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Collision structure and seismotectonics of
the Hidaka Mountains, Hokkaido, Japan.
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Abstract: In order to establish the whole configuration of the underground structure beneath
the Hidaka Mountains, from numerous studies including the three dimensional inversion, re-
fraction experiment and electromagnetic exploration studies, the structure model was esti-
mated. The model is characterized to have a large scale overthrust structure; the crust of the
Kurile Outer Arc has overthrusted on the crust of the Northern Honshu Outer Are. High
seismicity also characterizes the range. Main seismic activity consentrates in depths between
20 and 40 km. The deepest hypocenter is located at depth of 65 km. Existence of deep crustal
and mantle seismisities suggests the materials of the depth are brittle. The structure of the
Hidaka Mountains suggests that due to collision movement, the crust of the Northen Honshu
has subsided into deep part beneath the range, where physical and geological conditions of
the materials are kept to be brittle. Spatial distribution of the deep crustal seismicity is sepa-
rated from the deep scismic zone in the mantle. However, beneath the southern part of the
range, the hypocenter distributions in the deep crust and the deep seismic zone cannot be
separated from spatial distribution. Many types of the focal mechanism solutions for deep
crustal carthquakes were found. We devided the focal mechanism solutions into four types;
reverse fault, vertical (horizontal) fault, strike-slip and normal fault types. Moreover, that of
normal fault type can be subdevided into two types; one type has null vector parallel to the
Hidaka Mountains (N Type) and another, normal to the Hidaka Mountains (H Type). Max-
imum and minimum horizontal compressional stresses which were inferred from these solu-
tions, have directions varing from NE-SW to E-W, and from NW-SE to N-S respectively.
These stress directions widely distributed not only in the Hidaka Mountains but also in whole
of Hokkaido, and are almost perpendicular to the stress directions of the focal mechanisms of
carthquakes in the subduction zone. However, just beneath the sumitt of the Hidaka moun-
tains, two normal fault types are consentrated. This suggests that strong vertical stress is
caused by the overthrust structure and by collision of the root of the Hidaka Mountains with
convex part of the subducting Pacific plate situating arc-arc junction,

The tectonics of the Hidaka Mountains is controlled by the westward movement of the
Kurile Outer Arc and the northward movement of the Northern Honshu Outer Arc. The
deep crustal and mantle seismicities beneath the Hidaka Mountains are speculated that brittle
fracturcs occur in remnant materials of an ancient subduction zone activated by the recent
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composite tectonic force.
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Fig.l Profiles and region which studied by refraction and wide
angie reflection, reflection, and 3-I) inversion methods in the
southern Hokkaido and in the adjacent area. A:Den et
al.(1971), B and C:Okada et al.{1973), D:Den & Hotta(1973);
Asano et al{l979), E:Takanami{1982); Miyamachi &
Moriya(1984,1987), F:Fujii & Moriya(1983), H:Research
Group for Explosion seismology(1988),11 and 12:Asano{1989),
IIwasaki et al.(1989), K:Ozel et al.{l1996) and Iwasaki et
al.(1995).
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Fig.2 Bougner anomalies and P-wave wvelocity slructulal model
along the profile of F-F' in Figl, figure after Fujii &
Moriya{l1983). (a)Bouguer anomalies in the zone with a
width of 10km on both sides of the profile. Dotted lines rep-
resent the maximum and minimum Bouguer anomalics. Open
circles are calculated Bouguer anomalies from the structu-

ral model. (b): P-wave velocity structural model.
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Fig.3 Vertical distribution of the slowness perturbation and of
hypocenlers{closcd circles) across the Hidaka Mountains, fi-
gure after Miyamachi & Moriyva (1984). Numerals represent
P.wave veloeity perturbations in percent, Areas surrounded
by dotted lines and solid lines correspond low and high

velocity zones, respectively.
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Fig.d P-wave velocity structure of the crust in the profile of H-H' in Fig.1, figure after Research Group

for Explosion seismology(1988). Numerals represent P-wave velocitics. The profile crosses four

geclogical divisions; N:Neogene sedimentary rocks, KM:Kamuikotan Melamorphic Belt, Y:Yezo

Group, and HS:Hidaka Super Group.
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Inferred P-wave velocity structure of the crust in the profile from off llidaka to northeastern
Hokkaido. Five structural studies of Mivamachi & Moriya(1984, 1987), Asano et al.(1979), Ozel et
al.(1996), and [wusaki et al. {1995) are mainly referred. Numerals are P-wave velocities in km/s.
Dotted lines denote inferrd iso-velocity lines. The profile crosses seven geological divisions;
N:Neogene sedimentary rocks, Y:'¥Yezo Group; HS:Hidaka Super Group, YB:Yubetsu Bell, T:Tokoro
Belt. KM:Kamuikotan Metamorphic Bell, and HM:Hidaka Metamorphic Bell. HMT denotes the
Hidaka Main Thrust.
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Fig7 Locations of seismic stations operated by Hokkaide Uni-
versity and Japan Metleorological Agency (JMAY} in the Hida-
ka Mountains, with surface geology after Watanabe et
al.{1986);, Q:Quaternary sediments, N:Ncogene sedimentary
rocks, Y:Yezo Group, KM:Kamuikotan Metamoerphic Belt,
HM: Hidaka Metamorphic Bell, HS: Hidaka Super Group, T:
Tokoro Belt. and YB;Yubetsu Belt.
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THEEEO TR RN E & EERICERL T
%, WRANEONEMEITEEILREF0ORETIE,
BT H BT 3 ImW/m®), PULERC A
(Nagao & Uyeda, 1989). #EBAEA3ImW/m* D
B4, 300-350 B ) 3 & (£25-30km 12 % % (Sibson,

oo . L.
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Fig.8 Distribution of epicenters of earthquakes which oceurred in
the period of 1971-1995, in the depth range between 0 and
30km. The ridges of the Hidaka Mountains are shown by

bending lines.

Fig. Distribution of epicenters of carthquakes which occurred in
the period of 1971-1995, in the depth range between 30 and

65km. The ridges of the Hidaka Mountains arc shown by

bending lines.
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Fig10  Distribution of hypocenters of earthquakes projected on to a
vertical planc striking W205—EZ0N. We selected the earth-
quake data locating in the rectangular oblong in the inserted
figure, and occurring in the period of 1971-1995. An esti.
meted upper boundary of the deep seismic zone is shown by

a broken line.
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Fig.11  Distribution of hypecenters of earthquakes projecled on to a
vertical plane striking S25W —NZ5E. An cstimeted upper
boundary of the deep seismic zone is shown by a broken
line. We selecled the earthquakes data locating in the rec
tangular oblong in the inserted [igure, and occurring in the
period of 1971-1995. Location of the volcanic front is shown
by VF.
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JEHACHEL V. ERNC AN S AL RO LS @
LTHRALONZESI S - 10ERETHS .

FLHOBE) Ao b nE g, HElIRASEC R
Zof-EBO AN X LEE, SFE60HEIZ oW,
Fig.12, Fig.13, Fig.l4, B & U Fig. 1520 k7R,
EnR, #yhll, ERRo4BEICGITTER
FRoaR Lz, S5 R A BEoRHE L H
0, TEIELEENTSH S, Fig. 12-15h 6 A B =
ALBEORN L - TEMI9HE T 5 HsAH - Twn
L&D hh S, HEERIE A EUROTEE, PP
VI, BETRARNIIRES, MR ERLS, HESAElZ
S TR, BERC, EWBELGIIEOET & o —i 2
NENGHT A, AHZALBEORIIHEL TH L,
FEDF A YT LGOS HEE S B FRAACE
T A 779 (Stimax) 8 & OV &/NACT E#78 (SHmin) @
FHaid e E R - Tvr A (Fig. 16, B & FFig.17).
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Fig.12  Distribution of mechanism sclutions which have a reverse
fault type in the Hidaka Mountains. Numerals are depths of
hypocenters in km. The ridges of the Hidaka Mountains are

shown by bending lines.
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Fig.1l3  Distribution of mechanism solutions which have a strike-slip
faull type in the Hidaka Mountains. Numerals are depths of
hypocenters in km, The ridges of the Hidaka Mountains are

shown by bending lines.
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Fig.14  Distribution of mechanism solutions which have a vertical
or horizontal fault type in the Hidaka Mountains. Numerals
are depths of hypocenters in km. The ridges of the Hidaka

Mountains are shown by bending lines.
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Fig.15  Distribution of mechanism solutions which have a nermal
lault type in the Hidaka Mountains. The normal fault type
can be devided into two types, one has a nur-vector striking
NW-SE{open cirele) and another has a nur-veclor striking
NE.SW (closcd circle). Numerals are depths of hypocenters
in km. The ridges of the Ilidaka Mountains are shown by

bending lines.
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{M6.7, Stauder & Mualchin, 1976) b = O B2 & F
TWwWE, ZOoHEBOSEIL, B 210-30km, VE
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Whe, HELURETOSEFROERINER SR
THELREELLNLS.

Fig. 15t R L7z L HICIERERN Iz 2 A D, —
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Fig.l6  Azimuthal distribution of maximum horizontal stress direc-
tions inferred [rom circumferences of the four types of
mechanism solutions. reverse faullR), strike-slip fault(S},
nermal fault(N) and vertlical or holizontal fault {V) types, re-
speciively. Two epicenters of large earthquakes (M>56.5) are

shown by large solid circles,
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TFig.17  Azimuthal distribulion of minimum horizontal stress direc-
tions inferred from circumflerences of the mechanism solu-

tions.

P8 Ry dh A R0 R (LR H A8 - 209, Fig. 15y B L)
THbH. MEEAGEOERTITIZI9824E/MA M E DK
FEAFAE LSBT, NEoABEh L TRAL
7o (FRAIED, 1983). HEUEFICIIRE T2 LT
WA, HETEEL D DS L LTE, $BEAFMO
FEMAOMNKE L, WloRHE IS NE L, EROEHRE
DHFRFECEfT L LI g EZ R, 2059
GZIDATTEINELIBED A H 2 X HRITIE
Fig 1910 & 9 12,
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2 HEEO RN MV, ORI,
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Tig.18 Possible threc mechanism solution types for carthquakes
which occur by horizontal E-W maximum and N-S minimum

siresses and locally canging vertical stress.
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Fig.19 Possible three mechanism sclution types for carthquakes
which occur by vertical maximum and horizontal north-
south minimum slresses and locally canging horizonlal cast.

wesl stress.
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HEgLCTAL, BEUROBESHTCERFEFETL— O
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KL TYAAH S (Fig.11). Fig. 2003 B & Lk
HOMBTE T LERSN, A2 X LB THE
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ATRKFEET L — FORLHRARIL > TR 284
HER A ER L T TE RIS v ZOFEED R
Yoy 7o P VEBERIIEATAREIIRET 2
LB L ERBERO LEHOTEO L 2o T
A L Cvr 4 (Mivamura & Sasatani, 1986;. &2 %
HA SR O 3 2 45-60km @ 33 & F (15km) 27 37
Ji & (Fig. 20FF O IR B) o U R BN LT
LDHCIHEL BERh-Twd, TIRZETIEEIM

Distance (kml

HESWIROYE MBiE s BT 7 =2 2

SHMOMENR-TEY, EFNIIHEREFREVE

rcdhd, L TEERESED L TIHWEE, Thoon
AN A AL, ERICEIBICEATEY, ZoERE
MR HB LT wA I b s, HEIL

DEFLEZ SRS &L, HEBRTIRTEAR
& ORI L D LA AA FIALEIAIN LD HiER A AT
Tl FERLTWVA, TI TR TEOHEI
IToTHELLEZHBILL - TRBELTVWLLD, A
oA LR 2D THA . Fig. 20051 C
(BEIR) iz, R TREE A (DI970EHFEL
Wk AR HE 7% (M6.7, #%, 1972, 1983), BITEERCA
E7-(2) 19824 m R (M7.1, FHFHiT A, 1983),
BIUFEFCRE/S(G)I993E2Z B 1B (M4.6)D A H
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Distribution of hypocenters of carthguakes and three fanlt motions projected on to a vertical

plane striking S36W -N3bE. Mechanism sclutions of earthquakes can be distinguished in three re-

gion. 1n the Pacific plate (A), reverse fault type having a P-axes with NW-SE direction is preomi-

nant, in (B) region, the collision zone of the subducting Northern Tlonshu crust with the Pacific

plate beneath the Hidaka Mountains, many Lypes of the solutions appear. Bencath the Hidaka

Mountains (C), we showed the solutions in Fig.12, 13, 14, and 15. Three fault motions determined

by mecchanism solutions and the aftershock distributions are shown; (1)Hidaka Sanmyaku Nanbu
Earthquake (M6.7) of Jan., 21,1970, (2} Urakawa-oki Earthquake (M7.1) of Mar., 21, 1982, (3
Erimo Earthquake {M4.6) of Feb., 01, 1993.
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Fig.21 A schema representing geophysical characteristics of the
structure, and stale of the stress in the Hidaka Mountains
and the Pacific plate. Arrows denote azimuths of stresses.
Asterisks represent compressional stresses acting nermal to
vertical surfaces of the model. Letters in the figure denote
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