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Tsunami generated by the 2004 Kushiro—oki earthquake

Yuichiro Tanioka and Kei Katsumata

The 2004 Kushiro—oki earthquake generated a small tsunami and observed at two
tide gauge stations in the Pacific coast of Hokkaido. The analysis of the tsunami
waveforms shows that the slip amount of the fault is 2.1 m. The seismic moment
is calculated to be 3.1 x 10" Nm which is consistent with the results of the
previous seismological studies. The tsunami simulation indicates that a small
first wave at Urakawa is caused by a large shallow water depth area off the Erimo
cape. The tsunami generated from the source area off Kushiro goes around the
shallow area off the cape, propagates through the deep sea, and arrives at Urakawa

as a small first wave. Larger tsunamis are propagated through the shallow region
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slowly and arrive at Urakawa as a later tsunami. This suggests that a tsunami
from a future large Nemuro—oki earthquake also arrives at the west coast of Hidaka

with a small first wave and large later phases.

EER T HHEE LTz 2005 4E 8 A 16 B ESRIRMHHEDO T BHAA
A I BB TS

BRI A = 3 2 KD 2005 EE IR HIEO TR oMM A5, K& L
FTAROTHFNIEFCLFCH 0, mHHER I D HEE ST B4
[Okada et al. (2005) ]& RBW—EZ/R_d, £z, (PST—FNOHEINTZT Y
0 Af [Miura et al. (2006)] & & K& 72 F & 1F 720,

HIEEE— A v MIAMEZRA 6.5x 10" N/m* EIRETH & 5.0x10" Nm (M, 7.1) &
HEE STz Miura et al. (2006) 25 GSP 7 — & Z JHWWTHERE L7 BT — A > ML 6.5
x 10" Nm(M, 7.2) Th-o7-. HEEIENOHEE SN/ HiEE— A > Md Harvard CMT
IZ& DL 7.4x10" N (M, 7.2) TRHIEEBAEMAMIFERT (2005) 12X % & 5.4x 10" N
M, 7.1) Thole. BEEENOHEE SN HEE— A & M EEROHEER R & [
HETHY, RES TR b HEBRE N OHEESNTZGMELEDLRNI b,
2005 B SR HIFRIZ K 2 4 (8] O HER T HIEE I 2> D HEE S 4072 Wi g TEB) o 03 5%
AJRTC, T RO R SIIRAL T RN EBZ 6D,

Tsunami waveform analyses of the 2006 underthrust and 2007 outer-rise Kurile
earthquakes
Yuichiro Tanioka

The 2006 large interplate Kurile earthquake proved that the entire plate
interface of the Kurile—Kamchatka subduction zone was strongly coupled from
Hokkaido, Japan, to Kamchatka, Russia. The seismic moment of the 2006 Kurile
earthquake estimated from ten tsunami waveforms is 3.1 x 10° Nm (Mw 8.3). This
estimate is consistent with the seismic moment estimated from the seismological

data in the Global CMT catalog. The computed tsunami propagation indicates that
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scattering of the tsunami waves occurred at the shallow region near the Emperor
Ridge. The computed tsunami propagation also indicates that large later tsunami
waves observed at Crescent City is caused by the shallow region along the
Mendocino Fracture Zone. The seismic moment of the 2007 outer—rise Kurile
earthquake estimated from tsunami waveforms is 1.0 x 10* Nm (Mw 8.0). This

estimate is also consistent with the seismic moment in the Global CMT catalog.

iR

Three—-dimensional P and S wave velocity structures beneath the
Hokkaido corner, Japan—-Kurile arc—arc junction

Kei Katsumata, Naoto Wada, and Minoru Kasahara

We applied an inverse method developed by Zhao et al. (1992) to 42834 P
and 18263 S wave arrival time data observed at 152 seismographic stations for
1143 local earthquakes in the depths from 0 to 200 km in order to estimate
three—dimensional P and Swave velocity structures beneath the Hokkaido corner,
Japan—Kurile arc—arc junction. High and low velocity zones were clearly imaged
in the Hidaka Mountain Range shallower than 35 km. The low velocity anomalies
of P and S waves are distributed in the mantle wedge at depths from 35 to 100
km beneath the volcanic front as observed in Tohoku region. Another low velocity
zone exists in the fore—arc region at depths from 50 to 70 km above the plate
boundary, which is not detected in Tohoku. This fact might suggest that the
dehydration process in the fore—arc region is different from Tohoku region.

Imaging the high b-value anomalies within the subducting Pacific

plate in the Hokkaido corner
Kei Katsumata

The frequency—-magnitude distribution (b/-value) for seismicity within the
Pacific plate is not homogeneous definitely. An anomaly of A—-value higher than
0.9 is detected within the descending Pacific plate in the Hokkaido corner. In
the western Hokkaido the anomaly exists at a depth of about 150 km, which is
straight beneath active volcanoes. In the eastern Hokkaido the anomalies exist
at approximately 200 km and 300 km depths, which is tens of kilometers sideway
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from active volcanoes. The results obtained in this paper are more reliable than
previous studies on h—value heterogeneity within descending plates since I used
a catalog homogeneous both in time and space, which was obtained through
re—examination of all seismograms and relocation of hypocentral parameters based
on arrival times from fixed seismic stations.
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Spatial Variation of Interseismic Plate Coupling along the Nankai

Trough, Southwest Japan, Inferred from Geodetic Inversion

Tomokazu Kobayashi and Manabu Hashimoto*
*DPRI, Kyoto Univ.

Great thrust earthquakes such as Nankai and Tonankai earthquakes have

occurred periodically at the Nankai Trough, southwest Japan, where the
Philippine Sea Plate (PHS) subducts beneath the Amurian Plate. Recent
seismic surveys have revealed that the plate boundary is significant
shallower than the interface which had been assumed conventionally. Our
purpose of this study is to obtain the spatial distribution of the
interseismic coupling along the Nankai Trough, incorporating a new plate
interface model. The results are summarized below.

Interseismic degrees of kinematic interplate coupling along the Nankai Trough
is estimated, in which a new elaborate plate configuration model constructed
on the basis of recent seismic survey results is incorporated. To obtain the
coupling model for the Nankai and the Tonankai earthquakes, we evaluated slip
deficit rates with conducting an inversion procedure with a priori constraint,
using GPS measurements of horizontal surface velocities during two periods of
1998-2000 and 2001-2004. In the source region of the Nankai earthquake, our
inversion result gives large slip deficit rates on segments beneath Tosa Bay;
4.1-5.8 cm/yr corresponding to the coupling ratio of 63-89 %, while smaller one
of f Cape Ashizuri; 2.3-2.6 cm/yr (35-40 %). The deficit rate for the Tonankai
event is enhanced northeastwardly, and the segment east off Cape Shima gives
the largest deficit (4.2-4.7 cm/yr; 65-72 %). These strong coupling areas have
a good correlation with the main coseismic slip areas of previous epochs in 1944
and 1946, suggesting that large earthquakes repeatedly rupture intrinsic areas
identical to the localized asperities over a seismic cycle. The tightly coupled
area off Cape Shima is consistent with a large scale subducted ridge, implying
that the topographic high directly causes the strong coupling. Another salient
result is that a significant weak coupling is recognizable off the tip of the
Kii Peninsula. The slip deficit rate is estimated as 1.5 cm/yr corresponding
to the coupling ratio of 23 %. This singular area overlaps with the historical
segmentation boundary of the source region between the two major earthquakes
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We speculate that the weak coupling area is governed by hydrated minerals such
as serpentinites which can lubricates the plate interface due to its deformable
feature. A similar relationship between the rupture boundary and the less coupled
area can be identified off Cape Ashizuri corresponding to the historical western
edge of the Nankai source region. These inversion results may suggest that the
weak frictional properties control the lateral extents of rupture process in
the subduction zone.

Acknowledgement: This study is supported by “Special Project for Earthquake
Disaster Mitigation in Urban Areas” by the Ministry of Education, Culture,
Sports, Science and Technology, Japan. We used GPS data observed by GEONET (GPS
Farth Observation Network), which has been operated by the Geographical Survey
Institute (GSI), Japan.

Analysis of Long Period Seismic Signals Observed during the 2000
Miyake—jima Volcanic Activity
Tomokazu Kobayashi, Takao Ohminato! Yoshiaki Ida? and Eisuke Fujita®

'ERI. Tokyo Univ., 2Hyogo Univ., °NIED

We detected unusual long period (LP) seismic signals with frequency peaks of
0.2, 0.4, and higher modes, suggesting an existence of a harmonic oscillatory,
for several days before the caldera formation. In this study, their source
locations and mechanisms were analyzed in a waveform inversion method. The
results are summarized as follows.

In the inversion, the source time functions of a single force and a moment tensor
solution were calculated at each of 3D grid points under the volcano and the
optimal centroid position and mechanism of the source were determined so as to
minimize the difference between the calculated and observed waveforms. Each
waveform of the LP events consists of the two parts; an initial impulsive signal
with a period of about 2 s and the later oscillatory wave. The inversion results
show that the initial impulsive pulse and the later oscillatory wave are
explained well by a nearly horizontal single force and a moment solution,
respectively. The single force works toward the north at the depth of about 2
km beneath the summit. The moment source is located at the depth of about 5 km
below the southwest 2 km of the summit. A clear positive correlation of the
amplitudes between the initial pulses and the later waves strongly suggests that
the shallow single forces trigger the deeper moment sources in spite of several
km distances between the two sources. The source time functions of the six moment
tensor components do not always show the oscillations in phase. This source
property was analyzed in a new analysis method in which three complex principal
values that may represent the amplitudes and phases of oscillation are derived
by the rotation of the coordinate axes for each spectral peak of the moment tensor
in the frequency domain. According to the analysis, the two principal values
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have almost same amplitude much greater than the third principal component,
suggesting that the oscillation is axially symmetrical. One of the possible
systems that meet the requirements for the moment solution may consist of two
cracks that cross each other at right angles. We interpret that the single forces
that triggered LP seismic events were generated when some magma mixed with rock
blocks suddenly happened to move in a chocked subsurface magma path below the
summit, and the resultant pressure waves propagated and excited a resonance
oscillation of the two cracks in the south region.

Consideration of caldera—forming process for four historic events
Tomokazu Kobayashi and John Stix*

* McGill University

Our understanding of calderas has increased significantly in recent years. This
improvement is the result of new experimental and theoretical research which
has complemented detailed field studies of calderas. By marrying these different
approaches, we surely give an important insight into the surface and subsurface
workings of caldera systems. Our purpose of this study is to consider factors
regarding caldera—forming process, with comparing the temporal patterns of
earthquakes associated with caldera formations.

Four historic caldera—forming events were studied to understand the
relationship of magma withdrawal processes and caldera subsidence mechanisms.
Two calderas are silicic (Katmai 1912, Pinatubo 1991) and the others are basaltic
(Fernandina 1968, Miyakejima 2000). All events have sufficient geophysical,
geologic, and petrologic data with which to examine and model magma withdrawal
and caldera collapse. The data reveal that the magmas erupted at Katmai and
Pinatubo were in a bubbly state in the reservoir immediately before and during
caldera collapse. The bubbly magma allowed for its efficient extraction from
the reservoir, causing significant underpressures to develop rapidly,
particularly in the case of Katmai where the erupted rhyolite was voluminous,
nearly aphyric, and very low viscosity. The rapidly developing underpressures
at Katmai and Pinatubo caused sudden en masse caldera collapse halfway through
the climactic eruptions, thereby liberating large amounts of seismic energy.
At Fernandina and Miyakejima, by contrast, caldera collapse was initiated early
and continued for an extended period of time from weeks to months, consisting
of a series of discrete subsidence events manifested by large earthquakes at
Fernandina and by very long period (VLP) signals at Miyakejima. Systematic
changes in earthquake magnitudes and quiescent intervals at both volcanoes
reveal changes in friction as collapse took place during extended time intervals.

[ S I
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We conducted self-potential (SP) surveys on Usu volcano since July to
December 2006. The compiled SP map reveals positive anomalies around Ko—Usu lava
dome and at the foot of the volcano without northwestern part of the volcano,
and a negative anomaly on the top of 0-Usu lava dome. The SP profile on the summit
caldera shows the same pattern of 1985° s. However, the peak—to—peak amplitude
of the SP value is different: the 1985’ s of that shows 1000 mV while the 2006° s
shows 1400 mV.
Topographic effect

is clearly shown &

along the
southwestern foot of
the volcano, in
which coefficient is
about —2.5 mV/m. We
corrected the SP
profile using this
coefficient in order

(M} jerjuyod-yjeg

to remove the SP ;'=

associated with e
subsurface

gravitational R
groundwater flow o

into the volcano.

The corrected SP Fig.1 Raw SP distribution with color contours. Dots show survey points Areas
map reve als a lar ge enclosed lines A and B are used to estimate the gradient of topographic effect.

and extensive positive anomaly over +600mV and several local positive anomalies
over +1000 mV on the summit caldera. These anomalies are likely to be affected
by an extensive altered layer and hydrothermal upwelling beneath the summit
caldera, respectively. The corrected SP also reveals a clear positive anomaly
on the ridge of Usu—Shinzan cryptodome. This anomaly is not regarded to be formed
by hydrothermal upwelling, because any indications of fumarolic and geothermal
activities have not seen on the ridge of the Usu—Shinzan for the moment. The
SP anomaly may be affected by the intruded substance into the Usu—Shinzan.
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The 2000 eruption of the Usu volcano was occurred at the northwestern flank
of the volcano on 31 March 2000. Since fumarolic and geothermal activities have
been continuing after the eruption, we expected that a positive SP anomaly
associated with hydrothermal upwelling was observed there. However, the SP
profile shows no significant anomaly there. Additionally, the SP amplitude in
the area is very small in spite of rugged topography (i.e. we can not recognize
the topographic effect around the area). We recognized that an extensive low
resistivity layer (< 10 ohm—m) located in the shallow part into the area shields
the SP variations such as hydrothermal upwelling and/or topographic effect.
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DK LPEEI Z > CT&E 7=, 1996 FE0 D IINERBLS AT & & big, EHHE
IZYI D B2 BIEIZE > T 5 (Fig. 2). ZOMEREEZLUTICHET S, 2B, &8
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2003 A REVRHIEE (M8.0) & 2004 fEHIEEIHHIE (M7.1) (Fig.3) & b72 9
(AKS) (236 1T 2 HIpesU S, IR E ORTIIKIZE LS, ad A 23 v 7 28k bt
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REN (Fig.ba), MHAEETH 7212 b 030 & F OfHEOEE A (KKM, SHI)
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FHREAER S, ESEMOILMH 7= 0 I K& BRI RS ND DT, BIHESD
R ZEIRF TH D.
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Fig. 1. Great and major earthquakes alon

the Kuril-Japan trench occurred in the 20"
centuries. A bold arrow indicates the
direction of the Pacific plate motion. AKS
show a magnetic station while MMB
(Memanbetsu Magnetic Observatory of the
Japan Meteorological Agency) represents
the reference station.
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Fig. 2. Magnetic stations

Fig. 3. The fault planes of the 2003
and 2004 events are projected onto the
horizontal surface as shown by the
solid squares, while those of the 1894
event and the 17" century event are
shown by dashed squares. For the 17"
century event, the fault plane is
assumed to be subdivided into two
parts; the eastern and western
segments slipped 10 m and 5 m,
respectively, to generate the MS&.5
earthquake. Upper edges of the fault
planes are shown by bold lines and
dashes. Arrows represent the slip
vector of the hanging wall.
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Fig. 4. Bold curves: differences of the total force intensity between AKS and MMB are shown for 24 hours
before and after the 2003 and 2004 events. Thin curves: raw data of the magnetic total fields at the
reference station (MMB). Vertical arrows show the occurrence time of the 2003 Tokachi-oki and the 2004
Kushiro-oki earthquakes.
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Fig. 5. (a) Calculated piezomagnetic fields caused by the 2003 Tokachi-oki earthquake. Shaded part
represents a horizontal projection of the calculated highly magnetized blocks in the upper crust (Nishida et
al., 2004). (b) Calculated piezomagnetic fields caused by the 2004 Kushiro-oki earthquake. Contour
interval is 0.5 nT.
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Fig. 6. (a) Calculated piezomagnetic fields caused by the 1894 Nenuro-oki earthquake. (b) Calculated
piezomagnetic fields caused by the 17" century earthquake. Contour interval is 1 nT
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