;i
%

= % 2 8
56 % (2004) 413-424

RILBEAINIC B 5 1k DT &
NREHIEE D FAERE

FULAFRF LIRS - KT AT £ >~ 5 —*
HehEE—-—-BHEC-=®H B -WiHaE

v

W

R T

Crustal Deformation and Shallow Seismic Activity
beneath the Northeastern Japan Arc

Akira HASEGAWA, Junichi NAKAJIMA, Norihito UMINO,
Satoshi M1urA and Yoko Suwa

Research Center for Prediction of Earthquakes and Volcanic Eruptions, Graduate School of Science,
Tohoku University, Aramaki, Aobaku, Sendai, Miyagi 980-8578, Japan

(Received September 26, 2003; Accepted December 18, 2003)

Seismic tomography studies in northeastern (NE) Japan have revealed the existence of inclined
seismic low-velocity zones at depths shallower than ~150 km in the mantle wedge sub-parallel to the
subducted slab, which probably correspond to the upwelling flow portion of the subduction-induced
convection. The inclined low-velocity zone attains the Moho right beneath the volcanic front or the
Ou Backbone Range, suggesting that the volcanic front is formed by this hot upwelling flow. Aqueous
fluids supplied from the suducted slab are transported upward through this upwelling flow, and thus
reach to shallow levels along the Backbone Range. They are expelled from solidified magma and
further migrate upward. Existence of aqueous fluids perhaps weakens the strength of the crustal
rocks surrounding them. It is expected that this causes contractive deformation locally concentrated
along the Backbone Range under the compressional stress field in this volcanic arc. A strain rate
distribution map estimated from GPS data shows notable concentration of east-west contraction
along the Backbone Range, consistent with the above expectation. Based on these observations, we
propose a simple model to explain the deformation pattern of the arc crust and the characteristic
shallow seismic activity beneath NE Japan.

Key words: crustal deformation, shallow seismicity, NE Japan arc, aqueous fluids, arc magmatism.
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Fig. 1. Vertical cross-sections of (a) P-wave and (b) S-wave velocity perturbations along lines in the
inserted map of NE Japan [Nakajima ef al, 200la]. Black and white represent high and low
velocities, respectively, according to the scale at the bottom. Triangles and bars on the top
represent active volcanoes and the land area, respectively. Open and solid circles show
earthquakes and deep, low-frequency microearthquakes, respectively.



416 Bl

Volcanoes

NE Japan_ Pacific Ocean

A @ A aformelt

low-F events

Japan Sea

diapir

Y
o
(=]

Depth (km)

200

0 100 200 300

oceanic crust

M /K\

low-V zone
/ (partially molten)

' 4

Fig. 2. (a) Schematic diagram of vertical cross
section of the crust and upper mantle of
NE Japan showing inferred transportation
paths of aqueous fluids.: (b) Schematic
illustration of 3D structure of the crust and
upper mantle of NE Japan showing the
upwelling flow with varying thickness in
the mantle wedge.
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Fig. 3. (a) Topography map of NE Japan.
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(b) S-wave velocity perturbations along the inclined

low-velocity zone in the mantle wedge of NE Japan. Altitude and S-wave velocity perturbations
are shown by the color scales attached at the bottom, respectively. Red circles show Quaternary

volcanoes.

White circles are deep low-frequency microearthquakes located by JMA (Japan

Meteorological Agency) and Okada and Hasegawa [2000]. Thin lines show active faults.
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Fig. 6. Horizontal east-west strain rate and
shallow earthquakes [Sato et al. (2003)).
Horizontal east-west strain rate is the same
as Fig. 4. Shallow earthquakes are those
located by the seismic network of Tohoku
University for the same period as that for
the GPS observations.
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Fig. 7. Schematic illustration of across-arc
vertical cross-section of the crust and
uppermost mantle, showing the deforma-
tion pattern of the crust and the
characteristic shallow seismic activity
beneath NE Japan.
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Fig. 8. EW vertical cross-sections of (a) P-wave, (b) S-wave velocity perturbations, (c) V,,/Vs [Nakajima
and Hasegawa (2003b)], and (d) electrical resistivity [Mitsuhata et al. (2001)] along line a shown in

Fig. 6.

Velocity perturbations, V,/Vs and electrical resistivity are shown by the color scales

attached, respectively. Rectangles in (a), (b) and (c) show the range of the cross-section (d) both in
horizontal and vertical directions. Red circles and dots show low-frequency microearthquakes and

shallow earthquakes, respectively.
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according to the scale at the bottom. Other symbols are the same as in Fig. 8.
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