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CHARACTERISTICS OF THE RESPONSE OF THE FRACTURED
ZONE AT YAMASAKI FAULT FOR TELESEISMIC
SURFACE WAVES

By Keisuke TaNiGUCHI and Kazuo OIKE

Synopsis

Some components of extensometers in the Yasutomi Observation Tunnel at Yamasaki Fault
cross the fractured zones. From the analysis of continuous records of them, it was shown that the
tidal strain across fractured zone is larger than that on the neighboring unfractured zone.

In this paper, we have analyzed data of same extensometers and found out some character-
istics of the fractured zone on the strain seismograms of teleseismic surface waves.

The strain variation generated by teleseismic surface waves across the fractured zone is also
larger than that on the unfractured zone, and the effect of amplification on long period surface
waves is more notable than that on earthtide.

‘We have calculated the strain seismograms at Yamasaki Fault from the displacement seismo-
grams at the Abuyama Seismological Observatory and compared them with observed ones at
Yamasaki Fault. The amplitude of observed ones on unfractured zone is larger than that of calculat-
ed ones. These results suggest that the existence of the fractured zone gives some significant effects
on the strain field in the comparatively wide region.
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Fig. 3. The distribution of extensometers set up
in the Yasutomi Observation Tunnel and
of fructured zones. Sensors are shown
by closed circles and fractured zones by
bloken lines.
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Fig. 2. Topography around the station and distribution of various sensors.
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Table 2. Normalized strain ratio of M,
component of earthtide for 5-0

Table 1. The distance (m) between the and 10-0 shown with * in the
fixed end and each sensor. table.
section ; distance (m) section strain ratio

1-0 | 35.78 1-2 1.6
2-0 26. 86 2-3 177
3-0 21.49 34 125
4-0 18, 60 4-5 0.87
5-0 14.55 5-6 1. 08
6-0 3,02 6-0 0. 69
7-0 3,82 *5-0 1.00
8-0 2.40 9-0 0,81
9-0 12.76 10-9 1.25

10-0 22.76 11-10 1.42

11-0 34,83 12-11 0.71

12-0 ; 47.89 *10-0 1,00
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Fig. 5. The circuit diagram of amplification, bias, and low-pass filtering circuits.
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Fig. 6. The frequency characteristic curve of amplification and low-pass filtering circuits.
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Table 3. Source parameters of three earthquakes and recording conditions. 7" and 4f
mean duration time of records and sampling frequency, respectively.

j P-arrival time at Osaka epicenter 1 w | ae va af

(J.8.7) long. lat. O | see) | (H)
New Hebrides EQ| July 6,1981 12h18m 170.6°E 22.8S © 6.9]66.9 30 5
Samoa Is. EQ Sept. 1,1981 18 40 172. 9°W 14.4°8 7.5|69.9| 160 5
. epicenter | o el | af

Origin (J.8.T) " long. lat. M ‘ 40 (sec) | (Hz)

: ! -
SE off N o R | Sept. 3,1981 14h35m46.95 | 14649°02"E 432801"N l 6.5 ‘ 12,7 160 | 5
i | :

WEINTOE DERIN, SROHEICH LTR+FSEMEEET 5,

AMP, BIAS, LPF O[H§K% Fig. 5 iTRT, EHRRTNTLBHEENT, BETICK 25800
BOESICLTH B, Fig. 6 ICEBOMARKMERT, LPF 377 7 177 4 & —TH 12dB/oct THi
FLTW3, BT BIAS [Rick - T +112.5mV (A H#AR) ORETHETX 3,

19814E 6 A 15HICERRFEIIZ B TLIk Table 3 [CRINHBICOW TR B R T X7,
N5 3DDESDIER Y R 7 £ DIKREESHHT Table 3 KRT,

a) New Hebrides Earthquake

EEOAE (1-0), (2-0), (3-0) DXANC DT Fig. TR, Y A —ic k25O 7 B
6 H1240m47s (J.S. T UTFREL) T1AMETE 2, S Y #2588 LT 2@ b 12720 TS
5%, Fig. 8 127 11 10010m04s (TFT78 » I AR A RRE
HEDBEDRZEDH AT JULY 6, 1981 I12H I8BM (JST)

BERER R — 5 — 7 ¥ 5 —s 84 7OEEIIC BN NEW HEBRIDES M =6.9
KEEMEEZ, 4 72EEZDEIFACBEHIE
BLELE TN £3FBTLREST, KrY 12H 4OM //f\\\\///m\
+—ORNEEOEA, R UELICHIE LR, El- - 7 :

DI HEEEAE f AR RE S5 o X

b) Samoa Is. Earthquake

Fig. 9 CHBOHEZ DAY L AT, EHO P
BEIERERTHY, TRRZOERICZ RS % EXZ““*/ S
RDOBIDDOA4 v F—2DF e bDTHB, b H—
129 A1H 1901019 i, 2 S340FRGIN & L7z, //\ P
ZOREDOR RS bk E B EISHARICE— 2 2555, EX3 . g

# v y—OHNESOLHZL, 20— ORIES
X Uhr#a% Table 4 it 777,

20 sec
¢) SE off Nemuro Pen. Earthquake Fig. 7. Examples of surface wave form
Fig. 10 (CE@ROWEZ DAY P VETRT, PYN recorded by extensometers in the
~{39 H 3 H 14"3m54s iz b, 245MO0BRIIRE L Yasutomi Observation Tunnel.
o RT FADE— 2 D B, Kk v H— This .earthquake occurred at New
DUNESOFRAN, 2OU—) OIS £V iE Ey1 means thewave form observed
Table 5 it/R3, b), c¢) CHECHBREREETR by extensometer No. 1.
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The example of surface wave
form observed by extensometer
(sensor No. 1) in the Yasutomi
Observation Tunnel (upper), the
wave form taken with the data
window, and amplitude spec-
trum (bottom) for the earth-
quake occurred at Samoa Is.
on Sept. 1, 1981 (#/=7.5).
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Tig. 8. Examples of wave form to determine relative sensitivities recorded just after the New

Fx1 means the wave form observed by extensometer No. 1.

Table 4. Period, amplitude and phase at
the peak of spectrum by Fourier
analysis about records at each
sensor of the Samoa Is. earth-
quake.

section . p(:g:_’)d amplitude phase (°)

1-0 17.81 20416.8 —140.2
2-0 17.81 26467.0 —139.1
3-0 17.81 20310.1 —-137.1
4-0 / / /
5-0 17.81 22660.1 —133.9
6-0 s / /
7-0 17.81 5550. 8 67.9
8-0 18.62 4005. 9 19.9
9-0 / / /
10-0 18.62 16438.1 311
11-0 ya / /
/ /s /

12-0
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Table 5. Period, amplitude and phase at
the peak of spectrum by Fourier
analysis about records at each
sensor of the SE off Nemuro
Pen. earthquake.

fection F %Z;i:)d amplitude phase (°)
1-0 | 16.4  11613.4 177.4
2-0 16. 4 14324.4 179.3
3-0 16,4 10136. 4 177.2
4-0 / / s
5-0 16.1 9370.7 144. 4
16.4 9308.9 171.0
6-0° / 7 s
7-0 16.7 893.9 —-119.2
8-0 16,7 4046. 1 54.5
9-0 / / /
10-0 16.7  17827.5 48.9
n-o 7 / 7
12-0 E / / /

AMPLITUDE

Exl
1 min
10000
1000
|
IOOF
W‘
1 |
Dl.ﬂl 0.1 1.

FREQUENCY (Hz2)

107

Fig. 10. The example of surface wave
form observed by extenso-

Fig. 11.

meter (sensor No.1) in

the

Yasutomi Observation Tunnel
(upper), the wave form taken
with the data window, and
amplitude spectrum (bottom)
for the earthquake occurred at
SE off Nemuro peninsula on

Sept. 3, 1981 (M=6.5).

Examples of wave form to
determine relative sensitivities
recorded after the Samoa Is.
earthquake and SE off nemuro
Pen. earthquake. Exl means
the wave form observed by
extensometer No. 1.
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Fig. 12. Extensometers and the azimuth of wave propagation (arrows) for three
earthquakes; a) New Hebrides earthquake b) Samoa Is. earthquake
c) SE off Nemuro Pen. eathquake.

Es, B2 ZTNERN,
Es o= AE—O/DS~O
Ey2=A-3/ Dy

L35, 5 (5-0) DUTHE (1-2) DOTHDIRIBHIZ, Ei-2/Es-o Lk >TRE 3,

Table 6. Observational data and analyzed results
for the New Hebrides earthquake.

Recorded data H Results

. amplitude relative | . 7| strain

section | (em) sensitivity H section lﬁiliatio
1-0 8.9 1,08 1-2 3.13
2-0 11.2 2.19 2-3 3.27
3-0 7.4 2.35 3-5 1.96
4-0 v v 56 | 1.06
5-0 7.4 4.55 | 6-0 0.78
6-0 2.3 8.72 *5-0 1.00

w0

8-0 0.72 180 | 80 0.44
9-0 203 L14 | 98 | 055
10-0 4,52 0.52 10-9 1. 60
11-0 6. 28 0.32 11-10 2.38
12-0 e J/ *10-0 1,00

ZDEICLTHRE o7 (65-0) Bxued Lz (-
2), (2-3) & NW HHOEL v+ —HOM
O 2RIE, (10-0) ZH#e s Ui (12-11), (11-10)
72 & NS6°E HH DK & v+ —HOEH O T ARIE
Dfiti% Tables 6,7,8 |Z/R3, Tables 6, 7, 8 (T
Zh#h New Hebrides Earthquake, Samoa Is.
Earthquake, SE off Nemuro Pen. Earthquake iz
DNTORITHRERTH 5,

New Hebrides Earthquake DIERIc >\ TI,
NGRS DO D R R7 P vk d, B
SIRIE, FEHIZEEN -7, Samoa Is. Earthquake,
SE off Nemuro Pen. Earthquake DIZf#iCiT sl
FTHRHEBIRY S S5VHBDT, RKI\, SEFHHII
FFT 2RO L > TR 720 4D 320D
WERORERIC X 2R LMY » OB ONIH
Bx2% Lo T Fig. 131TRT,

Fig. 13 5D 2 DO HBBMH NS o
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Table 7. Observational data and analyzed results Table 8. Observational data and analized results

for the Samoa Is. earthquake.

for the SE off Nemuro Pen. earthquake.

Recorded data ‘ Results Recorded data | Results
section amplitude zzlfstiit\i,\e/ityl; section S::?ig section J‘ amplitude :::‘?stiit‘i,‘jity 31 section | str;atiixox
1-0 20416.8  0.80 || 1-2 1.90 1-0 11613.4  0.80 1-2 2.90
2-0 26467.0 1.5 ‘; 2-3 2.34 2-0 14324.4 1.5 2-3 3.54
3-0 20310.1 1.72 || 3-5 1.56 3-0 10136.4 1.72 3-5 2.32
4-0 / / l *3-0 1.00 4-0 / / *5-0 1.00
5-0 22660.1 3.35 5-0 9370.7 3.35
6-0 / / 6-0 / 7
7-0’ 5550. 8 /S 7-0 893.9 / X
8-0 4005.9 2.5 8-0 0.66 8-0 4046.1 2.5 8-0 0.61
9-0 e / | 10-8 1.04 9-0 / / . 10-8 1.05
10-0 16438.1 0.71 ’ *10-0 1.00 10-0 17827.5 0.71 *10-0 1,00
11-0 / /o 11-0 J Va
12-0 / / 12-0 / /
1) BEepEEicd (2-3), (11-10) T, MORMEICE~
N . TUOTHOFEHIRE . £ OWE MY (M2 504,
3 M New Hebrides BRI 12. 42 KGR LRiER (BB~
M| HKELTV B,
" ' 2) M. SMIORIEHIZ (2-3) TR (5-0) O8¢5 (11-
ML 10) Tl (10-0) O LSHETHEORMLT, REWIZE
3 3 Samoa Is. NENFH 3G, 250 L1 TN 5,
2 MN— 2
] V. 4 ERRAPHBREFEOLE
i L

STRAIN RATIO

‘ [
3 | 3} SE Off Nemuro Pen.
H 2
T T
8 5a3 e 8 1 102
. A
3 N Tide (M2)
2 2
1 1

Fig. 13.

1 ¢ 8 0 112
SENSOR NO.
The distribution of strain ratio
for each section between two
sensors; Data of each direction

were normalized for amplitudes
of (5-0) and (10-0), respectively.
Upper three figures show the
results for earthquakes and the
bottom figure shows the result of
the earthtide (M, component).

L THRPE L2 DRECORRBOV T AREOLITE
LS, BHEL o7 (5-0), (10-0) TOUY ARIER,
ORI TORBRDOEBWSOTHERLEEABEEINED
o, LIKHEOES KREAEBROBR Y 27
LADBHEELBOOT, BHECOILARHFTSLERITER

Fig. 14. The coodinate and symbols to explain the
response of the extensometer for the
horizontal displacement component by the
longitudinal wave and the transverse wave.
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W, £ ZTH 100km BN FHCH 2 RERILBEBRIFTORA
HHRE ERED S, REBNNTTFASNIO TSR ER T
LT, BRSNIOTHBBEENTHT,

Fig. 14 DX 5105 4~ 2 %23k B, TTT A4 ffgat-e
A FOREIER, B: Efrttit v —DEER, L: 4B DRSS,
a: JOILEHAE 48 DIRTH (EHEID ), €r: Rayleigh
WICk BEAL €10 Love JEic X AL,

Rayleigh JOAMEESE Cr, THICE B DT A% er(),
Love it kB bDEZNEN Cp, e1(t) ETB &,

en(f)= —cos?a ¢ p(t)

CR at
eufy=SR e %,

LB, 2L TR v4— B THUINZVDTARIEE £()
L5,

E(t)=er(t)+eL()
&35,

ZZTREFRSAS U & SOREBABITOVTAHH
ZRRILDOENE ORGP SA KT 5, Fig 15~Fig. 17 i
ARl EERFOEMME (BEAMIY) TiEshks3
DOMBOENBHERT .

New Hebrides 1981 776 M:6.9
ol
<l
/\/\M!ii\;)\/\ﬁ
s "
|
O.imm : ! ) wins-

Fig. 15. Surface waves observed by long
period seismographs (7'=15
sec) of New Hebrides earth-
quake at Abuyama Seismologi-

cal Observatory.

REPOEMEFE, €OEEHINEZICERT 5 HADRSICHT, ENENE Rayleigh 3, Love
BEBHIET o ZORMBH ORHIC DO THIEZITE 5 o B HIEH ORIES L UNBORERIEE Figs.

18, 19 iT/RT,

HRILTOEMBBEEERBIC LDb, REBI TOREBERBICERT 3,

Samoa I, 1981 9/1 M:75

hag™

Fig, 16. Surface waves observed by long
period seismographs (7'=15
sec) of Samoa Is. earthquake
at Abuyama Seismological Ob-

servatory.

Fig. 17.
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SE off Nemuro Pen. 1981 9/3 M:6.§

14hg2™
]
H
e 2 4 5 mins
E
w

Surface waves observed by long
period seismographs (7=15
sec) of SE off Nemuro Pen.
earthquake at Abuyama Seis-
mological Observatory.
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Fig. 18. The frequency characteristic curve of

magnification of long period seismo-
graphs (7'=15sec) at Abuyama Seis-
mological Observatory.
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Fig. 19. The phase characteristic curve of long

period seismographs (7'=15 sec) at
Abuyama Seismological Observatory.
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Table 9. Parameters in horizontally-layered model
for western Japan (W-4A1 model'#). The
letter A is a layer thickness, Fp and Vg
are compressional and shear velocities and
p is a density.

layer | "> » Vs v,
0 i 30 265 550 310
1 ‘ 12.6 2.72 6.05 3.40
2 11.3 2.82 6. 50 3.65
3 “ 21.6 3.08 7.40 4.15
M © 3.28 8.00 4.50
{Km/sedt Love W.
4.0
,':- Rayleigh W.
=3
=
——d
-l
=
© 351
= / /
-5 /
i H 1 1
3.0 20 40 isec)
PERIOD

Fig. 20. Phase velocity curves of Rayleigh wave
and Love wave for the W-4A1 crustal
model.

— i R 4 TE S NI «(d, 1) FRERIHIC LD SEREEE o (CAHRT 24, equali-

zation'® 2T,

U, uu)=2iﬂ'/:0O u(d, t)eiotdt
U4, wy=ioU 4, )

4—4

k

(4o, )= ( ssu? 3)2/: o, “’>'e"¥’{"["’(' "c’(wT) G [feebttedoeiet

GHM =5 =T A XY T b

S4EIE M=0, k=0

\1/2  poo

)

sin 4
sin 4o

s a(do, l)=(

& RUREREL

../‘w U, w)'exp{iw(%)}-eiﬂ"dw

C & ThrAa% Rayleigh 3, Love O ENZNICDNTRYD 5 REHH 5, MITEEDHFCII, Thom-
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Observed strain seismograms of
the New Hebrides earthquake
(upper) compared with calcula-
ted one from the recorded waves
at Abuyama Seismological Obs-
ervatory (lower). (5-0) and (10~
0) mean sections between sensors
No. 5, No. 10 and fixed end.

Samoa s, 1981 971 M:75

T
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Fig. 22. Observed strain seismograms of
the Samoa Is. earthquake (upper)
compared with calculated one
from the recorded waves at Abu-
vama Seismological Observa-
tory (lower). (5-0) and (10-0)
mean sections between sensors
No. 5, No. 10 and fixed end.
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Observed strain seismograms of
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ween sensors No. 5, No. 10 and
fixed end.

ical Observatory (lower).
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