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An Anomalous Variation at the Time of the Earthquake on Mar. 6, 1967
—Study on Vertical Component of Earth-Current Potentizl Gradient
at Matsushiro
By
Teiji Kumagai

National Research Center for Disaster Prevention, Tokyo

Abstract

The observation of vertical component of earth-current potential gradient hasg
been carried cut by National Research Center for Disaster Prevention near the easiern
outskirt of Matsushiro town. The geographical coordinates of the observed station
are as follows; Latitude: 36°33'16"N; Longitude: 138°13'03"E; Height: 374 m,

This observation was planned to utilize the boring for the investigation of

earthquake swarms around Matsushire region.

The electrodes in use consist of leaden rod of about 5 cm in diameter and one
meter in length, The upper electrode is burried vertically in a thick layer of pine
charcoal grains at the depth of about 1,7 meters below the surface of ground, And
lower one is cemented in a thick layer of conductive concrete and situated vertiically
at the depth of about 0,2 kmn below the surface. The distance between two electirodes
(base length) is about 0.2 km, As the recording instrument is used a set of chopper
type amplifier and pen-writing voltmeter, The speed of record is usually 6 cm per

minute, and its sensitivity is 10 millivolts per 250 mm per base length,

One of the objects of this observation was to obtain the record of shorter-peried
variation, not such as lunar and diurnal variation, In the region of Matsushiro, it

was so0 difficult to observe the natural variation of earth-current potential gradient
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due to the obscuration by the noise of stray electric current from railways,'so that

the present observation was executed during night hours (from Q0 h to 04 h), when the

noises were comparatively small,

The writer reports here only the anomalous variation recorded at the time of the

earthquake cccurred at 03h 33m, Mar, 6, 1967 (F8T).

The morphology of this anomalous variation is as follows;

1) Beginning time of this variation is the same as the observed time of

the earthquake,

2) Type of 'variation is that of dumping oscillation, 0.7 sec peried and

about 7 sec duration,

Such a type of variation has never been found at least in the records of world-

wide rapid variation which were observed by the Kakicka Magnetic Observatory and

its branches. The writer suspected at first that such variation might be produced by

some mechanical shocks given to the recorder or electrodes. If so, they ought to be

recorded also at the time of other earthquakes, but the results of several experi-

ments and researches were negative, contrary to the above expection,
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Table 1  QObgerved period and sensitivity of imstruments,
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# A B b- 1 mV/zsmm/BL £ R H . m%E(lT%L
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24~25 09 ~ 065 Z0 12.4 ~ 5[ 23.5~ 03.5 10

21 00 ~04 10




BReFTHREHBERBR oS — BE

SRV SUNEERNS S}

Fig. 4 — 3

g

4

Fig.

AB and Care artificial wariations at about the sametime every day

Fig, 4

67—



BB R B 2R (288 DA R AT AEy M18T 1969

CA,B,0DLLiE TR HBEAL TS5, MX
HIPB6HOCATHSD,

2 EROFR

EMORRIEIAZLOBELZLONSA, 04 B
BRBETE-EDICARY Tl o, BERAR,
EmAR, BBETAT YRERERES- oA,

3) B#OFR

HREEBCY DRABRNMERL, T ORBYRERT
BrLrbEAGNLOT, HBEYRAURECK
TFTeT 5, ABFOHETAMPEIRDIR LD
HBY 1967458 22 Befn 48, MX
HIBL e ofz, ¥, #ERBRARCERA
K, BEIEBFOMEEIL XL ERAILT
whHr3A e HrEHRENRE, BRELLFLT
o TbhbMXBREBEIAT VWL, BT Y
Thip (HBMEELA OB MX B B3 T
feus,

R IC 28 R e 2¢04 1 L, BEY ™S5 pum
L TS, TOBRSEE200m %
FERTAHEELRPREVREBAF—ALT ¥
LTLE 307, HERBECAT Zn (HEOE
frEw 268V )EALL,

BEOCEBDICLI>BEORIYAL DDA
OTRERELFEALLY, ERoCAERER
AT R EDTRELLEE BT LA
5THASHAKREY 1 OfEcL TERTNP1.25gal
MEoHm, i BERETAMNN TR TE
MX EBHR Ehi\,

EEYLSXA rABTFCEE L TRESR
Chhiw, —HRETFCERLLREERY,
MEEIERTFH6mOKX—V » Z7HICHE ok
DH~AHREERE AR THBRL T2 RRD
Fig.5 ,Fig.6 Th3,

Fig.5 &, HREEYATLRLLEEES
¥ZxT, (2em~16cm T 2cemiiB), BH
EFXxenbOTHD, Fig.6 ik &% 10cm
CLT, B (128 ~ 58 e ) em ATk
R -TEBKI VEBZR-LLOTHD,

Fig.s € BWTH(BE )24 cm OBEK
BERA2E (- T35, Zhit FoRL
CHEEELLLOTHED, ThREYDETE K
st 2EECOBRSRSAMNL Ty, EERBL
DR, SEOEBRCGLImV KB Th- T,

FRBECEEL BRI IR ERARAUD
R K &N,

©

.nVA

Fig.5 Relation between the moverrent of electrode
inwater and the amplitude of earth-current
potential ,

6Bl

¢

o T 23 4 5678 80 A
Fig.6 Relation between the periodes of electrode

vibration in water and the amplitude of
earth-current potential ,

BEds, BECEBCEMIERT DA, &
BEBEREECET125g  BHETRERENY
oED L s omm OB ECIBE S LR o1,

¥ 3R HLABREOHEN b o BRICHM
BHBELE AV LB MREECREECLEZE
OB TEEVCEVES,

4) FOBOATIEEIL2 VT

EEEBHmC HL L, BERORE, &
ARECES, TH:LLBIABERIVOER,
PpEALRD,

EARBHKIL VT 7 » v —s5— (05W, 27
MO)IC & DAIERDEL TRETH L L £ IEN
BATSSN, MX ta3Bu-EETHS, i
I EEREE Y Sy —A—FEHL TR
oL, WE20m EELAOCESE (20m 2
EENniBs, BHEECH - LIERELT
VB ICEVTE Sy — S —EERALLL DR



BRESTZ2EZELAERBEHORE — Ke

BoHb o,

EfRL VOBERBHICL »THMX © £ 51
R, 3AEDHRKHATEZ LI 2
FEL SR,

ITHR Y OBIAKHEI L OBRIT =L 03
BE334 ) EBL TR eldER L &, 1K
BAXRE I L O AR TR RBELN IR
ECEELE

ERECHEBHETMIOOV.200V,3500V,
DRERBTHL, KB ERERA® HL0 CRE
LtdDEDAS53Z b FELOR DA, TR
BEBRTHTLTBRUORBTCABI 2w,
R DBRBEUARS D B LidER T ER
v, ¥ 3nBiFig.TLdKkb
MX DX 5 kidis b i,

M OREFEXABNTLOLEL T, B
OEBLEIZADE2VTHRHL L, =0
EFRLTOMX ¥R e 3 B5 2550 RY
2T VDT, Ll (L RBETIIMY A
IBHRTC L 200 TR VEELT-S,

22 BRSO WT

REFRHAAT L KEEAL LT TR
1T 5,

WwEEEL R, BEEL, F8& BEL
(Lunar)}-B&E{E(Sclar) - SFPEELL LS

[/

S

Arvows showing the cases of leakage
variation in earth-current potential
gradient,

Yy ARLHUTRELL CKEEARECRHEY
brrErohns,

22.1 KEWH

MX BREPARRTP Pe 2 BFin T3
BiLsshs, PyOFREM, b L (B4
Vot b o TRETS,

PoBRERREREEL TREL Tv5 Pig.8
»HFig.9 WP, Pe sk X 8SC Dk b
BREASALMX CU-BRERT,

Fig.7

Induction Magmzéagwm

ALl —-\\\, -

o~ it W S, A T et T o T e e e s

ayY/att —'M\:---- AT« e AN SRR A i v Ay amert g NS, vt Tt

Iﬂf-,_

/ﬂl W

axXigtt o
isnaam

[minute

—t

Fig.8 Arrow showing the likeness variation of MX,

pz’

ET‘ R SR )
W
yoTN
S — - N em
N4tz ™ —_
I minute
Fig.9—1

o e o o,

R@mﬂﬁawﬂ Tellunegram

A e s

e it - e

Pt variation of tellurigram at Kakioka



BB EC BT TRGEM) WRASLETRAMARS S8 1969

AP AP

VA YV

W it /\/W\«/\N\Mi ; ) AL

Jainute

Fig.9—2

MX (3, BHMCTHEBEL TR S, BEY I
% PpBHL, FEBOE,.-T Lk P WRHY
LTwd, Lal, IAGABIOERaD: NE
WL L, PcOBBTI 08~4 0B THDL
Vo TWADT, MXIBFBA0IB THZD TR
o T Pp 2258 BERRAS 408
HBEnzrwwiocP et 5@ rs5,

LHLPe B BEMTHETI L L0 TE
ZTR—EP 2L TRNL TAHS,

P thr i ReEFbAE T Bl EET
AHHASY, Py ORERUAHERCMT TE
£+ 52 V. A, Troycikayazliﬁo T 50T,
Kakioka ki3 Py OHIAMESHICLIY
RAE INRSEACMX HHALL»E 2R
HLELHEREEBRAEEORVELHTREL T
%, Fig.l0& Kakioka L35 Ft® HER
WA ERT,

HETMX R EBRBEREOE VLT H TR
ELTWED Edhbhaoid, REHEO L -2
A ab R LA E c L REIL T8, Py T
LAEEFERRBIATL I LI THLM, vE

N
) RAKIOKA

&

.
e e R Ll

Fig.10 The fn
current

distributian of earth-
at Kakidma 1950-1952.

RHIFYITEYY
U y %NW A \VU\”

Pc variation of magnetogram at Kanoya

RBRAANTVEV, MX OBRE 2o,
196 THE3BE6HD3 8533733 8BHOLEDATHD,
Pt Pe M S8COVE OB BER SN
BEMX OMBURAS L L ThF s, BEIEID
LTS ARARERT Lo T %,
lE¥xELode

1. S AR bR TS Prad vt e,
2. B AR BHEc MX REBUAORA R

BE S Tulo N,

L. EZEOHMAB MR HANCBRATCLER I

T v,
HErOMXZvhdbRERNBERART
i, Al -T RIS TRBEMNTART
HHrAhFH IVEITHS,

2,2,2 MEREH
—BrBECBREEHRL RS, BB
YHEEYER, BVEREREIAE~ACRAALT
HhDdLvIERM LY, HEABCEE YD >
VAR BB feEL L, MXAFHIERA
HcEEY b o8 BLnErR 0B&EvLT D
LB L PBERCEIZEVELLND,
HETMX 3 RAEBACER YL Py, Pcn&
DRRTLE(, AERBRATE(CELYETS
Bt d, RUABRASBORLTHLEC LD
#wmaEhic,

T TMX CHEE LY LEDREIEREE VD
FTRBEROLB T

1., B4ix1967THEIF6H03%3353(J.8.D)

Thh,

2. MR nEER I HRLBEAL T,

3. A 0.THE

4, MEEM:INTH

5. MXOR&LfEo T LS8 ALAL



BRecFER 2 EESERBANORE — M #

HEEL T3,

6, OB RL UHEEREL LB SR T
W Foe,

7. ERCES, ASOEHS L TLMX
HEERL 7oy,

8, BEERB THE,

9. BABSREBEEHZI0m THB,

10, BERERRE 10™Y250mmp1, iy
#HE: 6°"min

11, BRSHRORBEL TS HIECEHEL T
3.

12. MX @bk, B H TV A CEBHLL-,

13, Pi%ED -2 RIERWEAR T B
HIRReELIORS,

14, MX SR iEEBCREEL Bz (1967
306 503%334) B8 REKME RS
DFRER r DERMETE I 4km LETE
ERTCe%, BEASL D BEE T 8kmT
5D,

BAL-THEROBEA LT R - T3 HE

KIndRe b Fig.ll 0L 5t BED

FRPERIATFIMX LRI ELTES

55y PEORBRLRTLIBERCELTSHD,

CLhLHEEORBRA, MBELEYCIVHE

HEELYXEL 2HEEL 520 TRV E S,

ChE CTOMBHOER, AL&ihd OTudd,

REBEBALERAL 23O TL A S 5THS,

BRMNCRENERE oMot DFER T4

RAAom#EE, MEdcRE L @ B —E

/"

—— it
s ©
p—

20w g

Fig.11 Anomalous change in earth current potential
gradient at the tithe of an sarthquake an MNov
23 1966 at Mt, Minakamni ,

Zbn, ElzhMAoL o RYs vy, §o
R Lo BABTE S ERER TS N
BOAKICHOCAESLIRDHERORL L8
BROBPEYEBT AR EOR® TRECH T
ErnEra o TREYSTE- L ER VL LD,
AECRAFEOF R L MERE MY RETS
DCHEL TS5 Bbnsg,

3. s&oME

BARRHEC Y 2 ABRBAORE, A%
EHBITL > THEHEOEEER En Tyl
Loy EARAcEORRILE ST
FHAL N CHEROELHBA I h, B
REL A VEDELS R EhTTREL b
BEETLFHIND T2 bF o (2T fs e,

SBRAKTFRTOBE L bbby THE L2
BHERCE LR THBC - CART 2 8%
DHMEERR I, FLABORBICHNTLLD
BELEERITE (A2 EL THBORENT
L OFERHINEORMUL L X S o BHREL
BEDEINRETTRETALOPELLTE
Bt b LELD,

O CERAE N R A R B AT
WREOE—RK, EARVRTRBRAR, &8
REREHAEER, SRTHBRASHEERS
IUVFBACRBEINAEXTE 2 HEREMER
MEZRAFES, MERTEERKES, #HK
BFE, THEIARETUAREZE A+BARCE
AR AP S

Fl: HEHREASED, AU £ 580 P7%
CEBLNIBMBIBR~4BROERTM LT
i,

HE2: Fglix-T, AL BUTT BEY
—FUTE2OCRHEETHE L, 0.7THE# Tk
Tt ol,

E 3 % = 13
1) Resolutions : The Intemational Assaciatian of
Geomagnetism, Astromomy and Geophysics , at
its Copenhagen meetirg, April 9—11, 1957,
2) TroyeikayaV.A (1955): T174R,T13R Defence
Research Board,Camada, 1955 (Trarslated in
Ehglish by ER.}ope )
3) Ko Ohchi(1950): Onm the daily distritmtion
of pulsation{pt) in electromagnetic field,
Memoris of the Kakidka Magnetic Observatory g,



LR B R B SRR (S8 B REERTMESTRAT HIES 1060

Nol 88

4) Kakicka Magnetic Obserwatory(1960 ) :Report
of the geomagnetie and geoelectric cheervations
1GY,1957-58

5) Tsmeji Rikitake et al {1966 ): Geomagnetic
ad Geoelectric studies of the Matsishiro

earthqueke svarm (1), Bull  Earthq. Res
Inst,, 44, P4o01,

6) BEFE, BES, BAREFQ967): R#E
RERRR, BEAEANKEMEESRS,
72~75



