu earthquake (star
symbol) on the map of active fault distribution (broken line ; after the Research Group for
Active Faults of Japan, 1991). The three black circles locate the NIED deep boreholes
discussed in this paper. Double circles locate the boreholes drilled by the Geological
Survey of Japan and the university group. Black squares show the location of repeated

stress measurement sites.
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Fig. 2 Geological map and borehole sites (O) in the
northern part of Awaji Island. The rectangu-
lar area is the CSAMT survey field.
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Table 1

Outline of drillhole sites and specifications : the NIED fault drilling project relevant to

the 1995 Hyogo-ken Nanbu earthquake.

BOREHOLE NOJIMA-HIRABAYASHI

(Awaji Island)

IWAYA
(Awaji Island)

KABUTOYAMA
(Nishinomiya, Honsyu)

Drilling Site Hokudan Town, Hyogo Pref.

302m, S55° E,
from Nojima-fault

Distance and Direction
from Active Fault

Drilling Depth 1,838.8 m

Drilling Diameter (final) | 193.7 mm (10 - 253 m)
149.2 mm (253 - 1,001 m)
97.5 mm (1,001 - 1,838 m)

Maximum Inclination 7 ° 20' (at 993.9 m)

Lithology tonalite, granodiorite,
cataclastic rock, fault gauge

Coring spot coring; 5 points in every
200 m (>-1,000 m), and
all coring (<-1,000 m)

Casing 4" c.p. to 1000.3 m deep

Awaji Town, Hyogo Pref.

1.7km, S40 " E,
from Nojima-fault

1,001.5 m

193.7 mm (11 - 202 m)
149.2 mm (202 - 1,001 m)

4° 00 (at 959.3 m)

granodiorite, diorite,
cataclastic rock

spot coring; 6 points in every
100 - 200 m

6" c.p. to 200 m deep

Nishinomiya City, Hyogo Pref.

1.5 km, E, from Ashiya-fault
1.5 km, W, from Koyo-fault
1,313.2 m

215.9 mm ( 21 - 701 m)
175.0 mm (701 - 740 m)
149.2 mm (740 - 1,313 m)
11 ° 20' (at 934.0 m)
biotite granite

spot coring; 6 points in every
200 m

7" c.p. to 701 m deep
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Fig. 3 Drilling diameter and casing program of the

Nojima-Hirabayashi drillhole.
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Fig. 4 Instruments for oriented core sampling.
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this study, and the GSJ one is by the Geological Survey of Japan (after Ito ef al. 1996).
Geophysical well logs of density, resistivity and P-wave velocity are also shown compara-
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Fig.7 The direction of maximum horizontal princi-
pal stress in the area around the Rokko-Awaji
fault system. Thick arrows (taken for this
study) and thin arrows (by a small scale hydro-
fracturing after Tanaka (1993) and Ikeda et al.
(1996a)) indicate the direction.

ZEp s, BEEESHEITE L ELEFTORMT
ﬁmﬁ%Té’tﬁ%%bt&o# GEPL #:DiER T

, BEE 1,140 m f{HA TR X 0 B TKRE REMELD
ﬂ%tﬁ%@w%n&%ﬁﬁﬁﬁﬁ%&u&MMTﬁ
FRER» SEON YK OIRIESER b L2, B
[REEHRICLA2RKTY Iab—yary2EBLEE
B, WEr2FER T CE Y A RILIESIR - LT T
T2 ENTER (HEIZS, 2000).

5. WiREs O 7 gt
5.1 SRk - EF - EXE

ShkH D SEER U BRI 7 IOV T, WERRE O
vk, B - £H, EAESET N ETo k. E
£ U, 3 ERTOBEE RS, 1,140 m, 1,300 m, 1,800
mABED I 7 AR K> T2, EDOES NS EOHET
Wz DPBETARIEZVANEAELOEAAT
RS LETH B0, WTFhOWBEERELEY - B
TERMBELLEITL Y, B b> CH—OB
R TS EIONME DR L Cwa B2 o5, W
D7 3R THE RS 2& DT, NIREECHA
WX BBUNRED I O W ER R EELERNLETH
3, B, T a70XREHE2EE R F VBETCEE
Uiz, Riza7@eFTeeEicL, $£505y FVEE
WIEE L CHRIBBRE I L 2R E OL#E I vk,

Temperature(C) _
00 100 200 300 400, 500
e NN L e o —
I —— D=10(km) A0}=1.5X 10" 6<W/m3)
i — - D=10(km),A(0)=3.0X 10'6(W/m3)
\ - — - D=30(km),A(0)=1.5X 10"6(W/m3)
L N - D=30(km),A(0)=3.0X 10°6(W/m3)
10 =
I ,Q\
’E‘ «‘ W
kS AN
= W
a ! AT
A 17 _///////A’///////W </// g/
sl LN
L 11‘ \
',= \
S \ R
30l A AN

8  EMEHIMSOMTRE 97y 40, FuTy
A VITHIR O BETERBE 4B OV T O
EER 1995FRERBETMEBEORBOFKE TR
BHI17km, (JLEIZD (1998) Wk 3)

Fig.8 The temperature profile beneath the
Hirabayashi drill site. The profile are calcu-
lated for four conditions of radio active heat
generation rate in the crust. The cutoff depth of
the aftershocks of the 1995 Hyogo-ken Nanbu
earthquake is about 17 km. (after Kitajima et
al., 1998)
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Fig.9 The lithological column as determined from
the rock cores and results of chemical analyses
in Si0, CaO and H,O* contents around the
1,140 m fracture zone of the Nojima fault. The
value of these components is shown in relation
to the value of fresh tonalite. These data are
compiled and modified from papers by
Kobayashi ef al. (1998), and Matsuda et al.
(2001, this issue).
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