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Abstract

The Hyogo-ken Nanbu earthquake (1995. 1, My, =7.2) activated the Nojima fault in the northern part of
Awaji Island, southwest Japan and a surface rupture appeared more than 10km long. After the earthquake,
the Hirabayashi NIED borehole was drilled penetrating through the fault zone to a depth of 1,838m from a
point about 302m SE from the surface trace of the Nojima fault. In the borehole, physical well logging was
done from 251m depth down to the bottom. At the same time, cores were collected from 1,001m depth with
an almost 10094 recovery rate and remarkable fractured zones containing cataclastic rocks were confirmed at
three depths, around 1,140m, 1,300m and 1,800m.

Gamma ray logging survey indicates that the intensity of natural gamma ray changes abruptly within the
interval of intrusive rocks. Matching values of depths at the boundaries between intrusive rocks and host
rocks, the calibration equation was obtained between “core depth” and “logging depth”; “core depth” is
measured by adding up lengths of drilling pipes and “logging depth” is measured by the total length of the cable
taken down a logging tool.
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Results of well logging show that, in the depth interval of host rocks, normal resistivity is from several
hundreds to several thousands ohme+m, micro resistivity is several tens ohm+m, P wave velocity is 5-6km/sec,
density is about 2.6g/cm?® and neutron porosity is several %, On the other hand, in the depth interval of the
fracture zone, those properties decrease down to several tens ohmem, several ohm+m, 2~4km/sec, 1.5~2.0g/
cm?® and increase up to several tens 9, respectively.

Investigating correlations between physical properties measured by well logging in the Hirabayashi NIED
borehole, three fracture zones are characterized. In fracture zones, neutron porosity is beyond 10%, P wave
velocity is less than 5km/sec. The decreasing rate of density is higher and the logarithm of normal resistivity
increases more gently with the increase of neutron porosity than in the depth interval of host rocks. The
correlation between neutron porosity and P wave velocity is not clear and normal resistivity does not obey the
Archie’s relation in the fracture zones. The fracture zone at a depth of 1,800m indicates some different
characters from other two fracture zones; P wave velocity, density and neutron porosity appear to change
gently contrasting to a remarkable decrease of normal resistivity.

Key words: 1995 Hyogo-ken Nanbu earthquake, Well logging, Nojima fault, Fracture zone, Cataclastic

rocks.
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Fig. 1 The site of Hirabayashi NIED borehole. The
star indicates the epicenter of 1995 Hyogo-ken
Nanbu earthquake.
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Fig. 2 Geological map in the vicinity of Hirabayashi
NIED borehole.
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Results of geophysical well logging in Hirabayashi NIED borehole. The geological
column is also shown based on observation of collected cores and cuttings. SP : spontane-
ous potential logging (mV). SN and LN : short and long normal logging (ohmem). MC2”
and MC1”: 2 and 1 inch micro logging (ohmem). dT and Vp: sonic logging (microsec/
feet and km/sec, respectively). dT is a difference between arrival times of P waves at two
detectors. Density : density (y—y) logging (g/cm?®). Neutron and Porosity : neutron
logging (API unit and 9%, respectively). Neutron indicates raw data and Porosity indicates
neutron porosities calibrated from Neutron data. Gamma: gamma ray logging (API
unit). Cal-X, Cal-Y : caliper logging (mm). Borehole radii on two directions crossing at
right angles. Temperature : temperature logging (degrees Centigrade). Details of each
logging items are described in the text.
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Table 1 Values of core depths and logging depths at the same point of boundary between the
intrusive rocks and host rocks. Core depth is measured by adding up the lengths of
drilling pipes. Cable depth is measured by the total length of cable taken down a

logging tool.

Lithology of
intrusive rocks

Core depth at a boundary
between an intrusive rock
and a host rock, m

Logging depth at a boundary
between an intrusive rock
and a host rock, m
(Natural Gamma ray logging)

Dark gray porphyry 1373.95 1376.50
1376.80 1379.50
Dark gray porphyry 1672.50 1675.50
1707.80 1710.90
Dark gray andesite 1765.94 1769.20
1772.70 1776.10

— 159 —



B KRR FE T T

(2 7¥EE, m)=0.998330 X (W&JELEE, m)—0.306

HBYERE > 1000 m (1)
(2 7HE, m)=0.998025X (MREGE, m)
1000 > HEZEE >0 m (2

A, QUEHIEL T, Wi, a7 HED SRBHRE
BHETIAIUATOL I k2,

(BRJBBEE, m)=1.001672X (2 7 ¥E, m)+0.306

a7 YR >998.025 m (3)
(MEBVERE, m)=1.001979X (2 7 &E, m)
998 025> 1 7 EERE >0 m (4)

ZOBMERIC L B EREEED 1,000m TH 2m,
1,800 m TR 3.3m OEHLEL B, EEOa 7EHETIE
2miE) el Bloa7ERZI Lo T L R
TEhy, R~MDERWT, BB ETI 7THE LR
BF — % R EBHBE T3 LIRS,

3. WREEORBIRER O
AR NIED Tl 1,000 m BAEDEE 0 7 DBIE

Mo, IT7EET1,140m, 1,300m, 1,800m {T¥rd 3

DR TRA~6ICRLIEIRAT I TAF Y 7 ER

SR AWRFENR WIS GEAl 1998 ; Ikeda,

1999), HWREE IEEE RHR- AR ERBER 2> T

BY, ThowiEkT 2 WBEEO SR EE

T & Jo (VNAR AR 1998 5 /N Ak il 2001 5 Tanaka et al.,

2001 ; /MVRHEEL 2001) . BB 7 — 12 bz LD,

BRET OB T S L TRAMBE(EBRoNn S, F@RT

F, BWRERNCHID T 2 EEXS BT A ERHEOHA

BT L, BET — 5 5o &l B ot % 3

N7z, 1,000 m LA ORRIERERIC A 5 0 5 /NS 22 iR

HITR L TiE, wEA (1997) 2 & o CEHEisSEA S

TWwaY, KFmTiE, 20513 1,000 m BUEOKEET

SHE LR AR TR e AR IS O LB L

72, WHEENE O MBS L OHEE, a7HE

BLroMiE bl 2tz SHBOBETH 5.

3.1 WHHEHORIZT

a7 OB E N5 1,000m LUEOKRE T — ¥

DEEDN % A THROREDE L FZ o KH &

FNUAOXEOH 7T KRS L, FRERORE T

CICHEBT — & 2B L ., FOB, HROEED

B EFEZ oD XEOEHMEEL LTLITD 43HE

PR L7,

) IV NRRE, <A 7 ukRfEi X 5 RN RS
HEYEHIZMRIZETL, ELWEZIATERNIL
FHET T %.

) BHEBRBICL 2 PEEENEEL &HIMRIE
TL, FELWwWEZ5Tid4km/sec LI TET
T 5.

() BEMN2.5g/cm® VN3,

(r) PEEFEBEERS 10% 282 THEINLTwa,

ThHhs, COHBBRIDVXDENTEBRHIT I

B6l5 2000434

1,030~1,150 m, 1,275~1,380 m, 1,780~1,830 m & 7%
D, a7ABBBICEYAY 7 TAF v 7 EL LB
AN ER (o 7 EREL1,040.2~1,147.5m, 1,306.8
~1,335.5m, 1,784.0~1,814.6m) 2&A T3, %&
RS R BME O B VWEVE L DR > Tw b
&z, REEEXEEWIBEICEE LR OE X
BET2E, FAFhH33m, 23m, Tm %5,

FEXEIcBI 2 EECRBEEBOBRAR2CE LD
7o, REREHERLANN O X (REEDR & RS I XRRRREEE &
Eo T, SREBHERCEMIHROZE T & S EBERRM2
R TEIIED B D IS ERDSARE D B TEIS X - T
SHLT WS,

3.2 REHEIIZHITIRBRROFEHR

HIfi TR LR EEXKEC L cEE2RBEEM O
HER 47, {7~F 10 #nFhd i FEEE—%
B, TR — P ERE, P TFERRE— v eovit
B, PEEE— /L VR OMEBER 2R T,

) TR R

COEBERETY i TRIBEER & EE I AR
BoTWwa, 72120, NTHETERKC 74y bLIE
EEXOMEERBBRFEEXRBTE LR > Twa, PETHBEER
PDI0RZ2BZ 2EETCRHEELREL LTV,
1,030~1,150m, 1,275~1,380m o W ¥ &5 &
1,000~1,030 m R TIEH—0.028 2> T3, #iC
i FRABER 2 109 125 72 72 v> 1, 780~1, 830 m R RMHY
& B O WEE R BT —0.014~-0.021 OfEWHEIZ
KoTwnb,
¢) HEFHEBRE-P EEE

REEER I P 3 & o FRIBERIE, Bl TIE 2w
bOO, HFIERICR->Twa X3 ICR2%, —H, &
P TR HAIBERBE Y LD BB LT, T -5 8%
B T\w3%, Kobayashi et al. (1999) %, Bl 27 D
FEELELLURBERLZE>TWE, ER—EE 5S4
ZI DI CHBIEEA S DTN KENT L E2RE
L7z,

WiaER EOEBE T P ERE L HBEE, 5503 P
TR O L R ILEIT 2 2 L3RRI I N T
W3S, RFLHTIEZED LD LEHELBERICIER S Ty
2V, BICEPERR CIIEE OBRIIEHTDH 5.

) HEEFRIEE— 2 L= VT

A CIEEAOIET (p £ 32) PREEX (6 &3
2) DAREFICEHIT B LD Archie DBAFRR, p=p
¢ (pg, M IF/NT A—FEH), DBEVIL>TwB I L
PREICH SN Tw S, RFLHOREID & 5 27t
EEF DRSS b 2RI Archie OBERRIC - 12534
2L TWw3%, 1,030~1,150m, 1,780~1,830 m DR
BTIRFNDED Lo TWwizwa, 1,275~1,380 m DRERE
HTH Archie DAL ST TWET—FNRAR SN 5,
(@ P psEEE— V< VR

P, / V< VEERRI O L b i, ik TR
L ORI IR o708, PHHEE L /v= vt
EHLONBOEE Y » 2 &, RS> REET D &

— 160 —



B B WPk NIED Hapesr iR O WA 0> & A 7R — /M iE 2

1126.70m

1131.90m §

1136.90m [

1142.20m

1147.00m

1151.80m

R4 1,140m BRI E T 5 2 752 (1,121.9~1,151.8m), RO EEIZHE] N ) v 7D
FEaRELAbETCHLLL “a7EE” Tho,

Fig. 4 Photographs of collected cores from the region of cataclastic rocks at near 1,140m depth
(1,121.9-1,151.8m). This “depth” means the “core depth” which is measured by adding up

the length of drilling pipes.
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Fig. 5 Photographs of collected cores from the region of cataclastic rocks at near 1,300m depth
(1,306.6-1,336.7m). This “depth” means the “core depth” which is measured by adding up
the length of drilling pipes.
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Fig. 6 Photographs of collected cores from the region of cataclastic rocks at near 1,800m depth
(1,789.4-1,818.6m). This “depth” means the “core depth” which is measured by adding up
the length of drilling pipes.
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Table 2 Explanation of major results of geophysical well logging in Hirabayashi NIED borehole.
The depth interval is divided into eight regions consisting of host rocks or the fracture
zone.
Depth Logging items
Long normal resistivity 2" micro resistivity P wave velocity Density Neutron porosity Borehole radius
ohm'm ohm'm km/sec glem® % mm
251 100 - 1000 ohm*m 20 - 40 ohm'm 5.5 - 6kmy/sec about 2A6g/cm3 inthe interval 4 - 10% in the interval from  almost the same radius as a
~ 2 - 3 times higher than about 1/3 lower than decreasing downto 4 - 5 from 251m to 900m depth 251m to 900m depth drilling bit radius
1000m short normal resistivity 1” micro resistivity km/sec in the interval from  about 2.5g/cm’ in the interval 9 - 15% in the interval enlarging a little in the interval
251m to 900m depth deeper than 900m deeper than 900m _ deeper than 900m depth
1000 100 - 200 ohm*m 10 - 20 ohm'm about Skm/sec about 2.55g/<:m‘1 about 12% almost the same radius as a
~ abou 1.5 times higher than  almost the same as the drilling bit radius
1030m short normal resistivity 17 micro resistivity
1030 Decreasing down to decreasing down to decreasing down to decreasing down to increasing up to10 - 30% enlarging remarkably from a
~ 10 - 100 chm*m 3-5ohm'm 2.5 - 4.0km/sec 1.5 -2.5g/cm’ max. 40 - 60% drilling bit radius
1150m almost the same as short almost the same as the
(fracture zone) normal resistivity 1” micro resistivity
1150 100 - 500 ohm*m 10- 20 ohm'm 4 - Skm/sec about 2.6g/cm’ 9-11% enlarging slightly from a drilling
~ about 2 times higher than ~ almost the same as the bit radius
1275m short normal resistivity 17 micro resistivity
1275 Decreasing down to decreasing down to decreasing down to 23-2.6gcm’ increasing up to 8~16% enlarging in some portions from
~ 20 - 200 ohm*m 3-10 ohm*'m 3 - 5km/sec max. 20 - 35% a drilling bit radius
1380m almost the same as short almost the same as the
(fracture zone) normal resistivity 1” micro resistivity
1380 200 - 1000 ohm*m about 20 ohm*m 5.5 - 6kmy/sec about 2.7g/(:m3 4-8% almost the same radius as a
~ about 2 times higher than  about 1/2 lower than drilling bit radius
1780m short normal resistivity 1” micro resistivity
1780 Decreasing down to decreasing down to decreasing down to 23-27g/em’ increasing up to 7 - 16% almost the same radius as a
~ 30-200 ohm*m about 10 ohm'm 4.5 - 5.5km/sec drilling bit radius
1830m almost the same as short about 1/2 lower than enlarging a little in some
(fracture zone) normal resistivity 1” micro resistivity portions
from a drilling bit radius
about 20 ohm*m about 5.5km/sec about 2.7g/cm’ 6-8%

1830 about 500 ohm*m
~ almost the same as short
normal resistivity

about 1/2 lower than

1842m 1” micro resistivity
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Fig. 7 The relation between neutron porosity and density determined by neutron and density
logging, respectively, in eight depth intervals of Hirabayashi NIED borehole.
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Fig.8 The relation between neutron porosity and P wave velocity determined by neutron and
sonic logging, respectively, in eight depth intervals of Hirabayashi NIED borehole.
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Fig. 9 The relation between neutron porosity and specific resistivity determined by neutron and
long normal (LN) logging, respectively, in eight depth intervals of Hirabayashi NIED

borehole.
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Fig. 10 The relation between P wave velocity and specific resistivity determined by sonic and
long normal (LN) logging, respectively, in eight depth intervals of Hirabayashi NIED
borehole.
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