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2000

The 2000 Nemuro-Hanto-Oki earthquake (Mw®6.8) occurred in the southwestern part of the
Kuril trench. The hypocenter was located close to the aftershock region of the 1994 Kuril
earthquake (Mw8.3), named “the 1994 Hokkaido-Toho-Oki earthquake” by the Japan
Meteorological Agency (JMA), the fault plane of which is still doubtful. Analysis of the 2000
event provided a clue to resolve the mechanism for the 1994 event. The hypocenters of the
mainshock and aftershocks of the 2000 event were determined using travel times from a
combination of 18 nearby inland and submarine seismic stations with a good coverage. They
clearly showed that the 2000 event was an intra-slab event occurring on a shallow-dip fault
plane between 55 and 65 km in depth. Modeling of coseismic tilt-step and horizontal GPS
displacements also well confirmed the mechanism. The well-determined aftershock
distribution of the 2000 event, the relative location of the 1994 event with respect to the 2000
event, and the similarity between their focal mechanisms strongly suggest that the faulting of
the 1994 great earthquake also occurred on a shallow-dip fault plane. The recent hypocenter
distribution around the aftershock region of the 1994 event also supports this result. Large
intra-slab earthquakes occurring southeast off Hokkaido may occur due to a strong coupling
on the plate boundary, which generates the relatively large stress field within the subducting
Pacific plate.

24



Iceland Meteorological Office / University of Iceland / lIceland Energy
Authority / University of Bergen (Norway) / IPG, University of Paris (France)
/ Geophysical Institute, Polish Academy of Sciences / University of Hamburg
(Germany) / Alfred Wegener Institute (Germany) / University of Lisbon (Portugal)
/ Cambridge University (UK) /7 University of Victoria (New Zealand) / Institute
of Geology and Nuclear Sciences (New Zealand) / Australian Geological Survey
Organization (Australia) / Australian National University (Australia)
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Foldy, 1945, Phys. Rev., 67, 107-119.
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32



Murai et al., 1995, Geophys. J. Int., 122, 925-937.
Murai & Yamashita, 1998, Geophys. J. Int., 134, 677-688.

Fig.1 Distributions of cracks.
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Dr. Crisan Demetrescu
Senior researcher and deputy director of the Institute of Geodynamics of the
Romanian Academy, Bucharest, Romania, visiting professor between April 1 and
July 31, 2001.

Major subjects of research:

1. Magnetic and electromagnetic induction effects in long-term recordings from
tectonomagnetic arrays. Case study — the Hokkaido array. /n cooperation with Prof.
Toru Moagi.

2. Thermal and rheological structure of the lithosphere. Case study — Hokkaido area.
In cooperation with Prof. Hideki Shimamura, Dr. Kei Katsumata and Dr. Yoshio
Murar.

Short description:

1. Detecting volcano- and tectono-magnetic effects by continuously measuring the
geomagnetic field in appropriate areas requires elimination of the variable
geomagnetic field produced by other sources, namely the magnetospheric and
1onospheric sources and their induced counterparts inside the Earth. The noise
produced by these sources is 1-2 orders of magnitude larger than the expected
volcano- or tectono-magnetic signal. Therefore isolating and better understanding
of various components of this variable field in which the useful signal might occur
is of paramount importance.

The Institute of Seismology and Volcanology of the Hokkaido University has
been operating a network of four magnetometric stations since May 2000. We
investigated the local conditions as regards the magnetic and electric properties of
the underground, in order to assess corresponding corrections to magnetic
differences between stations to be used in evaluation of possible volcano- and
tectono-magnetic effects. The diurnal variation of the geomagnetic field is considered
in this process.

The variable external magnetic field related to the diurnal variation induces variable
internal magnetic fields by both magnetic and electromagnetic induction. In case of
pure magnetic induction, the temporal variation of the field components at a given
site is a linear combination of the components of the magnetic force, whose
coefficients depend on the effective magnetic permeability characterizing the site.
The calculated values of the model would represent the pure magnetic induction
component of the measured signal and the residuals would contain information on
the electromagnetic induction within the Earth. Hourly mean values for several time
spans were used as input values. The analysis shows that pure magnetic induction is
dominant in the horizontal components of the field, while the electromagnetic one is
well present in the vertical component. Cleaned magnetic differences between pairs
of stations are the final output of the described procedure.

2. The rheological properties and structure of the lithosphere depend on the
composition and temperature of the constituents. The deformation of interacting
lithosphere systems is in turn strongly dependent on rheology. A study has been
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started on the rheological implications of the thermal structure of the lithosphere in
the Hokkaido area. The complex tectonic evolution of the lithosphere, which includes
the ongoing subduction of the Pacific Plate and the deformation of the crust in the
Hidaka collisional belt, has been studied and the parameters involved in the
modeling of the thermal structure of the evolving lithosphere were assessed. Among
these parameters we mention the velocity of the oceanic subduction, the crustal
shortening in the study area, the crustal structure, the timing of tectonic processes,
past and ongoing, surface heat flow data, thermal parameters of rocks (thermal
conductivity, thermal diffusivity, heat production etc), mechanical parameters.
Kinematic modeling of the thermal evolution of the lithosphere in the study area and
study of lithosphere deformation in terms of rheological structure are next steps in
the thermo-mechanical study we have started during the visiting professorship.

Bryndis Brandsdottir
Science Institute University of Iceland
Hagi, Hofsvallagata 53, 107 Reykjavik, Iceland
Phone: +354-5254774 Fax: +354-5521347  Internet: bryndis@raunvis.hi.is

My research during my appointment as a visiting professor at the Institute of Seismology and
Volcanology of the University of Hokkaido, from September 20 to February 5, 2002 was mainly
dedicated to data analyses from the Kolbeinsey Ridge Iceland Seismic OBS Experiment,
KRISE2000 and the TFZ2001 reflection experiment. Furthermore, I edited a number of papers
for my colleagues and spent considerable time rewriting our paper on the crustal structure of the
Reykjanes Ridge, Iceland based on the 1994 OBS survey.

During this period, I attended 2 meetings and gave two talks in Sapporo.

Products:
Papers:
Mochizuki, M., H. Shiobara, H. Shimamura, B. Brandsdottir, R. Stefansson, and
G. Gudmundsson. Crustal structure at 62-63N along the hot-spot influenced,
slow-spreading Reykjanes Ridge, Iceland.
About to be submitted to J. Geophysical Research.
Posters:
Bryndis Brandsdottir, Robert Detrick, Neal Driscoll and Graham Kent.
Pilot study of the Tjornes Fracture Zone, offshore Northern Iceland,
using high-resolution multichannel seismic reflection profiling and
CHIRP sonar. Eos, Transactions AGU, 82(47), 1217, 2001.
Oral presentations:
1. Seismic monitoring of recent eruptions in Iceland.
A lecture at a meeting on volcanic hazard of MeAkan.
The 2 day meeting was held at Lake Akan, Hokkaido.
2. Monitoring of recent eruptions in Iceland.
A talk at the Institute of Seismology and Volcanology.
3. Volcanoes in Iceland.
An invited talk at the Japan Geological Survey, Sapporo.
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Design for monitoring network system of VHF electromagnetic wave propagation using
FM broadcasting in Hokkaido.

We have been building a network system for monitoring VHF electromagnetic wave
propagation using FM broadcasting in Hokkaido. FM broadcasting station,
Sapporo-Teine, Nakasibetsu, Sirikoma, and Akita, are used for as emitter stations
of electromagnetic wave. As receiver stations, seismic observation sites,
Misumai(HSS), Erimo(ERM), Nemuro(NMR), Nakagawa(TNG), and Kaminokuni(KKJ),
operated by Hokkaido University, were selected. FM radios (Panasonic) are used
for receiver instruments. Rectified voltage from intermediate frequency
transformer of radio is monitored as a strength of electromagnetic wave amplitude.
The signals are telemetered to Hokkaido University, Sapporo.

Key words: Abnormal electromagnetic wave propagation, FM broadcast, Hokkaido VHF

Kushida and Kushida, 1998; Liu et al., 2000
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Re-examination of the magma pluming system beneath Usu volcano
of the 1663 and 1769 eruption

Mitsuhiro Nakagawa & Akiko Matsumoto
Division of Earth and Planetary Sciences,
Graduate School of Sciences, Hokkaido University, Sapporo, Japan

Usu located on southwest Hokkaido, is one of the most active volcanoes in Japan. The
volcano is a post-caldera stratovolcano of Toya Caldera, which was formed in the late Pleistocene
age. Its volcanic edifice of Usu is composed of a somma volcano with a parasitic scoria cone and
a number of lava domes and cryptodomes. The main volcanic body of Usu was formed in the
early Holocene age. After the completion of the stratovolcano, about 7000-8000 yr ago, the
summit was broken by a violent explosion accompanied by a debris avalanche (Zenkoji debris
avalanche), resulting in the formation of a somma. Usu volcano, which had remained at rest for
thousands of years after the destruction, resumed its activity with an explosive plinian eruption,
and since then eight explosive eruptions have been recorded in 1663, 1769, 1822, 1853, and 1910,
1943-1945, 1977-1978, and 2000. The previous studies proposed the magma pluming system
model beneath Usu volcano. According to the model, in the 1663 eruption, a felsic magma and a
mafic magma were mixed and produced a dacite magma. Since then, the mixed dacite magma
were mixed with the felsic magma (and/or the mafic magma). In other words, mixing of two
end-member magmas, the felsic and mafic ones has formed the historic magmas since 1663.
We re-investigated on the 1663 and 1769 ejecta to clarify the early magma pluming system of
Usu volcano, which have evolved until now.

In the 1663 and 1769 ejecta, phenocrysts of plagioclase, orthopyroxene, and magnetite
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are dominant, and small amount of clinopyroxene and hornblende are also found. However, these
compositional variations in phenocrysts differ between each ejecta. In the 1663 ejecta,
plagioclase, orthopyroxene and magnetite phenocrysts are compositionally bimodal, An=40-45
{An=100xCa/(Ca+Na+K)} and 80-90 in plagioclase, Mg#=40-50 {Mg#=100xMg/(Mg+Fe)} and
70-80 in orthopyroxene, and Mg/Mn=0.2-1.2 and 12.0-14.5 in magnetite. This suggests that the
two magmas had mixed during the 1663 eruption. The felsic end-member magmas contain
An-poor plagioclase (An=40-45), iron-rich orthopyroxene (Mg#=40-50) and less magnesian
magnetite (Mg/Mn=0.2-1.2), whereas the mafic ones contain An-rich plagioclase (An=80-90),
magnesian orthopyroxene (Mg#=70-80) and magnesian magnetite (Mg/Mn=12.0-14.5). The
clinopyroxene phenocrysts are magnesian (Mg#=72-76) and must be contained in mafic one,
because they are equilibrium with magnesian orthopyroxene (Mg#=70-80) (Lindsley, 1983).

On the other hand, in the 1769 ejecta, plagioclase and orthopyroxene phenocrysts show
compositionally unimodal and wide, An=40-95 in plagioclase and Mg#=40-73 in orthopyroxene.
Based on Wo-content {Wo=100xCa/(Cat+Fe+Mg) }, the orthopyroxene phenocrysts can be
divided into two types, low-Wo (Mg#=40-55 and Wo=1.0-2.5) and high-Wo (Mg#=55-73 and
Wo=2.5-3.5) orthopyroxene. Moreover low-Wo (Wo=1.0-2.5) and high-Wo (Wo0=2.5-3.5)
orthopyroxene phenocrysts show reverse and normal zoning in Wo-content, respectively.
Accordingly, the felsic end-member magmas would contain low-Wo orthopyroxene (Mg#=40-55,
Wo=1.0-2.5), whereas the mafic ones contain high-Wo orthopyroxene (Mg#=55-73 and
Wo=2.5-3.5). The clinopyroxene (Mg#=66-70) and the hornblende (Mg#=45-62) phenocrysts
must be contained in mafic one, because the former are equilibrium with the high-Wo
orthopyroxene (Mg#=55-73, Wo=2.5-3.5) (Lindsley, 1983), and the later form a crystal-clots with
them. Moreover, the clinopyroxene phenocrysts are different from ones in the 1663 ejecta
(Mg#=72-76). So we conclude that the end-member magmas of thel 769 eruption are different
from ones of the 1663 eruption.

The above conclusion is also supported by whole-rock chemical compositions. In
Si0,-oxide diagrams, the historic ejecta are plotted on the same mixing line on the whole.
However, in Si0,-TiO, and P,0s diagrams, the 1663 and 1769 ejecta are plotted on the different
mixing lines, which are parallel with each other. This suggests that the end-member magmas of
the 1769 eruption were different from ones of the 1663 eruption and the mixed dacite magma,
which produced after the 1663 eruption in the previous model. In addition, in SiO; contents, each
ejecta are plotted on the narrow range itself (about 2wt.%). This suggests the homogeneity of the
mixed dacite magma. While the compositions of plagioclase and orthopyroxene phenocrysts in
the 1769 ejecta show unimodal and wide compositionally. This suggests the heterogeneity of the
dacite magma. The contradiction also suggests that the end-member magmas of the 1769 eruption
are different from the dacite magma, and supports the above conclusion. Accordingly, we
concluded that the end-member magmas of the 1663 and 1769 eruption were different each other.
The previous model corresponds in that a felsic magma and a mafic magma were mixed during
the 1663 eruption, while it is different in that the mixed dacite magma produced after the 1663
eruption and the felsic magma (and/or the mafic magma) of the 1663 eruption were mixed during
the 1769 eruption.
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Development of interpretation technique for the EM methods using lar ge loop sources

Nagendra Pratap Singh

Under this research proposal, firstly, we have developed a computation technique for
computing the electromagnetic response of a large circular loop source placed on the surface of a
layered earth at any arbitrary point inside or outside the loop, namely, at the center of the loop, at
an arbitrary in-loop point and at an offset-loop point. ~Our solution is a complete one and makes
use of both conduction as well as displacement currents. It is well suitable for any position of
the loop source either on the surface or at any particular height above the surface of earth model,
in contrary to the earlier methods, which faces convergence problem when loop lies on the
surface of the earth. Further, it is well suitable for the receiver positions inside as well as
outside the loop, which is an improvement over the earlier methods available for the receiver
positions outside the loop source. This work has been presented in the 105™ SEGJ Meeting, at
Fukuoka, Kyushu, Japan on Oct 23, 2001, and is currently in review process in the journal
‘Geophysical Prospecting’.

Secondly, a study on the ‘Effective skin depth of EM field due to a large circular loop source’
is performed to illustrate the application of effective skin depth to the real field problems. In
this research, we have used the concept of plane wave skin depth to study the effective skin depth
due to a large circular loop source. The results suggest that the local source skin depth due to a
large loop source in a homogeneous half-space depends on source frequency, source-receiver
offset, source loop dimension and half-space conductivity. It is noticed that local source skin
depth has direct relation with the electromagnetic (EM) response and thus, can be used for the
survey design and data interpretation. This work has been submitted for its possible publication
in the journal ‘Pure and Applied Geophysics’.

Presently, the study in process is the (i) development of an inversion technique for the
interpretation of TEM surveys over a volcanic and/or active fault area, (ii) development of a
forward solution for the electromagnetic response of a large circular loop source over a simple
fault model.

Within the framework of scientific activities and research/ business work, I have participated in
the Magneto-telluric data acquisition program in Dohoku region- North-east Hokkaido, Japan,
and have presented a paper entitled ‘A new computational method for computation of
electromagnetic response of a circular loop source on a layered earth” in 105™ SEGJ Meeting on
Oct 23-26, 2001, in Fukuoka, Japan.

Identification of seismic gap and seismic quiescence by way of monitoring the
spatio-temporal distribution of seismic energy releases and recurrence patterns

Yuzo Toya

Quantitatively identifying seismicity patterns such as seismic gaps and
seismic quiescence episodes that might be related to large earthquake occurrence

56



is an essential step in the development of a reliable earthquake-forecasting
algorithm. As an initial step toward this goal, we attempt to systematically and
graphically illustrate seismic gaps or spatial ‘ gaps’ in the distribution of
cumulative seismic energy release ( E), and on-going apparent seismic quiescence
zones in space-time distribution of inter-event times (T) for given magnitude-class
events.

An investigation of the shallow seismic activities along the major tectonic
boundaries near Japan using the technique, for example, allowed reconfirmation of
some apparent seismic gaps and quiescence zones that were previously indicated by
other researchers. The distribution of cumulative seismic energy releases is
described in a series of maps and space-time diagrams along the subduction zone,
where cumulative seismic energy is obtained by summing the energy equivalent to
all the sampled earthquakes within a unit space-time window, using the
Gutenberg-Richter"s equation for each event: log,,E=11.8+1.5M Importantly, the
sampling window size and shape used for mapping smaller segments of a tectonic
boundary is decided in reference to known fault dimension of a recent local maximum
earthquake (or "characteristic earthquake®). Generating these diagrams helps
highlight the areas of relatively low cumulative seismic energy release and their
time history. At the same time, space-time diagrams of inter-event times for given
magnitude class events are produced to depict its temporal behavior of local seismic
activity, such as seismic quiescence, migration of epicenters, and site-specific
patterns of aftershock sequences.

Those identified apparent spatial gaps in seismicity include SE off Nemuro
Peninsula, Miyagi - lwate Oki, Choshi Oki, Tokaido Oki, Bungo-Suido,
Ashizuri-Misaki Oki for the subduction zones, and Akita Oki and NW off Shakotan
Peninsula for the eastern Japan Sea side tectonic zone. Also, some ongoing seismic
quiescence episodes can be clearly illustrated in the space-time diagrams of
inter-event times for M 6 events in the case of SE off Nemuro Peninsula, and for
M 4.5 in the Tokai region. As far as can be observed from both space-time diagrams
of cumulative energy release and inter-event times in SE off Nemuro and Tokai cases,
there seems to be clear deficiencies in the seismic energy release in the areas.
Furthermore, other forms of seismicity pattern became apparent for some cases, such
as migration of epicenters and nearly periodic occurrences of seismic quiescence.
A few clear southward migration episodes of mostly moderate size events (M 5) were
noticed along the tectonic boundary of the eastern Japan Sea. Following the
episodes, large earthquakes along the same boundary appeared to migrate northward.
In the case of southern Kurile near Hokkaido, nearly periodic seismic quiescence
episodes in M 7 events were observed, while M 7.5 events seemed to occur by
filling the gap at SE off Nemuro Peninsula. Those quasi-periodic occurrences of
seismic quiescence appears to divide the studied plate boundary into approximately
four equal-size segments - it looks as if each separate segment were moving with
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its characteristic recurrence period in tune with its neighbors.

In future, we intend to further our investigation and compare these
observations with geodetic strain accumulation estimates to obtain more accurate
estimates of the deficiency in seismic energy release. For the case of SE off
Nemuro Peninsula, plate segment is geodetically shown to be coupled as well by other
researchers, and the strain is being accumulated there. Accordingly, the segment
is likely to host large gap-filling earthquake(s) (M 7.5) in the near future. The
introduced method works well in identifying some regular patterns such as seismic
gap, quiescence, and migration, although further improvements are feasible.

Rayleigh test of uniformity

1 von Mises
mean preferred orientation concentration parameter
Spearman
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