Long-term ocean bottom earthquake observation
in the East Pacific Rise
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Detailed and continuous ebservation of seismicity of mid ccean ridge is very important to
investigate seafloor spreading episode. But, no practical ocean batlom seismometers (OBSs)
designed for longtenmn abservatory bas been available until recently. We conducted an ocean bottom
earthquake observation, in the Ridge Flu 97 expedition leg L using new OBS which we have been
developing for long-lerm scismological observation. Two sets of OBSs were deployed by the
“ShinkaiGs00" at the hydrothermal area in the East Pacific Rise, Other long-term monitoring
instruments, ocean bottom pressure/range meters and acoustic ranging system, were also deploved
in same area where OBSs are. These instruments will continue to work until September 1998, the
scheduled ime of recowvery, We think that compsuing the data from the OBSs with the ones from

other monitoring instruments will give important keys to seafloor spreading at mid ocean ridge.
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1. Introduction

Long-term detailed monitoring of seismicity in and
around mid ocean ridge is essential in order to reveal the
processes of oceanic crustal generation in the region.
However, it is difficult now for us to observe seismicity of
ridge areas, i.e. seafloor far from the lands, by land-based
seismological networks.

Fox et al.{1995) has developed a method to detect
earthquakes occurred on mid oceanic ridge using military
hydorophone array and obtained some results. But, their
objective was just to detect earthquakes than to observe
earthquakes in detail. Therefore, Fox's method will not
give us enough information on each earthqualke to discuss
though the system is useful. We think that constructing
ocean bottom seismological observatories is necessary to
observe earthquake activities on mid ocean ridge in detadil,

We have been developing high-performance ocean
bottom seismometer (OB3) for long-term observation. In
July 1997, two OBSs were deployed by manned submer-
sible “Shinkaifo00" at EM28 site (18726'S ,113723"W), one
of the most active hydrothermal area on the East Pacific
Rise(Fig. 1). This was the first step of a trial of long-term
earthquake observation on mid oceanic ridge. The two
OBSs will continue to work until September 1998, the
projected time of recovery. We report briefly in this paper
on the outline of the observation and OBS used in the
ohservation.

2. Long-term Ocean bottom seismometer
Photo 1 shows appearance of long-term OBS that we
have been developing.We selected Russian made titanium-
alloy sphere with 50cm diameter for a housing of the OBS,
in terms of avoiding corrosion of pressure housing. Titanium-
alloy sphere was tested to be able to use at 6,000 m depth

Fig. 1 Lacation of the RM28 hydrothermal site on the Bast Pacific
[Risre.
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before shipping.

LE-3Dlite (Lennartz Co. Lid.) was used for geophone of
the OBS. Three component geophones are mounted on
gimbal mechanism system. Photo 2 shows gimbal unit for
the LE-3Dlite. The gimbal unit iz equipped with two
tiltmeters and compass, The two tiltmeters, which have 0.1
degree accuracy, are used to control geophone leveling.
This gimbal system stabilize the geophones at any angle
within +20 degrees.

Each outputs of three geophones and one hydrophone
are amplified by ultra-low-neise and low-poewer amplifiers,
and then fed to each 22 bit A/T converter continuously.
Signals are sampled at 128/64 Hz. Data are stored on the
memory temporarily. When 80% of the me.ﬁorg,f are filled
with the data, the data on the memory are recorded to the
hard disk drives. The OBS have SCSI connection hard disk
drives {maximum 8 drives). The continuous recording
period can be adjusted to any period within one year hy
inerease or decrease of drives,

Power to all electrical circuits (CPU, geophone, gimbal
system, HDD) are supplied by lithium battery cells
(BCX72 3B76, Electrochem Lithium Batteries). Though
the number of battery cells we need depends on how long
we continue to observe, approximately 34 cells for 3 month
long observation.

The OBS is equipped with acoustic release mechanism.
When an acoustic release command around 10kHz is sent
from the on-hoard unit to the acoustic transponder with
which the OBS equipped, the acoustic transponder
charges electric current to harast weight releaser unit and
then harast weight is released by electrical corrosion. We
have been developing the way to communicate by acoustic
signal in the sea. We can control the OBS from the on-
board control unit by this acoustic communication method,
for example, on/off of geophones, leveling of geophones,
sefting/unsetting of recording time and so on. We can also
get the data stored on the HDD from the on-board contral
unit, The acoustic data transfer system at 2400 bps were
accomplished. We are now aiming to develop the system
that can transmit the data at higher rate,

3. Deployment and observation
In the Ridge Flux 97 expedition Leg T (Urabe at 2.
19498}, we designed an OBS array which consists of two
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long-term OBSs and four temporal OBSs. This OBS array
covers the hydrothermal area, in the RM2S site, which was
found in the MODE 94 cruise to the Southern East Pacific
Rise, in order to detect earthquakes occurring there.
Deployments of two sets of longterm OBSs were carried
out by submersible *ShinkaiGs00” in its Dive #377July 20,

seismometers

3-1. Deployment of long-term ocean bottom

We had to deploy two long-term OBSs (#5200 and #550)
during the “Shinkaiss00" Dive #377. The “Shinkaigs00”
cannot talze the two to the sea floer at once, due to the limit
of pavloads. We launched the shuttle elevator to transport

ome (#5050} of the two longterm OBSs to the sea bottom
beforehand (Photo 3). The other one (#3000, second weights
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r-_. —

Dead imney

ool "i‘

~

1997),
18° 25' 54"
I
‘ﬂ"
ekl Dead Chimne
Dead Chimneys
iWhite? sediment area
18" 26' 06"S

i

Qi

-

18" 26'12"S §

S§IED

1137 23" 36"W 1137 23 30"W

Fig. 2

113" 23 24°

W

__ Smokers
ﬁ' ; X

IBlack Smokers)

R T el e T

113" 23" 18"W

Positionsg of (he tvo long-term O5S: with “Shinkaibs00™ dive track loe at the BM28 site, Red civeles indicate positions of the

113" 23" 12"W

lomterim OS5 “ShankaGhon™ W377 dive trael Tine (white thin Tine) was drasen with vemzarlable objecis we observed, Tsobahs

are drawn in 10m interval. Longelerm OBS - 85000187 26.13'5, 113925, 400, 85500157 25,045, 11372330,

JAMSTEC J. Deep Sea Res., 14 (1HRE)

45



and mini transponder (#12), were put on the basket of the
“Shinkaifs00" and then dove with the “Shinkaiés00" (Photo
41, We started the Dive #377 after locating the position of
the shuttle elevator by acoustic triangulation. The shuttle
elevator landed at (18°26.13'S, 113°23.43'W }, middle of
the axial graben of the RM23 aite.

The “Shinkaits00” landed near to the shuttle elevator. We
found a good space to deploy the OBS around there (Fig. 2).
The #3500 OBS was located on thin sediment covered pillow
lava (18°26.13'S, 113°23.45"W), and we put the second
weights on the anchor frame of the #500 OBS, The weight of
the OBS's anchor system was originally designed as nearly
40kg. However we reduced the weight of the OBS's anchor
from 40kg to 25kg so that the total weight of the OBS can be
less than the maximum permissible payload of the
“Shinkai6500", This is why the Longterm OBS needed the
second weights, After that, we set the mini transponder
(#12) beside the #500 OBS in order thal we could find the
OBS easily in the recovery cruise. Photo 58 show the
procedures how the #500 OBS was deployed.

After finishing deployment of the #5300 OBS, we
approached to the shuttle elevator. The first thing we did
there was to move the #550 OBS to the Shinkai@500%s
basket which #3500 OBS had been put in. We processed
three niskin water samplers attached to the shuttle
elevator next, and then waited for the shuttle elevator to be
released from the bottom for 2 while, It had been released
without any troubles and was retrieved about 1 hour later.

The #3550 OBS was planned to be placed near the active
hydrothermal vents such as the Kasuga shrine and the
Dragon teeth, The “ShinkaiG500” headed northward
within the axial graben to appreach to these hydrothermal
vents, We had seen the floor of the graben covered by
pillow lava with thin sedimentary layer all the way to the
vent field. Several fissures cut into the pillow lava floor
along the graben. The widest one we met was as wide as
the “Shinkai6500” could dive into it. There were many
signals of hydrothermal activities not so long ago such as
dead chimney field and white sediment field.

We were trying to deploy the #3550 OBS on the foot of
the hydrothermal vent on the eastern escarpment, and the
“Shinkaish00"” ascended the steep escarpment with
heading 1o the east. Flowever, no appropriate place for the

0BS5S was found on the eastern escarpment. We had to

i

come back to the axial graben floor to set the #550 OBS.
The deployment of the #550 OBS was proceeded in the
same way as for the #500 OBS. The #3550 OBS was put an
a thinly sediment covered pillow lava (18°25.94'5,
113°23.34"W ), and then we placed the second weights on
the anchor frame of the OBS.

3-2. Temporal ocean bottom seismoloagical
observation

The QBS array consists of two OBSs described in the
previous section can deteet seismicity but can not get
much information about carthquakes {(ex. hypocenter,
origin time). We performed temporal earthquake obser-
vation using 4 sets of pop-up type OBS to locate hypocenters
with data from two new QBSs and four temporal OBSs,
even though observation pericd (1898 July 183-1998 July
30 ) was not long encugh to detect enough number of
earthquakes. This temporal earthquake observation
allowed us to get detailed information to discuss not only
seismicity but also the area where earthquake occurred.
Fig. 3 shows distribution of the OBSs,

Four temporal OBSs were recovered successfully, Data
from those four OBS5s showed that there were several
microearthquakes, whose signal duration was less than 10
s, occurred in and around the RM28 area during temporal
ohservation. Appearances of their wave forms were quite
similar to the ones Kaiho et al (1996) abserved at EPR
18°22'5.

Hypocenter determination was applied to the data from
garthquakes which were caught by four OBSs. One
dimensional P-wave velocity structure model based on
the result by Nishizawsa et al.(1996) was assumed. This
madel was a simplified one and still is controversial in
terms of how we estimate low velogity area expected to
exit beneath rise crest. We show preliminary results of
locating hypocenters in this paper (Fig. 4). Five
earthquakes located near the RM28 site. This iz a
signature of steady crustal movement. We could not
determine locations of sources for several tens
earthquakes occurred outside the RM23 site. They
seemed o occur on rise crest of the EPR judging from
arrival time difference among the OBSs.
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Fig. 3 Distribution of OBS array and "Shinkait500” dive track line at the RM28 site, Red and black cireles indicate positions of long-
term OBSs and temporal popup type OBSs, respectively. White thin line shews the tack line of the "ShinkaiG300" dive #377.
Tsolaths are drawn in 20m interval, Long-term OBS @ #500018°26.123'5, 113°23.44"W), 4550 {(18°25.04'5, 1137 22.34"W). Temporal
pop-up type OBS @ #1{18%258,31'S, 1132208, #2(18°25.87'5, 113°23.85'W), #3187 26,2005, 113°22.66'S), M{18°26.52'5,

113723.76'S).

4. Future plan

Ocean bottom pressure/range meters(OBPRs) (Fujimoto
et al, 1998) and sea floor acoustic ranging system (SealFAR)
{(Nagaya et al., 1997) were deployed and has been working
al the RM248 site in addition to the longterm OBRSs. The
recoveries of these instruments are scheduled in September
1994,

Temporal ocean bottom observation showed that there
were seismicily in and around the EM28 site, Comparing
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the data from the OBSs with ones from QOBPRs and
SeaFAR will give us important keys to understand how
these seismicity contributes to the crustal moevement of

the mid ocean ridge.
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Photo 1 Appearance of a longterm ocean bottom seismometer, Phaoto 2 Gimbal unit for the LE-3Dite.

Phioted  The longterm OBS (F500) was pul on the sample Baskel of
shuitlle elevalor. the “ShinkaiGsoo”,
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Procedures of deployment of a long-termn OBS (#5000

+
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Phote 3 The long-leron QBS (4300) was situated by the “ShinkaiGo0™ Fhoto & We put 2 second weight on the anchor frame of the %500
on a flat pillow lava, in consideration of directions of 1hree long-term OBS,
component geophones,

Phota 7 Another second weight was pul on (he other side of the Phota 8 Alter fnishing deployment of #500 long-tevm OBS, the
anchar frame. mini transponder(F12) waz set Besides the OBS as a

marker,
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