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CRUSTAL MOVEMENTS RELATED TO THE SEISMIC
ACTIVITY IN RESTRICTED AREA (1)

—RELATION BETWEEN THE SEISMIC ACTIVITY
IN THE OUTER ZONE OF THE TOHOKU DISTRICT
AND THE TILTING MOVEMENTS OBSERVED
AT THE HOSOKURA STATION—

by Yutaka TanNaka, Masaaki KaT0 and Makoto Koizuml

Synopsis

The present paper is a general report on the long term observation of crustal move-
ments at the Hosokura station in the Tohoku district, and further, the first of a series of
papers in which the relation between the seismic activities and crustal movements in some
restricted areas will be presented.

Observational results in the case of the outer zone of the Tohoku district are as fol-
lows: as far as the E-W direction is concerned, the mean velocity of tilting motion of
the ground at Hosokura changes coincidentally with the alternations of sequence of
shallow earthquakes occurred in the region of Sanrikuoki (Off the eastern coast of the
district), and elastic deformations as shown by the see-saw motion superpose on these
stepwise motion of secular ground tilt, decreasing its amplitude and shortening its period
with time. Earthquake swarms occur near the peaks of the curve showing the see-saw
motion.  These modes of ctustal movements at Hosokura are essentially similar to those
of the Makimine station related to the seismic activities in the sea area of Hyuganada.

Besides, an attention is drawn to the plastic deformation caused by a series of very

shallow earthquakes originated near Hosokura.
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Photo. 1 Observational room in the adit of Shita 3 k&, the Hosokura mine,
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Photo. 2 Records of tiltmeters and variometer of geomagnetic declination.
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Fig. 1 Geologic map and cross section of the Hosokura mine and
neighborhood, supplied by Mitsubishi Mining Co., Ltd.
A : observational room.
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Fig. 2 Master faults of the Hosokura mine.
Arrows show the vector of mean secular tilting.
Upper left: schematic distrbution of faults and veins in
the Hosokura mine.
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Fig. 3 Topography and bathymetry of north Japan and cross
section in the latitude of 38°48'N. G : gravity anomaly.
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Fig. 4 Vertical crustal movements on the levelling route from
Shibata to Taira in the Tohoku district (after Mizoue).
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Table 1 Position of observational rooms

Latitude | Longitude | Height |Depth| Geol. Epoch of obs.
HOSOKURA I o 4grat e l Dec., 1943~
(Kanten Shaft —68M Tokkﬁ) 38°48'34”N .140 54 03,E 130m l 160m:Green tuff I’*‘eb., 1957
HOSOKURA 1II ° " orEaInat’ . Sep., 1958~
(Shita 3ko Meitsi Cross-cut) 38 48/37 N i140 5302"E 16m ‘ 230m‘Propy11te Present
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Table 2 Sensitivity of instruments

Instrument Direc. obs. Sensitivity  |Opt. dist.| Period | Epoch obs.
Silica tiltmeter of S14°°W—N14°E| 0.007”/mm 195cm | 40sec.
horizontal pendulum ‘ Bec., 1943~
type NT6°W—S76°E| 0.007/mm | 195cm | 40sec. | APrs 1945
Extensometer of Sassa oWy o -8 length : -
| type (Superinvar wire) N55°W—S55°E| 1.2x1078/mm | 200cm 20m 1944~1945
<
% Super-inver tiltmeter |[N11°W—S11°E . 0.025”/mm 200cm l 20sec.
» | of horizontal pendulum
S type N79°W—S79°E| 0.0%5"/mm | 200cm | 20scc. | June, 1949
o) l
e Vari‘ometexj Of. 56.3”/mm 366cm Feb., 1957
magnetic declination
S79°W—N79°E [ 0.45”/mm ’\\\!\ 1950~
Mercury tiltmeter w Feb., 1952
mrE—NirW[ 0.45”/mm f\\\\j\\\\ K
- Super-invar tiltmeter |N45°W— S45°E|0.02~0.05"/mm| 197cm 12~§2C
< | of horizontal pendulum 12~2‘07'
& type N45° E— S 45°W/[0. 02~0.05”/mm| 195cm “ec,| Sep 1958
i ‘ l
8 Vari.ometelt of. 0.4’/mm 388cm Present
% magnetic declination
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Fig. 5 Secular ground tilt observed at Hosokura.
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Fig. 6 Vector diagrams of ground tilt observed at Hosokura I and II.
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Fig. 7 Tilting movements of the ground at Hosokura, resolved into four direc-
tions, and the mode of energy release by shallow earthquakes in the outer

zone of the Tohoku district. Lower right: schematic vector diagram of
ground tilt,
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Fig. 8 Distributions of epicenters for the periods of each crustal earthquake
sequence.
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Fig. 9 Left : tilting motion in the direction of horizontal displacement of tri-
angulation points near Makimine and the mode of strain release by the
crustal earthquakes in Hytganada. Right : tilting motion in the E—W
direction at Hosokura and the mode of strain release by the shallow
earthquakes in the outer zone of the Tohoku district.

XTC, CECEERESRL, CORFVIOHMERALMIC N80°E Hro@EaE i, REEZE NS
RoThbHZETHAB, Thd, HEOCEHMER (Fig. 9 £X) L&<{RALERNTHD, Ticbh, Hik
D S60°WHHDEAIZ L, MERFIER - FEMECHER N ED S, ¥, FURNAOME« OHIE
F 72i% Group DOHECAE 5 BEOHEXN LD, Ticbd, Group a T, FRHEEOHEIEIRES
DO E BT HEREINCRE LTV A L, Groupd TiE, Wb B/ITHTTEELTHRELTWS, FL
<, ZOENL, BRIERZR oD, ROZHIC R LT3, Group ¢ iX, Group a & Group b
OFERT, ILEACBELTHRELTCND, ZL T, Group a, b, ¢ TIIZD FEEMBABEL T\
5P, KL, SEHMOMBOBE T, REOUICEEL THREL, RENIAMLIRNZE TS,
LEVEREE->TETCNT, EEDHED Group b icHilL T3, RAEHBOBEO ST, 2K
CX XD L DT, SRR AMCEIIRL - T 5%, Bl 2L Z ORFIOREHOH



B - g - NR BB BE U D R E(1) 135

BRI, =P iic B L To G, REINALORIOWLICEST L, FRUMNOMBRISHERLET, %
MEBDE 2, H3OWCEhRE LB, TIEEE: SEUHLES 2RO ki, Group &k
BB LA, REL CWBHEANLRL B,

ek, HEDHEL RO, ARABHERFIOERIICIILY, LRBECHERRELTWT, LM
SURGI ORI & IO E O EEAEFEATRS K LY, SHEihomEOS A, 84k
TOMGERMBORNEL, ZOHDBERIL BLL TN L TH 5,

s, BINAT L MRIEEIRE TOEMIT, AEBOBAE, B S THT0~100km, SEEHOE AL
MED B 150~200km T, (HE 2 f5ES, TVE OBBC LT HAMSREWED K5 TH
éomﬁﬁﬁok3éﬁﬁﬁ®ﬁﬁﬂﬁkﬂt,Zvﬁfukﬂ?é&fhd,ﬁﬂ%wé@oﬂmbk%<
—HT %,

—7is Tectonic Force 2\#< & MG XM 2 HAH R L, BERALEILHHORS %25 &y FFlods
ﬁaﬁ%aﬂﬁﬁwﬁﬁ&@ﬂﬁwﬁﬂcb,E@%ﬂ%@ﬁ@ﬁ@%?ﬁﬁ@%?iﬁ%ﬁb,%@&b
LSEREEEL, PEORBCR > Tb, ZOMBORL, —EREHELMLE, HELE Lotk
E 0, HEHEAMOM & IFFT X < T CTHBRE

LB A~T RO MRIER) - Tectonic force DML #x b s BIGHED AL LkEE & DELR
(Lo {2 DHIFRIZ & » TR E SRR B, 200km bIX7RcMIB E T RAKEEL BOTILR L,
SO LS I BEEOMBEEBOW R, WO D PECES, KEDS T Mantle -BEIC I\ T B A
DRREZL, D220 FOEL, energy DEBOHFOBIIC L D HDT, Zhit, MERFIDEHEL
VTR T AR, —JF CRARFEADOMBOIEFICAE /S PEBEROEBDER & 78 o T 5 DTk o
PEBBINDZDOTHB, b, HBHFEAC L TE energy NEEL, ISR > CEAEE -
D, & energy 3B HBEET 5L, Crust OFOEMCHIBNEFRIRRET D, Db, 7 energy 12
BB DS, T250 energy DRIT /L IHI T B 72sd, BOR U HRCEA L D, HED
FARECL>T, £OHD energy HHHTIUE, FB@AEBHRYEET2, - OM*OHEO KSR
EnZPBIT 50 BB\ L, T energy DEREINHEMAILL o Ty BELRD SEBIC B b see-
saw JEENL, RMLFAML P85, ©HT energy ODEHEIRECRI L, —0OHWERFLZE T
%y EEZT, BB ¥, OB ERYBETES 5 TH D,

8. WRRMBRIIEMHES)

HUED~Ye, REEOCHMEHBERL, L, BRI BEERORECS Eh5 X5 nrEk
T ) OBEOMRIREL G, OMpyELIN DTN D 5, MER CEIH S h 2 EALTEhL,
BLAHLFEROS L D&, HENERGE CARERDH B D E, WANADEI LEND DD
DELYE-THEMIND EELONDY, BT ELDE-7 bORML1HD HETHETELTHS S
Ly ECEHBLE bORGHTHZ LIXTER W THAH 5, Fig. T K3\ T, 1963FEE BIERD
EEpBBCELI R TO DD, BOMNCTHMERDORDTHS D LELbRD, b, = OFHER
I X2 BT E B D e b s fo & THUE, ARG, R0 AGY S o L BRISRD,

& THT, 1964FDLCHE, HFDGRA TR EENE > T D FTHENEND 5, BTN EL
fibTe DT, ZORIICRIINERIL T B0 8 5 2vbhbiew s, Fh Lo —HERF 0 RES IR
BHEETIUE, TAHEARIIDERL S > Th IOEIIC S - T 5, RECEEDOHEBRAERI,AS BR
X, EOWEREITSRDLRD, b L, RFINERLTS ETHE, Kb FOEARASID L 5
s BERECEEIEAL T 5 THS 5, Fig. 8 txbhn Xoic, MAMD 50kmblpg DR CIL,
magnitude 4 BEDIEL, BE LIFC 1O 2 0FELTWBET X ich o7, LvL, 19624 LI
BEOZMETIL, MED 20~30km OHIFIC BERL T3, BEOEXE, MEASC Ll Okm &
EESN TV IERFHE TH- T, BomCBEFREORIINETREILECISE Lo & aibn b, i



136 WA EPIRAFEREINGA (.42, 3)

BEBOBHAIIERS 2D, 1962E 9 A ¥ THI S T\, BRUCRE LAE /57219624 4 A30H
® magnitude 6.5 OHIERIHEOET THLcV A, HEEK 14EED 19634 8 A1LRCMAN D 25km
HET, £OMBOKERAI magnitude 5.3 OMENRAE L, COHEBREDHS » AR bE2RS
REEEHRC Y, BEEEYHL T, HERAEDCIVBINCIL, MANLBRAFMORINLIS HEE
EE LT TH DA, TR, 27 ARCIEHORES#EBIEL T5%, ZO%FIx Fig. 9 #bH
NTH B, MOTHCIT, HMAEM»D 50km LAPHCFAE L7 HEIC X 5E energy OEFIRE X BHEZLTH
b

ch e e
=

]IO“’lergs)"2 .o

cat
"I.l|'Il!1||lllll'lll|||l|llllllllllll
1963 1964

v
1982 1965

Fig. 10 Tilting movements of the grund at Hosokura, resolved
into four directions (R :radial, T :transversal to the
epicenter), and the mode of energy release by - the
shallow earthquake sequence occurred within 50km of
Hosokura.
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Fig. 11 Upper : distribution of epicenters of earthquakes
originated in the northern part of Miyagi prefecture.
Lower : Vector diagram of anomalous ground tilt before
and after the occurrences of the three near earthquakes.
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Fig. 12 Strain release by shallow earthquake sequence in the
northern part of Miyagi prefecture,

Jan.i3,1965

Apr. 30,1962 Aug.!1,1963

M=65

Fig. 13 Push-pull distribution of initial motions of shallow
earthquakes occurred in the northern part of Miyagi
prefecture.
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