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Abstract

The Tokai district is one of the most intensely monitored places in Japan with respect to
seismic risk due to the anticipated Tokai earthquake. We have been performing continuous
observations of microerathquakes in this region for more than two decades. The GPS observations
to monitor ground surface deformation have been performed by the Geographical Survey Institute
since 1997. Recently, unusual signal changes have been found nearly simultaneously by both
monitoring operations. First, a small but significant quiescence was detected in seismicity within
the subducted Philippine Sea slab, which commenced in August 1999. A similar quiescence was also
detected in other regions, such as seismicity within the overriding plate and seismic clusters
beneath Lake Hamana. All of these activities are considered to be caused by the interaction of two
plates, i.e., due to the locked subduction of the Philippine Sea slab. The seismicity change was
represented by a spatial pattern with a decrease/increase of earthquakes compared to the standard
one. We recognized that the characteristic pattern appears at the present. Following this seismic
event, GPS monitoring found a gradual movement of the ground surface, which deviates from the
previous trend, and was analyzed to be due to a slow-slip occurring on the plate interface beneath
Lake Hamana. All of these anomalous events happened in the period from the late 1990s to 2000, and
have continued to date. Such slow and small changes in crustal activity seem not to be directly
bound up with the forthcoming megathrust, that is, the next Tokai earthquake, but lead us to
imagine a progress of change in the locked state as follows. In the early or middle stage of locked
subduction, the plate coupling should be sustained in the entire locked region. In the later or critical
stage, the inhomogeneity in the strength of locking may emerge explicitly. The latter will result in
a situation in which the stress sustained at a relatively weakly locked zone is released, and be
concentrated. The pattern change in seismicity may agree with this interpretation. If this is the
case, it means there is steady progress being made toward the final failure. It is indispensable not
only to carefully monitor crustal activities, but also to build a consistent model to interpret all of the
unusual evidence detected to forecast the next Tokai earthquake.
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Fig. 1. Hypocentral distribution of microearthquakes in the Tokai district for about 14 years since June 1986 observed
by the Kanto-Tokai observational network of the National Research Institute for Earth Science and Disaster
Prevention. The attached section is a vertical projection of the thick solid rectangle area. The shaded area is the
locked zone between two plates inferred by Matsumura (1997). Four areas are selected for monitoring seismicity
change. (a) the upper layer above the locked zone (within the crust), (b) the lower layer beneath the locked zone
(within the slab), (c) the narrow clusterized zone just beneath Lake Hamana (within the slab), and (d) the tail-like
seismic zone extending from Lake Hamana (within the slab). These four samples are shown again in Fig. 6.

FRICLBAERT -5 (1885~19254) b &xh T
3. —J, Ntz LT, BRI 4o oS
M 15V FoHIE% 1986 4F 6 F ~2003 4F 3 H @ 16.8 4F
SiconTIkEH L, [0Sz <. B o %,
WEEHTKRIEL TERLZ DA Fig. 4 TH 5. Bl

FlLidzhen, SR77—%, BLOWERIF—4
T, HEhOEUE L 16.8 T ITHE L 1o flix R T, g,

KET~ 7 =F 2 — FEFERI~ 7 =F 2 — FORIC
RIS EZNEEL, FEREELD &FET02 K
L EWVSoTEER (81 - B0, 2003) ISV,

HEC > W T b2 DEZTHE L. B KIE 3T
</ =Fa2—FThs (#2201, 200349 HDHETLL
D). B, ahioshenss GR RUCHES T N5
P, EHEL LR, WHPLBEOEBLICESL L TH
5. MoOWHkE, B% 1{HO GR NTRES H7FER
THY, TniE NOM=A-10"™M (=7 =F2—FM

PIEoFERMER, 50k, n(M)JIM=A b -
In10 - 10 °™dM (M~M+dM DERHEL) © GR &
T, A=62X10°/4, b=089, IZHMTE. TDLIIC
WHHB1ED GRIETHOHEAE ENWS T EIE, M6#HFED
ERE s g L TS 1 N v b TR BIEDILEI O
WEM FICh B, E0WH T EEBBEE5E. RICHHE
EO1LFL (D) 2 150FE4 2L, ORI E 2K
HiZE RN, N (Mmax) - T=10, &8V T, Mmax
=(1/b) log (AT), »5M67T ELRFELONS. &5
12, ThERAHEE LT 150 FRIck X 22 TOHE
Ik BT — A v N EREST S L,

Mo (tota) =T «  J n(M)Mo(M)dM, logMo (M) =
1.5M+9.05 (Kanamori, 1977 & 0),

5, Mo(tota)=(1/c)(A - TV X100 ThH 5 (72
2L, ¢=(15-b)/b=068). MO EELAND &L
DfEiE, 1.8X10“Newton - m THY, ZDHM6.0LL

— 271 —



R IE=

EQ NUMBER

e g g g g
ITTTITENY FRTTY FRTTY RVATI NYRTE FRRRU IOOTE IO,
L
+20——: -
+10 -
D - —
1 £
—10— o
- 20 -
- -
F

A LR L L L e

Fig. 2. Distribution of earthquake frequency pro-
jected on an axis perpendicular to the assumed
plate boundary that dips 11.4 degrees. The ordinate
D (km) is the vertical distance from the assumed
boundary. It is recognized that there are two
seismic layers separated with a 10 km offset.
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Fig. 3. Model of a partially locked subduction. The
plate boundary is locked along the thick solid line,
while creeping in the broken part. The com-
binations of arrow pairs indicate the stress pattern
induced due to partial locking.
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Fig. 4. Magnitude distributions of earthquakes ob-
served in the monitored area of (a) and (b) in Fig. 1,
which are considered to occur just above and
beneath the current locked zone between two
plates. The open circles are the results obtained
from microearthquake observations 1986,/6-2003/3.
The solid circles are sampled from the JMA
catalogue 1854 / 1 - 2001 / 4. Both results are
superposed on the logarithmic ordinate normalized
by the ratio between data durations. The number
on the ordinate corresponds to the earthquake
frequency for 16.8 years. The magnitude scale on
the abscissa is also adjusted with a 0.2 offset
between NIED magnitude and JMA magnitude.
The number on the abscissa is JMA magnitude.
The broken line is drawn by fitting a common GR
relationship to both distributions.
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Fig. 5. Spatial pattern of the maximum shear strain induced by a strike slip fault. A relative slip of 375cm is given to
the fault 40km in length, and with enough width (vertical to the space). The pattern is derived using Okada’s
program (1992). Those enclosures drawn in the thick broken lines correspond to the seismic layers above and

beneath the assumed locked zone.
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Fig. 6. Graphs of accumulated earthquake frequency for four monitoring areas selected in Fig. 1. (a) the upper layer
above the locked zone (within the crust), (b) the lower layer beneath the locked zone (within the slab), (c) the narrow
clusterized zone just beneath Lake Hamana (within the slab), and (d) the tail-like seismic zone extending from Lake
Hamana (within the slab). Seismic quiescence is commonly recognized in (a), (b), and (c), while it is not recognized in
(d).
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Fig. 12. Spatial pattern of the seismicity change in the slab, where the solid parts correspond to the quiescent region
(less than 100% compared to the standard seismicity of Fig. 9), and the open parts to the activated one (greater than
150%). The period of the anomaly compared to the regular one is 3.4 years from 1999/8 until 2002/12. Three open
parts marked A, B, and C inside the inferred locked zone are considered to be current stress-concentrated areas,
which are assumed to form asperities at the time of the entire failure.
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