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The Izu-Oshima-Kinkai earthquake of Jan 14, 1978 involved right
lateral strike slip motion together with a small dip slip component on a
steeply northward dipping fault extending 17km east of Inatori (see
Fig. 1). The surface wave magnitude estimated from 47 component
seismograms at 26 stations is 6.8.

The mainshock occurred approximately six seconds after a precur-
sory event having approximately the same epicenter (Fig.1 and Table 1).
The hypocenter of the precursor, located by Tsumura (personal communi-
cation, 1978) is at a depth of approximately 10km and is approximately
17km east of Inatori. The relative location of the mainshock with
respect to the precursor was determined using 11 teleseismic short-period
seismograms and 17 Japanese low-gain seismograms on which the arrivals
of both events could be identified (Fig. 2). The vertical short-period
seismogram at ALQ (Fig. 3) provides supporting evidence for the hypo-
central locations. The four phases are interpreted as the precursor P,
the precursor pP 3 seconds later, the mainshock P arriving 7.5 seconds
after the precursor P, and the mainshock pP arriving 1.5 seconds after
the mainshock P.

Table 1. Origin time and hypocentral coordinates of the precursor
and the mainshock

EVENT TIME (JST) LAT LONG DEPTH
Precursor 12:24:38.9 34°45748” 139°14/04” 9.8
+0.1sec +1.1km +0.8 km +1.5km
Mainshock 12 : 24 : 44.8 34°46708” 139°12/24” 4.3
+0.3 sec +2.0km +1.8km +2.5km
difference 5.9 2.2 3.6 5.5
+0.3 sec +1.6km +1.6 km +2.0km

later North West shallower
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Fig. 1. Location of the mainshock relative to the precursor. The
positions of the main and subsidiary faults are also shown. The open
hexagons show aftershocks during Jan 19-31 whose magnitudes are greater
than 1.4 (after TsuMuURA et al., 1978). The small crosses indicate seismo-
graph stations used to locate the aftershocks. The open squares indicate
JMA stations whose strong motion seismograms are shown in Fig. 9.
The open diamonds show distance measurement stations: hng, Hongo;
nrm, Naramoto; nsm, Nashimoto; osh, Oshima lighthouse; sgm, Sugumo-
vama ; sks, Sakasagawa; tgs, Togasano; tkn, Takaneyama. Two levelling
routes from Ito Tide Gauge Station to Kawazu and from Shuzenji to
Kawazu are also shown.

The mechanism solution of the mainshock was initially determined
using S wave polarization angles because the precursor masked its long-
period first motions. This solution was further constrained by SH wave-
forms and level changes along the east coast of the Izu Peninsula.
Superposed on the mainshock solution (Fig. 4) are the P wave first
motions of the precursor, which can be explained by the mainshock
solution except at QUE. Therefore the P-wave first motions of the
mainshock and the precursor should be the same except at stations near
nodes such as QUE. This was used as a strong constraint in picking
the P-wave arrival of the mainshock in the determination of its hypo-
center as described above.
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Fig. 2. JMA low-gain vertical seismograms. The two arrows in each
seismogram indicate P arrivals of the precursor and the mainshock.
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Fig. 3. Vertical short-period seismo-

gram at ALQ (Albuquerque, New Mexico,
USA) station.

patterns of Love and Rayleigh waves (Fig. 8).

K. Suimazakr and P. SOMERVILLE

The mechanism solution of the
mainshock was closely constrained
by SH waves at 13 WWSSN sta-
tions (Figs. 5 and 6). The strike,
dip and slip angles were constrained
within a few degrees of the values
listed in Table 2. Levelling changes
in the Izu Peninsula provided ad-
ditional constraint on the slip angle,
and also constrained the western
end of the fault to lie just south
of Inatori Peninsula (Figs. 7 and
12).

The mechanism solution is con-
firmed by the presence of clearly
defined mnodes in the radiation
The mean moment

estimated from surface wave and SH wave amplitudes is 1.1x10% dyne-cm.
This is close to the value of 1.2—1.3x 10*dyne-cm estimated independently
from the observed distance change between Takaneyama in the Izu
Peninsula and Oshima lighthouse, taking postseismic changes into
account. Since these two observation points are diagonally opposite
each other with respect to the fault (see Fig. 1), this moment estimate
is stable and insensitive to fault length. Since the moment estimated

Table 2. Fault parameters of the Izu-Oshima-Kinkai
earthquake of January 14, 1978
Surface wave magnitude 6.8
Seismic moment 1.1x10* dyne-cm
Fault strike N90°W
Dip angle 85° North
Slip angle 188°
Fault length 17 km
Fault width 10 km
Depth 0—10km
Dislocation : right lateral strike slip 183 cm
normal dip slip 26 cm
Rupture velocity 2.8 km/sec
Rise time 2 sec
Stress drop: infinite L/W ratio 41 bars
actual L/W ratio 65 bars
Dislocation velocity 93 cm/sec
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Fig. 4. Equal area projection of the fault plane solution
for the main shock (lower hemisphere). The P-wave first
motion data for the precursor are superposed. The solid
circles represent compression first motions and the open
circles represent rarefaction first motions. The crosses
indicate arrivals with nodal character.

at 13-44 seconds from SH and surface waves is close to this static
estimate, the faulting process inferred from the seismic waves probably
represents the main process of faulting.

The SH waves provided constraints on the range of acceptable
values of the ratio of fault length and rupture velocity. However the
absolute values of fault length and rupture velocity remained unresolved,
as did the rise time. These three parameters were determined using
near field strong motion displacement seismograms at NGT, AJI and
MIS which all lie within the range of direct first arrivals (Fig. 9).
The rupture propagated westward at a velocity of 2.8km/sec. The
directivity effect is apparent on strong motion seismographs at other
JMA stations with 180° azimuthal coverage on the northern side of the
fault. The preferred fault length of 17km agrees well with an inde-
pendent estimate obtained from the positions of the two ends. The
distances from Inatori Peninsula to the mainshock and precursor
epicenters are 14 and 17km respectively. The location of the fault
corresponds to an E-W zone of aftershocks lying between Inatori and
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Fig. 6. Change of SH synthetic waveforms due to changes in various
fault parameters.

Oshima (see Fig.1) as shown by TSUMURA et al. (1978). For the preferred
fault length of 17km and an assumed fault width of 10km estimated
from the vertical extent of the aftershock zone (TSUMURA et al., 1978)
we obtain an average displacement of 185cm, comprised of 183cm of
right lateral strike slip and 26 cm of normal dip slip.

The tsunami source area estimated by HATORI (1978) from the arrival
times of the tsunami coincides with the deformed area near the eastern
end of the fault calculated from our model. AIDA (1978), using finite
difference calculations, concluded that the best fault model has a length
of 15km with its eastern end 15km west and 2km south of the
mainshock epicenter, and its western end a few kilometers west of
Inatori.
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Fig. 7. Observed and calculated elevation changes along the east coast
of the Izu Peninsula due to the [zu-Oshima earthquake. The levelling
route is shown in Figs. 1 and 12. The solid circles show the observed
elevation changes during the period from Aug-Sep, 1976 to Jan-Feb, 1978.
It is assumed that bench mark A28 which is at Ito Tide Gauge Station
17km northeast of Inatori did not move during the observation period.
Bench mark 9350 is at the neck of Inatori Peninsula. The two arrows
indicate the northern and southern boundaries of a block which co-seis-
mically moved N135°E. The solid line shows vertical displacements
calculated from the main fault model. The dotted line includes the effect
of subsidiary faulting.

Following the earthquake, a detailed survey of bottom topography
between Oshima and the Izu Peninsula was conducted by the Hydro-
graphic Department of the Maritime Safety Agency. It revealed s
discontinuous system of approximately vertical E-W trending faults
(HYDROGRAPHIC DEPARTMENT, MARITIME SAFETY AGENCY, 1978).

Surface faulting associated with the earthquake has been described
by MURAI et al. (1978). It is limited to an area within a few kilometers
of Inatori. TSUNEISHI et al. (1978) and YAMAZAKI et al (1978) consider
that the Omineyama fault is part of the fault plane of the earthquake
and that the surface breakage along the Sengenyamsa fault is just a
superficial phenomenon. However, it appears that block faulting occurred
between the Omineyama and Sengenyama faults. The direction of
motion of this block, N135°E, is precisely the direction of strain north-



621

Summary of the Static and Dynamic Parameters

N
Gl RI

I 20cm-sec
20cm-sec

T-44s. A-70°

Fig. 8. Observed spectral amplitudes of Love (Gl) and Rayleigh (R1)
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Fig. 9. Comparison of nearfield strong motion seismograms at Irozaki

(NGT), Ajiro (AJI), and Mishima (MIS) with synthetic seismograms.
The solid and dotted lines show the synthetic and observed seismograms,

respectively.
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Fig. 10. Observed SH waveforms at Istanbul (IST), Turkey, Penticton
(PNT), Canada, Pasadena (PAS), California, and Uwekahua (UWE), Hawaii,
USA compared with synthetics calculated from the models of SHIMAZAKI
and SomerVILLE (SS), Supo et al. (SIHK), and Anpo et al. (AMI). Amax
denotes the maximum amplitude on the seismogram. The seismic moment
M, is obtained by matching the amplitudes of the observed and synthetic

records.

west of the end of the fault expected from dislocation theory. Thus it
appears that the existence of faults striking in this direction enabled the
strain to occur in the form of faulting. If this faulting has been correctly
interpreted, then the western end of the fault cannot lie inland, in
agreement with the conclusion drawn from the levelling data along the
eastern coast of the Izu Peninsula.

The distribution of destruction in the Izu Peninsula has been studied
in detail by MURAI (1978). Widespread severe damage to houses was
restricted to the vicinity of Inatori, and corresponded broadly with the
location of surface breakage. The fact that the severity of destruction
decreases progressively inland supports the conclusion that the mainshock
did not propagate significantly inland.

The occurrence of strong aftershock activity in the Izu Peninsula
has led many investigators to propose that the main faulting occurred
inland. However, the absence of surface faulting inland tends to imply
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Fig. 11. Comparison of the observed elevation changes
during the period from Jan, 1977 to Jan-Feb, 1978 with the
calculated vertical displacements. The solid circles show
the observed elevation changes. The levelling route is
shown in Figs. 1 and 12. The solid line shows vertical
displacements calculated from the main fault model. The
dotted line includes the effect of subsidiary faulting.

the absence of main faulting because the two previous strike slip
carthquakes in the Izu Peninsula having comparable magnitude (the
1930 North Izu and 1974 Izu-Hanto-Oki earthquakes) were both ac-
companied by surface faulting with displacements comparable to the
seismologically determined dislocations.

In Fig. 10 we compare SH waveforms at critical stations calculated
from the models of SUDO et al. (1978) and ANDO et al. (1978) with those of
our model. The former two models, which both entail the main component
of faulting inland, show considerable discrepancies with the observed
seismograms. We conclude that it is unlikely that the main faulting
propagated significantly inland.

However, we do not deny the possibility that some small subsidiary
faulting occurred inland. Both levelling and distance change data
indicate that a small amount of deformation occurred in an area near
Nashimoto northwest of Imatori (Fig. 11 and Table 3). The data suggest
a small right lateral strike slip fault segment trending roughly parallel
to the aftershock zone between Inatori and Nekko Pass (see Fig. 12),
whose length is only one-third of the length of the aftershock zome.
The static moment of this assumed fault is about one order of magnitude
smaller than that of the main fault. The fault parameters of the sub-
sidiary fault cannot be tightly constrained because seismic data are
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unavailable: we cannot recognise any distinct later phase corresponding
to this faulting. In fact, this faulting may even have been aseismic.
UMEDA and MURAKAMI (1978) suggest that the faulting motion was very
slow on the basis of the small degrees of damage to houses due directly
to shaking.

This report is a revision of a preliminary one (SHIMAZAKI and
SOMERVILLE, 1978a), and represents a summary of our paper (SHIMAZAKI
and SOMERVILLE, 1978¢) which will be published elsewhere. Preliminary
reports of this study were presented at the 40th and 41st meetings of
the Coordinating Committee for Rarthquake Prediction (SHIMAZAKI and
SOMERVILLE, 1978D).
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