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Introduction

Geomagnetic and geoelectric observations have been intensively car-
ried out in the Izu Peninsula since 1976. In this local region of the
central Japan, an anomalous crustal activity is under way, including an
abnormal land upheaval in the eastern half and some destructive earth-
quakes (TSUMURA, 1977, SHIMAZAKI and SOMERVILLE 1979). Some results
on magnetic observations have already been reviewed by RIKITAKE et al.
(1980). The Magnetic Mobile Survey of the Earthquake Research In-
stitute (ERI), University of Tokyo, is engaged in the geomagnetic total
field measurements in the eastern part of the peninsula (SASAI and ISHI-
KAWA 1977, 1978, 1980). We will present here a brief description of a
remarkable tectonomagnetic event accompanying the Higashi-Izu Earth-
quake of M 5.0 on Nov. 23, 1978.

Outline of Observations

TFig. 1 shows the location of temporary magnetic stations and survey
points. Sugehiki (SGH) station was established in May, 1976 and is
situated near the center of the anomalous crustal uplift in the north-
eastern part of the peninsula. Another proton precession magnetometer
was set up at Kawazu (KWZ) in January, 1978, soon after the Izu-Oshima-
Kinkai Earthquake of M 7.0. This station is situated in almost the cen-
ter of the aftershock zone (TSUMURA et al. 1978). SHIMAZAKXI and SOMER-
VILLE (1979) presumed a subsidiary fault to lic beneath the KWZ station,
although the main fault extends in the E-W direction under the sea off
the east coast.

Nighttime values of the total intensity at these stations are com-
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Fig. 1. Location of the F component observation points in
and around the Izu Peninsula. KNZ (Kanozan) and
KAK (Kakioka) are permanent standard stations. SGH
(Sugehiki), KWZ(Kawazu) and MTZ(Matsuzaki, JMA)
are temporary ones with continuously-recording mag-
netometers. Black dots in the eastern area represent
survey points established by ERI, while the hollow ones
in the western area are those by the Tokyo Institute
of Technology. The observation site of the Irozaki
volumetric strainmeter (IRZ) and the Kawazu seismic
zone (denoted by a hatched belt near KWZ) are shown,
which will be referred to later.

pared with those at Kanozan Geodetic Observatory (KNZ), the Geogra-
phycal Survey Institute (GSI), about 95km east to SGH. The survey
area is surrounded by direct current railways. Daytime records are
severely contaminated with stray electric current noises, especially in the
northern half of the area. At survey points in the noisy region, meas-
urements are made all night with automatically-recording magnetometers.
Field data is first compared to the simultaneous record of the F com-
ponent at the nearest temporary station, i.e. SGH or KWZ. Adding the
long-term average of simple differences between these stations and
KNZ, we obtain the relative changes in the total intensity on the basis
of the KNZ standard station. This greatly reduces errors caused by non-
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uniformities of the external field as well as the local induction effect. A
preliminary investigation suggests that 2y changes in the survey data
would be reliable (SASAI and ISHIKAWA 1978).

Kawazu Tectonomagnetic Event

Fig. 2 shows changes in the total magnetic field at SGH and KWZ
relative to KNZ during the period from Jan. 1978 to Mar. 1979. 5-day
means of simple differences are plotted. The most evident is a rather
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Fig. 2. Changes in the total force intensity at SGH and KWZ relative to KNZ,
during the period from Jan. 1978 to Mar. 1979. Five-day means of simple
differences of nighttime values are plotted. Arrows indicate the occurrences
of major earthquakes along the Kawazu seismic zone.
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steep decrease at KWZ from September to November. Unfortunately,
the KWZ magnetometer suffered some instrumental problems from the
middle of October: the observed values scattered off and on. Later the
trouble was found to be a defective contact of a sensor cable connector.
Such an intermittent defect persisted until the very moment the Higashi-
Izu earthquake occurred at 10 h 43 m LT, Nov. 23, 1978.

It is happened that the strong shock revived the contact: the mag-
netometer has functioned normally since then. The total intensity dif-
ferences between KWZ and KNZ showed an increse of more than 5 gam-
mas as compared to those in the early morning of that day. Hence, the
total field gap of 5 gammas before and after the M 5.0 earthquake as
shown in Fig. 2 should be a coseismic one.

This anomalous magnetic event was unknown to us until the middle
of November, since the KWZ data was not telemetered to ERI. We did
not visit the KWZ station from early September to the beginning
of December, and everything was over by that time. There was no
evidence of any artificial disturbances, for the sensor has been carefully
watched against magnetic substances by our entrusted observer at KW7Z
station. The total field difference was checked up between a reference
point and the KWZ sensor at the times of our visits in September and
December. The reference point is about 30 m apart, where a reference
sensor was left unmoved at a height of 2.5 m since September. The KWZ
sensor is mounted on a wooden scaffold 3 m high. No appreciable change
was detected between the two measurements (the difference was only
—0.17). Although there still remains some as to whether the Kawazu
event might be caused by an unknown instrumental defect, all the cir-
cumstances support its reality.

Repeated magnetic surveys brought to light peculiar changes around
the KWZ station. Fig. 3 shows the total field anomaly during the period
from July to December, 1978. The F component change in the southern
half of the survey area is characterized by its decrease up to 5 gammas
at maximum. We see, however, fairly large complicated changes in the
northern part. This northern anomaly bothered us, because the con-
tinuous observation at SGH did not indicate such a striking change.

Because of the restricted schedule in the December survey, we were
obliged to make measurements only in the daytime at many of the sur-
vey points. Recently, we found that the daytime total field at some
northern points are biased by several gammas owing to the stray electric
current noises (SASAI and ISHIKAWA 1980). Hence, the total intensity
changes as given in Fig. 3 would be significant only in the southern
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Fig. 3. Changes in the F component relative to KNZ during
the period from July to December, 1978. Unit in gammas.

part. The negative change in this region seems to be consistent with
the overall feature of the Kawazu event.

Higashi-Izu Earthquake of M 5.0

The Higashi-Izu earthquake occurred just to the southeast of the
KWZ station. The epicenters of the main shock (OIEP, SEISMOLOGICAL
DIVISION, JMA 1979) and its aftershocks (ERI 1979b), together with some
damaged points (IROZAKI WEATHER STATION 1979) are summarized in
Fig. 4. The focal plane solution is a nearly vertical strike-slip type
(OIEP, SEISMOLOGICAL DIVISION, JMA 1979): one of the nodal lines runs
in the WNW-ESE direction, which might represent the fault orientation
as inferred from the aftershock distribution. This direction follows the
lineation of the aftershock zone of the preceding Izu-Oshima-Kinkai
earthquake, which is called the Inatori—Nekko Pass aftershock zone
(TSUMURA et al. 1979).

The seismic activity along the WNW-ESE trending zone near
Kawazu (including the Inatori—Nekko Pass aftershock zone) has been
extremely high since the 1976 Kawazu earthquake of M 5.4. We will
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Fig. 4. Map showing the survey points (large black dots with station names) around
KWZ station. Survey points E25, E26 and E28 were established after the Kawazu
tectonomagnetic event. Two parallel straight lines indicate the surface projection
of the main rupture fault (M) and the subsidiary fault (S) of the Izu-Oshima-
Kinkai earthquake respectively, as determined by Smimazaxr and SOMERVILLE
(1979). Also shown are epicenters (big circles with a cross) of the M 5.0 Higashi-
Izu earthquake and the M 3.3 and M 2.9 felt earthquakes on Aug. 30; after-

shocks (small dots) of the M 5.0 quake; and damaged points (stars) due to the
M 5.0 quake.

tentatively call it the Kawazu seismic zone (see Fig. 1). Based upon
past earthquake history, MOGI (1979) argued that the Kawazu seismic
zone is one of the tectonically weak lines in the Izu Peninsula.

Shown in Fig. 4 are the main fault of the Izu-Oshima-Kinkai earth-
quake and its subsidiary fault as determined by SHIMAZAKI and SOMER-
VILLE (1979). The aftershock activity of the M 7.0 carthquake diminished
monotonously along the Inatori—Nckko Pass zone until August (ERI
1979a). Some felt earthquakes with a magnitude 3 or so take place at
the north-western edge of the seismic zone on Aug. 30 (Fig. 4). Then
the seismic activity diminished abruptly (ERI 1979a), while the anomalous
magnetic change at KWZ seems to have started at about that time.
Hence the Kawazu tectonomagnetic event should be closely related to
the reactivation of this seismic zone in the peninsula.
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The Higashi-Izu ecarthquake might be viewed as an episodic event
in the earthquake sequence along the Kawazu seismic zone. Except for
the short-term duration of the aftershocks of the M 5.0 earthquake, the
activity along this zone turned very quiescent. A mew swarm activity
started off Kawanazaki near Ito, 23 km NNE of Inatori, about 15 hours
later as if it were triggered by the Higashi-Izu earthquake. The seismi-
city was most active near Ito from then until recently, including the
Kawana-Oki (M 5.4, Dec. 1978) and East off Izu Peninsula earthquake (M
6.7, Jun. 1980).

Interpretation in Terms of Piezomagnetism

Fig. 5 shows the piezomagnetic total field change associated with a
vertical rectangular strike-slip fault. The problem was solved analytic-
ally by one of the writers (SASAI 1980). The fault parameters are almost
the same as those of SHIMAZAKI and SOMERVILLE's (1979) subsidiary fault,
except that we ignore the fault inclination and a small dip-slip com-
ponent in our model. Fault parameters and magnetic constants are listed
in Table 1. This model successfully explains the total field change at
the survey point E18 (see Fig. 4) before and after the Izu-Ohima-Kinkai
earthquake (SASAI and ISHIKAWA 1978: observed 4F is —4.8y, while the
calculated one —3.17).

Table 1. Parameters of a vertical rectangular strike-slip fault in Fig. 5.

fault orientation ¢ N58°W

fault length 2L Skm

fault width A\Y 7Tkm

depth of burial d 0.5km
dislocation (right-lateral) JU —-1.2m
rigidity o 3.5x10!" egs
Currie depth H 15 km

average magnetization Jo 1.0x107% emu/cc
stress sensitivity 3 1.0x10°* bar!
average declination D, N6°W
average magnetic dip I, 47°

An inspection of Fig. 5 shows that the dominant feauture of the
magnetic anomaly is a decrease in the F component just upon the fault.
This makes us think that the Kawazu tectonomagnetic event might be
caused by the aseismic movement of an underground fault. Although
the KWZ station belongs to the positive anomaly area in Fig. 5, the dif-
ficulty is overcome by shifting the fault position only slightly.
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Fig. 5. Tectonomagnetic total field change Fig. 6. An example of the tectomagnetic

accompanying a vertical right-lateral model, which explains the coseismic

strike-slip fault. This fault occupies magnetic change at KWZ associated

roughly the same position of Sinma- with the Higashi-Izu earthquake.

zAKl & SoMERVILLE’s (1979) sub- Unit in gammas. A hollow thick line

sidiary fault. Units in gammas. indicates the location of the Fig. 5
fault.

How can we explain the coseismic increase at the time of the M 5.0
carthquake? There exist two positive anomalies associated with the fault
movement; namely (A) a narrow area beyond the north-western tip of
the fault with a minor intensity and (B) a predominant anomaly on the
southern side of the fault. It seems likely that the coseismic change is
related to the type (A) anomaly. Tig. 6 shows the situation: the seismic
fault generating the M 5.0 earthquake stretches almost to the KWZ sta-
tion from the epicenter, roughly parallel to the arrangement of after-
shocks. Parameters of the assumed fault are given in Table 2. Since
the type (A) anomaly emerges in a very limited region near a fault edge,
the NW tip of the fault is well constrained. This fault lies, however,
slightly remote from the aftershocks and damaged area. This might
imply that the actual seismic fault is dipping northward. Damage was
clustered along the surface faults associated with the Izu-Oshima-Kinkai
earthquake (c.g. TSUNEISHI et «l. 1978), which indicates the ground
foundation effect.

Table 2. Parameters of a fault accompanying the Higashi-Izu earthquake.

fault orientation © N70°W

fault length 21, 5km
fault width W 5km
depth of burial d 0.3km
dislocation (right-lateral) 4U —0.5m

(Other parameters are the same as those in Table 1.)
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The calculated total field change can be adjusted to the observed
value by making the top of the fault shallower and/or by assuming a
more intense magnetization J,, The latter might be preferable, because
the fault zone occupies the southern slope of the Amagi mountains which
consist of Tertiary and Quarternary volcanic rocks. ISHIKAWA (1979)
analysed the air-borne magnetic data in the central part of Japan and
showed that the Izu Peninsula belongs to a distinct positive anomaly
area. The anomaly can be interpreted by assuming an average crustal
magnetization of 5.0xX107® emu/cc or so beneath the Izu district. In this
paper we take position that we fix the moderate values for the medium
parameters such as g, B and J,; the model adjustment will be made
solely by changing fault parameters. Hence it should be borne in mind
that the dislocation slip 4U and the depth of burial d in Table 1 and 2
would be possibly reduced by introducing a more intense magnetization.

Another point comes into question for this fault model. The seismic
moment estimated from the fault dimension (AKI 1966) is much larger
than the one expected from the Moment-Magnitude relationship (e.g.
OHNAKA 1976). The following mechanism might be acceptable in order
to avoid the difficulty : only a portion of the entire fault ruptured so as
to generate seismic waves, while the remainder, the north-western half
of the fault say, slipped much more slowly.

The interpretation of the coseismic AF increase depends somewhat
upon the singularity of the fault edge effect. This feauture comes from
the inappropriate modeling of the slip termination. Hence the possibility
that the coseismic change is related to the type (B) anomaly cannot be
ruled out. The KWZ station is situated in the transition of the positive
and negative anomalies, where the sign and magnitude of the total field
change are highly semsitive to the depth of burial of the fault. We
might be able to construct some sophisticated models, including the suc-
cessive fault slippage over portions of a single fault plane, so as to pro-
duce the coseismic 4F increase at KWZ. Such an attempt is, however,
trivial, because we have no information on the constraints of such models.

Finally, we present here a 2-faults model as shown in Fig. 7. An
example of model calculations is summarized in Table 3. The agreement
is rather qualitative. A more detailed model fitting is abandoned because
of the many ambiguities in fault parameters. For example, the slip
amount is not necessarily the same as that at the time of the Izu-Oshima-
Kinkai earthquake. The fault A is the major source of the Kawazu
tectonomagnetic event, which explains the 5-7 7 decrease during the 2-
months period at KWZ as well as the general feature of the survey data.
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Fig. 7.

Resultant total field of a 2-faults model, which can explain the temporal

change at KWZ as well as the survey data. Unit in gammas.
indicates the Fault A, which runs parallel with the Fig. 5 fault (hollow thick
, about 350 m apart. A thick line denotes the Fault B accomanying the M

line)
5.0 e

arthquake.

A hatched line

Table. 3. Comparison of observed and calculated total field changes:
(a) Observation, (b) Fig. 5 fault, (c¢) Fault A, (d) Fault B and

(e) Resultant (A+B), respectively.

Obs. site @) (b) © @)

(e)

—1.2r —0. 667
KWZ { —6(*) 0. 457 —4.457 3.79r
E18 -5.3 —3.08 —5.12 0.39 —4.73
E26 — —0.10 0.01 0.08 0.09
E21 -0.7 —0.83 -1.06 —0.02 —1.28
E28 — —3.98 -3.10 -1.01 —4.11
E01 —-2.5 —0.87 —-0.73 —0.26 —-0.99
E25 —_— —0.24 -0.13 0.23 0.10
E02 -2.1 —0.07 —0.06 -0.01 —0.07
E22 0.0 0.43 0.41 0.08 0.49

(*) preseismic change.
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This fault is simply a parallel shift of the Fig. 5 model, about 350 m to
the SSW. The fault B is accompanied with the Higashi-Izu earthquake,
which produces the coseismic change at KWZ. The resultant total field
are given in Fig. 7.

Fault A can be regarded practically the same as the SHIMAZAKI &
SOMERVILLE subsidiary fault. The discrepancy of the fault position
would be primarilly ascribed to our model, in which the fault inclination
and the normal faulting component are neglected. Thus we may conclude
that the underground subsidiary fault of the Izu-Oshima-Kinkai earth-
quake moved silently again from September to November, 1978, which
caused the Higashi-Izu earthquake of M 5.0 beyond its southeastern edge.
The Kawazu magnetometer was a close indicator of such a tectonic event.

Possibility of Aseismic Faulting

A fairly large amount of strike-slip faulting is proposed solely on
the basis of magnetic data. Geodetic data to support the present idea
is not yet available. The precise leveling was carried out along the route
in Fig. 4 in 1979 (CRUSTAL DYNAMICS DEPARTMENT, GSI 1979, 1980). No
significant height change was detected as compared with the early 1978
survey. Expected height changes accompanying a purely vertical strike-
slip fault are very small. Hence, more direct evidence such as the tri-
angulation or geodimeter measurements data is desirable in order to ex-
amine the present model.

UMEDA and MURAKAMI (1978) investigated special features of damage
clustered along the “cataclysmal line”, which runs in the N73°W direc-
tion within the Inatori—Nekko Pass aftershock zone. They concluded
that the faulting motion of the subsidiary fault was very slow at the
time of the Izu-Oshima-Kinkai earthquake. Even the aseismic movement
of this fault was suggested by SHIMAZAKI and SOMERVILLE (1979); the
near-field accelograms contain no such distinct later phases as correspond
to the subsidiary fault action. Hence we might reasonably expect the
aseismic faulting along the subsidiary fault, which would be ready for
sliding under the applied tectonic stresses.

The assumed fault movement is, however, very different from the
ordinary post-seismic slip; e.g. the Parkfield earthquake (SMITH and
WYSS 1968), the Izu-Hanto-Oki earthquake (GEOLOGICAL SURVEY OF
JAPAN 1980) and so on. Most of the observed after-slip can be realized
as the termination phase of the earthquake faulting with the exponential
decay. This type of after-slip was actually observed by the geodimeter
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resurvey, one month after the quake, although its amount is only a few
percent of the coseismic one (HANDA et al. 1978). The Kawazu tectono-
magnetic event, and hence the aseismic creep of the subsidiary fault,
started about 8 months after the earthquake, the total dislocation being
presumed nearly as much as the preceding movement. Such a large scale
faulting with a long delay time is hardly explainable merely by the
stress readjustment around the earthquake fault. The Kawazu ‘“silent
carthquake” was an independent tectonic event rather than one of the
after-effects of the Izu-Oshima-Kinkai earthquake.

Matsuzaki Tectonomagnetic Event

An evidence exists to indicate the enhancement of tectonic stresses
in the Izu district prior to the Kawazu event. In Fig. 8 reproduces the
daily mean variation of volumetric strain at Irozaki and the total inten-
sity changes at Matsuzaki (OHCHI et al. 1979). Although these stations
are 16 km apart (see Fig. 1), we recognize some close correlation between
the two different kinds of data: i.e. the Nov.-Dec. change before the Izu-
Oshima-Kinkai earthquake and the Aug.-Sept. change prior to the Kawazu
event. The former strain change is notable as a precursor to the M 7.0
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Fig. 8. The daily mean variations of ground strain at Irozaki and differences of
total force intensity (after OucHi et al. 1979). The arrow indicates the occur-
rence of the Izu-Oshima-Kinkai earthquake; hollow circles are the 5-day mean
of the total force difference between MTZ and KAK (see Fig. 1).
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earthquake (OIEP, SEISMOLOGICAL DIVISION, JMA 1978). The post-quake
variation in the ground strain is not accompanied by obvious 4F changes.
The postseismic strain changes might involve partly the recovery of the
mechanical contact with surrounding rocks, which might have been dis-
turbed by the shaking ground motion.

SASAI (1980) showed that the tectonomagnetic total field change 4Fry
at the earth’s surface can be represented by

0
AFTM:Q?TCO{ ;}{ }zzo
+(some additional contributions from the free surface
and the Currie point isotherm)

32+2p
At p

1
Comg BTt

and {0u,/df}.-, denote the simple extension at the observation site in the
direction of the geomagnetic field. Notice that the total field increase
corresponds to the contraction, for the stress sensitivity g is conventionally
measured in a sense as the compressive force to be positive. Fig. 8 de-
monstrates the relationship clearly. The magnetic changes at MTZ are
by an order of magnitude larger than those expected from strain changes.
For the uniformly magnetized crust with a magnetization of 107 emu/ce,
the magnetic sensitivity against the strain change is 3.6 X107° per gamma
(SASAI 1980). Some amplification mechanism of tectonomagnetic signals
is surmised, such as that due to local inhomogeneities of the crustal
magnetization.

MOGI (1980) claimed that we should not put too much confidence in the
precursory nature of the preseismic strain changes (the Dec.-Jan. event
in Fig. 8), because the late-coming Aug.-Sept. event in 1978 has no ap-
parent correlation with the occurrence of a large earthquake. If the
Kawazu silent earthquake did occur, we might as well regard the latter
strain change as a forerunmer. The Izozaki strainmeter has been very
stable during the past four years (1976-1980), only except for the three
remarkable changes as shown in Fig. 8 (OIEP, SEISMOLOGICAL DIVISION,
JMA 1980). Hence we are now of the opinion that the southern Izu
Peninsula suffered some abrupt increase of compressive tectonic stresses
at the end of August, 1978, which caused the Kawazu silent earthquake.
We may say that the Matsuzaki tectonomagnetic event indicates the re-
sional stress change, while the Kawazu event represents the relaxation
process of such stresses by the aseismic fault movement.
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Concluding Remarks

The interpretation of the Kawazu tectonomagnetic event as described
in this paper is highly speculative at the present stage. The presumed
mechanism follows, more or less, that of the precursory magnetic change
along the San Andress Fault (SMITH and JOHNSTON 1976, JOHNSTON 1978).
The tectonomagnetic model of the Kawazu event has much ambiguity.
We see that model parameters are constrained practically by the data at
only two points, namely the temporal change at KWZ and the survey
data at E18. Even a very small-scale fault could explain the Kawazu
event as well as the 5y decrease at E18.

Another possible cause of tectonomagnetic changes is not taken into
account here: the electro-kinetic effect (MIZUTANI and ISHIDO 1976, FIT-
TERMAN 1979). We have poor information on time-changes in the self-
potential and underground water. Some major magnetic events are
directly related to crustal strain changes, especially the coseismic AF
change at KWZ, and the nearly in-phase variation of the MTZ total field
and the Irozaki volumetric strain in harmony with the piezomagnetic
theory. The overall feature of the KWZ and MTZ tectonomagnetic
events can be well understood in terms of the ordinary reversible piezo-
magnetic effect.

The experience of the Kawazu tectonomagnetic event is important in
carthquake prediction research. According to the present study, the
proton precession magnetometer functions as a sort of strainmeter. The
excellent drift-free characteristics of this instrument should be more
extensively utilized for the urgent monitoring if any crustal anomaly
were to be found.

However, such a tectonomagnetic precursor as the Kawazu event
might be rarely observable, since the ascismic faulting is not always
guaranteed to occur. Even the term “precursor” should be used with
reservation : the Kawazu silent earthquake is presumably the major tec-
tonic event, while the Higashi-Izu earthquake is merely an induced one.
In conclusion, the Kawazu tectonomagnetic event demonstrates the de-
tectability of a preseismic fault creep with the suitable arrangement of
magnetometers array near the active fault.

Acknowledgements

We are greatly indebted to Professor Yukio Hagiwara for his en-
couragement in the course of the study. We sincerely acknowledges
Professor Takeshi Yukutake for his useful discussion and advices.



Tectonomagnetic Event Preceding ¢ M5.0 Earthquake 909

References

Axi, K., 1966, Generation and propagation of G waves from the Niigata earthquake of
June 16, 1964, Part 2, Estimation of earthquake moment, released energy, and
stress-strain drop from the G wave spectrum, Bull. Earthq, Res, Inst., 44, 73-88.

CrusTaL Dynamics DEPARTMENT, GSI, 1979, Crustal deformation in the eastern Izu
district, (in Japanese), Rep, Coord. Comm. Earthquake Predict., 22, 68-T1.

CrusTAaL Dynamics DEpaRTMENT, GSI, 1980, Crustal deformation in the eastern Izu
district, (in Japanese), Rep. Coord. Comm, Earthquake Predict., 23, 48-52.

EAaTHQUAKE REsEarRcH INsTITUTE (ERI), 1978a, Seismic activity in the Izu Peninsula
and its vicinity (May-October, 1978), (in Japanese), Rep. Coord. Comm. Earthquake
Predict., 21, 83-86.

EArRTHQUAKE RESEARCH INsTITUTE (ERI), 1979, Seismic activity in the Izu Peninsula
and its vicinity (November 1978- April 1979), (in Japanese), Rep. Coord, Comm.
FEarthquake Predict., 22, 57-62.

FirTerMmaN, D. V., 1979, Theory of electrokinetic-magnetic anomalies in a faulted half-
space, J. Geophys, Res., 84, 6031-6040.

GEOLOGICAL SURVEY OF JaPaN, 1980, After-seismic movement of the Irozaki earthquake
fault, (in Japanese), Rep. Coord. Comm. Earthquake Predict., 24, 128-131.

Hanpa, T., A. TokuvyaMma and S. Yoshipa, 1978, Crustal deformation after the Off-
Izu-Oshima Earthquake, 1978—An electro-optical measurement on a trigonometric
net around the Inatori area, (in Japanese with English abstract), Geoscience Rep.,
Shizuoka Uniw., 3, 65-T1.

IRozakl WEATHER STATION, 1979, Minute investigation on the earthquake of East of
Izu Peninsula, November 23, 1978, (in Japanese), Quarterly J. Seismology, JMA, 43,
103-105.

Ismikawa, Yu., 1979, The magnetic anomaly in the central part of Japan derived from
the aeromagnetic survey results, (in Japanese), Thesis of M. Se. submitted to the
University of Tokyo.

JounsToN, M.].S., 1978, Local magnetic field observations and stress changes near a
slip discontinuity on the San Andreas fault, J. Geomag. Geoelectr., 30, 511-522,
Mizurtani, H. and T. Isnipo, 1976, A new interpretation of magnetic field variation
associated with the Matsushiro earthquakes, J. Geomag. Geoelectr., 28, 179-188.
Mogr, K., 1979, Izu—Recent crustal activity—, (in Japanese), in “The Ten-Years Acti-
vity of the Coordinating Committee for Earthquake Prediction”, Geogr. Surv.

Inst.. 121-140.

Oncui, K., N. Ijyicui, M. Kuwasnina and M. KaAwaMURA, 1979, Geomagnetic total force
intensity variation associated with the Izu-Oshima Kinkai earthquake, 1978, (in
Japanese with English abstract), Memoirs Kakioka Mag. Obs., 18, 55-64.

Ounaka, M., 1976, A physical basis for earthquakes based on the elastic rebound
model, Bull. Seism. Soc. Amer., 66, 433-451.

OIEP, SeismoLoGicaL Division, 1978, On the Izu-Oshima-Kinkai earthquake, 1978, (in
Japanese), Rep. Coord. Comm. Earthquake Predict., 20, 45-50,

OIEP, SeismoLoGicaL DivisioN, JMA, 1979, Earthquake swarm off Kawana, Izu Penin-
sula, Shizuoka Prefecture, (in Japanese), Rep, Coord. Comm, Earthquake Predict.,
22, 63-67.

OIEP, SeismoLocicaL Division, JMA, 1980, Observations of crustal strains by borehole
strainmeters in the Kanto and Tokai district, (in Japanese), Rep. Coord. Comm.
Earthquake Predict., 24, 67-69.

RikiTAKE, T., Y. HoNKURA, H. TaNaKA, N. OHsHIMAN, Y. Sasal, Y. Isuikawa, S. Ko-
vaMa, M. Kawamura and K. Oucur, 1980, Changes in the geomagnetic field asso-
ciated with earthquakes in the Izu Peninsula, Japan, J. Geomag. Geoelectr., 32,



910 Y. Sasar and Y. Isuikawa

721-739,

Sasal, Y., 1980, Application of the elasticity theory of dislocations to tectonomagnetic
modelling, Bull. Earthq. Res. Inst., 55, 387-447.

Sasal, Y. and Y. Istikawa, 1977, Changes in the geomagnetic total force intensity
associated with the anomalous crustal activity in the eastern part of the Izu Pen-
insula (1), (in Japanese with English abstract), Bull. Earthq. Res. Inst., 52, 173-
190.

Sasal, Y. and Y. Isiikawa, 1978, Changes in the geomagnetic total force intensity
associated with the anomalous crustal activity in the eastern part of the Izu Pen-
insula (2)—The Izu-Oshima-Kinkai earthquake—, (in Japanese with English ab-
stract), Bull. Earthg. Res. Inst., 53, 893-923.

Sasal Y. and Y. Isinikawa, 1980, Changes in the geomagnetic total force intensity
associated with the anomalous crustal activity in the eastern part of the Izu Pen-
insula (3)—The East off Izu Peninsula earthquake of 1980—, (in Japanese with
English abstract), Bull. Earthq. Res. Inst., 55, 1101-1113.

Suniazaki, K. and P. SoMERVILLE, 1979, Static and dynamic parameters of the Izu-
Oshima, Japan earthquake of January 14, 1978, Bull. Seism. Soc. Amer., 69, 1343-
1378.

Sautn, B.E. and M.J.S. JounsToN, 1976, A tectonomagnetic effect observed before a
magnitude 5.2 earthquake near Hollister, California, J. Geophys. Res., 81, 3556-3560.

SatitH, S.W. and M. Wyss, 1968, Displacement on the San Andreas Fault subsequent
to the 1966 Parkfield earthquake, Bull. Seism. Soc. Amer., 58, 1955-1973.

Tstyura, K., 1977, Anomalous crustal activity in the Izu Peninsula, Central Honshu,
J. Phys. Earth, 25, $51-568.

Tstyura, K., I Karakama, I Ocino and M. Takanasii, 1978, Seismic activities be-
fore and after the Izu-Oshima-Kinkai earthquake of 1978, (in Japanese with English
abstract), Bull. Earthg. Res. Inst., 53, 675-706.

Tsu~ershl, Y., T. ITo and K. Kano, 1978, Surface faulting associated with the 1978
Izu-Oshima-Kinkai earthquake, Bull. Earthq. Res. Inst., 53, 649-674.

UsEepa, Y. and H. Murakayi, 1978, A cataclysmal line accompanying the 1978 near
Izu-Oshima earthquake and disasterous features by the largest aftershock in the
Izu Peninsula, (in Japanese with English abstract), J. Seism. Soc. Japan, Ser. 2,
31, 275-286.




Tectonomagnetic Event Preceding a M50 Earthquake 911

1978 SEFFHEE (M 5.0) AT LIRS RT 21k
— TR O IR T ?

HOEBEERR o o —
F OO B =

PERKESTIBOED SN L TIN5 BRYT, MEWCLE IR 7 e b v BEHEA, 197859 A
1L F iz TS TR AT kA Lic. A THICES T TILiy b~Tr oW x /=L, 11723
B10F43 MG HE (M5.0) LMEHZ, £ 5y ok rs Lk (Fig. 2100yl h =257 52—
TR X AR M H5) . EMTRCET, L L <kzhictl-> A% e s LT,
ML T VAR THELTEAMNGITHS. < DRLBKITZ X » T E i ¢ i
AR FRD B R, FHRSAEOERNILL ) 2 ABERY L (Fig. 3. (B LU O ZEEY
BRI 4 REz X B Rl Lo d o).

WEEM TG LS €= VEEZE s F A0S, ZORFERBNESOER S ITTF2ES
WIEHTTD, T @< b EAMTIER X T fcfcd R s. FERERIE CIEEE
MBI IO o TR IR AS, T ENE AR AN S = 213, S OWRFORIcITLTVS. =&
Tt Suniazaxt and SoMeErRvVILLE (1979) 0 @IS = 57 L iKW LT, RS LD = 5 35T
WITI o te. PESOHEE Lice 54 i3 S E TS AT B o &3, e X <BVTE 5.
PP TINFEE - OIEMEMEIELETNC X - T, MEETECICHER R Z - TERIhcsELLR
5. HoEEREO £BENRINE, THEIECHE S R o deibinas, FEHREE O S E TEU T
HELTHBENRS., ZONOIFFNT Mb. 0D LTI KEBE L. MEELIHEETS X5k
L EIR A Uie Dk, WBmO—ETHotemdihigy. R0 FARMBART — 2 DA%
S5 ELHMT D XSS OBEY, EEHERAEV. M5 —2ic k - CTEEERH SR
EXRELDOTHS.

oD X5 e IEEYEIEER) (s ioithiz) R D IBL O E WS BRI YMKRETS. ChucEx
LORHEFESEoO YL 5. BH L (1978) BFEXEIBNEOHIEOMEN G, B EHD
WEM B OSEIIZ W@ o< h LT Wi qHEE LTV 5. SuiMazak! and SoMERVILLE (1979) %
B R A B B O G T 5 M LA R s o & s, JEEVEITI O Affet: & 2
TRELTWA. TREEHVREECDH - FIWE, fS20FIEHOEE VTP - Diffofc s
THEDIXTBEA TRV LEBLS.

FEDBELTOENNC, FEEEMT THRICHOTE D sz L emB o1 ES. 4
8RNI 31 5 N E ARG O FREH LR AN I Lo THS (K, fil 1979).
197TT4EILA ~128 3 X 1978 8 A~ 9 0 2R e EIMNT s\ T, MHEOMIEAIETF IRV Ltk
ft < VTTEROEHFHEFELEZ, FEKHTEEOTIKE LTHE. —F, M= Yk
X BERENTALE, IS OHERRIS I M A OB RI AT 5 K> (Sasar 1980) .
8RO, MUK TTAANDEMG=2FNEME VS FE2ED T, BHRMTHE—FKLTv5.
B - T19784E 8 AR DMK, AMOATIEZILEEL dbHEDE, $THLH
b ANz s L B o2 Emk+5% £ Bioh b, & OJRKIE N O LA FIEE RS O s Te
BTEpTEh A EE L2 b D THA 5. i & RSz Blb B S R 2, R AR
EEERO—FBRE LTHEYTHHZ Em LTV 5.

MMz A OHMEFEEERMOE L O 2DH PN B TEITER TV A, FcitRIBEOAE
R EATED | DAR IR, FE A%, RYMTUSERTENT L~ 8F, PIErEHE btk » Tl
DHIGFE, FREEEK I, BRI H i MBS T E, ftlikZanfish
T 3. LTSN ORI 3 X ORI EETIT Bicid, B 5 Mg Hie o
WTEIZIBEATRE, T 8RO ARG XADTELHFT LTHG . Mok 4o bR
mrdlLET.




