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Redetermined Hypocenter Distribution
Data from ISV, SMO, and Hi-net
1/10/1996 - 31/1/2002
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Locations of OBS used in P-wave tomography
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Fig 1 Locations of Dcean Bottom Seismographs deployed in the aftershock area
of the 1993 Hokkaldo Nansei-ok| earthouake
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Fig. 2. Estimated P velocity perturbation in the source region
of the 1993 Hokkaido Nanse1 Oki earthquake.
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Effect of structure near trenches on tsunami generation of tsunami
earthquakes

Yuichiro Tanioka

Large earthquakes occurred in subduction zone generally generate large tsunamis. The
amplitude of the tsunami wave is related to the amplitude of the seismic waves due to the
earthquake. However, there are earthquakes that excite considerably larger tsunamis than
expected from its seismic waves. Those earthquakes are called tsunami earthquake [Kanamori,
1972]. The discrepancy can be quantified in terms of the surface wave magnitude (Ms) and
tsunami magnitude (Mt). For tsunami earthquake Mt is larger than Ms by more than 0.5 units.
The most unusual tsunami earthquakes are the 1896 Sanriku earthquake (Ms 7.2, Mt 8.6) and
the 1946 Aleutian earthquake (Ms 7.3, Mt 9.3).

The mechanism of tsunami earthquake was first proposed by Kanamori [1972] who
indicated that the large discrepancy between seismic and tsunami waves of tsunami
earthquake is caused by slow and long rupture processes. Fukao [1979] and Okal [1988] then
proposed that an earthquake source within a shallow sedimentary layer, might excite much
larger tsunamis than in solid rock, and be responsible for such anomalous tsunamis. Satake
and Tanioka [1999], using tsunami waveform analysis, concluded that most moment release
of tsunami earthquakes occurs in a narrow region near the trench and the concentrated slip is
responsible for the large tsunami.

Recently, Seno [2000] suggested that an additional uplift caused by sediments near a
toe of an inner trench slope with a large horizontal movement on a decollement due to a large
underthrust earthquake may generate a larger tsunami than that expected form the seismic
waves. In this paper, the effect of the additional uplift to the tsunami generation of the 1896
Sanriku and the 1946 Aleutian tsunami earthquakes is quantified. We estimate the slip of the
earthquake by numerically computing tsunamis and comparing their waveforms with those
recorded at three tide gauge stations. For the 1896 Sanriku tsunami earthquake, the estimated
slip for the model without the additional uplift is 10.4 m, and those with the additional uplift
are 6.7 and 6.8 m. This indicates that the additional uplift of the sediments near the trench has
a large effect on the tsunami generation of the 1896 Sanriku earthquake. For the 1946
Aleutian tsunami earthquake, the simulation result also indicates that the additional uplift near
the trench has a large effect on the tsunami generation. We conclude that the tsunami
earthquakes are caused not only by a slow rupture process or a concentrated slip near the
trench, but also by an additional uplift of the sediments near the trench due to a large
coseismic horizontal movement of the backstop.

Reference
Fukao, Y., Tsunami earthquake and subduction process near deep-sea tenches, JGR, 84,
2303-2314,1979.
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A group of seismologists from eleven universities operated a dense temporary
seismic network from July 1999 to July 2001 in and around the Hidaka Collision
Zone, Hokkaido, Japan, where the Kurile Island arc and the northeastern Japan
arc meet and collide. All waveform data were telemetered by way of a communication
satellite and recorded continuously. We obtained seven thousand well-located
hypocenters and 351 focal mechanisms. This research forms a part of “The new
Program of the Study and Observation for Earthquake Prediction” in Japan started
after the Hyogoken—nanbu (Kobe) earthquake in 1995.
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A five years super-slow aseismic precursor model for the 1994 M8. 3

Hokkaido—-Toho—-0Oki 1lithospheric earthquake based on tide gauge data

Kei Katsumata and Minoru Kasahara
Institute of Seismology and Volcanology, Hokkaido University, Sapporo, Japan

Shinzaburo Ozawa
Geographical Survey Institute, Tsukuba, Japan

Alexei Ivashchenko
Institute of Marine Geology and Geophysics, Yuzhno—Sakhalinsk, Russia

Here we present a super—slow aseismic event model prior to the magnitude 8.3
Kurile Island (Hokkaido—-Toho-Oki) earthquake on 4 October 1994 based on data
recorded by two tide gauges, located 50 — 150 km from the earthquake epicenter.
Both instruments recorded several cm of subsidence during a five—year period
prior to the earthquake. The observed signals are consistent with a precursory
quasi-stable slip on the western half of the Hokkaido—Toho—Oki fault plane. When
recognized, such aseismic events can considerably improve our intermediate—term
(several years) prediction capability.

Automatic Seismic Tomography: Do You Believe Human or Computer?

Kei Katsumata' and Naoto Wada'®

"Tnstitute of Seismology and Volcanology, Hokkaido University,
Sapporo 060-0810, Japan
Now at Shibetsu—cho town office, Shibetsu—cho 086-1632, Hokkaido, Japan

How much laboratory automation is possible in seismology? We conducted an
experiment to compare seismic tomography images using arrival times picked by
a computer and a human. If the computer gives the same tomographic image as that
the human gives, seismologists have no need to insist upon a manual picking of
arrival times. We found that unexpectedly a computer is able to provide rather
good results.
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Fig.1 The wavenumber dependence of Q"'. »a°=0.1 and normal incidence to the crack surfaces are
assumed. Boxes and circles are the mean values obtained for periodic arrays of cracks and randomly
distributed cracks, respectively. The solid curve is the result obtained by Kawahara & Yamashita
(1992).
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Fig.2 The wavenumber dependence of

(#-v)/ A. va*=0.1 and normal incidence to the crack surfaces
are assumed. Boxes and circles are the mean values obtained for periodic arrays of cracks and
randomly distributed cracks, respectively. The solid curve is the result obtained by Kawahara &
Yamashita (1992). The dashed line is the value at the low wavenumber limit.
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Fig. 1: Edge of the crater lake (Yudamari) on Fig.2: Topography map (GSI, 1981) of the crater

September 3 to 4, 2002 obtained by distance and area. Dashed and thick solid lines indicate the

dip measurements. Units of the axis are in meters. edge of Yudamari of Oct. 11, 1981 and Sep. 3-4,
2002, respectively.
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Fig.3: Water level of Yudamari obtained by video image processing and triangulation.
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Inversion of Large Loop Transient Electromagnetic Data
over Layered Earth Models

N. P. Singh and T. Mogi

An inversion scheme for the large loop transient electromagnetic (TEM) data that can be applied
for all the measuring configurations due to a large loop source, such as central loop, in-loop and
offset-loop configurations has developed. The inversion is based on a non-linear least square
method that generates a smooth layered earth model by minimizing the residual misfit function in an
iterative process. It produces an inverted model from the data using the criteria of minimization of
misfit function and/or convergence of residual in two successive iterations. The forward problem is
formulated in frequency domain, and then it is transformed into the time domain using Fourier
cosine or sine transform. It is equally suitable for the data with or without the displacement current
factors.

The theoretical examples illustrating the accuracy and efficacy of the inversion program for
inverting the large loop TEM data with and/or without random noise demonstrate the potential of the
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program for its further application for interpretation of real field data. In addition, this program
reduces the local minima problem faced by NLSTCI program (Anderson (1982)), and as shown in
illustrations it gives satisfactory results with initial model parameters far away from the original
models, even with the noisy data. The scheme works satisfactorily and produces reliable inversion
results for data with 5% random noise. However, the program in its present form is designed for
inversion of voltage response data, but it can be further modified for inversion of apparent resistivity
data with slight change in tolerance limits, input parameters and some modifications in its forward
subroutine.
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Formation of a zoned magma chamber and its evolution during historic
eruptive activity of Tarumai volcano, Japan

Mitsuhiro Nakagawa — (H1)1[5¢54)
Department of Earth & Planetary Sciences, Hokkaido University, Sapporo, Japan

Tarumai volcano is a post-caldera pyroclastic cone of Shikotsu caldera, southwestern Hokkaido,
and one of the three active volcanoes in northern end of NE Japan arc which began series of eruptlve
activity since 17" century after several thousands years’ dormancy. Three major eruptive activities of
the Tarumai volcano have been recognized in 9000, 3000 ka and since AD 1667. The 1667 plinian
eruption occurred after ~3000 years’, and produced a large amount of air-fall pumice and pyroclastic
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flow deposits (total=1.0 km’DRE). Another large plinian eruption occurred in 1739 were also
accompanied with pyroclastic flows (total=0.7 km’DRE). Since then, although magmatic eruptions
had occurred frequently from 1804 to 1909, scale of each eruption suddenly decreased (0.006 — 0.02
km’DRE). These activity erupted pumice falls, pyroclastic flows and lava domes. No magmatic
eruption has occurred after the dome-forming eruption in 1909. Historic pyroclastics consist of
pumice, gray pumice, scoria and banded pumice. These and lavas are mostly augite-hypersthene
andesites associated with olivine-bearing augite-hypersthene andesites.

The rocks of 1667, 1739 and latest (1804-1909) show considerable variations, Si02=57.5-62.5
(1667), 55-63 (1739) and 57-62.5 (latest). However, variations in Mg-value of phenocrystic augite
and hypersthene and An contents of plagioclase phenocrysts are similar irrespective of whole-rock
compositions. These pyroxenes are not equilibrium with coexisting olivine phenocrysts on the basis
of Fe-Mg partitioning between them. This and the presence of banded pumice suggest that the
variations in the rocks of each activity are formed by magma mixing between pyroxene-bearing
andesitic and olivine-bearing basaltic magmas. However, different tyfpes otp pyroxenes and
plagioclase phenocrysts have occurred since 1739. Based on Wo contents of pyroxenes, phenocrysts
of augite with lower Wo and hypersthene with higher Wo are found in addition to pyroxenes with the
same Wo contents as those in 1667 eruptives. Another type of plagioclase and magnetite phenocrysts
have also occurred in the ejecta since 1739. Plagioclase phenocrysts with higher FeO and MgO
contants have coexisted with those with lower FeO and MgO. Distributions in Mg/Mn ratios of
magnetite are unimodal in 1667 eruptives, whereas those have become wider in both 1739 and latest
ones. These different types of phenocrysts crystallized in magma with different magmatic
temperature. Based on compositional mineral equilibrium, phenocrystic minerals are divided into
three, type 1 (lower temperature), type 2 (intermediate) and olivine(higher). The type 1 phenocrysts
are low Wo augite, high Wo hypersthene, low FeO plagioclase, low Mg/Mn magnetite and ilmenite.
These would be contained in the silicic andesite magma (type 1 magma) which temperature is about
950 C (two pyroxene) and 900 C (two oxides). On the other hand, type 2 phenocrysts are high Wo
augite, low Wo hypersthene, high FeO plagioclase and high Mg/Mn magnetite with no ilmenite.
These would be derived from intermediate andesitic magma tyﬁe 2 magma) with temperature of
about 1000 C (two pyroxene). Olivine must not equilbriate with the above minerals in the same
magma, and would crystallize in basaltic magma. Considering the assemblage of the above types of
phenocrysts, the basaltic magma mixed with the type 1 magma in 1667, whereas the above three
magma mixed in 1739 and latest. The type 2 magma always mixed with the type 1 magma. In
addition, the rocks of each eruptive activity form linear trends in oxide-oxide diagram, suggesting
that mixing of two end-member magmas occurred in each activity. Thus, type 2 magma was formed
by mixing between the basaltic and type 1 magmas. It could be concluded that both type 1 and type
2 magmas form a zoned magma chamber by injection of the basaltic magma into the type 1 magma
during 1667 activity. Considering the density, the type 2 magma has underplated beneath the type 1
magma.

(%glmpositions of olivine phenocrysts differ among each activity: Fo=74~76 in 1667, 71~74 in
1739, and 73~74.5 in latest. This is consistent with the difference in chemical compositional trends
of the rocks from each activity in SiO,-FeO/MgO diagram. Also, the rocks show three distinc trends
in Si0,-P,0s, -Sr diagrams. These su%gest that end-member basaltic magmas have differed among
each activity. In conclusion, magma plumbing system beneath Tarumai volcano has been composed
of shallower zoned magma chamber fonne§ during 1667 eruption and deeper several batches of
basaltic magma.

The ratio of type 2 magma in latest activity is much larger than that in 1739, suggesting that
considerable amount of the lower part of the zoned magma chamber has been withdrawn in the latest
activity. Taf)ping depth in a magma chamber strongly depends on eruption rates. Considering
eruptive volume and recorded eruption durations, eruption rate was much larger in 1667 and 1739
compared to those in the latest activity. Withdrawal depth should be much s%lallower in the latest
activity compared to 1667 and 1739 ones. Thus, thickness of type 1 magma in the zoned magma
chamber would be thin in the latest activity. Most of type 1 magma in the upper part of the zoned
magma chamber could be withdrawn in 1667 and 1739 eruptions. Considering the temporal
variations in both the ratios of type 1 and type 2 magmas in eruptives and eruptive volume, it could
be assurﬁnled that considerable scale of plinian eruptions such as 1667 and 1739 ones might not occur
In near future.
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Identifying seismic gap and quiescence by monitoring spatio-temporal changes in
seiSmic energy releases and recurrence patterns

Yuzo Toya

Seismic gaps and seismic quiescence episodes are systematically mapped along some of the major
tectonic boundaries near Japan for last 100+ years. Quantitatively evaluating seismicity patterns is
an important step in the development of a reliable earthquake forecasting algorithm.
Spatio-temporal distribution of cumulative seismic energy release is graphed to identify spatial 'gaps'
in seismicity, while at the same time, space-time distribution of inter-event time (or elapsed time
since last event) for given magnitude-class events is mapped to delineate zones of on-going apparent
seismic quiescence. Importantly, the sampling window size and shape used for mapping a tectonic
boundary segment is decided in reference to known fault dimension of a recent local maximum
earthquake (or 'characteristic earthquake'). The employed simple but systematic mapping scheme
allowed successful identification of some spatio-temporal 'gaps' in seismicity preceding large events
(M ge. 7.0), as reported by other researchers. Furthermore, other forms of seismicity patterns
became apparent in result for some cases, such as migration of epicentres and nearly periodic
occurrence of seismic quiescence. For example, a few clear southward migration episodes of
mostly moderate size events (M ge. 5) could be observed along the tectonic boundary of the eastern
Japan Sea. Following the migrating pattern of moderate events, large earthquakes along the same
boundary appeared to migrate northward. Also, in the case of southern Kurile trench near
Hokkaido, quasi-periodic seismic quiescence episodes in M ge. 7 events were noticed dividing the
studied plate boundary into approximately four equal-size segments. Each separate tectonic
segment was apparently moving with its characteristic recurrence period in tune with its neighbours.
At the same time, M ge. 7.5 class events along the boundary in southern Kurile appear to occur by
filling the gap at the SE Nemuro Pen. Oki. A regionally nested structure of asperities is conjectured
as a source for the future gap filling event(s) in the area. The SE Nemuro Pen. Oki plate segment is
geodetically shown to be coupled as well, and the strain is being accumulated there. Accordingly,
the segment may host large gap-filling earthquake(s) (M ge. 7.5) in the near future. The introduced
method is an effective tool for illustrating regular patterns in seismicity.

(Note: 'ge.' = greater than and equal to)

Reading the current trend of crustal deformation from acceleration field
using GPS data

Yuzo Toya

Local and regional scale crustal movements of inland Japan were investigated using both velocity
and acceleration vector fields derived from continuous GPS array data, operated by the Geographical
Survey Institute of Japan. The GPS data used here are horizontal and vertical station position
changes at about a thousand stations, approximately 30km apart. We fit first- and second-order
polynomials to time-series data, with prominent seasonal and transient signals removed.
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Acceleration can be described as a vector comparable to velocity, so we simply depict their spatial
distribution in the vector-field format. Acceleration fields of crustal deformation in Japan
effectively portrayed non-linear trends of deformation and their rate changes, for example; (1)
concentric (subsiding- / uplifting-) trends associated with recent volcanic activities {e.g. Unzen,
Sakurajima}, (2) trends of crustal movement associated with recent slow earthquakes {e.g. Bungo
Channel, Tokai, Off-Choshi, and Boso-Pen. slow events}, or much gradual and larger scale build-up
of forces against nearby plate interfaces, (3) back-slip trends of the overriding plate on a subducting
plate {e.g. Tokai, Tohoku Region}, (4) rather weak trend of local crustal block movements {e.g. East
of Abashiri Tectonic Line}, (5) trends of pre- and post- seismic deformations {e.g., the 2000 Western
Tottori earthquake and 2001 Geiyo earthquake}. Acceleration presumably arises from cumulative
effects of various transient geodynamic processes, where it is also influenced by other factors such as
mechanical strength (cf. density, heterogeneity, etc.) of crustal materials, and their distributions.
Currently, comparison between observable crustal deformation patterns and seismicity is in progress.

1997/07/18 ~2000/10/5
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Figure: Map of Velocity and Acceleration Fields
e Sakurajima volcano bulging trend (in velocity); ongoing deflation (in acceleration)
e Tokai-Kanto slow event(s) ongoing slow events

Systematic identification of active fault zones in inland Japan
utilizing large-scale GPS array

Yuzo Toya
Active fault zones of inland Japan are identified via an exploratory approach to nationwide
continuous GPS array data, horizontal station-positions recordings of 789 stations, approx. 30km

apart. Paramount strain is presumably being released along webs of active faults, as much other parts
in the Earth’s crustal surface being rather ‘rigid.” Likewise, micro-plate formation is prevalent in
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areas directly above the confluence of several major tectonic plates. Assuming the general
homogeneity of deformation rate within each fault block, multiple neighbourhood operations with
median operative on deformation rate vectors can be effectively applied to predict probable extent of
a fault block. With further deduction of robust trends in strain-rate distribution, we illustrate
temporal grouping variability of tangible fault blocks on Japanese islands, thereby illuminating
manifest movements along active faults.

Pscudo Strain-Rate Dilatation Maximum Shear
Distribution S

1998/7/18
~ 2000/10/5

Figure: Pseudo Strain Rate Distribution
eDilatation (color scale: mostly in compression)
+ {P-axes for earthquakes M>=4,
within upper plates of contiguous subduction zones [source: IMA]}
eMaximum Shear

Constraints on Rifting Across the Kenya rift Inferred from GPS
Waithaka Hunja, Minoru Kasahara, Muya Kamamia

The Kenya rift which forms part of the great African rift has been an area of profound interest to
earth scientists spawning numerous experiments for a number of decades. Most of these have been
restricted to seismic, magnetic and other geophysical methods. Despite all these, none of the models
so far proposed can describe the mechanisms of continental rifting within this region.To determine
the current tectonic processes within the Kenya rift, a local GPS network was established in
1998.The network which comprises a total of 8 stations spans most of the central part of the rift
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basin. It has been observed periodically for the last 4.5yrs with two of the stations, KISM and ELDS
being maintained on a continuously operating status.

The results obtained from evaluating the 8 stations surveyed indicate a 1.5+1mm/year shortening
on the area east of the rift basin. Across the rift axis, aligned roughly in the NW-SE direction, there is
a significant extension of approximately 2mm/year. These initial results, although not wholly
conclusive are consistent with the local strain regime and forms the basis for a first attempt at
constraining geophysical models using geodetic methods.
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Geodetic Network Deformation Analysis: An Application to the Kenya rift GPS Network.
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