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Fig. 1. Locations of temporary magnetic stations (dotted
circle) and survey points (solid circle) in the eastern part of the
Izu Peninsula. The hatched area indicates the epicentral region
of Off-Kawanazaki swarm earthquakes,
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Fig. 2. An example of simultaneous records of total field magnetograms, The
vertical spacing corresponds to 100 nT.
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Fig. 4. Hourly mean values of simple differences between KAK (the referencé sfation)
and (a) YSD, (b) SGH and (c) KWZ.
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Fig. 5(a). Changes in the total field at eastern Izu stations relative to KAK during
the period from 1980 to 1984. 5-day mean values of simple differences of night-time data
(00:00-04:59 LT) are plotted.

BEGED TR EREDERT. LHL—Ao%FET5L, ZOMEETHERELT
WA, BLAKMFEOFCE A AT, T HIBREKERNZ D RiFO v &,

Dst gk EO R L Bbh s, 2B FHOHPRIEHICHI: » TFET 50T, &
FRME O ELZIC V. S0 X 5 Al R T 554y, £BFEDH
AUFE L. LA LEAOBIIICE, H4RTRCE T, —AD 5 50k 3R

RIMLTLES ZEMRLIELIED S, co k)i, BAMCLEFEYRD5 &,

FEHIEAEL AFTONTLES.

#5(a) Ric 1980 £ 1 A2~ 5 1984 £ 12 Bz o fillic o\ T, il 368 & L AR
WIROEWAZERT. hIIRERMED 5 B Th 5. o, v ono
BNESNATHEL LS G, 1) &5 198145 5 30 H—1981 48 § 31 H. A%
Fre BT, MOMEHHNEEDER LS THEIRIF 72y MATHELK. 2)
198345 H & THOMIC, © v —0l S ClIpERTH . EiE - ok
BR|IED T, B EEOETIRG BB TV 2FBEOLE L FFD L5, M
FEMERED. 3) 515 1984 5, v — RO ET S hic. 198346 F &




B R BTN O RAHIRE I S 2RNELL 155

ae
-~ -
. ey e N
B PR A
Y [ L

~ 3
e v,

5
HAT-KAK o

-5
S

UKH-KAK o

-5
S

ARA-KRK ©

-5
S

INRANNE

Lipiiy

YSD-KAK o

-5
S

SGH-KRAK o

-5
5

KKG-KRK o

-5
S

EA

RN ST
.,..',.".".‘m}_“.' <L
e i

INRNRNANEi

- s s e
R A L

e elet, .
SR f'-l’_:.:y_ oot
- &

[RENRERNEI

e lroad SN

KWZ-KRK o

-5

 RRRE RS RN R AR RSN N RN = LS LR =N L LR =N LA LA Y L LG

[ENARNENEI

prgy vy bt rritl [RENEENEERN III.llllllll AN

FMAMJJARSON FMAMJJASONDJFMAMIJIASOND JFMANJJASOND SFMAMJIJRASON
f980 0 DfSBl J 1982 I‘983 J fSBl oo

Fig. 5(b). The same as Fig. 5(a), except that whole-day data are used.
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Fig. 6(a). Local changes in the total field at the northeastern part of the Izu
Peninsula relative to KWZ during the period from 1980 to 1984. 5-day mean of simple
differences of night-time data are plotted.

Fig. 6(b). The same as Fig. 6(a), except that whole-day data are used.




G L BURIIR O REHRIEBICHE > 2RAEA 157

AR AV R B R R - TR SV, #5(b) RKAU S MiAx L LT, 207 —
AR FGED B EEE R L. o6, 5a) ik bhi 1981 FHOEMNHEE
LTLES. Tibb, 1981 E0Zbiis < R0 3 o, OHSHIMAN (1982) DfE#H
MELDoto bl b, ZTFBREWE S A0 T, KETZ OMEORELCPFFL
SHRBZERTA.

M2 L L BT A5 D&k &\, £ o O L LT, FEYE
FEBO SN L B THD. 56(a), 6(b) MBS IOLAT — 2k fVi, M
iz 5 BEHERLE. ok, HRCOWTEALBNELOFHIENFA THIRVOT,
Mo BB L Th D, 1982 4Em 5 1983 FEIeh T T, 2PN OWP D bHIANE, o &
hLi Ly FOBEAR SRS, 1982 iy, 85 KTld bl & PO &/
AR T, HECIGTh, BRIV 0n, Bk 2MEESBECRT
tha, coZESy, ER3ENACELT, 58, 98, 11 AL, Pk LILHE
BN, BT 5 L bR Ui, #3505, & OB RIMEET) OHET & IFH
CRGHE R o o E2HBL .

A L HHICE, o X0 L2RIANEE b hit. L LRIIOZLo#T
e, HHEEERCR TR, i LE» S VEMOEI 5T T 5560
bH5. HFAFHTI hEO LN LBEED L ONIEEHNL 2 LIeT .

3. A0S FEERICLDIHEIE

AR - kEF (ERREBERBC ST 2 HRERSASCHT sy v R v 4]
#1981) PR THIRO SR ABIC D &3V T, BEMEOBIL TEY X - THE
Thick Bhh RS EoRERIER L. ek 1981 FEORS, #HHRSGO =
YTy 7 CH BRI LA, W OnOmETIhE L hE, MBS
AT B AR AR & L (fiFSF - A)II 1982). ok OHSHIMAN (1932) (331
TG SN — T DORNET — 2 AW, FEOEN=1 Y 7 ¥ v S CTHBTHE
ThHEL. —F, FH - (1984) 3R 3ESD LM T — £ & A7 b AN
L, M, O Zo@MWRcHTAEELRANZ b €= S hisn 2 &R
Fo. COX 5 CEIWRIEORFIER, TN TGN S h o TV 2 B1EE O
T, WO TV,

o TEWRMO, BBORNEYy v 7Y v S ThETD, =4 )7 v v /DT HRI
¥ LHTRL mmmg:wgm%t#mﬁﬁﬁ@ﬂbkﬁghfvéﬁ,%%ﬁ&bm
QT FEXHVS). LTFOHMAL OHSHIMAN (1982) #&8F L. =4 )7 ¥
vk, SR RTIE —E ORI CIA LT 50, FARIEO 2 52 b @y
DWHEENRTVD &, BT ED - <) LREASMEAEIERIICEA BB ST, A
FerEAz—FOFERBLLTALRTVS. B2 3L OrOEAMNL, RHEDH 5 RH
WA EEY b o, FEIiY R my PTHZ LS. I 24RO
MR T, AREAR MBI ERL L Licie s, £ T 48 XD
HoEHOEAS TR TVhIE, =4V 7y v/ RRT. L 8 BEoBKSD 10



158 EHE—-BIIRE

sE 3 sE +
oz ol | NIRRIE ey | L T | Lol alnl
HATSIRE © LT | T T [ oo SRR S RATRA2 < b — ] DLR SR
g - -5
s )L a sp ‘v
UKH-KHZ o e 4 ; UKH-KHZ o s 3
-5 E = E
; L 1 s 1L
ARA-KHZ o E—W - 3 ARA-KHZ o | oyt 7l i
N 4 hw | . IR LTNE LE f f e e A
st 3 s 3
YSD-KKZ o Ehya A S YSD-KHZ o = v 3
N b A MIRGEAE L \\,N et 1 MA‘ SNTNE
s 3 sE
H-KHZ o F 3 SGH-KHZ o E E
s¢ Za; vor|e N ¥ g | Sttt . Yl A e Uybonpeo | Atk L ]
" .
T W T e wm am om e w e e

Fig. 7(a). Daily plot of the simple differences of night-time data between eastern
Izu stations and KWZ in 1984,

Fig. 7(b). Daily plot of the simple differences of whole-day data between eastern
Izu stations and KWZ in 1984,

5_' g s E 3
HAT-SGH o Eb. Ly A{UP] 3 hat-son o El 11 Ll i LI
O P A (7 i i
" { i L
s i 3 st
UKH-SCH 0 Efamtactwn L e Pttt UKH-SOH @ oo o ’L&M’\“ et MR
SE 3 skt ']l
s 3 sp WE
CE . AN E M FaT NN WYE
¥S0-501 o }"’l‘“‘ et rafhind T AT 5 s TV AT e L S a R LA
Ea= -5
s 3 s
F 3 E 3
KNZ-SGH o sttty a4 . Baias it KWZ-SCH o F :"‘W‘T Ak > E
s E 3 s E

fE, T Wm o en o omr o W ok Mo sroocr My DEC f3, FR o mm o mn omr o A me so oo v o

Fig. 8(a). Daily plot of the simple differences of night-time data between eastern
Izu stations and SGH in 1981.

Fig. 8(b). Daily plot of the simple differences of whole-day data between eastern
Izu stations and SGH in 1981.
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Fig. 9(a). 5-day mean of night-time differences between the eastern Izu stations
and KAK in 1981. Triangles indicate the “anomalous events” we reported in the previous
paper (SASAI and IsHIkKAWA 1982).

Fig. 9(b). The same as Fig. 9(a), except that whole-day data are used. Notice that
the “anomalous events” disappear.
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Fig. 10(a). Geomagnetic total field changes at eastern Izu stations relative to KWZ
during 1981 and 1982 (5-day mean of night-time differences). Arrows at the bottom
indicate occurrences of swarm earthquakes off Kawanazaki. Tectonomagnetic events at
SGH, YSD and HAT are denoted by A, B and C respectively.

Fig. 10(b). Geomagnetic total field variations at eastern Izu stations relative to KWZ
during the period from 1983 to 1984 (5-day mean of night-time differences).
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Fig. 11. The epicentral distribution of
Kawanazaki swarm earthquakes during the
period from 1980 to 1984 (after MATSU’URA
et al. 1985). The area a’ trending north-
south is the after shock region of the 1980

Fig. 12. The distribution of geodetic
observation networks in the Izu Peninsula.
Levelling routes (GSI) with some important
bench marks, triangulation network by GSI
and Higashi-Izu geodimeter baselines by ERI

are shown. The square with plus is the tide
gauge station (GSI, JMA, HGO), while the
triangle is the volumetrie strainmeter (JMA).
Small plus signs connected with a dotted
line represent the magnetic survey points
established by TIT and ERI (the Izu Skyline
“leap frog” survey line: OHSHIMAN et al.
1983).

East-off-Izu Peninsula earthquake of M 6.7.
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Fig. 13. The crustal uplift in the eastern Izu region for
the period from 1976 to 1984 (after GSI); (a) Monthly mean sea
level differences between Ito and Aburatsubo tidal station (up-
ward: upheaval at Ito T.S.). (b) Height changes at three
bench marks (see Fig. 12) relative to UCH tidal station as re-
vealed by levelling surveys.
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Fig. 14. Migration of crustal uplift oe- (b) Crustal uplift in the Izu Peninsula
curred in 1982 (GSI 1983b, 1984): (a) Results during the period from May-June, 1982 to
of repeated levelling surveys along a route May-June, 1983. The datum is UCH tidal
between B. M. 003-012 and B.M. 9335 (see station. Unit in mm.

Fig. 12). Relative height changes along the
route are given, in which the height at B.
M. 003-012 is fixed at zero.
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Fig. 15. Results of distance measurements during the period from Oct.-Nov., 1981
to Nov.-Dec., 1982 (GSI 1983b): (a) Principal strain axes, maximum shear strain and
relative areal change at each triangle. (b) Changes in the length and simple extension
at each side.
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Fig. 16. The ‘distribution of proton magnetometer stations
in the Kanto and Tokai districts. Dotted circles: stations offering
data to The Geomagnetic Research Group for Earthquake Pre-
diction. Squares: stations newly established by ERI since 1982,
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Fig. 17. Changes in the geomagnetic total field relative to KAK during the period
from 1980 to 1984. 5-day mean of simple differences of 15 night-time data (i. e. those
at 10 minute intervals from 00:40 to 03:00 LT) are plotted.
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Table 1. Apparent period T (unit: day) caused by aliasing of tidal
constituents for the sampling interval of one solar day.
T: the true period in units of hours. m: integer which
minimizes [1—mal| (@=T/Ty, To=24 hours).

Tidal T L m T
constituent (hours) ' (days)
M, 12.4206 | 2 14.8
S, 12.0 ‘ 2 ©
0, 25.8193 1 14.2
K. 23.9344 1 | 364.9

Table 2. Damping factors of amplitudes of aliasing waves originated from tidal
period variations for some combinations of sampling and averaging

intervals.
At (min.) M N M, 0 | K,

10 5| 144 0.9350 0.9847 0.9822
300 1440 0.7516 0.9388 0.9290

1 30 1440 0.9971 0.9993 0.9992

1 60 1440 0.9888 0.9974 0.9970

10 144 144 —0.0349 0.0615 —0.0166

1 1440 1440 —0.0348 0.0038 —0.0041

TI_ T1T2

=172 A-3
T\~ T (8:3)

THEzbhA, fE»>T M, & O D=4V TV I7EOE— 11k 365.4 HED.
A TEBCIREIO b AREEOFEERHVHD T, FIGRELX > T2 VT ¥ v
FEORBIREETS. TOFE T 4 L x —OFEFERELRD L. t=nT, &, Hl
EfE 4 T M HoF—20FHER L BEDLTH. ZOFEE Fli=nT,) 3RAT
5 zbh5.
Flt)=—53 cos {2l(nT0+kAt)}
M* T

— A(M, N, T) cos %’f—nTo (A-4)

fei2l, To=N4t &+5. (A4) THLT (A1) LRUEMERZEE 2 T&, RiE A
(M,N,T) icb=4 ) 7> v 7ERBL R B 2 EMRGS. AMN,T) 3kFxTEL DR
5.

AM,N, T)='1%[—§ cos 2‘"‘:;“
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Changes in the Geomagnetic Total Force Intensity Associated with
the Anomalous Crustal Activity in the Eastern Part
of the Izu Pewninsula (5)
—1982~1984 Off-Kawanazaki Swarm Earthquakes
and Crustal Uplift—

Yoichi SASAI and Yoshinobu ISHIKAWA
Earthquake Research Institute

Results of continuous observations of the gcomagnetic total field in the eastern part of
the Izu Peninsula are summarized for the p2riod from 1980 to 1984. Locations of obser-
vation sites are given in Fig. 1. In this paper, we make full use of all minute data, in
contrast to the previous analyses in which only a portion of night-time data was utilized.
The noise characteristic at each station is briefly investigated in section 2. Magnetic fields
at HAT, ARA, YSD and UKH are severely contaminated by electric railway noises. They
bring about a steplike offset in the hourly mean values from when the first train starts at
around 0500 hours to the last one which stops before midnight (Fig. 3 and 4). In order to
diminish the scatter of daily mean difference values, we have to use only night-time data
(00:00—04:59 LT) which are free of DC noises. Such a sampling procedure causes, how-
ever, the aliasing phenomena of the tide-generated magnetic field as claimed by OHSHIMAN
(1982). Actually, regularly oscillating variations over a half month’s period appear in the
night-time differences at HAT and YSD (Fig. 7(a)), while they disappear in the whole-day
differences (Fig. 7(b)). The half month’s period variation is due to aliasing of the M; and
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O: constituent of the tidal magnetic field. A remarkable total field change at YSD, HAT
and UKH in the 1981 summer season is also found spurious (see, for example, Fig. 9(a)),
because it vanishes in the whole-day differences (Fig. 9(b)). This event is nothing but the
“anomaly” we reported in the previous paper (Sasar and ISHIKAWA 1982). Our foregoing
conclusion is incorrect: i.e. that the anomalous change is presumably of some tectonic
origin.

In Fig. 10(a) we can clearly discriminate a rather steep increase in the total field at
SGH in May, at YSD in September and at HAT in November, 1982. These stations are
located near the three centers of crustal uplift, which took place during a year in 1982
(Fig. 18, 14). No such events are found at ARA and UKH, although these stations are
included in the upheaval area. It should also be noticed that the decrease in the total
field is dominant even at the three former stations. A gradual uplift was going on since
the middle of 1980, the rate of which accelerated in 1982, We can say that the total
field decreases simultaneously with the crustal uplift, except for an epithodic increase near
some local centers of the surface inflation at the onset of the accelerated upheaval.

The total field in the eastern Izu region tended to decrease as compared with KAK
since 1980. It started to increase in 1983 (Fig. 5). The secular variation of the geomag-
netic total intensity in the Kanto and Tokai district for the period 1980—1984 is investigated
on the basis of data published by The Geomagnetic Research Group for Earthquake Prediction.
Comparing these data with those at KAK, we can discriminate some blocks having a
similar secular change pattern but different from the adjacent areas, namely the Boso
Peninsula, Izu-Oshima Island, the eastern and weatern parts of the Izu Peninsula and the
western side of Suruga Bay coastline. This fact seems to have something to do with the
present stage of the tectonic activity in this district. Finally, the possible cause of the
anomalous crustal uplift and seismicity in the Izu Peninsula is discussed. The lineation
pattern of epicenters (Fig. 11) and the horizontal extension dominant in the NE-SW diree-
tion (Fig. 15) make us imagine the dyke-like intrusion of magma followed by the inflation
of reservoirs. This explains qualitatively the magnetic change, because the total field in-
creases just above a vertically intruded magma sheet and it decreases over an inflating
pressure source. Even though such a process does occur at focal depths, 10km say, it is
difficult to produce the observed amount of total field change: the source is located too
deep. Some secondary mechanism will be necessary to account for the magnetic change:
i.e. dilatancy at a shallower depth. Quantitative examination of such models is our
future subject.




