9. REGIONAL EARTHQUAKES RECORDED BY OCEAN BOTTOM SEISMOMETERS (OBS) AND
AN OCEAN SUB-BOTTOM SEISMOMETER (0SS IV) ON LEG 88!

Robert K. Cessaro and Frederick K. Duennebier, Hawaii Institute of Geophysics?

ABSTRACT

During Deep Sea Drilling Project (DSDP) Leg 88, an ocean sub-bottom seismometer (OSS 1V) was placed in Hole
581C, and an array of ocean bottom seismometers (OBS) was deployed about the hole. Together they provided a 75-day
continuous recording of seismic activity. The OBS array, recording for 11 days, detected more than 80 regional and tele-
seismic earthquakes, of which only 10 were located by the National Earthquake Information Service (NEIS). The OSS
IV, recording for 64 days, provided records of 660 earthquakes of which 59 were located by NEIS. Low frequency man-
tle P arrivals are observed as first arrivals for events closer than 12°; high frequency ocean P (P,) and ocean S (S,) arriv-
als are observed for most intermediate to shallow depth events. A traveltime curve based on a sample of 33 earthquakes
from 6 to 20° agrees well with previous observations for earthquakes with epicentral distances from 12 to 28° recorded
in the ocean. A comparison of the regional, NEIS-located earthquakes recorded on an OBS with those recorded on OSS
IV suggests that the borehole seismometer is somewhat more sensitive for earthquake detection than ocean-bottom in-
struments. This chapter presents a preliminary examination of these excellent data.

INTRODUCTION

During DSDP Leg 88 a seismometer array including
five Hawaii Institute of Geophysics (HIG) ocean bottom
seismometers (OBS) was deployed about DSDP Hole
581C (Fig. 1), where the HIG ocean sub-bottom seis-
mometer (OSS IV) was subsequently emplaced. The OBS
array operated continuously from August 31 to Septem-
ber 11, and OSS 1V recorded from September 11 to No-
vember 17, 1982. More than 80 regional and teleseismic
earthquakes were recorded by the OBS array during its
11-day recording period, and 660 earthquakes were re-
corded by OSS IV during its 64-day recording period.
Data recorded on HIG OBS Y220, which was deployed
adjacent to Hole 581C, show that only 10 of the earth-
quakes recorded during the 11-day period were located
by the National Earthquake Information Service (NEIS).
Only 59 of the 660 earthquakes recorded by OSS IV dur-
ing its 64-day period were located by the NEIS. Unfor-
tunately, the OBS recording period overlapped the OSS
recording period for only 4 hr. and no earthquakes were
recorded by both the OBSs and OSS IV. A group of sim-
ilar earthquakes occurring along the Kuril Trench region
were recorded—some during OBS operation, some dur-
ing OSS IV operation. These earthquake records permit
rough comparisons of earthquake signal-to-noise levels
between the two instruments. This report presents results
of a first look at these excellent data. Detailed analyses
are only beginning.

DATA ACQUISITION

The five HIG OBSs deployed in an array about Hole
581C are isolated sensor package instruments (Byrne et

1 Duennebier, F. K., Stephen, R., Gettrust, J, F., et al., Jnit. Repts. DSDP, 88: Washing-
ton (U.S. Govt. Printing Office)..
2 Add Hawaii Institute of Geophysics, Uni

ity of Hawaii, 2525 Correa Rd., Honolu-
lu, HI 96822.

al., 1984) with one vertical 4.5-Hz geophone, one unori-
ented horizontal 4.5-Hz geophone, and a hydrophone.
The seismic signals are recorded continuously on a slow-
speed (11 days/tape in this case) analog cassette tape.
The OSS IV contains a vertical 4.5-Hz geophone stack
and two orthogonal horizontal 4.5-Hz geophone pairs.
This system also records continuously on analog tape
(65 days). For a complete report on the OSS IV design,
see Byrne et al., this volume.

EARTHQUAKE SUMMARY

Historically the northwestern Pacific margin has been
a region of extreme seismic activity (Fig. 1). Up to eight
events per day were recorded by OBS Y220, but most
were not located by NEIS (Fig. 2). The 10 NEIS-located
earthquakes recorded on this instrument occurred pre-
dominantly in the Kuril Trench region (an active sub-
ducting plate margin). Of the 660 earthquakes recorded
by OSS IV, 59 were located by NEIS with sources in the
Aleutians, Kuriles, Japan, and Izu-Bonin arc regions.
The 69 NEIS-located earthquakes are listed in Table 1.
Magnitudes (my) range from 3.9 to 6.6, and epicentral
distances range from 6 to 24°. Earthquakes at greater
epicentral distances were recorded and are reported in
Butler and Duennebier (this volume). Soviet seismolo-
gists have recently provided additional source location
data for more than 300 earthquakes which occurred dur-
ing the recording period. The Japan Meteorological Agen-
cy (JMA) earthquake source locations will also provide
additional data. Although these data are not included in
this preliminary investigation, they will significantly en-
hance our catalog of located epicenters in future analy-
ses of these data.

HIGH-FREQUENCY P AND S PHASES
P, AND S,)

The existence of high-frequency P and S phases asso-
ciated with oceanic seismic propagation paths has been
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Figure 2. A comparison of the number of earthquakes recorded by
HIG’s OBS Y220 (above) and OSS IV (below) for different S-P in-
tervals. Hachured areas indicate events located by NEIS.

known for many years. These high-frequency P and S
phases have been variously termed but will be called here
P, and S, (for Ocean P/Ocean S; after Walker, 1984).
The P,/S, phases are characterized by the predominance
of high-frequency energy (dominant frequencies 4-8 Hz),
long codas, and efficient propagation over long distances.
Recent studies of P, and S, phases from earthquakes oc-
curring in the Western Pacific margins have reported on
these and other observed characteristics (e.g., Walker and
Sutton, 1971; Sutton and Walker, 1972; Asada and Shi-
mamura, 1976; Walker, 1977, 1984; Walker and McCreery,
1983). Energy at 35 Hz has been reported at epicentral
distances as great as 18° (2000 km) (Walker and Mc-
Creery, 1983). It is the observation of high frequencies
at long distances that motivates the general belief that
the mode of propagation is by means of some form of a
wave guide (e.g., Fuchs and Schulz, 1976; Menke and
Richards, 1980; and Gettrust and Frazer, 1981; see Ouchi,
1981 for a useful review of the literature).

P, traveltimes from a preliminary sample of OSS IV
and OBS Y220 earthquake records for event epicentral
distances from 6 to 20° (Fig. 3) agree well with the trav-
eltime curve reported by Walker (1977) for epicentral dis-
tances from 12 to 28°. Walker (1977) pointed out that
the propagation paths for shallow-focus (< 100 km) earth-
quakes may be approximated by their measured epicen-
tral distance since the P, wave guide appears to be with-
in the uppermost mantle, possibly near the Mohoroviéié
discontinuity. Intermediate- to deep-focus (> 100 km)

OBS AND OSS IV EARTHQUAKE RECORDING

Table 1. Regional NEIS-located earthquakes recorded on OBS
Y220 or OSS IV

No. Date Time Latitude Longitude  Depth Mag
1 19820903 034011.8 43.815°N  148.420°E 033 5.8
2 19820903 041157.6 43.774°N  148.471°E 033 5.4

19820903 07 5327.9 44.829°N  148.479°E 033 L% |
3 19820903 080641.2 43.724°N  148.479°E 033 5.1
4 19820903 0828358 43.766°N 148.427°E 033 5.7
5 19820903 1004 43.7 43.743°N  148.558°E 033 5.0
6 198209 06 0037 59.2 44.020°N  148.283°E 033 4.9
7 198209 06 01 47 02.7 29.325°N  140.360°E 176 6.5

19820906 0907 37.2 35.619°N  140.683°E 058 4.6
8 198209 10 102037.6 55.178°N  161.698°E 033 5.0
9 19820913 1803 35.8 37.544°N  141.335°E 058 S
10 198209 14 1137224 43.476°N 140.153°E 207 5.1

19820915 1056 20.7 36.617°N  140.178°E 123 4.4
198209 16 022037.2 30.165°N  139.060°E 368 4.4
198209 16 0823 124 15.707°S  172.745°E 037 5.6
198209 17 1328248 23.469°S  179.852°W 546 5.9
198209 18 0546 58.2 31.209°N  140.576°E 066 4.0
198209 18 18 1937.9 36.200°N  141.384°E 048 4.8
19820922 103909.3 41.978°N  143.108°E 010 4.8
19820925 220616.0 37.382°N  135.033°E 374 4.2
11 19820926 0109285 50.053°N  158.798°E 044 5.5
12 19820926 04 4637.8 47.015°N  152.289°E 112 5.6
19820926 083231.5 06.612°N  126.763°E 190 5.4
19820928 1514367 24.271°S  176.674°W 040 6.0
13 19820929 0929456 25.175°N  141.788°E 088 5.0
19820929 1610404 25.175°N  140.177°E 081 4.9
14 19820929 2003 14.7 48.059°N  153.796°E 033 4.4
19821001 1653 50.8 37.718°N  139.621°E 145 5.1
15 19821003 232927.9 42.038°N  140.818°E 124 4.7
16 1982 10 04 07 46 52.8 51.435°N  176.620°W 038 5.5
19821007 110217.3 32.345°N  137.513°E 386 5.1
19821007 07 1556.6 07.156°S 125.876°E 515 6.2
17 1982 1007 21 5703.6 32.190°N  142.327°E 033 4.8
19821009 0053 15.0 40.066°N  143.715°E 033 4.0
19821013 1119124 31.980°N  138.251°E 253 39
18 19821016 0302559 34.532°N  139.602°E 121 4.9
19 19821017 181209.0 49.632°N  155.892°E 047 5.5
19821020 053606.2 40.978°N  143.048°E 040 5.1
20 19821020 112304.0 36.596°N  141.195°E 053 4.7
21 19821020 1923 10.0 33.613°N  140.949°E 057 4.9
22 19821021 1110347 52.732°N  172.132°E 033 4.9
23 19821022 0228 38.0 43.512°N  146.840°E 036 5.0
24 19821023 11 4057.6 47.340°N  153.360°E 033 4.7
19821024 155000.3 35.881°N  140.558°E 046 4.7
1982 1027 054530.1 46.544°N  152.754°E 033 4.9
1982 1027 1536 36.0 23.951°N  106.049°E 033 52
1982 1028 03 28139.1 37.160°N  134.932°E 366 4.8
25 1982 1028 18 30 30.7 46.307°N  144.100°E kL 4.4
26 1982 1030 162510.3 51.510°N  157.366°E 033 4.9
19821030 1629 59.8 12.194°S  167.463°E 325 5.1
1982 11 01 08 47 55.1 31.393°N  141.7T61°E 033 4.4
27 19821104 (092953.2 44.045°N  148.040°E 039 5.7
28 19821104 1554 13.0 38.568°N  143.401°E 033 5.4
19821107 2007 39.8 25.866°N  144.4%0°E 033 4.6
19821108 164007.5 55.063°N  165.725°E 033 3.2
1982 1108 18 35 34.7 04.827°N  127.860°E 160 5.4
19821109 2337162 36.575°N  140.620°E 111 5.0
29 1982 11 10 07 36 23.0 44.208°N  149.482°E 033 5.0
19821110 2346325 45.210°N  147.924°E 098 4.9
30 19821111 01 5535.8 44.255°N  149.472°E 033 5.4
3 1982 1111 0201 13.4 44.190°N  149.523°E 033 5.0
32 1982 11 11 025208.6 44.181°N  149.481°E 033 53
1982 11 11 04 1551.5 44.362°N  149.297°E 033 5.0
1982 11 12 2208 54.6 43.786°N  149.938°E 033 4.8
19821113 1214 04.0 44.872°N  148.750°E 033 4.0
1982 11 14 0829 20.3 52.986°N  158.669°E 092 5.7
19821116 0512256 39.233°N  144.503°E 033 4.7
1982 11 16 16 53 32.4  54.341°N  169.055°E 033 4.6
19821117 0911 36.5 35.629°N  140.840°E 061 4.6

Note: Recordings of the numbered events are shown in Figure 4; their locations
are shown on the map of Figure 5. Mag refers to my, and depths are in kilo-
meters.

earthquakes, on the other hand, may have propagation
paths significantly longer than their epicentral distance
and may therefore yield correspondingly lower P, veloci-
ties. P, arrivals have been examined for 33 earthquakes
[numbered events in Table 1 and the Japan May 26, 1982
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Figure 3. Traveltimes of high frequency P, phases for events recorded
during this study. Traveltime curve for northwestern Pacific P, phas-
es are shown by the solid line (Walker, 1977). Normal focus mantle
refracted P phases for comparison are indicated by the dashed line
(Jeffreys and Bullen, 1958).

earthquake (Duennebier, this volume)]. Four events with
focal depths greater than 100 km are included in the
traveltime graph (Fig. 3). The traveltime versus epicen-
tral distance for the deeper events does not appear to
differ significantly from the shallow-focus events. Care
must be taken not to confuse the arrival of the low-fre-
quency P, which are refracted in the mantle and seldom
contain much energy above 2 Hz, with the P, at dis-
tances less than 12° (cf. Ouchi et al., 1983 and Fig. 4).
Accordingly, the low-frequency arrivals were excluded
from the traveltime curve presented here. These low-fre-
quency P phases can be seen in Figure 4 for earthquakes
numbered 4, 7, 8, 10-12, 23-25, 27-30, and 32. Also,
the emergent P, arrival for Event 13 was not included.

All of the earthquakes recorded by the OBS array (1-
8) occurred when there were several ships in the area
“making noise.” The arrivals marked by the asterisks
are identified as explosions from one of the ships. The
long coda of the P, and S, (top panel) are typical for
short period earthquake recordings in the ocean. The P,
coda always decays more slowly than the S, coda. The
energy arriving on the horizontal geophone about 2 s
after the P wave arrives at the hydrophone and the verti-
cal geophone is compressional energy converted to shear
energy at the sediment/basement interface.
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A detailed discussion of each earthquake in Figure 4
follows. The locations of these earthquakes are shown
in Figure 5.

The first eight events were recorded by OBS Y220,
which was placed adjacent to Hole 581C.

1. Kuril Islands (Sept. 3, 0340Z). The centroid moment solution
(NEIS) yields a moment of 8.6 x 10?* dyne cm with nodal planes in-
dicating thrust faulting. Typical P,/S, arrivals were recorded for this
event.

2. Kuril Islands (Sept. 3, 0411Z). This event is actually two events
occurring about 40 s apart within 10 km of Event 1. NEIS located on-
ly the first of the two. The particle motion for the first of these quakes
is quite different from Event 1, possibly indicating different focal mech-
anisms.

3. Kuril Islands (Sept. 3, 0806Z). This is another aftershock of
Event 1, but more similar in waveform and coda to Events 2, 4, and 5.

4, Kuril Islands (Sept. 3, 0828Z). This aftershock was large enough
(m,, = 5.7) for a centroid moment solution to be calculated, resulting
in a moment of 1.7 x 10?* dyne cm, nodal planes and stress axes with-
in 4° of Event 1, and a source location within 10 km. With these simi-
larities, long period arrivals from these two earthquakes must be es-
sentially identical. The OBS records as shown in Figure 4, however, are
very different. A closer look at the signals from these earthquakes
shows good correlation at frequencies below 1 Hz, but no visible cor-
relation at higher frequencies. This implies that the coda shapes and
waveforms of P, and S, are not coherent when sources are more than
a few km from each other and thus it will be difficult to use P, and S,
waveforms to determine similarities in source characteristics.

5. Kuril Islands (Sept. 3, 1004Z). Similar to Events 2, 3, and 4.

6. Kuril Islands (Sept. 6, 0037Z). This earthquake occurred about
30 km NE of the preceding events but is still similar in waveform and
coda.

7. South of Honshu (Sept. 6, 0147Z). This intermediate depth
(176 km) earthquake is notable for its lack of high-frequency energy
early in the wavetrain. Many deeper earthquakes (such as Event 10)
contain considerably more high-frequency energy early in the record.
The coda for Event 7 is somewhat unusual in that the increase to peak
amplitudes of the P, is very slow (>40 s), but still distinctly P, in
character. Whether the lack of high frequencies is a source effect or
propagation effect, such as the energy passing through a zone of par-
tial melt, is not known. Most of the path, however, is common oceanic
lithosphere. A fault plane solution for this event (NEIS) indicates nor-
mal faulting.

8. Near Kamchatka (Sept. 10, 1020Z). The low-frequency precur-
sory arrival for this earthquake indicates that it may be deeper than
the 33 km indicated in the NEIS catalog.

The following events were recorded by the borehole
seismometer (OSS IV) in the oceanic basement.

9. East coast of Japan (Sept. 13, 1803Z). Because of a large dc
offset on the vertical channel, its analog gain was often too low to
yield good recordings, as in this example. This low gain, however, al-
lowed the vertical component for larger events (10, 11, 12, 13, etc.) to
be recorded without distortion by clipping in the analog tape.

10. Hokkaido (Sept. 14, 1137Z). Although this intermediate depth
event (207 km) is rich in high frequencies (compared to Event 7, for
example), the P, and S, coda are shorter than for most shallow events.
Note the obvious low frequency P arrival.

11. Kuril Islands (Sept. 26, 0109Z). Note the obvious low frequen-
cy precursor for this event and excellent first motions. The centroid
moment solution for this earthquake yields a moment of 1 x 10%#
dyne cm, an oblique double couple, and east-west compression.

12. Kuril Islands (Sept. 26, 0446Z). This intermediate depth event
was located about 500 km west and 200 km south of the previous
event. Its centroid moment solution yields a moment of 1.4 x 10%#
dyne cm and tensional stress perpendicular to the subduction direc-
tion.

13. Volcano Island (Sept. 29, 0929Z).

14, Kuril Islands (Sept. 29, 2003Z). Note the well-developed re-
flection from the ocean surface recorded by the vertical component.

15. Hokkaido, (Oct. 3, 2329Z). Note the very well developed P,
and S,. The S, is about four times larger than the P, (after correcting
for the 12 dB gain change).



16. Andreanof Island (Oct. 4, 0746Z). The centroid moment solu-
tion yields a moment of 1.6 x 10* dyne cm, and near north-south
compression. The lack of S, is typical of earthquakes with significant
portions of their paths parallel to the trench axis.

17. South of Honshu (Oct. 7, 2157Z). Note again the poorly de-
veloped S, arrival.

18. Near South coast of Honshu (Oct. 16, 0302Z). This earthquake
is similar to Event 9, showing a well developed S, and poorly devel-
oped P,. Note also the early arriving low-frequency energy.

19. Kuril Islands (Oct. 17, 1812Z). The centroid moment solution
for this event yields a moment of 1.3 x 10** dyne cm, and a compres-
sional focal mechanism.

20. Near East coast of Honshu (Oct. 20, 1123Z).

21. South of Honshu (Oct. 20, 1923Z). Similar to Events 9 and
18.

22, Near Aleutian Islands (Oct. 21, 1110Z). This event arriving
from the north shows a well developed S, arrival.

23. Kuril Islands (Oct. 22, 0228Z)

24. Kuril Islands (Oct. 23, 1140Z)

25. Sea of Okhotsk (Oct. 28, 1830Z). This is the deepest of the
displayed regional events (307 km). Note the early low-frequency en-
ergy typical of the deeper events.

26. Near Kamchatka (Oct. 30, 1625Z).

27. Kuril Islands (Nov. 4, 0929Z). The centroid moment solution
yields a moment of 9.3 x 10% dyne cm, and a compressional focal
mechanism.

28. Off east Honshu (Nov. 4, 1554Z).

29. Kuril Island (Nov. 10, 0736Z).

30. Kuril Island (Nov. 11, 01552Z). This and Event 29 have source
locations within a few km of each other and their particle motions are
similar but appear inverted in phase.

31. Kuril Island (Nov. 11, 0201Z). This event occurred about 6 min.
after and within 10 km of Event 30, yet the coda and frequency con-
tent are very dissimilar.

32. Kuril Island (Nov. 11, 0252Z). Note the strong similarities be-
tween this and Event 30.

COMPARISON OF 0SS IV WITH OBS Y220

A prime motivation for emplacing a seismometer be-
neath the sediments in solid rock in the ocean bottom
was to obtain an improvement in the signal-to-noise ra-
tio for earthquakes. Our experience with OSS II (Carter
et al., 1984) suggested that such an emplacement should
avoid the noise associated with the sediment/water in-
terface.

A direct comparison between the magnitude thresh-
old (signal-to-noise) of OSS IV and OBS Y220, placed
nearby on the ocean floor, cannot be made because no
earthquakes were recorded during the short overlap pe-
riod (4 hr.). The difference in sensitivities can be approx-
imated by determining the range-magnitude threshold
for each instrument. A histogram of S-P intervals (Fig.
2) suggests that OSS IV recorded earthquakes for a more
complete sample of epicentral distances than OBS Y220.
As such, the range-magnitude threshold determined for
OBS Y220 may not be as reliable as that for OSS IV.
Moreover, as the seismic background noise level may vary
with time as much as 18 dB (Duennebier et al., this vol-
ume) the threshold of each instrument will also vary.
The OSS 1V, recording for 64 days, appears to be more
sensitive to smaller events at greater distances than those
recorded by OBS Y220. An examination of range versus
magnitude for OSS IV (Fig. 6) shows many events with
magnitudes less than those recorded by OBS Y220. This
figure also shows that the events not recorded by OBS

OBS AND OSS IV EARTHQUAKE RECORDING

Y220 were all at ranges greater than 10° and magnitudes
less than 5.5 my,. OSS IV did not record events below
about 5.0 m,, at ranges beyond 30° (Butler and Duenne-
bier, this volume). The picture is far from clear in this
preliminary analysis. For certain combinations of rang-
es and magnitudes, some NEIS-located events were re-
corded while others were not. However, both the OBS
and OSS IV recorded many more earthquakes than were
located by the NEIS. When the events located by the So-
viet Far East Seismic Network and the Japanese seismic
network are included the results should be more mean-
ingful. Future analysis should also reveal what effect
variation of background noise has on the threshold of
each instrument. There may also be propagation path
effects that occult certain earthquake locations for this
site (Hart and Kaufman, 1980).

Signal-to-noise as a function of frequency was exam-
ined. A subset of two earthquakes, one from OBS Y220
and one from OSS 1V, were selected for similar source
parameters (depth, magnitudes, focal solutions, and lo-
cations). The spectra for these two events are presented
in Figure 7. Again, OSS IV seems to be more sensitive in
terms of signal-to-noise ratio. For a more complete treat-
ment of signal-to-noise comparisons see Duennebier et
al. (this volume).

SUMMARY

An ocean sub-bottom seismometer (OSS IV) and a
seismic array including five Hawaii Institute of Geophys-
ics (HIG) ocean bottom seismometers (OBS) were de-
ployed during DSDP Leg 88 approximately 200 km south-
east of the Kamchatka Peninsula. The OBS array, re-
cording for 11 days, was followed by a 64-day record
made by OSS IV. Of more than 700 regional and tele-
seismic earthquakes recorded, less than 10% were lo-
cated by NEIS. This report represents our first look at
the data obtained from one OBS adjacent to Site 581
and from OSS IV. Low frequency mantle P arrivals were
observed in many earthquakes occurring at epicentral dis-
tances less than 12°. High frequency ocean P (P,) and
ocean S (S,) arrivals were evident for most shallow- to
intermediate-depth earthquakes. Traveltimes for a sam-
pling of P, arrivals from earthquakes with epicentral dis-
tances from 6 to 20° agree with previously reported trav-
eltimes for distances between 12 and 28°. Much work
remains to be done on these data. Pooling earthquake
source parameters from the Japanese Meteorology Agen-
cy and the Soviet Far East seismic networks should per-
mit detailed examination of propagation path character-
istics from earthquakes occurring throughout a broad
range of distances, azimuths, depths, and tectonic
provinces.
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Figure 4, Selected NEIS-located earthquakes recorded on OBS Y220 (1-8) and OSS IV (9-32). Event location information is given in Table 1.
The upper panel shows the vertical component (unless otherwise noted) of particle velocity versus time at a compressed time scale. The
absolute particle velocity at high frequencies is represented by a scale to the left of each trace. The other panels show first arrivals for the
event on all components at an expanded time scale. Many events were clipped in the recording process, indicated by the letter C above the
trace. Gain changes amounting to 6 dB for the OBS and 12 dB for the OSS are indicated by the letter G and an arrow indicating the direc-
tion of change. Refraction shots during an earthquake record are indicated by an asterisk (*). High-frequency mantle guided phases are
indicated by P, and S, the low-frequency refracted mantle phases are indicated by P. See text for detailed discussions of events.
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Figure 4 (continued).

136



OBS AND 0SS IV EARTHQUAKE RECORDING

A
1F MM .
E 81 fgr E o i i
oh € E4l5 L
fogl o fag|’ P! So
ol = el W
Y ST - — Vertical
w c4d| J0s Horizontal 6w =408

I

gl ] 1 ‘I

—

1s

-} Horizontal geophone Horizontal geophone
@’ ” | i| o,[ {\é H' o IL;‘“” 1| ! |'| |||lF1
£ l 1 E |1§: -1’:',"' "
= ||"“'l .'Lll‘ﬂ Illm q J J I 3
g | | W‘IIH h r1 1‘ ﬂ a| |” il |,'I|l'#1| “‘I “.“d' |
“ Horizontal geophone
o 1] ]
ﬁ? Horizontal geophone | g[ jwu I AR A
. | o
2 |;| o I
E|V MWMJ‘ wﬂ#hﬁ f 'y’ , T“V J W
- Vertical geophone
m
@ ]||| “ ”1 1Irrh![.||!|I[J
| Vertical geopnona .§' - '-""'*'\..,-r ..1 “_' 1] !;i ,.-'._F,l ":“'IILH'- i l{) it
el | ] o TR f :\"v
E \!f IIM% &1#!“# j’f j# & PJ | ”r {l |si
3| | L o
1s e
11 . 12 c " c Lk
a ; ' ' - 1
En‘”*::- lP ) G Eﬂuﬁ pol- ' ! SI
@& c4| jgs Vertical So @ c4| {gs Vertical o
10s 10s
" g gl /[ Horizontal geophone C
|| Horizontal geophone | 3i Ew u,u.-" Aadl l}»‘r h "_'\_;':"ﬂ'.j‘._"\’.‘--'"n" ﬁ “ n ”
"21 £ F:‘I"" ! |' AN |]|‘|rl| L!‘j‘ll 8 k! o
2 T '\I J| i H1 l‘{l Ii*: JII If‘}llil Flllr i '.'.-.i"lu'
g . il' | | l Y 0 ‘Ii'\ Horizontal geophone c
E] ' ] [ Palow higpg ML E
1[ “’s"""“"""&""'fk Wi " a'Ir’i..'_:ll'd'rlf."'.'\,']l'ili':w*r',F-!-"."-""r}‘-".'"."\.l;t".'!'.‘\f‘,-'l’v'nl'i:‘,
~ Horizontal geophone g
& | (o]
§ S Bk 3Nk e an s ] Rhn ke pay
::L { e AT AN A A e ' ‘ Vertical geoahone l
0 |
Vertical geophone ‘ | '. " l ” ‘ [ ‘1“ E| “
o ! ]‘\ l’l 1!; ||| 1
o i
E l | _| [ J
1[ | n|{ i I L
£ Pl | J"fl'l A M |'|| I i J'I'Hl ‘[l" - iy il
el S A Jiil " l W i
3 ""’;;l" i T '“ll 'H" ) '
A P u

Figure 4 (continued).

137



R. K. CESSARO, F. K. DUENNEBIER

o
g Horizontal geophone

] il ”"M"‘ﬁihlﬂ" il Fmp

100 nm/s

Vertical geophone

'r]nmr'l' ” [||]i H;l

iy | ‘H q‘ r‘.lhil

| II.
" |i|

M H
' I |"' |I|l |

200 nm/s

500 nm/s

ﬁ} Horizontal geophone

[

13 ;-3 14 Ry
e B8 €353 |
3 l':: 5o Vertical 3 :':: ;?:;'Pc Vertical S'L '
1} ., Horizontal geophone
w
g e o "Ief’:'"‘:';r H I [ “ El i_‘i il e pe (TH _: v '“‘I‘I‘“ Skt 'fur“
é[ fﬂk“'x’ql"i:hﬂl’.'f“,l J,J'. Lt § PR T ';:'-'H il TR

C

R

Vertical gaophone

w! ‘J'J!t'l ‘Hu.u |.~|‘ “ U|'"' il
T I 1! l‘lll||||I “1 Ii"!r] [ T ih1 || f“ ||l|f h|!.

l

. yi if 'Jl fu
|I
E W '
;] ||1‘i h ;l.v ||'f [l“qﬂﬂlh |; * ] 1 | 1 I
g i | ! “1
— D —
e 1s
15 | G "
s |3 m | %I ‘E[
+ |E ls
égcffg ,8_-‘ ' ‘ Vertical e P .\Ir‘erticsl
3 cd Py 8 20 5 ! 4 10s

Harizontal geophone

b ",“

YV Jﬁ,,sm “’

|

100 nmﬁ.

A _Horizontal gecphone
U

1{.‘!0 nm/s

Py Vertical geophone

v .rmf.a|”1 :H.Wl i I”

100 nma’s_

l

—_—

1s

}M“ it Mui fi” Jli h]
tulﬁ.} I

4« ||IH

W *'w

[ s vl 1
W\ w\*‘“*!*'ﬂiw}wlll “'“'

|![|

Qil“

1|||
iw' rT

50 nm.r‘s

50 nm/s

1\ Harizontal
é geophone

{} Horizontal geophone

iww ol J“ b w "?' ﬂ*l“fw‘»f’*i"*'}*i"w’l'«

Vertical geophone

et

hl *||1F
ifu

Figure 4 (continued).

138




OBS AND OSS 1V EARTHQUAKE RECORDING

Horizontal geophon
Horizontal geophon

: i ’|
J‘r [“]

Hi tlg ophon

N‘rﬂ #‘]H[H )r‘l ‘Wﬁf ]||| I !ll:l, lr,llJmL” h“ 5

»1 Vertical geophon

MfM

er- . B h |
E| o A
A;l l” 1J |J k|I.H Rl "‘“HVW |L|~

ity A h
\ L;,* | “Ln” | u il 4\\4

A !i | (
||” II‘;""ﬁl |\|a!||' | ’

ﬁ“ tlg ophon

e mw‘ *{f g'“e b” ‘fnwn kaﬂuv Jw IA“W

‘ 25 nm/s

- Vertical geophon: E \.r*.!- , I
el h""“"”"i\ihf il Tﬂ nl\"!'li'/{ﬂfﬂ‘fillr*lil“'rlﬁ Vil A “W M ““*”T“""“ "ﬁw

HJH}

25 nma’s

1s :

i R
3 '”tl:: p;'# (R | | € !‘@ | ) nTJ b ]n :\lllr .'
R l ) HU]W\ N d ]HM MI i M[w

(l

\ H ontal geophone ¢ ‘
| B ey
ol il l|| 5 h '

!m”l”n,' ,wl il ’“W «MM!( i

25 nm/s

Vertical geophon

H’ J MNHMM M

U i

Ei ﬂ/ H ifh m H ' |W| W Vertical geophone
1" " h " H i *“aﬂw.r’;w},’ﬂﬁ'ﬁWJ\‘fﬁ,h“***ﬂ“*y‘."ﬂft’rlwm’fv‘ﬂhW

Figure 4 (continued).

139



R. K. CESSARO, F. K. DUENNEBIER

21 " 22 i
o 2
AL £, (5 v
€ 52g sg0lg| T -
it ' s =12 Po : sl
T =4 Po 50 Vertical S =4| sy Vertical ofl |
l . Horizontal geophone
q} Horizontal geophone , 1! b | . Fl‘ | | | l1| " ‘
E ! b E Lol ol : .”|| Wb L
gT | . [ ,1, LRI [ h -‘-‘--,l.i'll'- I, “E[ i skl '_'l'l L : ! '_h":'l ';-lll"."l T 'II [ ghA |
= ! T R L Sl ! 1 [ IRARR T D e IR AR R B |_.-,;.'l i ||l: -!I.l.-
%J y - | §.' i A" i i uﬂ-;‘ l i \.i\h .'h}l Tt & i ! | i'l I | [J..
i R R LR L . .1!-,1.. i 1 (N | | 1. ‘.IIH | “i
o I | |I| | | l J
| |
1
N ) I LI Horizontal geophone ‘] '1
orizontal geophone i

i Ll s | ol
d 1kl | » / i | :
Bl A i Mh"H.| ! llf 1l E| 'r”h*'H! “‘J' il : [AW#
E / l. .q I i I [ A4l | il / x | ,_:_ F'r't il
E -I'erl_ , I v i T| Wil || I‘f I : VY \ l \ I’ il ! " ek I i |“'?i'

= v ] .- .
o | A | ||‘ ‘I] } | Fi” i[ﬁi || \ o I I {0 I[ |'n i uF J; 1||]1 it |

Vertical geophone Vertical geophone

“E ~._-,-».-'”-_,«"I-_,»"’f.,.::;fw"‘- :,i{ I1 i ,I '!:g.l H ] (|Il ‘E ’""MWMWJ? :ll fll,
%] R Bk N “MH' 5] ¢ J LW%MI

1s 1s
23 24
o e |2 '
£ g g |8
©, |0 Bl 1G
ng Eau:igpo' |
4 <+ = d 208 S, Vertical

{» | Horizontal geophone c

I E ii (A il mll]ilm‘ i U‘Ili '“, Hl l‘t';f i on
1 pﬂllh ”IIltf"JH" I ‘1r‘| )ImJI Fik*l‘li'fl:“‘! fhlltﬂ\l ik i 'Ik “L rf {J\ Hestzonial geoph e
E

o Il it | anf ’|l|
o m | ['I "Iyﬂ w'JJ‘ il rw."ud i| | j"
g s i"r !Lllﬂ:h w’i i|| |'1 [ ‘”1)*{:\”; |NW ;!l!quilll!ﬁ[l gl ld.""]h]iﬁthlqﬂ'mlﬂf w[ o "I“IW'I |||h,"|||\”\}
'M‘ 1 " || Il

Honzonta1 geophone

; Horlzontal gao;ahone
f
S
ot }'a' A ﬁ-" e A

l
h M

||I|‘ r “\'ﬁH

Vertical geophone

R Ty

|||
]"v K “’( i il
|

250 nm/s
p—

Vertical geophone

4

200 nm/s
ety

IIWH‘JM, ﬂl\
ui g
i “W il

50 nm/s
—_—

|

Figure 4 (continued).

140



OBS AND 0SS IV EARTHQUAKE RECORDING

25 6 |,
£ o] E_
<1 £ 3
o
€028 €859
T 0™ s vertical o I S,
v =9 20s < =4 +—20s o
Horizontal geophone | Horizontal geophone
> A ||th,“ 1,II H| \3 4 c
2 ' F,':f-1 E E
E A l i} | "l i it =| e
! 8-—
o 'r i 4 ]
wl l | |!.- =
" I "| “ _ Horizontal geophone
® u c
5 o Pl A rll"".‘u'ﬂ"""'l l"'i\_
. Horizontal geophone gl |.n l{' T L
& |
EW \/‘ oot Mapry ALY i l"f {
o | TR LA e
.. ‘ Vertical geonhone | ‘
|
I ” ﬁ ‘
o7 Ilf.:l l|I| | |||l” -|| |,| J||I'.||l”|
) | ——H Ak
o ,. | L { r
2| Vertical geophone ;  [/| | 8l H 'l" !'l"" it 11 | |||.“|u
b 1 | WY (ol i i iy 11 J
| g o |
" 1 A
| ! —
| s
1s
27 28

S.Tmb
h = 39 km
54mb
h = 33 km
A134°

A BS°

», Horizontal geophone

.+ Horizontal geophone w u c
2 : Cc E e ;,slﬁ h i) A s'l"f Japtetedt
g E ) ':I vﬂ.r—./»-.-‘, f‘Ilaa !“ﬁ{‘ I“l"l \ / l‘,'_-',n
§]_ MA./-—-T "\'\:i'l‘,-f-‘!.' \I'.'fv"f"'”\ W A A .r,w.,u i ',1. .J ".’t."".l.li.' 8
i “ Horizontal geophone Horizontal geophone
'PE‘? S C w I\ C
E] —"""'—"\('!, ! -\,q .N:‘J\ ‘!"\/L.Wp \,I'"n"' .'\‘ il.','\ \f |\‘4,f' ‘E s 1o e e B0t ih g
8 \ ;] JMNTM\{" H JM"T'\‘w'IIﬂ f:lu R " 'Tnvu '
= o
| “ Vertical geophone
| |
I !
il-!l!JHI llll' ||| y \l!+ |11.
T [T e bl o L Lt »
° I '|t-|~L, “ r['-"' i “ 2
i [ | [ I E
E ’|-',5|.-1”.ii‘l!||]| |“||‘| ’Ii f]'|| E
o | Hif Il i ‘ hig %
9 RRLARNIIA J 2 l l | ‘II I] | { I o
0| ..['_-EHI". |l|I i *||u.
| |1
LY ‘ Il | |
| |
e |
Py?
- R
1s

Figure 4 (continued).

141



R. K. CESSARO, F. K. DUENNEBIER

142

N -|
g E 1]| |
o l L'[ lﬁ%

E Jé ] AN
[ MW“&'?

(I 1‘

c Horizontal geopho

: ! i |||l |[|||pL111 qh JI|
%' ﬁl } ' E ll|
11‘1 TGS L T

Horizontal

” ’w Lt ]
it wl ”5!““!” #%‘!\k

isll 'wlz 1”|J| L

C

Lt

|”1 I u! |

Hori mmmmm geophone

f s

o il
[Hh

Vertical | geophone

% Ww W

W

ll“

it

I'|’f

|

u\ﬂﬂ%‘

|
1 "‘F—”im\mm AN AR

i

n.w Il

|||

l{’i W' '”,'}Ilmliaufhﬂfwh 4 i l"li l(“
ol
"Mi’[})ﬂ” Ly fﬂ{w "l’ Y M il
PR A L B
i ol fh WM’?"J*«” ”ﬁ"'\m' ) |
“ tlll M o IHH‘I} " i t ¢ _:;w\h‘llwwlhm %M"F lm
. ”l" |Muf’i' *“”l l'|' éJ udlh Pll‘iﬂ“mm ii”i Mi l”!




OBS AND OSS IV EARTHQUAKE RECORDING

T T

50°N

Magnitude
intervals (m)

m 451050
®50to6.0 7
W60to70

40°

+ OBS record
e OSS IV record

300 - 3
=13
20°F .
| \ | f L
130°E 140° 150° 160° 170° 180° 170°W

Figure 5. Epicentral map of 33 selected regional earthquakes located by NEIS in the
northwestern Pacific and recorded at Hole 581C on OBS Y220 or OSS IV during the
DSDP Leg 88 seismic experiment.
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Figure 6. Range versus magnitude for earthquakes located by NEIS and recorded by
OBS Y220 and OSS IV. NEIS-located events that were not recorded are denoted by
darkened symbols. There is a suggestion of greater sensitivity for OSS IV in view
of the number of smaller events recorded.
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