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Abstract

Shipboard three component geomagnetic field measurements in the
middle Okinawa Trough, conducted throughout the DELP-84 WAKA-
SHIO cruise, detected magnetic anomalies, with amplitudes exceeding
300 nT, associated with the topographic highs near the Iheya Deep

. that are lineated in the N60°E—N85°E direction.

1. Method of measurement

The geomagnetic total field was measured by a proton precession
magnetometer, and the three components of the geomagnetic field were
measured by the shipboard three components magnetometer (STCM), which
we developed (ISEZAKI et al., 1981; IsezAkl, 1985). The STCM is a
fluxgate type magnetometer. The three sensors, assembled perpendicular
to each other, are hung with an almost frictionless fulerum and set on
the roof of the ship’s laboratory by a tripod. We also measured the
ship’s heading direction and the rolling and pitching angles by a gyrocom-
pass and a vertical gyroscope, respectively. Data sampling was controlled
by a microcomputer and observed values were stored in a minifloppy
disk every one minute.

2. Deta processirig

The values measured by the STCM are not real three components of
the geomagnetic field, because they are influenced by the magnetic field
induced by the ship’s body. In order to remove the components of the
induced field, we assumed that the measured three components of the
magnetic field were the vector sum of the following three magnetic fields,
(1) the geomagnetic field, (2) the magnetic field caused by the remanent
magnetic moments of the ship’s body, and (8) the magnetic field due to
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Fig. II1-1 (a) Location of magnetic anomaly profiles in the middle Okinawa Trough.
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Fig. III-1 (¢) Magnetic anomaly profiles in the D-area shown in Fig. III-1 (b) where
an amplitude of anomalies is greater than in other areas.

the ship’s magnetic moments induced by the real geomagnetic field. As
the STCM sensors were fixed to the ship, the magnetic field (2) is constant.
Spacial distribution of the induced magnetic moments is complicated, but
the strength of induced magnetic moments is generally proportional to
the intensity of the real geomagnetic field. Thus, the induced field ean
be regarded to be linear to the real geomagnetic field. If we rotate the
ship at one point where the three components of the geomagnetic field
are known, and measure the magnetic field, the ship’s heading direction
and the rolling and pitching angles, we can obtain the relation between
the real geomagnetic field and the observed magnetic field. During this
cruise (DELP-84 WAKASHIO), in order to obtain this relation, rotating
observations were carried out at six points. Fig. III-1 (a) shows the
locations of the lines for the magnetic profiles. Figs. III-1 (b) and (c)
show the magnetic anomaly profiles projected on the ship tracks. No
daily variation correction is conducted on all magnetic data in this report.
However it should be conducted if anomalies whose wavelength is longer
than a few hundred kilometers because the amplitudes of anomalies are
generally as small as those of a daily variation in the Okinawa Trough
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Fig. I1I-2. Sea bottom topography in and around the middle Okinawa Trough
(after KiMURA, 1983).
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area. In this report anomalies whose wavelength is less than a few tens
of kilometers are mainly studied.

Fig. III-2 shows the bathymetric contours in the region of the middle
Okinawa Trough.

Because the calibration of the coefficients to obtain the real geomag-
netic field is not sufficiently accurate, on almost all the profiles there are
low amplitude (less than 25nT) and short wave length diserepancies
between c¢T and pT. Here ¢T and pT are anomalies of the total geo-
magnetic force calculated from three components and measured by a
proton precession magnetometer, respectively.

The magnetic and bathymetric data for every ten minutes, including
the date, time and location of measurement, are listed in the last part
of the report.

3. Profiles of magnetic anomalies and water depths

In the following figures, X, Y and Z are the profiles of north, east
and vertical components of anomalies of the geomagnetic field respectively
and c¢T and pT are as defined above. If ¢T and pT agree, it can be said
that the three components of the geomagnetic field were measured cor-
rectly. Each magnetic profile is made of the running mean of nine bits
of data. The IGRF-80 fields were subtracted from all the data.

In the following, we show the profiles of the survey lines in the
middle Okinawa Trough area. The positions of the tracks and their
relations with bottom topography are briefly described with reference to
Figs. III-1 and III-2. For the profiles B-B’, G-G’, H-H’, and Y-Y/, we
show the projections of the horizontal component anomalies in various
directions in order to check the distribution of magnetic sources.

Profile A-A’ (Fig. III-3)

This line runs northeast from the Amami-tai to the Takara-tai passing
by Kaminone Island (Figs. III-1 and III-2). The two highs seen on the
left-hand side of the bathymetric profile are seamounts of the northern
part of Amami-tai. Above them large anomalies are seen on all the
magnetic profiles. The small peak near the center of the topographic
profile is the extension of the uplift of Kaminone Is., and the height seen
on the right-hand side is the southernmost part of Takara-tai. Magnetic
anomalies corresponding to them are observed. From all of the magnetie
anomaly profiles, it is clear that these features are all magnetized in the
normal direction.
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Fig. 1I1I-3. Magnetic and bathymetric profiles near the Takara Islands.
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Fig. II1-4 (a) Magnetic and bathy- Fig. II1-4 (b). Projections of the
metric profiles across the Iheya Deep. horizontal component anomaly in variable

directions. The lowest profile shows Z
component anomaly.
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Profile B-B’ (Fig. 11I-4)

Fig. I1I-4 (a) shows the profiles crossing the Iheya Deep. The sea-
beam survey by R/V JEAN CHARCOT revealed that the steep high of
the bathymetric profile is a ridge-like feature elongated in the N70°E
direction (see Fig. IV-5 of this report). On both sides of the ridge there
are depressions similar to a moat. Every component- has large anomalies
corresponding to this high. The Y component anomaly has comparatively
small amplitudes. The anomaly patterns indicate that this ridge is nor-
mally magnetized. The anomaly of the right-hand side of the Y component
profile may not be a real anomaly but a noise due to rapid change of
the ship’s heading.

Fig. 11I-4 (b) shows the projections of the horizontal component of
anomalies into directions at 80° intervals between —90° (westward) and 90°
(eastward). The projection in the direction of about 65° shows minimum
amplitude of the anomalies over the ridge. This indicates that the mag-
netic sources are elongated along the trend of 65°. In addition, the
vertical component anomalies (Z) appear to have a 90° phase shift of the
horizontal component anomalies which have a maximum amplitude in —25°
direction. This also supports the idea that these anomalies are produced
by two dimensional sources.

Profile C-C’ (Fig. III-5)

This line is along an oblique crossing of the Kume Deep. There is
no remarkable anomaly, but there are two small negative anomalies with
the amplitude of about 100 nT in the middle of the total force anomaly
profiles. The right one of these two anomalies correspond to a small
topographic high, but the left one has no corresponding topography. On
the left-hand side of the topographic profile, we can see the edge of
The Third Kume Rise (Fig. ITI-2).

Profile D-D’ (Fig. III-6)

This line shows the crossing of the Third Kume Rise. There is a
positive peak on the total anomaly profiles. From all of the anomaly
profiles, the topographic high is considered to have normal magnetization.

Profile ¥-F’/ (Fig. II1-7)

This line runs through the flat feature of the north side of the Theya
Deep. A seamount, 800 m in height, is seen on the northern edge of this
depression. There is a negative anomaly in the middle of the total
force anomaly profiles. Due to the rapid change of heading and in-
sufficient correction, the left-hand side part of the Y component profile
is so much disturbed that it is omitted from the profile.
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Fig. III-5. Magnetic and bathymetric profiles across the Kume Deep.
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Fig. III-6. Magnetic and bathy-

metric profiles across the Third Kume
Rise.
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Fig. III-7. Magnetic and bathy-
metric profiles near the Iheya Deep.
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Fig. II1I1-8 (a). Magnetic and bathy-

metric profiles across the Iheya Deep.
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Fig. III-8 (b) Projections of the
horizontal component anomaly in variable
directions. The lowest profile shows Z
component anomaly.
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Profile G-G’ (Fig. III-8)

Fig. III-8 (a) shows the almost north-south profiles of the Iheya
Deep. Several mountains or ridge-like features are seen in the bathy-
metric profile. The anomaly profile of Y component has comparatively
small amplitudes although the other have several significant lows and
highs. '

Fig. III-8 (b) shows the projections of the horizontal component of
anomalies into directions at 80° intervals from —90°E to +90°E. Minimum
amplitude of variations is expected to be found on projection to about
+85°E direction. From this, it is considered that the magnetic sources
producing these anomalies are lineated approximately in a east-west
direction.

Profile H-H’ (Fig. III-9)

Fig. III-9 (a) shows the profiles for the crossing of the northern part
of the Kume Deep and the whole of the Iheya deep. The left half of
this line is almost the same as the right half of line C-C’ (Fig. III-5).
The largest peak on the right side of the bathymetric profile is the same
as the ridge in B-B’ (Fig. III-4). Almost the same anomaly patterns are
seen in corresponding segments.

Fig. I11-9 (b). The projection in the direction of 60°E shows minimum
amplitude of the horizontal component anomalies over the same ridge as
in B-B’. This proves the elongation of the magnetic sources with the
trend of about 60°.

Profile I-I’ (Fig. III-10)

This line runs northeast from the center of the Iheya Deep. The
seamount on the left-hand side of the profile is intensely magnetized
judging from the large anomalies, but the other topographic highs of
almost the same magnitude on the right-hand side of the profile have
small anomalies, indicating their weak magnetization. As we have seen
in B-B’ (Fig. I1I-4), G-G’ (Fig. I11-8), and H-H’ (Fig. III-9), the anomalies
over the seamounts in the Theya Deep are larger than those of sea-
mounts elsewhere in the Middle Okinawa Trough region.

Profile J-J/ (Fig. III-11)

This line passes by Iwo-tai which is located to the west of Iwotori-
shima. Anomalies vary with the ragged topography. Iwo-taiis represented
by the highs in the left-hand side of the bathymetric profile and there
are anomalies corresponding to it on all the magnetic profiles.

Profile K-K’ (Fig. I11I-12)
This line is on the eastward extension of the Iheya Deep, between
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Fig. I11-9 (a) Magnetic and bathymetric profiles across the Iheya Deep and
the Kume Deep.
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Fig. ITI-9 (b). Projections of the horizontal component anomaly in variable
directions. The lowest profile shows Z component anomaly.
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Fig. III-10. Magnetic and bathymetric profiles near the Theya Deep.
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Fig. III-11. Magnetic bathymetric
profiles near Iwo-tai.

XSQG[nT]

V\_‘/—/M

L
T
Yo I

1zwm_J\'/ -

2088m
K

KI

Fig. I1I-12. Magnetic and bathy-
metric profiles near ITheya-Deep.
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Fig. III-13. Magnetic and bathymetric profiles across the Miyako Basin and
Kume Rises.
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Fig. I1I-14. Magnetic and bathymetric profiles across the Miyako Basin.



222 ) Y. KiTAHARA, N. IsEzAKI and H. KATAO

127.5°E and 128°E. There is little change on each anomaly profile in
spite of abrupt changes of bathymetry. Therefore, this is in contrast with
the fact that the seamounts in the Iheya Deep have large anomalies,
possibly reflecting the difference in their petrologic characters.

Profile M-M’ (Fig. III-13)

This line runs from the center of the Miyako Basin to Kume Island.
The two uplifts on the bathymetric profile are The Fourth and The Third
Kume Rises. Above the approximate 1000m height of The Fourth Kume
Rise, there are small anomalies with amplitudes of merely 150 nT on the
total force, Z, and Y component anomaly profiles, which suggests very
weak magnetization. The Third Kume Rise is almost non-magnetie.

Profile N-N’, 0-0’ (Fig. III-14)
These lines cross the northern part of the Miyako Basin. Both the
topography and magnetic anomalies are relatively subdued.

Profile Q-Q’ (Fig. III-15)
This line runs from the southernmost edge of the Kume Deep parallel
to the trough axis. There are no anomalies.

Profile R-R’ (Fig. II1-15)
This line crosses the Kume Deep and there are no anomalies. The
Y component is omitted for the same reason as part of F-F/ (Fig. 7).

Profile S-S’ (Fig. III-16) )
This line is an oblique crossing of the whole of the Kume Deep and
the western part of the Iheya Deep. Anomalies are not notable.

Profile T-T’ (Fig. III-17)
This line also crosses the Iheya Deep. There are no large anomalies.
The ridge seen in B-B’ (Fig. III-4) does not reach here.

Profile W-W’ (Fig. ITI-18)

This line runs from the southern side of the Theya Deep to the Ie
Basin. The large anomaly in the middle of Y component profile is due to
the rapid change of ship’s heading, so it is not real.

Profile X-X’ (Fig. ITI-19)

This line runs almost northward from the Okinawa Island to the north
side of the Theya-tai. The topographic features on the left half of the
profile do not produce magnetic anomalies. The magnetic anomalies on
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Fig. 111-15. Magnetic and bathymetric profiles across the Kume Deep.
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Fig. I1I-16. Magnetic and bathymetric profiles across the Kume Deep.
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Fig. ITI-19. Magnetic and bathymetric profiles running from the Okinawa
Island to Iwo-tai.
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Fig. I1I-20 (a). Magnetic and bathymetric profiles running northward from
Iwo-tal.
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Fig. III-20 (b). Projections of the horizontal component anomaly in variable
directions. The lowest profile shows Z component anomaly.
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the right half of the profiles are associated with the rugged topographic
features off Theya Island. The Iheya-tai consists of the highs near the
right edge of the bathymetric profile.

Profile Y-Y’ (Fig. I11-20)

Fig. ITI-20 (a) shows profiles along the line Y-Y’ which is the north-
ward extension of X-X’ and goes through the Iwo-tai which is the highest
seamount on the left-hand side of the bathymetric profile. The Iwo-tai
has large magnetic anomalies. From these anomalies it is clear that the
Iwo-tai is normally magnetized. The right-hand side of the magnetic
profile indicates that the seafloor has little magnetization.

Fig. I11-20 (b). The projection in the direction of 80°E appears to
have minimum amplitude of the horizontal component anomalies in the
left half section of the profile. Throughout the section, the magnetic
sources are elongated with the trend of 80°E.
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Components on the Following Data

1. Three (north, east, and downward) component anomalies and total
intensity of geomagnetic field in nano-tesla merged with the sea depth
every ten minutes,

2. 1 record (68 characters) includes the following data.

year : year of time of measurement (12)
month : month of time of measurement (I3)
day : day of time of measurement (I3)
hour : hour of time of measurement (I3)
minute : minute of time of measurement (I3)
X : north ecomponent anomaly (I
y : east component anomaly (I
7 : downward component anomaly I7)
f : total intensity (F'7.1)
lat1 : degree of latitude (18)
lat 2 : minute of latitude (F5.2)
lon1l : degree of longitude (14)
lon2 : minute of longitude (F5.2)
depth : sea depth in meters (I6)

8. When data are not available the spaces are filled with “9”s,
4. Ship positions were fixed by LORAN-C (5970 and 9970 chains).
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22 9 12 999999
22 9 22 999999
22 9 32 999999
22 9 42 999999
22 9 52 999999

22 10 2 999999
22 10 12 999999
2210 22 999999
22 10 32 999999
22 10 42 999999
22 10 52 999999
22 11 2 999999
22 11 12 999999
22 11 22 999999
22 11 32 929999
22 11 42 999999
22 11 52 999999
22 12 2 999999
22 12 12 999999
22 12 22 999999
22 12 32 999999
22 12 42 999999
22 12 52 999999
22 13 2 999999
22 13 12 999999
22 13 22 999999
22 13 33 999999
22 13 43 999999
22 13 53 999999
22 14 3 999999
22 14 13 999999
22 14 23 999999
22 14 34 999999
22 14 44 999999
22 14 55 999999
22 15 5 999999
22 15 15 999999
22 15 25 999999
22 15 35 999999
22 15 45 999999
22 15 55 999999
22 16 5 999999
22 16 15 999999
22 16 25 999999
22 16 35 999999
22 16 45 999999
22 16 55 999999
22 17 5 999999
22 17 15 999999
22 17 25 999999
22 17 36 999999
22 17 46 999999
22 17 56 999999
22 18 6 999999
22 18 16 999999

999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999

999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999

999999

999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999
999999

45841.0
45818.0
45820.0
45825.0
45819.0
45814.0
45812.0

45796.0 -

45723.0
45729.0
45673.0
45630.0
45558.0
45550.0
45569.0
45839.0
45841.0
45993.0
46654.0
45879.0
45757.0
45716.0
45729.0
45737.0
45730.0
45727.0
45690.0
45666.0
45658.0
45649.0
45668.0
45625.0
45581.0
45547.0
45526.0
45602.0
45684.0
45568.0
45508.0
45510.0
45504.0
45441.0
45654.0
45317.0
45330.0
45534.0
45528.0
45473.0
45429.0
45373.0
45366.0
45448.0
45453.0
45425.0
45384.0

53.71
53.09
52.41
51.77
51.17
50.68
50.20
48.91
47.32
45.91
L4 .62
43.32
42.03
40.83
39.56
38.31
37.03
35.88
34.30
32.67
31.03
29.38
27.73
26.05
24.41
22.76
21.00
19.38
17.78
16.12

14.51

12.99
11.29

9.79

8.13

6.62

5.13

3.60

2.08

0.54
59.01
57.59
56.18
54.82
53.64
52.31
50.87
49.46
48.06
46.63
45.06
43.69
42.35
40.93
39.38

130
130
130
130
130
130
130
130
130
130
130
130
130
130
130
130
130
130
130
130
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129

23.95
22.48
20.94
19.43
17.94
16.34
14.63
13.62
12.78
11.75
10.56

9.35

8.16

6.95

5.69

4.45

3.21

1.95

1.07

0.29
59.47
58.70
57.94
57.13
56.30
55.43
54.45
53.53
52.61
51.78
50.93
50.00
48.96
48.01
46.95
45.96
44.95
43.95
42.97
42.00
41.05
39.96
38.82
37.63
36.21
34.95
33.80
32.65
31.49
30.30
29.00
27.85
26.69
25.54
24.54

231
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84 8 23 3 43 999999 999999 999999 44977.0 28 14.66 128 16.52 1178
84 8 23 3 54 999999 999999 999999 45031.0 28 13.14 128 14.95 1097
84 8 23 4 4 999999 999999 999999 44997.0 28 11.73 128 13.72 1036
84 8 23 4 14 999999 999999 999999 44922.0 28 10.29 128 12.34 900
84 8 23 4 24 999999 999999 999999 44884.0 28 8.82 128 11.16 802
84 8 23 & 34 999999 999999 999999 44848.0 28 7.31 128 9.85 793
84 8 23 4 44 999999 999999 999999 44837.0 28 5.83 128 8.56 767
84 8 23 4 54 999999 999999 999999 44930.0 28 4.72 128 6.94 700
84 8 23 5 4 999999 999999 999999 44876.0 28 4.82 128 4.92 751
84 8 23 5 14 999999 999999 999999 44885.0 28 4.96 128 2.56 806
84 8 23 5 24 999999 999999 999999 44928.0 28 5.20 128 0.44 877
84 8 23 5 34 999999 999999 999999 44905.0 28 5.39 127 58.29 854
84 8 23 5 L&t 999999 999999 999999 44860.0 28 5.54 127 56.12 907
84 8 23 5 54 999999 999999 999999 44846.0 28 5.44 127 53.86 919
84 8 23 6 4 999999 999999 999999 44864.0 28 5.32 127 51.76 924
84 8 23 6 14 999999 999999 999999 44865.0 28 5.20 127 49.57 931
84 8 23 6 25 999999 999999 999999 44870.0 28 5.24 127 47.22 1000
84 8 23 6 35 999999 999999 999999 44891.0 28 5.39 127 45.12 1082
84 8 23 6 45 999999 999999 999999 44942.0 28 5.27 127 43.00 814
84 8 23 6 55 999999 999999 999999 44993.0 28 5.07 127 40.90 822
84 8 23 7 5 999999 999999 999999 44976.0 28 6.34 127 40.22 969
84 8 23 7 15 999999 999999 999999 45003.0 28 8.20 127 40.19 868
84 8 24 4 25 999999 999999 999999 44998.0 28 8.53 127 40.89 779
84 8 24 4 35 999999 999999 999999 44970.0 28 7.38 127 40.90 941
84 8 24 4 45 999999 999999 999999 45008.0 28 5.84 127 40.96 734
84 8 24 4 55 999999 999999 999999 44962.0 28 4.44 127 41.08 919
84 8 24 5 5 999999 999999 999999 44979.0 28 3.03 127 41.20 1122
84 8 24 5 16 999999 999999 999999 44938.0 28 1.62 127 41.31 1151
84 8 24 5 26 999999 999999 999999 44901.0 28 0.12 127 41.63 1231
84 8 24 5 36 999999 999999 999999 44863.0 27 58.87 127 41.62 1009
84 8 24 5 46 999999 999999 999999 44875.0 27 57.63 127 42.15 995
84 8 24 5 56 999999 999999 999999 44963.0 27 56.34 127 42.48 971
84 8 24 6 6 999999 999999 999999 44926.0 27 55.03 127 42.95 1015
84 8 24 6 16 999999 999999 999999 44891.0 27 53.72 127 43.31 977
84 8 24 6 26 999999 999999 999999 44908.0 27 52.45 127 43.72 1009
84 8 24 6 36 999999 999999 999999 44883.0 27 51.29 127 44.05 1079
84 8 24 6 46 999999 999999 999999 44878.0 27 50.11 127 44.21 1081
84 8 24 6 56 999999 999999 999999 44870.0 27 48.96 127 44.58 1068
i 84 8 24 7 7 999999 999999 999999 44840.0 27 47.86 127 43.59 1034
84 8 24 7 17 999999 999999 999999 44827.0 27 46.83 127 42.65 955
84 8 24 7 27 999999 999999 999999 44816.0 27 45.77 127 41.67 919
84 8 24 7 37 999999 999999 999999 44808.0 27 44.63 127 40.70 837
84 8 24 T 47 999999 999999 999999 44791.0 27 43.48 127 39.75 902
84 8 24 7 57 999999 999999 999999 44805.0 27 42.31 127 38.81 1000
84 8 24 8 7 999999 999999 999999 44799.0 27 41.14 127 37.95 1092
84 8 24 8 17 999999 999999 999999 44801.0 27 39.94 127 36.99 1196
84 8 24 8 27 999999 999999 999999 44792.0 27 38.78 127 36.10 1335
84 8 24 8 37 999999 999999 999999 44782.0 27 37.60 127 35.17 1303
84 8 24 8 47 999999 999999 999999 44782.0 27 36.43 127 34.21 1205
84 B8 24 8 57 999999 999999 999999 44974.0 27 35.24 127 33.29 928
84 8 24 9 7 999999 999999 999999 44944.0 27 34.06 127 32.37 1155
84 8 24 9 17 999999 999999 999999 44826.0 27 32.88 127 31.51 1047
84 8 24 9 27 999999 999999 999999 44802.0 27 31.72 127 30.63 931
84 8 24 9 37 999999 999999 999999 44790.0 27 30.56 127 29.73 783
84 8 24 9 47 999999 999999 999999 44787.0 27 29.40 127 28.84 692
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