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ABSTRAC’J’

An ocean bottom seismograp h was dep loyed on the aec& ’ard

side of the Kuri l Trench off Hokkaido, Jap an in 5460 m of water,

in A~j ust duri ng the 1975 Joint Soviet-American Tswzc~ni Expedi tion.

Duri ng the seven—day record, S-P times were die tr ibuted in three

gro up 8 : 19-24 eec, corresponding to aftershocks of the 10 J une

and 13 June 1975 earthquakes southeas t of Nemuro, Japan and to

earthquakes eas t of Sanriku, J ap . ,i; ‘~.‘30 eec, f r om south of Erimo

Peninsul a, Hokkaido~ and ‘~‘100 eec , f r o m  the Izu-Bonin Islands.

Seven earthquakes, with hypocenter e well  determ ined by the land

aeisrin~c net, are studied in detail. A sha llcv focu s earthq uake

yields typical oceanic i*vztle veloci ties shallower than 50 km

in the slab which dips under the J ap anese archi pe lago . However,

deeper focus earthquak~~reveal anomalous ly high velocities

(V~ ‘ 8. 50 km/eec, V8 > 4.80 ion/ eec) averaged over the upper

230 km, in agreement with the nvdela of Utsu and Oliver and Isacke.

7t~o deep earthquakes, whose paths lie in the Pacific Ocean

asthenoep here , suggest a veloci ty 3% Lower than that p redicted by

J eff rey e-Bul Zen, in agreement with the above models. Spectral

ana lysis of S arri vals suggests Q5 va lues of 1000-1500 for nearby

earthquakes (S-P 43 eec) and 4000-6000 for  longer distance earth-

quakes, isp lying an unusual attenuation mechanism for  Long travel

paths~ which enhances the high frequencies.
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INTRODUCTI ON

The 1975 Soviet—American Tsunami Expedition intended to

study tsunami generation, propagation, and runup. The program

comprised a cooperative effort between scientists of the Joint

Tsunami Research Effort , NOAA ; Hawaii Institute of Geophysics,

University of Hawaii; and the Sakhalin Complex Scientific Research

Institute and the Hydrometeorological Service of the U.S.S.R. The

f ield ef fo r t [Soloviev , Miller et al.,, 1976] involved a two—month

cruise along the Pacific coast of Hokkaido and the southern Kuril

Islands, during which the following free—vehicle instruments were

deployed: nine bottom pressure recorders, one vertical electric

f ield recorder , and one ocean bottom seismograph (OBS). Figure 1

shows the instrument locations. This paper reports on the analysis

of the OBS data. Water wave results are being published separately

[Efimov ~ t al.,  in press].

OBS DESCRIPTION

The OBS was built at the Hawaii Institute of Geophysics and

is a modified version of that designed by the Earthquake Research

I n s t i t u t e , University of Tokyo [ Kas ahara et a l .,  1973, 1974a, l974b;

Sutton et al.aJ . The instrument operates as a free vehicle and consists

basically of data acquisition and recovery systems.

2
SuT TON , 0. H., J . K A B A H A R A , I. N . I c H I N O B E , AND 0. A. BYRNE. ~ 8.

OCEA N  B O T T OM  S E I SM O G R A P H  DEV EL OPM ENT AT H awa ii IN S T I T U T E  OF G E O P H Y S I C S ,

IN P R E P A R A T I O N .
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Figure 2 depicts the assembled OBS. Obvious components from

top to bottom are the flotation module, pressure case, release, and

disposable anchor. Flotation consists of five 10—inch diameter

glass spheres which provide 8 kg of net positive buoyancy upon release

of the ballast. The 18—cm outside diameter alumuinum pressure vessel

lu fabricated of 7075—T6 alloy and is capable of resisting external

pressure to 10—km water depth. Dual explosive bolts separate the

anchor from the instrument package at the preset release time, which is

controlled by two independent clocks. In the photograph a safety shield

covers the release mechanism. Final1~ a 45—kg core weight serves as

ballast; the complete assembly weighs 37 kg in water and sinks at

roughly 1 rn/sec. Not shown in the photograph are two retrieval radio

beacons with flags, which attach to the scraps connecting the recorder

and flotation packages.

The data acquisition system includes a two—component, 4.5—Hz

velocity—type seismometer (horizontal and vertical components),

gimbaled suspension, amplifiers , cassette magnetic tape recordeç and

time code generator, as shown in the block diagram (Figure 3).

The seismic sensor is manufactured by Geo—Space Co., Ltd.
3

and is mounted in a gimbaled suspension, with slip rings formed from

printed circuit board. The vertical signal is split to two amplifiers

of 0.2—microvolt input noise with gains of 95 and 75 decibels (dB),

the outputs of which feed channels one and two of the cassette

3
MEN T ION OF A C O M M E R C I A L  C O M P A N Y  OR PROD UCT DOES NOT C O N S T I T U T E  AN

£ N O OR S F M ( N T .  USE FOR P U B L I C I T Y  OR A D V E R T I S ING PURPOSES OF I N F O R M A T I O N

FR OM T H I S  P U B L I C A T I O N  C O N C E R N IN O  P R O P R I r T A P Y  P R O D U C T S  OR THE TESTS OF
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recorder. The horizontal signal is amplified by 95 dB and records on

channel three. Each minute, the fourth channel receives a serial

binary coded decimal (BCD) time code signal of days, hours, and

minutes, superposed on a basic 1—sec—period square wave.

The cassette tape recorder Is modified from the Sanyo model

MllO2. A 5—rpm d.c. motor (Olympus Precision Co., Ltd., model CP—5—G5)

replaces the original d.c. motor. Thus a standard C—120 chromium

dioxide cassette tape is driven 400 times slower than normal and lasts

for up to 16 days. Also the original recording head is replaced by

a four—track head made by Alps Co., Ltd. In order to shield mechanical

vibration of the d.c. motor, foam rubber surrounds the ca8sette tape

recorder . The recording system response curve is shown in Figure 4.

Release is effected by either of two Identical countdown

timers. In each , an electromechanical clock supplies hour pulses

that activate a subtracting counter that is preset for release time

in hours. When the count reaches zero, an explosive bolt drops the

lead ballast , and ‘he unit floats to the surface . Pressure deactivated

radio beacons then h~ani a locating signal to the ship ’s rsceiver for

recovery.

The playback scheme is shown in Figure 5. The chromium

dioxide tal e is played on a TEAC model R—70A tape deck , into a Hewlett-

Packard model 3960, one—fourth inch tape recorder , and subsequently

to either a Honeywell 3—kHz model 1308A Visicorder for visua l seismogram

recording or to a model 6061—A Sons—Graph for a spectral signature.
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The TEAC operates at the standard 4.75 cm/sec tape speed , representing

a 400—times epeedup. The Hewlett—Packard instrument records at 19 cm/sec

and plays back at 9.5 cm/sec . resulting In an effective 200—times

speedup from real time. Accordingly, the system response, including

playback elements , has the form shown In Figure 4.

The crystal—controlled BCD time code generator was cali-

brated by JJY Radio before deployment and by WWVH Radio after

retrieval. Absolute timing accuracy for the present survey was

± 0.1 sec.

S-P TIME DISTRIBUTION AND TYPICAL FEATURES

The OBS was deployed on the seaward side of the Kuril Trench

at 4l.4l5°N, 146.417°E, in 5460 m of water (see Figure 1) on 11 August

and was retrieved on 31 August 1975.

Position was determined by loran C. The change in noise

character of the seismic record upon launch and arrival at the bottom

allows us to determine a descent time of 74 mm to 5460 in. Dynamic

height calculations of the hydrographic data collected during the

cruise show a current at the OBS site in the upper 1000 in toward the

southeast, with very little motion below this depth. The maximum

velocity, 37 cm/eec, occurred at the surface. Assuming this upper—

bound velocity throughout the surface 1000—rn layer, we arrive at a

deviation from launch position of 0.3 km to the southeast, corresponding

to a maximum error in epicentral travel time of 0.04 sec, which is

- - .--——.~ — - - -  - -.~~ ——-~.-- -..
~~~~

;-_
.— -.- . — - . ---- -. 

~~~~~~ ~~~~~~~ y ‘~~~‘~~~~~~~~~~
—-- :- - -

- ..~~ .-~ ~
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smaller than the OBS timing uncertainty.

Although the tape recorder jammed after only seven days,

we can identify about 120 earthquakes during that period. Table 1

lists the P arrival time, S—P time, and P , S, and T aI~~lI_tla~&s—~e~~~~~~~~~~~~~
——--

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-

these eartjNuakas-c—-—

The OBS records display a highly variable noise amplitude,

probably connected with ocean current, which will be discussed later.

The periods of high noise saturated the system so that detection of

earthquakes was difficult during this time.

Figure 6 shove the S—P time distribution observed by the

present OBS survey. Figure 6a includes all earthquakes, whereas

Figure 6b includes only earthquakes with S—P times shorter than 37 sec.

The observed earthquakes may be divided into three groups~ (a) 19

< S—P < 24 eec , (b) S—P time % 30 eec, and (c) S—P time ‘s-’ 100 sec.

From the U.S. Geological Survey Epicenter Determination Report

(USGS—EDR), hypocenter determinations and land station data (A. Takagi,

Tohoku University, Sendai, Japan , personal coemunication), we find

that group (a) corresponds to aftershock activity of the 10 June

(M — 7.0, Japan Meteorological Agency (31(A)) and the 13 June

(M — 6.5, JMA) , 1975 earthquakes and to earthquakes that occurred

near the trench east of Sanriku , Japan. Group (b) epicenters cluster

south of Erimo Peninsula on Hnkkaido. Group (c) results from deep

earthquakes that occurred along the seismic plane that dips under the

Izu—Bonin Islands. 

~- ---~ -~~~~~ V



6

These three S—P groups account for most of the earthquakes

observed by the OBS, but the remaining few show interesting features.

ust a microearthquake with 3.1 sec S—P time

was recorded. If we assume an Omori coefficient of k ____

distance between the OBS and the hypocenter becomes 18.6 kin, suggesting

t hat this earthquake occurred on the oceanic side of the Kuril Trench

axis. Flexion of the sinking oceanic lithosphere, indicated by steps

ii~ the bottom topography near the trench [Lud~-ig et al. ,  1966], probably

causes such earthquakes. During the present survey we observed a low

level of seismic activity near the bending lithosphere. This result

is consistent with previous OBS observations [Asada and Shimainura,

19141 which show low seismicity on the oceanic side of the Kuril Trench.

On the other hand . OBS observations on the oceanic side of the Japan

Trench LNagunv and Xaaahara, 1976] yielded seismic activity six times

greater than that of the continental slope, suggesting that the Kuril

and Japan Trenches have different seismotectonic characteristics. In

general , large, shallow focus eeithquakes occur on the continental side

of the trench and exhibit a thrust fault mechanism [Kancmvri, 1971a].

However , the 1933 Sanriku earthquake (M — 8.3) showed a normal fault

mechanism [ Xana m~,ri, l9llb J , which is further evidence for different

tectonic situations in the Kuril and Japan Trenches. One small event

shows an S—P time of 5.5 sec (Figure 7b) and appears to have occurred

at the trench axis.

Some earthquakes with S—P times of about 19—24 sec exhibit

strong T—phasee (see Figure 7). However, other tremors with abou~t

.
~~

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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30 sec S—P time are associated with lithospheric sinking beneath

Hokkaido and do not have a significant T—phase. Strong T—phase

source regions are located near the 
~~~~~~~~~~~~~~~~~~~~~~~~~~ aries

of the aftershock areas for the 10 June and 13 June earthquakes

and near the Japan Trench east of Sanriku, Japan. The aftershocks of

the 10 June and 13 June earthquakes occurred on the cont inenta l

slope, northwest of the Kuril Trench axis (Figure 8). To determine

the epicenters of the aftershocks, a “normal” focal depth of 35 km

was assumed (Japan, Hokkaido University , 1976). However, the present

survey recorded considerable T—phase activity from these aftershocks

and , since efficient T—phase generation is usually associated with

shallow focus, this activity implies that the foci were closer to the

surface than was assumed. Although the large magnitude earthquakes

in group (a) have generally large T—phasee, two of these earthquakes

have relatively small T—phases while one tremor , with large P and S

wave amplitudes and S—P time of 19.8 eec , shows no T—phase energy

(Figure 9). These earthquakes probably occurred deeper than the

efficient T—phase generators.

The P waves appear to arrive 0.5 to 1.6 sec earlier on the

vertical than on the horizontal trace, as shown in Figure 7. This

time difference has also been reported for other OBS observations

[Auld et al ., 1969; Haaeg~~a and Nagunt,, 1970; Sutton at ai., 1970].

Auld et al. hypothesized that this delay is caused by P to S wave

conversion at h’undary layers one and two. 
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Ji~~~~~~O~~U1~ ThE SEISMIC ZONE

- —— —

Utcu [1967] and Oliver and IBa cka (1967] proposed a high

velocity, high Q (HV, HQ) model of the seismic zone . Uta u [1967 , 1971]

estimated the seismic zone velocity to reach about 6% higher than

that beneath Japan. Mi tronovaa and I8ackB [1971] obtained 6—7%

higher velocities than those for aseismic normal mantle near the

Kermadec—Tonga region. Other investigators [Katewmita, 1960, 1970;

Hiaamoto, 1965; Ut8 u and Okada, 1968; Kanamari and Abe, 1968; Jacob ,

1970; lahida, 1970 ; Nagamune,197l; Yoahii, 1972] obtained similar

results. Tada [1972] and NaLjamune [19731 estimated the absolute

velocity in the descending slab and confirmed the above. Nagwno at

al. [1970] used OBS data taken seaward of the Japan Trench and near

the present OBS position to estimate the mean velocity in the slab.

On the basis of hypocenter determinations by the Japan Meteorological

Agency (JMA) , they found that P and S velocities were 8% to 122 higher

than those beneath the Japanese lslands.

It is well known that JMA hypocenters shows a symmetric

shift from those of U.S. Coast and Geodetic Survey (USCGS) and the

International Seismological Center (ISC) [Ut au, 1971; Ichikca~a, 1976].

Their travel time tables also differ. JMA determines the best f i t

hypocenters from local stations. The Japanese data are strongly

affected by a low or high velocity zone under Japan, and thus such

hypocenter determinations may be shifted . Since hypocenter determina-

tions from worldwide data appear less subj ect to these errors , we will

use USGS parameters.

_ _ _  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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The hypocenters of seven earthquakes which we observed

were determined by USGS (Table 2) ;  their epicenters are shown in

Figure 10. As discussed , most seismic activity arose from the Kuril ,

Hokkaido , and south Honshu regions . Although only one hypocenter was

determined in the aftershock area of the 10 and 13 June earthquakes ,

many microearthquakes appear to have occurred in this region .

The present OBS station was just seaward of the Kuril Trench

so that waves received from earthquakes occurring in the seismic zone

and shallower than 300 km should have traveled entirely in the high—

velocity layer (Figure lla). An earthquake which occurs deeper than

300 km may have a travel path outside of the seismic zone (Figure llb).

The P travel time and S—P time relation (Figure 12) show that OBS

arrivals have slightly higher v/v
5 
ratios (about 1.795) than the

usual upper mantle value (1.77 , corresponding to Poisson’s ratio,

o 0.265) [tltsu, 1969; Nagzer., at al., 1970; Nagamune, 1973].

Figure 13 shows the relation of P arrival to S—P time for each earth-

quake. Note that the OBS and land station arrivals fall on the same

V /S line.p a
Nevertheless , travel time curves (Figure 14) for five

earthquakes show significant OBS travel time anomalies (—3.3 to

—10.6 sec , or —6.6% to —16 .42 of the travel time for P; and —4.6

to —17.6 aec , or —5. 1% to —13.12 of the travel time for S) from

the J.ffreys—Bullen travel time curves (Table 3). Two earthquakes,

however , have nearly nor ma l P and S arriva l times , as indicated by

the Jeffreys—Bullen (J—B) travel time curves (Figure 15). Both of

-_- 4 .~‘ 4~r ?a ~~5~i~U’Th ~~~~.

- 
.—
~~~~~~
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these earthquakes had nearly the same location and depth , south of

Honshu and 390 km deep . For the four remaining earthquakes with

focus deeper than 50 km , average velocities over the path range

from 8.58 to 8.86 km/sec (V) and 4.79 to 4.87 km/aee (V). The

shallow focus earthquake whi ch occurred in the aftershock area

discussed above yielded average velocities of 7.85 km/sec for P

waves and 4.36 km/sec for S waves.

The large travel time anomalies and their associated

average velocities can be interpreted by a high velocity (NV) model

for the descending lithosphere. It appears that wave paths for the

anomalous arrivals are within the 1W layer, while normal arrivals

travel through the low velocity (LV) layer beneath the oceanic

lithosphere.

Lu~iig at at. [1966] and Den at at. [1971] determined the

crustal section across the Japan and Kuril Trenches, respectively,

and found their structures to be similar. We will assume the

composite profile shown in Figure 16 using their results and compute

the upper mantle velocity (assumed constant) for individual earthquakes.

The results are also listed in Table 3.

The uppermost layer of the dipping slab displays typical oceanic

mantle P velocity (8.12 km/sec) as revealed by the only shallow earth—

quake, whereas the deeper section shows very high P velocity, ranging

between 8.65 and 8.97 kzn/sec, as indicated by earthquakes with foci

between 50 and 230 km. Assuming V~,/V5 1.795, we can estimate the

corresponding shear velocities as 4.52 km/sec for the upper part of

_ _ _ _ _ _  

- 

_ _  -

~ 

- -
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‘4
the slab and 4.80 km/sec averaged over the upper 230 km. This val ue

of shear velocity in the top of the descending slab agrees with other

estimates for the upper mantle [Abe and Xananvri, 1970], but our

shear velocity estimate for the slab between 50-and 230-km depth is

0.2 to 0.3 km/sec higher than that for normal oceanic mantle. Note

that the two nearby earthquakes with normal arrival times yield about

8.45 km/sec for compressional waves and 4.70 km/sec for shear waves.

Assusing the Jeffreys—Bu llen velocity structure below the Mohorovicic’

discontinuity and the oceanic crustal structure as before (see

Figure 16), the mean mantle compressional wave velocity becomes 8.70

km/sec. The earthquakes with normal arrivals indicate about 3% lower

velocity in the upper 390 km of the oceanic mantle (see Figure llb).

This velocity decrease tn the deep mantle Is consistent with the LV

models of Uteu [1967] and Oliver and leacka [1967]. If the LV layer

is 100 km thick, it would imply a 12% velocity decrease in this layer.

Since JMA hypocenter determinations and origin times differ

considerably from those of USGS, especially for deep earthquakes , we

have calculated average velocities for five earthquakes on the basis

of JMA data. Table 2 shows the JMA parameters for these earthquakes

and Table 3 compares the corresponding average velocities. We see

that the results based on JMA data do not significantly alter the

velocities calculated from USGS data; earthquakes which implied high

velocity in the dipping slab again result in high velocity , while

earthquakes with normal arrivals again yield a low velocity beneath

the oceanic lithosphere.
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Table 2 lists the errors in orig in time , d.pth, and

location for USGS hypocenter parameters used in the present analysis.

The hypocenter of the 14 August earthquake off  the east coast of

Honshu was well determined; moreover , the USGS and JM determinations

both yield high average velocities. The USGS error accounts for

about ± 0.05 km/sec uncertainty. As mentioned earlier, the OBS

positioning error i. negligible and the clock error is about ± 0.1

sec . Considering the hypocenter par ameter errors for the other

earthquakes with early arrivals results in a lower limit for the

averaged mantle P velocity of 8.5 km/sec and S velocity of 4.8 km/sec

in the descending slab . A similar analysis using the earthquakes with

normal arrivals results in an upper limit for mantle P velocity of

8.4 km/sec , and for mantle S velocity of 4.7 km/sec averaged over

the upper 390 km.

The present value of velocity in the descending slab is

0.2 to 0.4 km/sec higher than previous estimates [Nagzs~ at al., 1970 ;

Nagainw’ze, 1973] which agree with results for old oceanic mantle.

These lover velocity estimates may be due partly to poor hypocenter

determinations or to the use of data from land stations which include

LV paths . The method used in the present analysis is very sensitive

to the accuracy of hypocenter determination. To confirm our resul ts

we plan further independent observati ons involving an OBS array along

the trench to calculate the apparent velocity.

_ _ _ _ _  _ _ _ _ _ _ _ _ _ _

_ _  

-

- 

__
-;

~

- 

_ _
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Q STRUCTURE

Using the playback scheme shown in Figure 5 , we generated

a set of sonograms which show the spectrum as a function of time for

various earthquakes. Figure 17 shows some examples of sonograms in

which the contours represent 6-dB increments in amplitude. The

earthquake with an S—P time of 100.9 sec (Figure ha) has a relatively

stronger high—frequency component than the earthquake with 19.2 sec

S—P time (Figure llb). The noise with dominant frequencies of 3.3

and 9.9 Ha appears to be excited by earthquakes.

Figure 18 shows some examples of corrected spectra derived

as a cut in time through sonogram records. If we assume a flat

source spectrum for velocity amplitude [Aaada and Takano, 1965; Asada

and Shimamura, 1976 ] , we can estimate minimue Q values. Figure 19

illustrates the observed slopes for selected earthquakes, with slopes

corresponding to various Q values shown in the same figure. Earth-

quakes with S—P times longer than 43 sec yield a Qs (Q for S waves)

between 4000 and 6000. On the other hand , earthquakes w i t h  shorter

S—P times than 43 sec indicate a Qe of 1000 to 1500. Qs values for

earthquakes with S—P times between 19 and 24 sec cluster in a narrow

region. Although most of the Q values are obtained for S waves

because of the generally low amp litude of P waves , three Qp (Q for P

waves) values were determined. Earthquakes with S—P times of about

25 sec h ave a Qp be tween 600 and 850, while one earthquake with an

S—P time of 70 sec shows Qp ‘~‘ 3000 and Qs “ 4000.

- . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~“T~- 
- - --- --—---- ----- -- 
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The high Qa (‘k. 5000) obtained for long—distance earthquakes

suggests an unusual Q mechanism, such as an upper mantle wave guide

with low attenuation of the high—frequency component [Shurbet , 1962 ,

1964; Walker and Sutton, 1971; Sutton and Walker, 1972].

Earthquakes studied here have paths in the dipping slab or

in the top of the oceanic lithosphere , so the Q obtained might reflect

the Q of the di pping slab .

A Qs value of 1000 to 1500 is higher than the typical

Qs (‘ti 150) for the Japanese Archipelago [see for example, ~Vakashima

et a ? . ,  19761. A typical Qp value for the upper mantle is about

2000 [Praiser and Pileon, 1972). If Qp/Qs ~
. 9/4 [Nakaahima at al.,

19761, the present result is consistent with previous results. The

present result for long—distance earthquakes is similar to that

obtained by Asada and Shin,cvsza’a [19761. Although Oliver and leacke

(19671 assumed a flat displacement source mechanism , they obtained

Qs ‘~. 1000 in the dipping slab , which is consistent with our result.

We have also calculated Q using a different set of

assumptions. If we assume identical source spectra and identical

attenuation mechanisms for all earthquakes , we find Qa ~ 5000, deduced

from the change in amplitud e with distance for a pair of earthquakes .

Although the above assumption is more reasonable than that of a f lat

source spectrum for velocity displacement, the Q value thus obtained

is strongly affected by the amplitude decay with frequency for the

particular two earthquakes. A future long—duration experiment or array 
. 

—

mpastirement may allow us to use this alternate method effectively. 

~~~~~~~~~~~ :~~~~~~~~~~~~~~~~~~~~~~~
- - -—~~-
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OBS NOISE

The seven—day OBS record is characterized by a nonstationary

noise background which often saturated the recording system (1000 ucm/sec ,

peak—to—peak) so that only the largest earthquakes could be detected ,

but which contained two windows of one day and one—half day during

which the noise level was about 10 pcm/sec, peak—to—peak. These two

quiet periods include most of the detected earthquakes listed in Table 1.

Throughout the recording the noise spectrum was strongly

peaked about 3.3 Hz, with a secondary peak near 9.9 Hz, as shown in

Figure 17. Earthquake arrivals enhance this noise which is superimposed

on the earthquake spectrum , implying that at these frequencies the

ear thquake somehow excites resonance , either connected with the OBS

system, the crustal structure, or some coithination thereof. Previous

OBS observations in the North Atlantic using the same seismometer and

housing exhibit a resonance near 8 Hz, which suggests that the OBS

system alone cannot accoimt for the present noise character.

Sutton at al. [1965] found a correlation of microseism

activity with wave height, which led us to examine the daily weather

maps for the Hokkaido region during the week of recording. Ship

reports of wind , wind wave amplitude,and swell amplitude from 35°

to 45N and 1400 to 160°E were averaged for each day from 11 to 18

August. However , wind , wave, and swell records were featureless

~
4uring this time and show no obvious correlation with the observed

seismic noise amplitude .
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A careful examination of the noise amplitude in time reveals

an indication of semidiurnal periodicity, but the level frequently is

either saturated with noise or so quiet that we cannot detect any

modulation. A 12—hour periodicity suggests tidal currents as a noise

source. Bottom pressure recorder P8 was located within 3 km of the OBS

and thus recorded the pressure fluctuation due to passage of the tide

at that site. We find little correlation of the OBS noise amplitude

with this pressure data. However, this is not surprising, since bottom

currents are often dominated by internal modes, which are not phase—

locked with the barotropic tide.

Bradner at al. [1965a] suggested K~rmgn vortices around the

radio antenna as a source of observed noise spectral peaks around 2 Hz.

In a study of microseism sources in the Pacific Basin [Braèier et al.,

1965b]. they often found peaks in background spectra between 2 and

4 Hz which remain unexplained. Unfortunately, the records were limited

to about one-hour duration so any possible fluctuation with tidal

frequency could not be detected.

The present 085 sys tem has been designed with insufficient

regard for interaction with bottom currents. Future instruments will

be reconfigured to present a smaller cross section to water currents,

will res t on a wide, three-point base, and will employ a low—profile

antenna. In addition, we plan to deploy a bottom current meter nearby

for direct comparison.

_______  ________  - 
t~~~~~~~~~~~~~~i~.

• - : ~~~~~~~~~~~~~~~~~

______________ _ _ _
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CONCLUSION S

A single pop—up OBS was deployed east of Hokkaido, Japan,

on the oceanic side of the Kuril Trench in August 1975. One hundred

twenty earthquakes were observed during the seven-day record , which

included five noisy days.

The hypocenters of seven earthquakes were determined by USGS,

and five of these were also determined by JNA . Five earthquakes had

wave paths in the seismic zone dipping under the Kuril Trench , an

area which is generally characterized by high velocity and high Q.

Two of the earthquakes had wave paths in the LV , LQ zone beneath~~~~~~~~_—~~~~~

the Pacific oceanic lithosphere.

The travel times fo the --fl~~~ earthquakes which had paths

in the dipping slab show anomalously early arrivals compared with J—B

travel time curves. Travel t ime anomalies for P and S waves are

distributed between —3.3 and —10.6 sec (or -6.6% and —16.4%) and

between —4.6 and —17.4 sec (—5.1% and —13.1%), respectively. On the

other hand , the two earthquakes whose paths were in the LV, LQ zone

beneath the oceanic lithosphere show nearly normal arrival times.

Assuming an oceanic crustal structure based on Luti~ig et al. [1966]

and Den et al. [19711, the average mantle velocity ~as calculated . The

resulting compressional velocity in the dipping slab is higher than

8.5 km/sec below 50-km depth . This value is 0.2—0.4 km/sec higher than

previous estimates. The shear velocity in the dipping slab is

approximately 4.8 km/sec . Although these velocities are consistent

with those of periodotite [Kc-zsahara et al., l968a, 1968b], it is 

~~- - - -
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dif f icult to explain the velocity difference between oceanic mantle

and dipping lithosphere, if both lithospheres have the same rock

composition.

Examination of the e f fec t s  due to d i f f eren t  hypocen ter

pa rameters applied (USGS or JMA) does not change the abq~ta -ett!fEii~~1ons .

The Q analysis revealed 1000 ~~Qs < 1500 in the dipping slab

—
----

and 4000 < Qs <~$i~L0O fbr earth quakes with  S—P times greater than 43 sec.

e~e values sugges t high Q in the dipping slab and a wave propagation

mechanism such as channel waves that exhibit relatively low attenuation

for high f requencies .

The noise level varied during the OBS observations . The

noise has peak frequencies at 3.3 Hz and 9.9 Hz.  The noise variation

with time shows a weak correlation with bottom currents .
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