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Abstract

Two significant tectonic features in the Chubu district, central Honshu, Japan, are the abrupt
change of the GPS displacement pattern along the Niigata-Kobe tectonic line and the anomalous
direction NW-SE of compressional stresses derived from earthquake mechanisms and crater
alignments of Quaternary volcanos in the Hida mountains, being deviated from the average
direction of WNW-ESE of the island arc scale. We attempt to model the GPS displacements
consisting of two elements, the right-lateral relative movement at a rate of ~2cm/yr between the
northeast and the southwest Japan blocks and a locking fault in the upper crust along the
Niigata-Kobe tectonic line. Subtracting the block movements from the GPS displacements yields a
new data set of surface displacements, for which we make a geodetic inversion to obtain a backslip
model of a left-lateral normal fault with the strike direction N43°E, the dip direction of —43°, the
rake angle of 124°, the depth of the lower edge of 20 km, and the slip rate of ~2.9cm/yr. Superposing
the right-lateral block movements on the displacements produced by the backslip fault model
recovers the original GPS displacements and a dislocation on the backslip fault becomes zero. The
backslip fault turns to be the locking fault in this final situation. This model produces a compres-
sional stress field with the direction NW-SE and a magnitude of ~10kPa/yr at a depth range of 0
~10km, which is qualitatively consistent with the anomalous compressional stress direction in the
Hida mountains obtained by focal mechanisms. Based on the modeling, we propose the working
hypothesis that the Niigata-Kobe tectonic line currently plays the role of the plate boundary
between the Okhotsk (the northeast Japan) and the Amurian plates (southwest Japan blocks),
instead of the Itoigawa-Shizuoka tectonic line.
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Fig. 1. Three elements of tectonic stresses in and
around the Hida mountains, central Honshu, Japan.
Element-1 is regional tectonic stresses (cHmax) of
island arc scale from WNW-ESE. Element-2 is
earthquake generating stress (P-axis) from NW-SE
of the 1998 Hida mountains earthquake swarm.
Element-3 is compressional stress direction NW-SE
judged from crater alignment (solid bars) of
Quaternary volcanos along the crest of the Hida
mountains.
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Fig. 2. Surface horizontal displacements from GPS
data of GEONET for a period of 2.5 years from
April 1996, to September 1998. Fixed point (3%) is
Shokawa (36.03°N, 136.96°E), Gifu prefecture. The
GPS displacement pattern shows an abrupt change
along the Niigata-Kobe tectonic line running from
Shinanogawa fault zone, the Atotsugawa fault,
Hakusan mountain, Biwa-lake west coast fault zone,
and the Arima-Takatsuki tectonic line.
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Fig. 3. Surface displacements obtained by subtracting the right-lateral relative movement between the northeast and
the southwest Japan blocks from the GPS displacements in Fig. 2. This new data set of surface displacements is

called the backslip-displacement field.
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Fig. 4. Maps showing assumed block boundaries. In the respective cases, displacement rates are inverted to obtain
fault width, dip angle, rake angle, and slip rate, while fault location, length, and strike direction are fixed as in figure.
The shallower edge of the rectangular fault is assumed to be 0km. @~ @ denote sum of squared residuals (10—?
cm?/yr?) obtained for starting values of @ a dip angle of 135° and a slip angle of 60°, @ a dip angle of 120° and a slip
angle of 40°, ® a dip angle of 105° and a slip angle of 20°, @ a dip angle of 90° and a slip angle of 0°, ® a dip angle
of 75° and a slip angle of —20°, ® a dip angle of 60° and a slip angle of —40°, @ a dip angle of 45° and a slip angle of

—60°.
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Fig. 5. Observed and predicted (A) horizontal and (B) vertical displacements.

A rectangle denotes a horizontal

projection of the fault plane of the optimal solution. Bold side-line indicates surface intersection of the fault plane.
Fault width, dip angle, rake angle, and slip rate are ~31.8km, 43°, 66° and 2.9cm/yr, respectively.

Fig. 6 (A) &, AIEICROIWIE 5 x — 7 —ZHW
TEHHE L7, X 5km BT 3EEWEEIORAK
SEEMEISIOKRE S EARIOBHTH 5. MIERIZ 3X
I0°N/m2 2 {RE L. Fig. 6 (B) i3, Iwaoka et al
(1999) 3R 72 1998 FEFREHLIAREFFEHIE D RRHAERT
TH5.

&G A ORAIKEEREIG /11, () HiZH o3
& 10km T3ALAA—EEFILART 10kPa/SFD A+ — 5 —,
(b) Z& 30 km {148 T 38T 30 km iz b 7cdbic » Ti
IEFH 10kPa/FED 4 — ¥ — D HEICIS 5.

10kPa/4EA3 1000 FF13 EEH T 2 &, HAFE Ok
IBSIDKE S 10MPa iKICfiid 34 — 4 —ic7%5 5. Fig.
6 (B) DFEBHRIC X 2 RATKTEREIL 7O P,
Ut kIl kOB o SRR Sk & 21t —F
WAL —F A R DI KK RIS 5, BETE
T - THEBH I N 2 RARIKERERRIS T8 5 2 b L
TWbHDTHASH. Wiz 5L, REALIKE 2 D/E0
D10 km A — & — O OIFFRICEH O G ER M E
HETEEIICRZIDR, Bk 3RKRIEMENOH
BOEWERML TWzDTHAS.

2L, BEEWERE OISO/, EETNY
WrEDOREPWIE Y5 2 — 8 —2BDEZ B EHED
4 -5 —TET DT, HiEHEOHKmIIH F TS
HREdDOTH 2, ERNEEFMLIIFEROFEE L,
C T, TRENLIRE 2 oA R EoEEOIS

BN, TORmX TR LIz & 5> RERERE T~ &E
EWEOMAE LY THMT X 2R 245 L TH <
ik oo,

HaEER, EEE SRl F—t] Aok
KRR A Td 5. FE 30km » 5 50km T
3, TOEFUBELHTRAKEEBEL SO A 6L
M—db] &2 3. Lo L, FEELEENLO X 5 15250
R =D KILOBRPES 50km icdh B & FEZIC
<O, FERE 2RO [TF—Ib]) ORAKFEERREIG
ARSI AED Sb L TVWEDIE, SHBOBEEELE
Ly,

6. fEERER

W7 o v 76T 2~3cm/yr iR BSEE D EZE AL
HENEITLTWS &, RO Ic kS nEEEE52
THLLIRTTH S, Ll, BRI L 2ZALEE I,
A (1966) 7EWTEPFZIE (1991) 1k 3 &, Bl
WiET~3m/1000 £, A-EWifET~3m/1000 4, KfE
TEIEWTIE T ~1m/1000 4E, =DM B - CHOENTBAE
LT HHIE 20m/1000 4E (2em/yr) LW,

Steven et al. (1982) (&, FRAYISAIHIZAAIEIHIAsHE
% - TSRO BASE O BERE IiEWB OZALEE s &
PoRIEBREDEFEE LI DA -5~ 1 DREVETE
LTV, R —vidiES 58, AR ER &g
Wil s & OREMBE A RIS TGRS 5 & WO ERTIR

— 140 —




HREHG 1B B GPS BEEE SO FEER 3 <0 Wiigic £ % & 7 L LTREE LR D IEF15%5

Principal axis of stresses produced by our model.
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Fig. 6. (A) Distribution of the maximum horizontal stresses produced by the model proposed. (B) Fault plane solutions
of Mjma3 class seismic events of the 1998 Hida swarm, reproduced from Iwaoka et al. (1999).
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Fig. 7. Right: postseismic GPS displacement velocities for 1989-1994 and the San Andreas fault system in the
California, USA. Modified from Burgmann et al. (1997) Left: regular displacement velocities from GPS for 1996-1998
and active faults in central Honshu, Japan. Two panels are drawn in the same scale.
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