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Tectonomagnetic study in the eastern part of Hokkaido, NE Japan
Nishida, Y. (Hokkaido Univ.), M. Utsugi (Kyoto Univ.) and T. Mogi (Hokkaido Univ.)

Continuous and repeated geomagnetic observations in the eastern part of Hokkaido,
NE Japan, delineated anomalously large secular changes of about 1 nT/year at 3 stations
situated in the remarkable geomagnetic anomaly region. We proposed the changes
originate from stress-induced tectonomagnetic effect (piezomagnetism): the tectonic
stress due to the Pacific plate motion has been applied on the area concerned. A
piezomagnetic modeling explained well the secular changes by assuming the stress
sensitivity of the order of 102 MPa’', which is one order larger than the ordinarily used
value.

We examined short-term geomagnetic changes related with the 2003 Tokachi-oki
earthquake (M8.0) and the 2004 Kushiro-oki earthquake (M7.1). However, we could not
find the precursory and co-seismic signals above 1 nT at a station whose epicentral
distances were about 120 km and 50 km, respectively. Model calculations revealed that
co-seismic piezomagnetic fields did not amount to 1 nT at the station in both cases
when we assumed the relevant fault parameters, in-situ Curie temperature depth,
subsurface magnetic structure and stress sensitivity of rocks. Therefore, it may be
reasonable that we could not detect the piezomagnetic signals at the station.

We also made model calculations to forecast the piezomagnetic amplitudes caused
by M7.9 and M8.5 earthquakes which have been predicted to occur along the southern
Kurile trench in the future. The model calculations revealed the piezomagnetic fields up
to about -4 nT and -7 nT were expected in the eastern part of the Hokkaido island for
the M7.9 and M8.5 earthquakes respectively, encouraging magnetic observations

hereafter.
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BIZREL->T, 100 FREOHBRVERLEIBEE XS L, 0.1 nT/HELLTO
BREZILLMRADRWED, FOBBINRREKE2BRHT 3 ICIXHRECEA
VAT AT oMLV, BRRSBREO7OHIZIT (1) BEREAFHZRAL
TESHREWERBIZIET < (Utsugi, 1999), (2) BEIRTRT HRA—ILHNTOD
BREITS, REBBEIND. (2) I, EEIKPBRICLVFTR—IVOEE
> THIBERRET S, BEAOHIETESHHIESN D Z L BB/
I N3 06 THD (Sasai, 1994; Sasai et al., 2006) .

BERR

Hirakawa, K., Y. Nakamura, and T. Echigo, Large paleo-tsunamis along the Pacific
coast of Tokachi region, Hokkaido, Chikyu Monthly, Special issue, 31, 92-98, 2000
(in Japanese).

HRRAEMIHESRR, TEEER OMBEE ORI,
http://www.jishin.go.jp/main/index.html, 2003.

Nanayama F, K. Satake, R. Furukawa, K. Shimokawa, B.F. Atwater, K. Shigeno, and S.
Yamaki, Unusually large earthquakes inferred from tsunami deposits along the Kuril
trench, Nature, 424, 660-663, 2003.

Nishida, Y., Y. Sugisaki, K. Takahashi, M. Utsugi, and H. Oshima, Tectonomagnetic

study in the eastern part of Hokkaido, NE Japan: Discrepancy between observed and

—102 —



calculated results, Earth Planets Space, 56, 1049-1058, 2004.

Sasai, Y., Enhancement of piezomagnetic signals within a bore-hole, in 'Electromagnetic
Phenomena Related to Earthquake Prediction', Ed. by M. Hayakawa and Y. Fujinawa,
51-54, TERRAPUB, Tokyo, 1994.

Sasai, Y., M. J. S. Johnston, Y. Tanaka, R. Mueller, T. Hashimoto, M.Utsugi, S.
Sakanaka, M. Uyeshima, J. Zlotnicki and P. Yvetot, Drag-out effect of piezomagnetic
signals due to a borehole: The Mogi source as an example, Annals of Geophysics ,49,
2006 (in press).

Satake, K., FE Nanayama, and S. Yamaki, Source models of the unusual tsunami in the
17" century in eastern Hokkaido: part 2, Rep. Active Fault and Paleoseismic Study, 4,
17-29, 2004 (in Japanese with English abstract).

Simazaki, K., Nemuro-oki earthquake of June 17, 1973: A lithospheric rebound at the
upper half of the interface, Phys. Earth Planet. Inter., 9, 314-327, 1974.

Tanioka, Y., K. Hirata, R. Hino, and T. Kanazawa, Slip distribution of the 2003 Tokachi-
oki earthquake estimated from tsunami waveform inversion, Earth Planets Space, 56,
373-376, 2004.

Tanioka, Y., K. Satake, and K. Hirata, Recurrence of recent large earthquakes along the
most southern part of Kurile-Kamchtka subduction zone, AGU Monoghraph, 2006
(submitted).

Utsugi, M., A theoretical study on seismomagnetic effect considering the
inhomogeneously magnetized Earth’s crust, Ph.D. Thesis, Hokkaido Univ., pp.128,
1999.

Utsugi, M., Y. Nishida and Y. Sasai, Piezomagnetic potentials due to an inclined

rectangular fault in a semi-infinite medium, Geophys. J. Int.,140, 479-492, 2000.

—103 —



SN
OKHOTSK SEA
)N
’ AN

-

Fig. 1. Great and major earthquakes along 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.

Fig; 2. Magnetic stations
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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 M8.5 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.

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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