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DEPTH ESTIMATION OF OCEANIC LITHOSPHERE
SUBDUCTING UNDER THE JAPAN TRENCH

Shoichi Oshima¥*

Abstract

Depth and dipping angle of the surface of subducting Pacific Plate have already shown as a
double-planed deep seismic zone by Takagi et al, (1977). The double planed structure of the zone is
clearly observed for the depth deeper than about 50 Km, whereas the hypocenter distribution for
the shallower part is showing scattered pattern, Meanwhile, the multi-channel seismic reflection
profiles around the axis of the Japan Trench (Nasu et al. 1979) are showing the surface of the
igneous ocean crust subdueting under the landward slope of the Japan Trench. The records are
showing reflective sequences of the igneous bed dipping landward down to about 13 Km deep, of
which deeper parts are obscured. These two results are providing clear picture of the surface of the
subducting oceanic plate for the part shallower than 13 Km and deeper than 50 Km,

Geomagnetic survey results around the Japan Trench, which is showing landward attenuation
of Japanese Lineations, are used to estimate the depth and dipping angle of the oceanic layer, with a
filtering method.

The depth estimation with the geomagnetic data identified the surface of the magnetized oceanic
layer from the trench axis to a depth of about 35 Km. Dipping angle of the magnetized layer is
estimated as 14° at 35 Km deep, which seems to be extended toward the layer slightly below the
upper seismic plane of the double-planed deep seismic zone,
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Fié,ure 1. Topography of the deepest part of the Japan Trench. A narrow multi-beam echo
sounder (Sea Beam) is used in the survey,
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Figure 2, Double-planed deep seismic zone (After Umino et al. 1984),
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Figure 3. Geophysical cross-section of Northeast Japan (after Yoshii 1977).
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Figure 4. Multi-channel seismic reflection data across the Japan Trench along Line 78-3 by
Ocean Research Institute, University of Tokyo. The survey line is running E—W
direction at about 40°28'N latitude (after Nasu et al. 1979).
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Figure 5. Composite velocity structure section of the Japan Trench along lat. 39°35'N
(after Murauchi and Ludwig 1980).
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Figure 6. Western most part of the geomagnetic lineated pattern of the Japanese lineations.
Geomagnetic anomaly is expressed by graphycal feature, The top left is showing
the area of geomagnetic data with topography. The Japanese lineations are cross-
ing the Japan Trench, gradually lose its amplitude toward west, and are no longer
seen at about 100 Km west of the trench axis.
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Figare 7. Prism-shaped magnetization for the Japanese lineations and coordinate system.
Normmal and reverse alternate magnetization for the inclined columns of prisms are
assumed. Lateral shift across each column is supposed to fit the survey result.
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Figure 8. Geomagnetic total intensity anomaly distribution around Japan Trench (top),

calculated anomaly of the prism model (middle), and a vertical cross-setion of the

magnetized prism model (bottom).
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Figure 9. The filtering operations: a function to be filtered (at the bottom of a, b, ¢, and d)
is Fourier transformed; its transform (next above) is multiplied by the filter
transform {next above) to form the transform of the filtered function (next
above) which is inverse Fourer transformed to give the filtered function (top).
The functions of x consist of N real data points from x = 1 to x = 512 (Km); the
functions of s consist of N/2 complex data points from s = 0 to s = 27 f(N/2—1)/
N] (Km™); N =512. (a) Applying an earth filter F (s) to a magnetization distribu-
tion j(x) to yield a theoretical anomaly m(x). The magnetization distribution
here and in other examples is a simplified version of the reversal history between
anomalies 5 and 7. (b) Applying a phase filter ¢ (s) to the theoretical anomaly
m{x) to yield a skewed anomaly m(x). (¢) Applying an inverse phase filter to
remove the effect of nonvertical magnetic vectors from the skewed anomaly. (d)
Applying an inverse earth filter to the theoretical magnetic anomaly to resolve the
magnetization distribution that is its source (after Shouten and McCamy 1972).
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Figure 10. Geomagnetic total intensity anomaly distribution and location oflines (L, ~
Lg) for the depth estimation. Axis of the trench is shown by 7,000 meter
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Figure 11, Rotation of the coordinate system along X axis. Y’ axis is Iocally parallel with
the surface of the magnetized layer,
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Figure 12. Coordinate system and symbols for the depth estimation.
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Table 1 Depth and descending angle of the magnetized layer of the Pacific Plate.

WA | sk R i?;ﬁi’:';;;giﬁ'g iﬁfg‘mm M
L1 144727 —_— 8.2 km —
L2 144714’ 0 km 9.6 km 5°
L3 144°01' 18 km 12.8 km 7
L4 143°50 35 km 16.9 km 10
L5 143°35 55 km 20.8 km 10°
L6 14537271 76 km 24.5 km 10°
L7 143°06' 98 km 31.0 km 1¥
I. 8 142°57 ‘ 112 ¥m 34.6 km 14°
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Figure 13, Results of filtering operation. Loecation of L.; — Lg is shown in Figure 10, Solid
line is observed geomagnetic total intensity, dash and dot line is up-down
continuated anomaly on Mp plane (see figure 12) and dashed line is theoretic
value calculated with magnetization distribution at L, (top left) and estimated

depth,
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Figure 14, Double-planed deep seismic zone determined by Observation Center for Earth-
quake Prediction, Tohoku University, and subducting magnetized layer of the
Pacific Plate (thick line). TA is trench axis, AF is aseismic front and VF is
volcanic front,
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Figure 15. Focal depth distribution determined by Observation Center for Earthquake
Prediction, Tohoku University, and subducting magnetized layer of the Pacific
Plate (thick line). TA is trench axis, AF is aseismic front.
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