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Abstract

During the DELP-1986 cruise, three components of the geomagnetic
field and the total force intensity were measured with an STCM
(Shipboard Three Component Magnetometer) and a proton precession
magnetometer. STCM provides three component geomagnetic field
intensities on board a research vessel, of which results can be used
to identify the orientation of the magnetic lineament from only one
single ship track. Our data give some additional information on the
magnetic anomaly lineation patterns of the northwestern Pacific and the
direction of lineation of the area surveyed by the present cruise-is
reexamined by the three component magnetic field data. The direction
of geomagnetic anomaly lineation of this area is confirmed to run with
a N70°E strike. Two vessels were used for the present study, i.e.
WakashioMaru for three component magnetometer run and Daisan
KaikoMaru for single proton magnetometer run.

1. Introduction

Studies of the magnetic lineation pattern in the northwestern Pacific
region provide us with information on the formation of various geomor-
phological units in this area. One of the most important problems concern-
ing these studies is to identify ages of the various portion of the Pacific
basin and also to clarify the configuration of the ancient plates, Izanagi,
Farallon and Pacific (I-F-P). There is also still controversy as to how the
Shatsky Rise was formed ; it is one of the biggest oceanic rises or plateaus
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with unresolved seismic structure. The magnetic lineament bight on the
southwestern side of the Rise has also drawn marine geoscientists’ atten-
tion. Systematic studies on the marine magnetic anomaly pattern of the
older part of the Pacific are have been conducted by a number of geo-
scientists such as LARSON and PITMAN (1972), LARSON and HILDE (1975),
HILDE et al. (1976, 1977), CANDE et al. (1978), TAMAKI et al. (1987), MAM-
MERICKX and SHARMAN (1988), SHARMAN and RISCH (1988), and HANDSHU-
MACHER et al. (1988). The general conclusion on the origin of the magnetic
bight around the Shatsky Rise as well as the strike of the magnetic
lineament in the present survey area (Fig. 1) from these studies is that
the bight might have been formed as a result of opening at an R-R-R
(ridge-ridge-ridge) type triple junction some time in the Mesozoic and the
strike of the lineament of this area consists of two main trends, i.e., N40°E
and N65°E. Recently, NAKANISHI ef al. (1989) showed that the magnetic
bight around the Shatsky Rise was formed by a series of hot spot activi-
ties among I-F-P plates during 148 and 123 Ma.

The present study was planned to study the lineament of this area
by making use of a three component magnetometer on board a research
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Fig. 1. Total geomagnetic anomaly lineation [ISEZAKI (1987)].
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vessel, from which we might expect to acquire some knowledge on the
rifting processes of the ancient R-R-R junction.

2. Methods of measurement

The bathymetric features of the present survey area and track lines
are shown in Fig. 2. It is noted that there is a topographic channel along
150°E longitude. The topography in the area around the intersection of
line NS and line EW is ragged, reflecting the influence of this channel.
An asterisk x in Fig. 2 shows the position where the research vessel was
circled to figure out the effect of the geomagnetic field on the ship’s
magnetization. These parameters are used to derive the magnetic moment
of the Ship; by subtracting the effect of this magnetization from the field
data we could eliminate the bias magnetic field to obtain three true
geomagnetic components. The data processing system consisted of a micro-
computer, a color display, a disk unit, and a printer. The navigation
system was a hybrid system of NNSS and Loran-C ‘which was provided
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Flg 2. The bathymetric feature of the Northwestern Pacific and track lines. The
asterisk * shows the position where the research vessel was circled to figure
out the effect of the geomagnetic field on the ship’s magnetization.
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in the bridge. More details about the STCM and its data processing are
discussed by ISEZAKI (1986). The total magnetic field intensity composed
from the STCM data was always checked with the output of a proton
precession magnetometer towed in the stern.

The geomagnetic total force inetnsity was also measured by another
proton precession magnetometer by a collaborating vessel, Daisan Kaiko
Maru, during the entire DELP86 cruise period. Both the precession
magnetometer systems consist of an electronic circuit, a sensor with a
toroidal coil, and a towing cable with length of about 200 m. The measure-
ment was made in the following way.

The main unit (electronic part) sends excitation signales to the sensor
at 30 second intervals. In the main unit of the magnetometer the preces-
sion frequency around the geomagnetic field is fed to the microcomputer.
All the data are logged on floppy disks and printed out. Geomagnetic
anomalies presented in this report are calculated in reference to IGRF
1985 (IAGA DIVISION I, WORKING GROUP 1, 1985).

3. Results

3-1 STCM (shipboard three component magnetometer) on board

WakashioMaru

North component anomalies: The profiles X in Figs. 3-(1), (2) and
Fig. 4 present the north component anomalies on NS and EW lines. The
feature of anomalies on the NS line is of a rectangular wave; this pattern
seems to be typical of a deskewed anomaly pattern. The anomalies on the
EW line have longer wavelengths than those on line NS, which suggests
that the direction of the lineation is aligned closer to EW.

East component anomalies: The profiles Y in Figs. 3-(1), (2) and Fig.
5 present the east component anomalies on NS and EW lines. The smaller
amplitude of the east component anomalies compared with the other two
component anomalies (X and Z) suggests also that the strike of the line-
ation is aligned nearly EW.

Vertical component anomalies: Profiles 7 in Figs. 3-(1), (2) and Fig.
6 present vertical component anomalies on NS and EW lines. Profile Z
shows that the vertical component anomalies are more skewed than the
north component anomalies. The features of the profile Z are very similar
to those of the total intensity anomalies (P and cT) due to the steep
geomagnetic inclination in the area.

Total intensity anomalies: The profiles c¢T in Figs. 3-(1) and (2) are the
total intensity anomalies calculated from the three component geomagnetic
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Fig. 8. (1) and (2) The profiles of three component (x, y, and z) anomalies, total
intensity anomaly calculated from the three component anomalies (c¢T) and
total intensity anomaly measured by a proton magnetometer (p).

fields as well as from those measured by a proton magnetometer. Good
agreement of ¢T and P suggests that the stability and processing of STCM
was performed correctly and produced a valid data set.

The lineation of anomalies is disturbed at many points of track lines
probably due to complexities of faults in the magnetic basement (oceanic
layer 2 and 3). Especially in the area where two NS and EW track lines
run into each other and a deep channel is running almost north to south
(Fig. 2), anomalies are highly disturbed.

As a whole, the strike of the magnetic lineament of the survey area
could be calculated statistically from three component anomalies of NS
and EW track lines to be N70°E.
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Fig. 4. X component: The profiles of north component along track lines.
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Fig. 5. Y component: The profiles of east component along track lines.
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Fig. 7. The profiles of total intensity anomaly along track lines.
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Fig. 8. Tracks of geomagnetic measurements. Numbers of lines are cited in Fig. 9.
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Fig. 9. The geomagnetic anomaly profiles along tracks (reference field IGRF 1985).
Dotted line is the trace of the fracture zone (LARSON and CHASE, 1972), Dashed
line is the track of the DSDP Leg 55.

- 3-2 Proton magnetometer run (Daisan KaikoMaru)
The track lines of the other vessel (Daisan KaikoMaru) are shown in
Fig. 7. The geomagnetic anomaly profiles along these tracks are shown
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in Fig. 8. Fig. 9 shows examples of the magnetic anomaly profiles along
various sections of the track lines run in the present work.

3-2-1 Profiles from 1 to 3
The peak to peak amplitudes of these profiles are about 800nT and
their wavelengths are a few hundred kilometers.

3-2-2 Profile 4
The peak-peak amplitude of this profile is about 400aT and its wave-
length is less than one hundred kilometers.

4. Discussion

The geomagnetic anomaly lineations in the northwestern Pacific have
been mapped and correlated with M-sequence by several authors (e.g.,
LARSON and CHASE, 1972; HILDE et al., 1976). They showed that the
strike of lineations to the south of the area of this study is about N70°E
(which is consistent with the results of the present STCM study) and that
their age is confined to between the Early Cretaceous and Late Jurassic.

They have also shown that a fracture zone runs in this area as shown
in Fig. 9 by a dotted line. Profile 4 in Fig. 10 is situated at the eastern
side of this fracture zone and is parallel to the geomagnetic anomaly
lineations. Generally the wavelength of anomalies of the profile parallel
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Fig. 10. Several examples of profiles in Fig. 9. Dashed line is zero level.
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Fig. 11. The geomagnetic anomaly profile of DSDP Leg 55. Dashed line is same
as Fig. 10.

to a single geomagnetic lineation is several hundred kilometers. The profile
obtained by DSDP underway geophysical survey of Leg 55 along anomaly
M5 (HILDE et al., 1976 ; M5=127.52—127.97 Ma by KENT and GRADSTEIN,
1985), the dashed track line in Fig. 9, has an anomaly with a wavelength
as long as 800km (Fig. 11). But the wavelength of Profile 4 is less than
one hundred kilometers. This shows that a big difference in the wave-
length of magnetic anomaly field exists between track line 4 (Fig. 9) and
the DSDP track line to the south of line 4, both located on the eastern
side of the fracture zone. However, it is claimed by HILDE et al. (1976)
that they could delineate the lineations between M3 and M25 (123.03-
125.36 Ma, KENT and GRADSTEIN, 1985) further south in the southern area
beyond the DSDP track line of Fig. 9. Therefore, the result of the present
cruise suggests that tectonic events that changed the strike of geomagnetic
anomaly lineations have occurred between M3 and M1 time if we can
assume that the northern part of the present survey area belongs to
younger ages.
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Appendix

Geomagnetic data obtained by the present cruise, WAKASHIOMARU,
are listed below. Contents of the data columns are explained as follows.

1 Three (north, east and downward) component anomalies and total
intensities anomaly in nano-tesla with the sea depth every ten minutes.

2 Data list format

year : year of time measurement (I2)
month : month of time measurement (I3)
day : day of time measurement (I3)
hour : hour of time measurement (I3)
minute: minute of time measurement (I3I)
X : north component anomaly (I7)

y : east component anomaly (I7)

Z : downward component anomaly (I7)
p : total intensity anomaly (I7)

Iat 1 : degree of latitude (I3)
lat 2 . minute of latitude (F5.2)
lon 1 : degree of longitude (I4)
lon 2 : minute of longitude (F5.2)
depth : sea depth in meters (I6)
3 Ship positions were fixed by LORAN-C
4 When data are not available the spaces are filled with ‘‘9”s.
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