o= OB R OB f &’
Bull. Eartha. Res. Inst.
Vol. 56 (1981), pp. 139-160

8. GHE B O BEFE LR O BINC X 5 M,
T S T X VBRI R o bR B ERHERS D3R

b o3
L) Zh
Bl I VAN
HEEDT IR = W
& | BN T
¥ O H bR

(Wfn 56 4 2 3 28 HZHD)

1. & L & (2

ERES, GREREd X OB R ot s o L TR ER S B4 L OTRES T b
HT5. BEERTE 7L — 7 (1964), HOTTA et al. (1964), $iMz 2> (1964) 133
£2189° 12 % 5 A HEE 2 RPHLE OB X b #EE Lic. & RFEFEERECOWTIL
FTHERE (19634 3 A2LH) @ X hEMTIZE S 21~23km, P JE#fE 6.0km/sec DFF
M E D A 2 1o, Tl HE (1968) (219664E125 22519674 1 Ficaai) Toff
Tk By s X ORI EI O B IR S B IR E R B~ T B T o 3 i T
55 i D ¥ L= Il b G LARBS ST I O B DHEE R 1T o 7o Teb bR ERE
DISETIERBO FRES 3~5km, P i 2.4~3.0km/sec OFA=AELSH D,
ZOTFEa% 10km, P §E5#fE 8.3~4.5km/sec D7 BIERELE 2 bh 2 HH =T
EAERHISkm wE THELTWA. EHIZXDOFIC6.4~6.6km/sec DILENDS.
BT DI X ) OFEM O & THENE X b ORI OHEE T 1% 3.3~4.5km/
sec DBICHI D 4. Tkm/sec DAFRERE T HFREFEEEZ DD HB=IMELH 5.
S o, EE (1968) gty HoTTA et al. (1964) OFEH & % HltT 5 &k A0
ERERERS. ThbbftEET 6.0km/sec F2dhs ok LT FTREEE
THESEE T OBNA bR, = MBUSET Tk 2.4~3.0km/sec, 3.3~
4,.5km/sec ¥ XU 4.7km/sec DOBFFFD/NEED 6.4~6.6 km/sec DIEED k)
15km OBEICHHELT 5.

—5, e (1976-a) 1219T44E11F 290, R REELY BHC sl 5 REEL L
DT H AR TOBIELY 2 2 ik, KRG, @Eiko 8 ZTlIlLe. ToFR, Ch
5 3 BINEDEMAFELEED THNE,»S fEEIh BE X D 1.0~1.5sec FEEh
B & HTEM DI & DOFEROENIIEER S (1974) b MR ts 1) 5 R0 BihibEE (1974
E5AIH, M6.9) OREHINC X HENDTND, Fp (1976-a) 12X 5 & FELE
COBNEORTIEEMTHIE 6.38km/sec TH D DT LG R I2 S A KEHINE




140 Wk AR Bhe TASEAL - Wi BT  ME

DD B ERL 5.60 km/sec & 7c-7e.

Sho DR, L (1976-b) 1 XHEAL T 6.0km/sec [EDdh 5 By i T
H B DK LT EEFIE T & hok R MBIt ©h 5 TTREMER TR Lic. Il HH
(1968) 1w k% Lho & 5 IAEESIC B T 6.0km/sec FER KT WA, X b
i (1976-a) (XHFFEPE T 6.38km/sec [ 6 LETH TR DIcic» T b Dkt LER
ST 5.60 km/sec JEA R 10 FETHT 23 DiT7e - T 5 WIHEES 154 L7z, B
(1976-b) 1X1974E11LH, 19754128 OFFAE TOMRBHIBE QBN S FE24EET D
HUSHG R RO X 5 HEE Lic. $7chb 2 0 Ml o Mg LiEo P sipet 4.8
km/sec TH b ZDFOEIRPENEOWETTH 1km, FEAEMETH 6km Th
%. %o 4.8km/sec FAD T O LFED P 3l Fix 6.0km/sec TH b FFELE T
22D 6.0km/sec FIDEMAH 17.5km OFESICETHELT WS, 27220 6.0km/
sec JHIFTEKEAN - TEI AWM LT 5. BERAREGT1 4. 8km/sec D i 3 /&
DEZE 10km %22 5D LTEDTFD 6.0km/sec FDOEL X701 53 <
o T A,

Gre (1977) 1X19764E 9 A 2 B o HIHR TO A A TR B BRI 2 i
D TOMHRE LCPEFECRT 2 2 A TR L, Zhi i EkE CoRmmER)

/ |

N -

1372 1382 13 14pE ME

Fig. 1-a. Station distribution in the Kanto district. Station
names are abbreviated by three letters. The region under
investigation is enclosed by a rectangle. Hatched zone
indicates the epicentral area of the earthquake swarm
east off the Izu Peninsula in 1980.
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Fig. 1-b. Enlarged map of the permanent station locations (closed circles)
and the shot points (crosses) of the seismic explosions of SP-1~5 in
the Izu Peninsula, Dec. 11-12, 1980. The epicenters of the earthquake
swarm east off the Izu Peninsula in 1980 are indicated by small open
circles and the corresponding epicentral area is enclosed by a dashed line.
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Fig. 2. Locations of the stations of OKY (Okuyama), FUJ (Fujigawa)
and UMJ (Umejima) for the permanent observation of microearth-
quakes and NGM, KTM and SHM for the temporary observation of
the seismic explosions in the Izu Peninsula, Dec. 11-12, 1980.
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Fig. 3. Examples of seismograms of the
seismic explosion (SP-4). in the Izu
Peninsula Deec. 12, 1980, 01h01m59s, 649
at the stations of UMJ, SHM, FUJ,
KTM and NGM.
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Fig. 4. Travel time data obtained by the observation of the

seismic explosions of SP-

2 (shot time: 01F01™59s, 649, Dec.

12, 1980) and SP-4 (shot time; 01B12m(0s.465, Dec. 12,
1980) at the stations of UMJ, SHM, FUJ, KMT and OKY.
The apparent velocity of the direct P waves is estimated

to be 5.2-5.3 km/sec.
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Fig. 5-c.
Fig. 5-a, b and ¢. Examples of the multi-channel strip chart seismograms of the
earthquake swarm east off the Izu Peninsula in 1980 with time marks for every
one sec. Recording speed is 10 mm/sec.
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Fig. 6-a. Vertical component seismograms of the earthquake swarm
east off the Izu Peninsula in 1980 recorded at TAY in the Miura
Peninsula, Kanagawa Prefecture. Note that a predominant impul-
sive phase of the SP waves is registered on each of the seismo-
grams preceding the direct S waves by 3.0-3.5 sec.

Fig. 6-b. Vertical and horizontal components seismograms of an micro-
earthquake located in Sagami Bay (open circle in Fig. 9). Note
that a predominant impulsive phase of the SP waves is registered
on the seismograms preceding the direct 8 waves by about 3.3 sec
as similar to the seismograms in Fig. 6-a despite of the large dif-
erence in S-P time.

Fig. 7-a. Vertical component seismograms of the earthquake swarm east off the Izu
Peninsula in 1980 recorded at OKY in the south-western part of Yamanishi Pre-
fecture. Note that a predominant impulsive phase of the SP waves is registered
on each of the seismograms preceding the direct S waves by about 2.5 see.

Fig. 7-b. Vertical component seismograms of the earthquake swarm east off the Izu
Peninsula in 1980 recorded at OKY in the south-western part of Yamanishi Pre-
fecture. Note that two predominant phases of the SP waves and the PS waves
are registered on each of the seismograms preceding the direct S waves and fol-
lowing the direct P waves by about 2.5 sec.

Fig. T-c¢. Vertical and horizontal component seismograms of a microearthquake loc-
ated in Suruga Bay (closed circle in Fig. 9). Note that a predominant impulsive
phase of the SP waves is registered on the seismograms preceding the direct S
waves by about 2.5sec as similar to those in Figs. 7-a and 7-b despite of the

large difference in S-P time.
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Fig. 8. Map showing the location of stations, epicentral
area of the earthquake swarm east off the Izu Penin-
sula in 1980 (hatched zone) and seismic wave paths
from the epicentral area to the stations of TAY and
OKY. The open and closed circles in Sagami and
Suruga Bays correspond to the epicenters of the
microearthquakes of which seismograms are shown in
Fig. 6-b and Fig. T-c.
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Fig. 9. Vertical component seismograms (smoked paper herical drum records)
of the earthquake swarm east off the Izu Peninsula in 1980. Recording
speed is 1 mm/sec.
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Fig. 10-(a) iz TAY & OYM iRz Licb D TH 2. FEEO IR T o7
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Comparison of the travel times at TAY and OYM for the P waves (tri-

angles) and S waves (circles) in the epicentral distance range of 50-60 km.
Theoretical travel time curves of the direct P and S waves are given for OYM
with the P wave velocity of 5.8 km/sec and the S wave velocity of 3.3 km/sec.

Fig. 10-b. Comparison of the travel times at OKY and SRY for the P waves (tri-
angles) and S waves (circles) in the epicentral distance range of 78-87 km.
Theoretical travel time curves of the direct P and S waves are given for SRY
with the P wave velocity of 6.0km/sec and the S wave velocity of 3.45 km/sec.
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Observed and theoretical travel time curves at TAY,for the P, S
and SP waves. The theoretical travel time curves are calculated for the
crustral model as shown in Fig. 12. The theoretical travel time curve
for the SP waves corresponds to the lower limit of the observed data
plots. The focal depth is taken to be 10 km.

Fig. 11-b. Observed and theoretical travel time curves at OKY for the P, S,
SP and PS waves. The theoretical travel time curves are calculated for
the crustal model as shown in Fig. 12. The theoretical travel time curves
for the SP and PS correspond to the lower and the upper limits of the
observed data plots. The focal depth is taken to be 10 km.

Fig. 11-a.
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i) FEAEEIHIhORERIE OERES SIH T~k A’AA” (Fig. 12)ic
Wb ETCOEBO P ER XU S oM FhFh 6.3km/sec LW 2.9km/sec
THDH. Tl OEREL SIS FAAMG B'BB” (Fig. 12) 7o 2 ¥ TOHIK
DO PP IO S FTEOHETITFRFH 6.2km/sec & L0 8.4km/sec TH5B. oD
TR At o FFEmA~»FT OYM % X tf SRY i\ ic 230 B EHRER To P ik &
O S oM EIL b.8~6.0km/sec I LT 3.3~3.45km/sec TH 5.
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= e \
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Fig. 12. The upper figure shows the station locations (closed circles) of TAY,
OKY, SRY, OYM, HOK and OSI and the epicenters of the earthquake swarm
east off the Izu Peninsula in 1980 (small open circles). Seismic wave paths
from the epicentral area to the stations of TAY and OKY are shown by the
lines with an arrow. The segment A’AA” and B’BB” correspond to the strike
of the velocity discontinuities given in the lower figure. The P and S wave
velocities and the dip of the velocity discontinuities in the upper part of the
crust are given in the lower figure. Seismic wave paths from the focus F
at a depth of 10km to the stations TAY and OKY are illustrated for the
vertical profile. The P wave velocities of 6.8 and 7.7 km/sec in the figure
are given after A. Ikamr (1977).
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8. The Structure of the Upper Part of the Crust in the Regions
of Sagami Bay, the Izu Peninsula and Suruge Bay as Found
by the Observation of the Earthquake Swarm FEast
off the Izu Peninsula in 1980.

By Megumi MIZOUE, Isao NAKAMURA, Heihachiro CHIBA,
Mitsuru YOSHIDA, Hiroko HAGIWARA
and Takashi YOKOTA,

Earthquake Research Institute, University of Tokyo, Tokyo.

The travel time data of the earthquake swarm east off the Izu Peninsula in 1980 in the
local distance range less than 87km is available for the study of the upper crustal
structure in the regions of Sagami Bay, the Izu Peninsula and Suruga Bay. The epi-
central area of the swarm is located at a distance of 50-60km from TAY (Takeyama)
in the Miura Peninsula, Kanagawa Prefecture and 75—87km from OKY (Okuyama),
southwestern Yamanishi Prefecture. Due to the very shallow focal depths of 5-12 km of
the earthquake swarm, seismic waves from the focus arrived at TAY and OKY propa-
gating through the upper part of the crust beneath Sagami Bay and Suruga Bay,
respectively.

Seismic explosion studies previously made in the adjacent regions in the Izu Pen-
insula ascertain the existence of the upper layer with the P wave velocity of about 6.0
km/sec extending from a depth very near the earth’s surface to the depth of over 18
km in the Izu Peninsula (HoTTa, et al., 1964; Ikami, 1976b). Therefore, it should be
remarkable in this connection that the hypocenters of the events of the swarm can be
located within the layer of the P wave velocity of about 6.0 km/sec.

Microearthquake seismograms of the swarm at the stations of TAY and OKY indi-
cate remarkable characteristic features in their wave forms. A sharp impulsive phase
is observed preceding the direct S by about 3.0~3.5 sec on the vertical component seismo-
grams at TAY located at a distance of 50-60 km northeast from the epicentral area.
However, no predominant phases are detected at OYM (Oyama) in the same epicentral
distance range toward the north. On the other hand, two predominant phases, one
following the direct P and the other preceding the direct S by about 2.5 sec, are observed
at OKY 75-85 km northwest from the epicentral area. No predominant phases of similar
types are detected at SRY (Shiroyama) in the same epicentral distance range toward
the north. The arrival time at TAY is found to be 0.7-0.8 sec slower for the direct P
and 2.0-2.5sec slower for the direct S than that at OYDM in the epicentral distance
range of 50-60 km. The arrival time at OKY is found to be 0.2-0.4sec slower for the
direct P and 0.4-0.6sec slower for the direct S than that at SRY in the epicentral
distance range of 78-87 km. The apparent velocities of the P and S waves are estimated
to be 5.8km/sec and 3.3 km/sec for OYM and 6.0km/sec and 3.45 km/sec for SRY,
respectively. The P wave velocity indicates no significat discrepancy with the results
as derived from previous seismic explosion study (HoTTa et al., 1964).

Considering the fact that the seismic wave arriving at OYM and SRY is transmitted
towards the north and propagates mostly through the layer of the P wave velocity of
about 6.0km/sec, the arrival time delay of TAY relative to OYM and that of OKY
relative to SRY can be interpreted as being caused by the effect of the anomalous
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structure in the uppermost layer around TAY and OKY. Travel time data of TAY and
OKY are analysed in order to make a preliminary interpretation of the arrival time
delay of the P and S waves as well as the travel times of the predominant phases fol-
lowing the P waves and preceding the S waves. The results of the travel time analysis
are summarized as follows.

i) A predominant impulsive phase is detected at TAY 3.0-3.5sec before the direct
S waves. The phase can be interpreted as the P waves converted from the S waves on
the velocity discontinuity in the upper part of the crust beneath Sagami Bay. On the
other hand, two predominant phases are detected at OKY, one preceding the direct S
waves by about 2.5 sec and the other following the direct P waves by about 2.5sec. The
former can be interpreted as the P waves converted from the S waves, and the later
as the S wavas converted from the P waves on the velocity discontinuity in the upper
part of the crust beneath Suruga Bay. .

ii) The P and the S wave velocities in the uppermost layer in the east of Sagami
Trough are estimated to be about 4.3 km/sec and 2.6 km/sec, respectively. The smaller
values as compared to those in the Izu Peninsula and the western part of Sagami Bay
are in good agreement with the previous results obtained by seismic explosion studies.
The velocity discontinuity near Sagami Trough intersects with the earth’s surface at a
distance of about 25km from TAY with an inclination dip of about 60°+10° toward the
northeast.

iii) The P and S wave velocities in the uppermost layer in the west of Suruga
Trough are estimated to be about 5.0 km/sec and 3.1 km/sec, respectively. The velocity
discontinuity near Suruga Trough and Fujigawa fault intersects with the earth’s surface
at a distance of about 25km from OKY with a nearly vertical inclination dip of about
80°+10° toward the northwest.

iv) The P wave velocity is 6.2-6.3 km/sec in the upper crust in the Izu Peninsula,
the western part of Sagami Bay and the eastern part of Suruga Bay. On the other
hand, the S wave velocity in the regions varies from 2.9 km/sec in the western part of
Sagami Bay to 3.4 km/sec in the eastern part of Suruga Bay.

v) It is remarkable that the S wave velocity is extremely low (2.6—2.9 km/sec) for
the path through the upper part of the crust in Sagami Bay as compared to that in
Suruga Bay (3.1-3.4 km/sec). It may partly be due to a thick sedimenary layer in the
area of Sagami Bay.




