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EXPERIMENTAL OBSERVATION OF ACOUSTIC WAVES
BY A HYDROPHONE ABOVE THE FOCAL AREA
OF THE EARTHQUAKE SWARM

Occured on August 30th, 1984 at Sea off the East Coast of the Izu Peninsula.
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Abstract

On August 30 1984, an earthquake swarm activity occured at sea off the east coast of Izu
Peninsula. An experimental observation of the acoustic wave of the swarm was carried out by the
survey ship TENYO with a hydrophone at sea just above the focal area during the active period
of the swarm. The hydrophone was hanged from the ship down to a deep water, to a few hun-
dred meters above the seabottom. A large number of seismic events were recorded and their
arival times were mesured precisely. The hypocenteres determined from the land observation data
and additional hydrophone data were compared with the tentative hypocenters determined from on-
ly the land observation data by JMA (Japan Meteorclogical Agency). The comparison clearly
pointed out that the hydrophone data had largely contributed to improve the accuracy of the
determined hypocenters, especially in the accuracy of depth determinations.

The most beneficial point of the hydrophone observation is its capability of real-time monitoring
which allows evaluations of the activity of earthquake swarms on a real-time basis. The other
significant advantage is its mobility which enables to keep the observation point within the area
just close to the epicenters, even when they migrate cosiderably. These advantages seem to pave

the way to establish a new method of real-time monitoring of earthquake swarms at sea.

*  HirE#EH Ocean Surveys division
o [AFEMEXS %4 PFukuoka District Meteorological Observatory, Japan Meteorological Agency.
sk TEFHEKILEE KU Seismological and Volcanological Management Division,

Seismological and Volcanological Department, Japan Meteorological Agency



78 S. KASUGA, S. KATO, A. ASADA, M. TAKAHASHI, H. YOSHIDA

1, FU®HIC

IEFI594 (19845FE) 8 H30R L » FHEBH WK ¢, HELMBEEDNKE >, KBz, o
BRNEESNEFERCTH- I A8 HNG 9 Bt T, BEM [RE] (1210 2) 2y, BREE
Lotz A Fa7+ o 286 L THREOBHTEEMAERE L. SEIOEMOLTO HENTKD 2
HThotz,

1) BEE»OHR-ELOMEF CREMTE VL) LM ED (FsREORE) 2RiET 2%
(2) BLoMEHcLIBEABOALRENKERMEBCHL T, BRELTRESI NI M FrTar

DBEAF -7 EMz A LickY, BERERBEORLCESXES.

(B L T, AFEOERAEFROE BB TCIIER 322 L0 TERVMIMEEEZ1( Fr 74
TR TEAE, WETHOB AL SV IFFICERENC L Th B, KB TR, ERAFHMERTHRO
FEARHAZ & 3 ¢, BBASE (1980F) FEBHMEREINE (M6.7) ORBELERKEM NIES L,
BEEOBELTAA Fr 7+ 40k D EBIL 72 88A 5 5 (FKHb, 1980 ; A&, 1980 ; A - A, 1980).
ZoB i, S0HzL EoESEEIREIOA N b 2 SHEKT I ENTERL. L, REHLLTE
BLlcnd Fa73 b R30EoTholehed, MBHOEERFEANRD b1z, $iz, HHRRIOR
FELITAP, MBI SRERB L, MEELSHE LB - B2/ A XE0BMNPHLL-E
OBA EORBENR S -, 22T, BN, EOFRFAERDEIILEEMNLT, 2200, f Fa7 4
CEBRLHRICENT, 2ARRIELLEARRSOBREOMELAA S LE LI, LHrLAERG,
QEDDAA K74+ v B3RPl Th-folew, ZORBBRIIL TR, =T, $IV0E2D A Fr7
F AR /A RS R ZEELHEBETENSE A O, Ly, JJYESLRABNGL TWzo
T, BREE THENORERMERET S AR 22T, SEEE EBHSOMER T BREc
HIEHR> &, P owEo B A EEEE W EHEE (20~30Hz) D 5+ 2 BT E L RA T, LEOLMEE
HEve LT &, SRERBOMIMISHOBEL LTHEL, KXHTH, BLOoBRIT—sicn T
Fe7t+o07—4 kMR TERREEHRELLERL, 46O LI RBIHFROEDEICOWTERT 5.
—fic, BEMEEHSOBF -2 oRET 5546, BHSACTRAIBENGEHEATHE D
NS, WMEBHEOREBEEESESHECOL> THAVRY, BERVWEFRERICEAY, 1HTHLE
FBoOIKAHE LD E, BPERERAELALEINS., $BRELTORSIMI 6N 5 6 ITRENE
XOREBEPKECAETS., 2oLz ens, BEOL 2B THEBEINERICR >R, B
LIEIROR IKBROBRME s RBE L TF— 4 2 NET A2 LB L LERAA R TE . IEEE M
FOBEEL SEOCEROBEIE, BREAEEEFEVO T BRABOF -4 PO EbLELR-T
3, Flftid, REEHEENO ©& 5EMET 2BFROBEICE AL, FEEBIECER L TR %
WT22LbTEBLS > TEKL, FlziE, 1983450 AAMEHEHBE (M7.7) ORLE, KEOEHE
B HEMEAMEAZA TS (Urabe et al, 1985), Z0 X5 KERAFCEAIRIBEMETIC
L B8N, BETRELLHEBEOBRRECRLANLFR THHLEBLIEN, Ve o0KRERKAN
bbb, FhL, VTAEALATT—FRBLoRLVWENIHTH B,

&, HaBRABERFRE, Fig. LiIcREN3 L5, EEROBECBIMREERAZE, ~A Ka
THETF—TACEVBPICESL, BEOF— S L a - FICHBEFRLNHLLS LT H50TH B,
TOHRE, VT NEA LATT—Z RN BoN50T, HIEBEHORREL—ZIEET 2 L8 TES. ¥,
WEEEBE AR OB A HICKE CBBIL TV L5 284, BIBA MBcBBS e 52 LR TE 5,



EXPERIMENTAI OBSERVATION OF ACOUSTIC WAVES BY A HYDROPHONE
ABOVE THE FOCAL AREA OF THE EARTHQUAKE SWARM 79

JJy

ch1 Hydrophone A

Data Recorder 2 . B)
(4ch) 3 Timer
4 JJy

M
L (Hydrophone )
Cable

Hydrophone A

Acoustic

Sea Bottom Wave

Seismic
Wave

03¢
Source

Figure 1 Schematic diagram of the hydrophone observation. One sensor (hydrophone A) was
hanged down to the deep water, above 330m to 730m from the sea bottom. Another
sensor (hydrophone B) was hanged down below several meters from the surface,
however, its data were not available.
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Figure 2 Location of survey vessel Tenyo together with epicentral distribution (until the end of
September), and seismograph stations (Ajiro, Kamata and Oshima;Japan Meteorological
Agency, Nakaizu;National Research Center for Disaster Prevention).
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Figure 3 Example of CRT display of acoustic wave of the
earthquake swarm detected by the hydrophone.
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Figure 4 Residuals of the P phase time (O—C:observed minus calculated) plotted against epicen-
tral distance (D). Hypocentral parameters are plotted based on the data of
Seismological Bulletin, JMA. Closed and open circles correspond to events with Mz3
and M <3, respectively. Appropriate station correction for hydrophone data can be con-
sidered as +0.3 sec from this figure.
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Figure 5 Epicenters given in the Seismological Bulletin, JMA (closed circles) are re-determined
(open circles) by use of additional hydrophone data. Large and small circles corres-
pond to events with M=z3 and M <3 respectively. Differences between the two deter-
minations of epicenters are less than 1km for almost all the events shown in the
figure.
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Figure 6 Tentative epicenters determined by JMA in quasi-real-time basis (square) and the
re-determined epicenters (closed circles) by use of additional hydrophone data. The
shift is 1—2km in average. This shows relative difference of epicenters for many
events, with JMA’s epicenters fixed.
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Figure 7 E-W vertical section of hypocenter distribution. Tentative hypocenters determined by
JMA (closed circles) and re-determined hypocenters by use of additional hydrophone
data (open circles).
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Figure 8 (A) : Example of wave forms.
(B) : Assumed propagation paths of P, pP, SP phases.
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Figure 9 Example of events detected by the hydrophone. The period of observation for
these events in this figure is about 15 minutes,
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