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Abstract

Thetectonomagnetisminthesouthwesternregion

ofJapanhasbeenstudiedthroughtheanalysisof

thegeomagneticdataoftwosurveyscarriedoutwi七h

anintervalofabout8year・s.Frornover100sites,

thelocalsecularvariationsinthetotalmagnetic

fieldhavebeenexamined.Acharacteristicpatter'n

ofthearrangementOfanomaliesofthesecularvariation

hasbeenrevealed;adistinctionbetweenzonesof

therelativelypositiveandrelativelynegativeanoma-

liesisfairlyclearinalmostalloftheregion

surveyed.Especially,intheChugoku-KinkiDistrict

itwasnoticedthattheposi七iveandnegativeanomalies

werealternatelyarrangedintheeast-westdirection

inwhichthetectonicforcehasprevailed.Thearrange-

mentoftheanomalieswasalsocloselycorrelated

toafeatureof七her・ecentcrustalmovementderived

fr'omanalysesofthegeodeticdata.

Somein七erpreta七ionsoftheselocalanomalies

havebeerirnadel・nth・ba・i・ ・fth・piez・magn・ticeff。6t.

工tcanbeconcludedthattheanomaliesareprobably

causedbysomeinhomogeneousstresschangesinthe

upperlayeroftheear・th量scrustandthatthesestress

changeshave七empOrarilybeeninducedinthefolded

layerby七hehorizontalcompressionrelated七 〇the

tectonicforceswhichhaveeffectedtheuppercrust

intheregionsinceabOutonemillionyearsago.
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1.Introduction

Tect・n。magn・ticstudies・fl・cal・hangeslnthe

ge・magn・ticfi・ld・elatingt。tect。ni・activities

withintheearthtscrustarecurrentlybeingmade

inmanyregionsoftheworld.Oftheselocalchanges・

theseismOmagneticandvolcanomagneticchangeshave

arousedparticularinterestinanefforttopredict

ear・thquakeoccurrencesandvolcaniceruptions・Field

・xp・ ・im・nt・ …bse・vati・n・ ・fth・magn・Vcfield

havebeenintensivelycarriedoutinmanycountries

inordertodetectprecursorychanges(forexample,

T。 。ima。t。 、.・),J。hn。t。n2),Sh。pi。 。et。 ・.3),Sa。ai

andエ 。hikaw。4!Yukut。keet。 ・.5),Daviset。 ・.6)).

Oneofthephysicalinterpretationsofsuchtectono-

magneticchangesischieflybaseduponthepiezomagnetic

effect.Thishasbeenstudiedbymanyresearchers

ononehandintheor'eticalandexperimentalapProaches

(f。 。examp・ 。,K。m7～ ・hnakaandKin。shi七 。8),N。g。tag～Stacey

andJ。hn。t。nlO)).・nth。 。th。 。hand,N。gat。ll・1ahterp。et。d

theanomalousmagneticchangesassociatedwiththe

NankaidoandNiigataearthquakesasprobablybeing

att・ibut・bl・t。th・piez・magn。ticeffect.J。hn。t。n2)

alsotriedtoestimates七ressaccumulationaroundthe

SanAndreasfaultbaseduponboththepiezomagnetic

effec七andchangesobservedinthelocalmagnetic

fieldaエ'oundthefault・Thereareseveralstudies

evaluatingthe・expectedamountoftheseismomagnetic

changeduetothepiezomagneticeffect.Yukutake
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andTa。hinak。13)。al。ul。t。dtheexpect。d。hang・ ・fth・

magneticfieldcausedbyahypotheticalstressdistri-

bu,、 。nar。u。d。hyp。cent。e.Sharn。iandStaceyl4)a・ 。。

evaluatedtheseismomagneticchangesbyusingadislocation

model.Accordingtotheseevaluations,ithasbeen

suggestedthattheexpectedseismomagneticchange

mightingeneralbeaverysmallamountrangingperhaps

frornafewtotennTatmostevenforamajorear七hquake

ofamagnitudegreaterthan7.Thoughremarkable

improvemen七sinthemagnetometerhaverecentlyallowed

ustoeasilymeasurethemagneticfieldtoahigh

degreeofprecision,inparticular,thetotalmagnetic

field,itisstillextremelydifficulttode七ectsmall

amountsofprecursorychangeswithsufficientreliability)

becauset:}emagneticfieldalmostalwaysvarieswith

timeduetoionosphericandmagnetosphericdisturbances.

Suchfieldfluctuationsusuallyrangefromseveral

tensnTtomorethanonehundrednT.工n'addition,

thefluctuationsoftendifferfromplacetoplace

becauseoftheelectricconductivityanomaly(CA) .

Severaltechniquesfor).一:=noisereductionwereproposed

byR・k・t・k・'5),・ ・ahn'6),WareandB。nd。 。・7)and
.。th。 。s.

Thesetechniqueshavebecomelargelyreliableindetect-

ingshorttermchangesfromamatterofhourstoa

fewdaysduration.

HOwever,aslOngtermchangesaremostlikely

ass・ciatedwithmaj・rearthquakes
,itエsnecessary

tobeabletodistinguishlongtermchangesfromthe

nol'malsecularvariation・Thisrequiresadetailed
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referencefieldforthenormalsecularvariation・

sufficienttocovertheareabeingsurveyed・ 工tshould

benotedthatthesecularvariationisnotstationary

withtimebutsometimesshowsastrongregionaldependence

evenforanarrowregionsuchasthatofJapan・This

non-uniformityof七hesecularvariationintimeand

spaceoverJapaninrecentyearswass七udiedina

previ。u。p。p。 。(Sumit。m。18)).Theregi。na・d・p・nd・nce

ofthesecularvariationshouldbeta1くenintoconsidera-

tionindiscussinglongtermchangesinthemagnetic

field.

Itisalsosuggestedthattheremayexista

moreIQcalizedanomalyofthesecularvariationbut

perhapswithlessrelationshiptoaparticularearthquake.

Severaltypesoflocalchangesmos七likelyassociated

withvariationsintectonicstresshaverecentlybeen

f。und(Sk。v。r。dkin。ta・.19),Shapi。 。et。 ・.3・20)).・t

。h。u・db。n。t。dthatMundt21)P。int。d。utthatg。 。magn。ti。

secularvariationanomaliesintheGDRwer・eclosely

correlatedtorecentlynoticeableLverticalandhorizon七al

movementsoftheearth,scrust.

Previously,wealsofoundsomeremarkableanomalies

ofthesecularvariationinthewesternpartofthe

Sanindi・t・i・tinJ・pan(Sumit・m・22)).Judgingf。 。m

boththeanomalypatternandthetectonicstructure

oftheregion・wesuggested七hattheanomalymigh七∂
relatetothereCentCruStalmovement.

Toconfirmthevalidityof七hisidea,wecarried
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outmagneticsurveyscoveringalargepartofthe

sOuthwesternregionofJapan。Wemeasuredthetotal

magneticfieldatmorethan100magneticstations

whichweresetupbytheG60graphicalSurvey工nstitute

(G.S.1.)ofJapan.TheG.S.1.hasrepeatedlycarried

out'firstordermagneticsurveysattherateof

onceeverylto2yearsataboutlOOmagneticstations

locatedthroughoutJapanandalso"'」Lしsecondorder 「
magneticsurveysatar・ateofonceperaboutlOL

yearsatapProximately900magneticstations・

Inthispaper,wewillexamineaspecialfeature

ofthesecularvar'iationanomalyinthetotalmagnetic

fieldinthesouthwesternregionofJapanbyusing

boththedataobservedbyus(1971-1973)andthose

。bse。v。dbyth。G.S.エ.(・964.・966)23・24).Th。latt。 。

dataconsistofthosef60m『'thefirstorderandthe

secondordermagneticsurveys.Wechieflyusedthe

datafrOmthesecondorderinthepresentstudy,because

ana正 ・ealdensityofthesecondorderisashighas

aboutoneper20sq.kmalthoughitisconsideredthat

theaccuracyofthedatafromthesecondordermagnetic

surveyislessthanthatofthefirstorder.Accuracies

ofthedatareductionwillbediscuSsedinSection

3。ThelocalanOmaliesofthesecularvariationwill

beinterpretedonthebasisofthepiezomagneticeffect

inSection5・Atentativeestimationofstresschange

within七heupPercr'ustwillalsobementionedinSection

5.
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2・Observationsl

2。lPreliminaryobserva七ions

Beforeexecutionofthepresentsurveys,wemade

somepreliminaryobservationsofthetotalmagnetic

fieldfrornseveralsiteslocatedwithinthereg■on

withwhichwewereconcerned.Thefirstpurposeof

theseobservationswastoexaminelocalfeaturesof

thevariouskindsofmagneticfluctuationSwithtime

inordertofindwhatmethodofda七areduc㌻ionwas

mostsui七able.Itiswellknownthatmagneticfluctu-

ationsareusuallydifferentintheirforrnfromplace

toplacebecausetheinducedmagne七icfielddepends

largelyupontheelectricconductivitystructurebeneath

theearthlssurfaceandthatfluctuation50bserved

nearseasidestationsareseriouslyinflU6ncedby

electriccurrentinducedinsea.Itis,七herefore,

important七 〇know七helocalfeaturesofmagneticfluctu-

ation,insurveyingaregioninordertoobtainas

highanaccμracyofthedatareductionaspossible.

Thesecondpurposeofthepreliminaryobservations

wastoevaluatetheaccuracyofthedatapreviously

surveyedintheregionbytheG.S.工.、Thiswillbe

discussedinthefollowingSection.噺
Locationsofthepreliminaryobservationsites

areshowninFig・1・asmarkedbyMTE,HMD,.....,

togetherwithallthepresentsurveystations .The

preliminary・bざervati。nsateachsiteweremadeby

u・ingapr・ 七・nP「ecessi・n'magn・t・m・teratthesampling
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rateofonepeエ ・minuteduringaperiodof20to30

days.Duringthesameperiod,anotherprotonprecession

magnetometerwassynchronouslyoperatedattheTottor'i

Micr・earthquakeObservat・ry(TOT),whichhadbeenutilised

aSourreferencestationforthepresentinvestigation・

Bycomparingthedataobtainedatthetemporarysites

withthoseatTOT,thefollowingwasconcluded.

Ashortpel'iodvariationsuchastheBaytype

variationandthePc4-5variationwasapPreciably

differentinfor・mfromplacetoplace;amplitudesof

suchvariationsininlandareaswereapPreciablylargerン

uPtotenpercentlarger,thanthoseincoastalareas

facingtheJapanSea,particularlyinvariationswith

periodsshorterthanabouttenminutes.Ontheother

hand,phasesofthediurnalvariation,Sq,intheinland

areastendedtoshiftslightly,byasmuchastenminutes
,

comparedtothoseinthecOastalareas.Theselocal

differencesintransientvariationsarepossiblycaused

partlybytheexistenceoftheCAwhichisprobably

attributedtotheshallownessofahighlyconductiVe

ユ・y・ ・b・n・athth・J・panS・a(Rikitak・25))andpa。t・y

bysomeinfluenceofeユectriccurrentsinducedinthe

JapanSea(七hecoastaleffect).TheCA .probleminthis

・egi・nwa・investig・t・dinap・evi・u・pap。 。(Sumit。m。26))
.

Inspit・ ・fthesel・caldifferencesapPearing

int「ansientva「iations,itwasconcludedthatdata

「educti・ncanbemadewithinanerr・rfact。r・fapPr・xi 一
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mat・lyl-2nTbythe・usual・impledifferencemeth・d

ifsuccessivemeasurementsaremadeatoneminute

intervalswithaduヱ ・ationlongerthan20minutesfor

anyhourafterl50,clock(localtime)・Thisaccuracy

issureoveralmostalltheareascoveringtheChugoku-

KinkiDistrictexcep七fortheShikokuDistrict・ 工n

thelatter,itwasconcludedthatanotherreference

stationwouユdbenecessaryatacentralpartoftheShikoku

Districtinordertoexpectashighanaccgracyof

thedatareductionasthatobtainedintheChugoku-

KinkiDistrict.Thisisbecausethetransientvaria七ions

intheShikokuregionsometimesdisplaysignificantly

differentformsthan七hoseatTOT.Thesedifferences

resultpartlyfrom七hefactthattheShikokuregion

isaboutlOOkmsouthfromTOTandpartlybecaUsethat

regionissurroundedbysea.

2.2Presentobservations

Thereareabout250magneticstationssetup

/

bytheG.S.1.forthefirstorderandthesecondorder

magneticsurveysintheChugoku-KinkiandShikoku

Districts・Thedistributionofthesestationsis

aboutoneper20sq・km・Amarkerofgr・aniteisset

ateachstatiOn.Fromthe250,aboutl20magnetic

stationswer・eselectedforthepresentsurveys.Their

locationsareshowninFig・1.Atalmostallthe

magneticstationsthetotalmagneticfieldwasmeasured

fromaheight』ofl。5mabovethetopofthemarkers

byusingaportableprotonprecessionmagnetometer

8



withaprecisionoflnT・

However,atapProximately20%ofthestations,

measul'ementshadtobetakenasnearaspossibleto

thepresumedmarkerpositionsdue:=わothefactsthat

anumber、ofmarkershadbeenmσ ▽edorlos七,aswellastha七

sOmeobstaclehadbeencorlstructednearbythestation.

Themethodofobservationwasdeterminedinconsider-

ationoftheresultsobtainedbythepreliminaryobserva-

tionsasdescribedabove.1.,Onemeasurement

everyminuteduring20to30minutes,asarule,af七er

l501clock(localtime)wasmadeateachstation・

AsfortheChugoku-KinkiDistrict,datareduction

toeliminatethetransientvariationsfromobserved

valueswasmadebyreferringtoTOT,wher'econtinuous

・bse・vati・n・we「esimultanr・u・lymadebyusinganothe「

protonprecessionmagnetometer.AsfortheShikoku

Dis七rict,datareductionwasprimarilydonebyreferring

totheterTg〕oraエystationsetupintheShikokur・egion

wherecon七inuousObservationswerealsomade.When

thesurveywascarriedoutinnorthernShikoku,the

temporarystationwassetupatTokushimastation(TKS),while

inthecaseofthesurveyinsouthernShikokumonitoring

wascarriedoutatTosastation(TSA).Theinitially

reduceddatawerefurtherreducedbyreferr・ingtoTOT

throughtheuseofameanvalueofthetotalfield

differencesbetweenthet∈ 即ora靭stationandTOTduring

theperiodsurveyed.
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3・Accuracyofthedatareduction

3.lDefinitionoflthereducedvalue曹

ASdescl・ibedintheIntroduction,weintendto

examinethelocalsecularvaI・iationbyusingboth

thedatasurveyedbyusandthosepreviouslysurveyed

bytheG.S.1.inthesouthwesternregionofJapan・

SincealltheG.S.工.datawerereducedbyreferring

totheKakiokaMagneticObservatory(KAK),whichis

thestandardmagneticreferencestationinJapan,

itwasnecessaryforourdataalsoto':b"ereducedby

thesameObservatory.inordertobecomparedwith

theG.S.工.data.AccordingtotheG.S.工 。,datareduction

torernovetransientvariationsisusuallydoneby

bythefollowingformula;

M至(t)・M、(t)・ 「頑(t').)・ ・… ・(・)

wh・ ・eM至(t)iscu・t・ma・i・y・a…d・th・ ・educedva・u・ ・

ofanymagneticelement,M,at。i-th量stationattimeltl.

M.(t)(t)areObservedvaluesat'i_thlstationandM
■K

andKAKattime.tl・ 「espectively・M

K(t。)d・n・tes

acertainepochvalueoftheelement,M,atKAKat

an・p・chtim・'t
。'・ エfth・tran・i・ntva・iati・n・includ・d

inb・thMi(t)andMK(t)・anb・ ・ega・d・dasequa・i:・

t・ ・a・h・th…M至(t)b・ ・。mesf・eef・ ・mth・t・an・i・nt

variations.Whenthesecularvariationsincluded

inb・thM・(t)andMK(t)・ ・e・ ・p・esen・ ・da・M量(・)and

M畏!t)・ ・espectiv・ ・y・Eq・(・)・anb・ ・ew・ ・tt・na・

蝶(t)・Mi(t。)・(重(t)-M?(t))…_.(2)
I

wh…Mi(t。)i・theep・chvalu・ ・ftheel・m・nt,M,at
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'i -th,station.

Ifwegetsuchreducedvaluesa$definedbyeither

Eq.(1)・r(2)atdiffer・nttimesat'i-th'stati。n・we

candeteエ'mine七hesecularvariationat。i-thIstation

althoughitisrelativetoKAK.However,asmentioned

above,thetransientvariationSatanytwoplacesare

notalwaysidenticalbutsometimessignificantlydiffer

fromeachotherbecausetheinducedfieldsareoften

differentfromplacetoplaceowingtotheexis七ence

oftheCA.工ngeneral,parallelismintransien七varia-

tionsatanytwoplacesbecomesmoreobscureasthe

spa七ialdistancebetweenthemisincreased7particularly

inthenorth-southdirection.Thisisbecauselatitudinal

dependenceofboththeSqvariationandtheDstvariation

becomeslargerinthiscase.工tis,七herefore,necessary

toexaminetheaccuraciesofthereducedvaluesobtained

bybothourselvesandtheG。S.1.intheregionsconcerned.

3.2AccuracyoftheG.S.工.reducedvalue

TheG.S.1.magneticdataareclassifiedinto 、
twocategoriessuchasthoseofthefirstorderand

thesecondor'dermagneticsurveys.工nthecaseof

thefirstordermagneticsurvey,onemeasurementfor

eachofthethreecomponentsofthemagne七icfield

i・u・uallymad・atth・ ・at・ ・f。ncean'h・urthr。ugh・ut

mostofthedaywithaprecisionoflnT.These

measurementscangiveanapProximatedailymeanvalue

foreachcomponent・Ontheotherhand,inthecase

ofthesecondo「de「magneticsu・v・y
,・nlyf・u・tim・
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samplingsofeachcomponentaremadebetweenl6and

　の
170tclock(localtime)withthesameprec■s■onas

thatofthefirstordermagneticsurvey・ 工nthis

case,onlyanhourlymeanvaluecanbeprovidedfoヱ'

eachcomponent.

Allthedatathusobtainedinboththefirst

orderandthesecondordermagneticsurveysarethen

reducedbyreferringtoKAKwithoutanydistinction

betweenthem.Becauseofthedifferencesinobservational

methodsbetweenthefirstorderandthesecondorder

magneticsurveys,accuraciesofthedatareduction

a。en。t。q。 、va・ 。n七.A。f。 。theseaccu。a。ies,Ta。im。27)

studiedthemindetailbyusinganabundanceofreduced

valuesobtainedthroughoutthevariousareasinJapan.

Heconcludedthattheaccuraciesofthedatareduction

ofthefirstordermagneticsurveyarebetterthan

土4nTforHandZcomponentsand土0・3-0・4,forD夕

whilethoseofthesecOndordermagneticsurveyare

い
betterthan

+7-8nTforHandZcomponentsand+0。6-0.81forD.

BasedupontheabovevaluesandusingF=Hcos工+Zsin工
,

wecanestimatetheaccuracyofthedatar・eduction

ofthetotalmagneticfieldtobeapPエ ・oximately+4nT

and土8nTforthefirstorderandthesecOndordermagnetic

surveys,respectively・Here,themagneticinclination

,エ'isassumedt・average4♂intheab。veestim
ati。n.

Wecan・however・notadoptthesevaluesforthepresent

analysesbecausetheyaretheaveragedvaluさsover
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theentireJapanregion.工nsomeplaces,thelatitudinal

andthelongitudinaldifferencesbetweenthevarious

sitesandKAKmaycausealargedegreeofreduction

error・ 工notherplaces,theexistenceoftheCAmay

alsomakether'eductionerrorgreater.Asdiscussed

below,itseemslikelythatthedataobtainedinthe

regionconcernedfoエ'tunatelyhavealowerdegreeof

errorinthedataエ'eductions.Ontheotherhand,

itshouldbenoticedthatTazima'sevaluationofthe

accuracyofthedatareductionforthesecondorder

magneticsur'veyisderivedfromthedataobservedduring

anarbitユrarilydesignatedhour・ThisObservationalmethod

hadformerlybeenadoptedbytheG.S.工 ..However,

since1964,themethodhasbeenimprovedbyobservationS

donewithinasethour,suchasfrom16tol70,clock(local

time)inordertoavoidinfluencesoftheSqdiur・nal

variationasmuchaspossible.Therefore,thereduction

err'orofthesecondordermagneticsurveywhichwas

recentlycarriedoutmaybeevenlessthanthatevaluated

byTazima.

However,weneedtomakeamorepreciseevaluation

f・rthereducti。nerr・r・fthesec・nd・rdermagnetic

surveysperfor'medintheregionconcerned
,because

thedatausedinthepresentanalyseswerechiefly

those・fthesec・nd。 ・d・rmagn・ticsu・v・ysalth。ugh

m・st・fthemhadbeencarried。utafter1964 .By

usingthedatatakenfromthepreliminaryobservations

descr'ibedinSection2・weexamineddaybydayfluctuations
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・fth。h。u・lym・andiff・ ・ences・fl6・ 量cl・ck(1・cal

time)inthetotalmagneticfieldsbetweenthetempo「a「y

sitesandKAK.Thestandarddeviationsofthehourly

meandifferencesduエ ・ingapProxiMately20daysateach

sitearelistedinTableltogetherwiththoseof

the七 〇talmagneticfielddifferencesbetweenthetempo「a「y

sitesandTOT.Thetablealsoincludesotherresults

obtainedattheKamitakara(KMT)andAso(ASO)stations

f。rreferentialdata,alth・ughtheyaresituateq・utside

theregionsconcerned;七heformerisabout300kmwestward

fromTOTandthelatterabout300kmeastwardasshown

inFig・1・

Judgingfrom七heaboveresults,itisconcluded

thatthedatareductionofthesecondordermagnetic

surveymighthaveanaccuracygreaterthan唱3-4nT

sofarastheChugoku-KinkiDistrictisconcerned・

Thisdegreeofaccuracyseemstobeabouttwicethan

thatevaluatedbyTazima。Oneofthereasonsfor

thisdiscrepancymayresultfromthefac七thatTazima,s

evaluation,asmentionedabove,wasbaseduponthe

datatakenduringanarbitraryhour,whileourevaluation

wasdoneupononlythedatatakenbetweenl6andl7

0サclock。Anotherreasonmayarisefromthefactthat

thelatitudinaユandthegeomagneticallyinclinational

differ'encesbetweentheChugoku-KinkiDistrictand

KAKarewithinonlyonedegreeorthereaboutsothat

theSqvariationandtheDstvariationarealmost

equivalentatboththeChugoku-KinkiDistrictand

KAK.14



However,thedegreeofaccuエ'acyforthedatareduction

ofthesecondor・dermagneticsurveycarriedoutin

theShikokuDistrictcannotbeexpectedtobethe

sameasthatintheChugoku-KinkiDistrictbecause

theI・egionliesatalatitude....severaldegreeslower

thanthatofKAK.Inaddition,sincethesouthern

partoftheShikokuDistrictfacesthePacificOcean,

theso-calledcoastaleffectandthepeninsulareffect

aresignificantlylarger'.Someofthereducedvalues

mightincludetosomeextentreductionerrorsdueto

七heseeffectsif,forexamples,七hesurveyhadbeen

carriedOutonadistur・bedday。Accor'dingtoourprelimi-

naryobser▽ations,itcanbeinferredthattheaccuracy

ofthedatareductionintheShikokuDistrictmight

belowerthan5-6nT.

3.3Accuracyofourreducedvalues

First,letusconsiderthereductionofthepresently

observeddatabydirectreferencetoKAK.Thereduced

valueofthetotalmagneticfield,Fl『(t)
,a七 冒i-th,stzt七ion

■

willbewrittenasshownbelow,

・至(t)・Fi(t)・(・K(・ 。)-FK(・))

・F
、(t。)・(・ 呈(t)-FR(・ 》)・(・ 皇(t)-F畏(・))

whereF皇(・)andF裏(・)areth・tran・ientvari・ti・n・due・ ・

magneticdisturbancesincludedintheobservedvaluesa七

,i-th。stationandKAK
,respectively.Othersubscriptsand

superscriptsofFusedinthisSectiondenotethesameas

definedinSection3.1.Asthedistancebetween冒i-thustation

andKAKisfurther廿1arL500㎞,the趾rdtennoftheright-handsideof
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Eq・(3)maynolongerbezero・Thisimpliesthat

F至(t)mayin・ ・udes・mee・ ・。・sinth・data・edu・ti・n・

Toreducetheseerrors,weimprovethemethodofdata

reductionasfgllows;

:F至(・)一(F、(t)-FT(t))・ 戸F(t)… … ・(4)

whereFE(・)andFT(・)are・h・m・n・h・ymeanv・ ・ue・fd・ily

reducedvaluesamdtheobservedvalueofthetotalmagneticfieldat

[[V[V,respectLively.Sincethecontinuousobservationsofthe

totalmagneticfieldhavebeencarriedoutatT .OTsince

l968,themonthlymeanvalueofthereducedvaluecan

beeasilyobtainedwithanaccuracygreaterthanl

nT(Sumit。m。28)).・hi。m。nth・ym。anva・uecanb。 。ega。d。d

asbeingnearlyfreefromthetransientvariations

・fdu・a七 ・・nssh・rter・han・n・m。nth・ ・hu・ ・F
,藁(t)・an

bewrittenas

F墨(t)・FT(t
。)・(・ 含(t)-F畏(t))

、・… ・(・)

whereFT(・ 。)and・ 箒(・)areacert・ 並 ・鋤 ▽・・ue・fF・nd・hesecu・ar

(t)at㎎r.Qntheotherhand,s土ncetermincludedintheQbser▽edvalueFT

ithasbeenInadeclearthatthetエansientvariationsofdurationsshor七er

廿 ㎜Qneh・urat・ny・ta廿 ・narenearlyα 凋t・thatatTOr'(Fi(t)-

FT(t))・ ・nberepre・entedby

Fi(・)-FT(・)一(Fi(・ 。)-FT(・ 。))・(・ 量(t)-F¥(・))…(6)

WefindfromEqs.(4♪,(5)and(6,,

・至(t)・Fi(・
。)・(・ 皇(t)-F長(・))… … ・(・)

・hu… 至(t)d・f・n・dbyEq・(4)・anb・ ・ega・d・d・ 。

beingnearlyfreefromanytransientvariation .The

amountofscatte「invalues・f(F
i(t)-FT(t))at

almostallthefieldstationswasl-2nT.Asthevalueof
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,伊 一

iE(t)i・d・t・ ・m…dw・thinanaccu・a・y・f・.nT・

itcanbesaid七hattheoverallaccuracyofthereduced

valuethusobtainedinthepresentsurveyisbetter

than2nTasfarastheChugoku-KinkiDistrictis

concerned.However,intheShikokuDistrict,even

ifthe$ameprocedureofdatareductionisadopted,

theaccuracyofthereducedvaluemaybelowerthan

3nTalthoughthesub-referencestationswereset

upatTKSandTSA.Thisreasonariseslargelyfrom

thefactthatsomeinfluenceduetotheCAinthe

ShikokuDistrictcouldnotbecompletelyavoidedin

thepresentmethodofdatareduction。Adiagramshowing

theaccuraciesofthedatareductionofthepresent

surveyandthoseoftheG.S。 工 。isillustratedilinFig.2.

4.Secularvariationanomalies

4.lCalculationofsecularvar・iations

Nowwehavetwosetsofreducedvaluesobtained

bythepresentsurveysandbytheG.S.工.atdifferent

times.Asimplediffer'encebetweenthereducedvalues

ofthetwodifferenttimesforeachmagneticstation

providesthetotalsecularvariationduringtheperiod

ofthetwosurveys,althoughitisrelativetoKAK.

HOwever,sincethetimesaswellastheintervals

surveyedareslightlydifferentfromstationtostation,

thetotalsecularvariationisinadequatetodiscuss

detailsofthesecularvariationanomaly .Consequently,

weneedtoconvertthetotalsecularvariationinto

anannualrateofthesecularvariation.Theannual
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ratecanbesimplycalculatedbydividing七het。tal

secula「variationbythetimeintervalbetweenthe

twosurveysifthetrendofthesecularvariations

canberegardedasbeingapProximatelylinearwith

timeduringthein七ervalconcerned.If,however・the

trendisnotlinearbutforinstance,quadra七icwith

time,thenthecalculatedannualratemeansonlya

gradientofthevariationatanintermediatetimeof

theinterval,s・thattheannualrateisngl。nge「

usefultodiscussthesecularvariationanomaly,st「ictly

speaking,becauseofdifferencesin七heintermediate

timefromstationtostation.

Itis,therefore,necessarytoexaminethegeneral

trendofthesecularvariationsinJapanduringthe

intervalconcerned.Fig.3showsthesecularvariations

ofthetotalmagneticfieldduringtheperiodfrom

l964tol9750bservedattheMemambetsu(MMB),Kakioka(KAK),

Sim・sat・(SSO)andKan・ya(KNY)MagneticObservat。ries

inJapan.工nFig・3,annualmeanvaluesofthetotal

magneticfieldofallthequietdays,whicharespecified

byaninternationalcriterion,areplottedforeach

observatory.

Thegeneraltrendofthesecularvariationsat

・a・h。bse「va七 〇「yapPea「sfai「lyt・re・embleeach・therf・i・lyw。ll

althoughtheaccelerationof七hesecularvariation

atthenorthernobservatoryissomewhatlargerthan

thatatthesouthernobservatory・JudgingfromFig.

3,itcanbe～regardedthatthetrendofthesecular
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variationswasapproximatelylinearwithtimeduringthe

P。 。i。df・ 。ml964t・1973。v・ ・th・Japan・ ・gi・n・Acco「d-

i。gly,inth・p・esent・tudyw・useth・annualchange

。fthesecularva・iati・nat・a・hstati・nasrepresent・d

bythefollowingequation,

壷至(・)・ 響 ・Fi(t)-k?(七)… … ・(8)

　 　
whereF量(・)andFK(・)・r・deriv・tiv・ ・ 。fthe・ecu・ar・ ・rm・fF・t置i-th膠

andKAK,respectively.Althoughthecalculatedannualchangeofthesecula1

　
vari・tiQn'・ 至(・)'in・ ・udesth・ ・一 ・ ・h・ng・ 。fthes㎝ ・・arva・i・ti・natKl

　 　

・畏(・)'inWhatf・ …wswedealwi・h・h・ 所(・)・ ・th・ ・Pe・ificse㎝ ・arv・r-

iationforeachstationandsimplycallitthesecularvariation.

Thistreatmentwillnotgiveanyconfusiontothe

followingdiscussionsbecausewesimplydiscussthe

relativeanomalyintheregionconcerned・

4.2Normalsecularvariation

AscanobviouslybeseeninFig.3,thegeneral

tr・endofthesecularvariationsinthetotalmagnetic

fieldseemsquitecommonthroughoutthewholeregion

ofJapan.Aminimumvalueofthetotalfieldappears

duringtheperiodfroml973tol975ateveryobservatory.

工tisconsideredthatthisgeneralvariationprobab].y

originatesinthelocalmotionoftheelectro-magnetic

fluidwithintheearthtscorealthoughsomeexter・nal

fieldsmaybeincluded.Ageneralvariation,such

asthis,isreferredtoasthenormalor・theregional

secularvariation.However,when.weseeamoredetailed

featureofthisnormalsecularvariation,itisnoted
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thatthenormalsecularvariationisneveruniform

intimeandspaceevenf。ranarr。wregi・nasthat

ofJapan.Theminimumphaseofthesecularvariation

atthesouthernobservatoryapPearstObeaboutone

yearaheadofthatatthenorthernobser'vatory・while

theaccelera七ionofthesecularvariationatthelatter

isslightlygエ ・eaterthanthatattheformer.

工heisoporiccharヒssh()minFig.4,representgeographical

distributionsofthenormalsecularvariationsat

thethreerecentepochsinJapan.Thesewerederived

fromanalyzingthedataob七ainedatthellmagnetic

observatoriesandthe43magneticstationsforthe

firstordermagnetic 、・surveysduringtheperiodfrom

・968t・ ・975(・umit・m・38)).i,1.Th・n・n-un・f・ ・mity

oftheseculaヱ'variationintimeandspacecanbe

clearlyseenhere・Thereasonforthisnon-uniformityis

notwellknownatpresentalthoughithasbeensuggested

thatthecauseprobablylieswithintheearth,scor・e.

Thefirstsurveywascarriedoutfroml964to

l966andthesecondsurveyfroml971tol973.The

intermediatetimeoftheperiodsinwhichthetwo

surveyswerecarriedoutisnearlyl969.Itis,therefor・e,

necessarytohaveadetaileddistr'ibutionofthenormal

secularvariationfortheperiodofl969intheregions

concernedinordertodetectlocalanomaliesfrom

theobservedsecularvariations・ 工tseemspossible

todrawanisoporicchartforl969byextrapolating

informationfromtheisoporicchartforl970asshown
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inFig.4.Howeveヱ',suchanisoporicchartmaybe

toogeneraltobeusedinthepresentanalysesbecause

theexpectedanomaliesmayhavebeenrelativelyminor・

工nthepresentstudy,amoreprac七icalmethod

isintroducedtodistinguishsmallamountsoflocal

anomaliesfromtheobservedsecularvariationswhich

havebeenstandardizedintermoftheannualrateofchangeas

describedin七hepreviousSection .Weassumethat

thedistributionofthenormalsecularvariation

intheregioncanbeapProximatelyexpressedasa

linearfunctionofbothlatitudeandlongitude,and

thatfluctuationsconsistingofboththelocalanomalies

andther'eductionerrorsareregardedasbeingrandom

fromastatisticalpointofview.Wethenexpressthe

n。 ・ma・secu・a・var・at・ ・n・Fil(ψ'λ)・atap・ ・nt・f・ ・titud・

ψandlongitudeλbythefollowing6quation;

FS(ψ,λ)=aψ+bλ+c___…t…(9)
n

Onthebasisoftheusualleastsquaresmethod,we

candeterminethecoefficientsofa,bandcinEq .

(9)fr・mth・ 。bserv・dsecularvariati・n。,Fr(t).D。terrni.
■

nationsofthesecoefficientsaremadeindependently

fortheChugoku-KinkiDistrictandtheShikokuDistric七
,

respectively.Resultsareasfollows;'

F・(ψ,λ 》=一 ・.7・(ψ 一35.9)・ ・.33(、.・34.δ)一 、.93
n(nT/yr)

(fortheChugoku-KinkiDistrict)

.......(10)

Fli(ψ,λ)=一 …6(ψ 一33.9)・ ・ .23(、 一 ・33.げ).・.・4

(nT/yr)

(fortheShikokuDistrict)

.。.....(11)
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Theequationsthusdeterminedforeachdistricta「e

referredtoasthenormalsecularvariationatthe

aPP「oximatelyintermediatetime,1969,0ftheperiod

analyzed.Thedistributionofthenormalsecular

variationsforeachdistrictisindicatedwithbroken

linesinFig.5,togetherwiththeobservedsecular

variationsateachstationoftheChugoku-KinkiDistrict

andtheShikokuDistric七.Theregionaltrendofthe

normalsecularvariationseemstobeconsistβntwith

thetrendinferredfromextrapolationoftheisoporic

chartforl970showninFig.4.Thissuggeststhat

thedataofthesecondordermagneticsurveyar・esuffi-

cientlyusefulforas七udyofthesecularvariation

anomalysofaras七heChugoku-KinkiandtheShikoku

Districtsareconcerned,althoughitisconsidered

thatthedataofthesecondordermagneticsurvey

arelessreliablethanthoseofthefirstor'dermagnetic

onebecausetheformerprovidesonlythehourlymean

value.

4.3Localanomaliesofthesecularvariation

Thelocalanomalyofeachstationisobtained

bysubtractingthecalculatednormalsecularvariatiOn

fromtheobservedsecularvariations.Theanomalies

thusobtainedareshowninFig・6togetherwithcontour

intervalsoflnT/yrunit;solidcontoursdenotethe

relativelypositiveanomalies,whiledottedonesthe

relativelynegativeanomalies・Toolargeanomalies

gr・aterthan土5nT/yrareexclud・dfr・mthi・figure
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becausetheywereconsideredtobepossiblycauyeed

bysomeartificialdisturbances・Accuraciesinmagnitude

r・atingsoftheanomaliesarederivedfromthefollowings。

Theaccuracydesignationsforthedatareductionshall

b・ ・Uand・lf・ ・th・p・esentsu「veyandtheG・S・1・

'

survey,re3pectively.Thentheaccuracyofthesecular

va…t・ ・n・sca・ ・u・…d'f・ ・m・1・ ・1、/・T・w…e

△Tisthetimeintervalbetweenthetwosurveysand

iti・n・arly8y・a・s・ εland・ll・ ・egiv・nf「omthe

discussionsinSection3asshowninTable2.

Corlsequently,theaccuraciesinmagnituderatings

oftheanomaliesareestimatedtobebetterthanO.5nT/yr

andO.8nT/yrfortheChugoku-KinkiDistrictandthe

ShikokuDistrict,respectively・

AsisevidentfrornFig.6,itisworthytonote

thatdistinguishableanomaliesapPearalmostallover

thear・eassurveyed,distributedinafairlysystematical

pattern,especiallyintheChugoku-KinkiDistrict;

zonesofthepositiveanomaliesandthoseofthenegative

anomalies(shaded)areclearlydistinguishable。They

seemtobearrangedwithalternatesignsfromeast

towest,pal'ticularlyintheSaninareafacingthe

JapanSea.Onefeatureoftheseanomaliesshowsa

tendencytoruninthenorth-southornortheast-southwest

direction,havingaspatialwavelengthofabout80km

intheSaninareaandasomewhatshorterwavelength
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intheKinkiDistrict.Thestandarddeviationsofthe

meanvaluesoftheseanomaliesarel.3nT/yrand1.l

nT/yrf・ ・th・Chug。ku-Kinkiandth・Shik。kuDi・t・icts・

respectively.Thesevaluesseemt・exceedthelimit

・f・xpect・derr。 ・s,0.5nT/yrandO・8nT/yrinb・th

districts,respectively.Thestandarddevia七ionsmay

consistoffluc七uationsduetotrueanomaliesanddue

tothereductionerrors.工ftheyareindependentof

eachother,theaveragetrueanomaliesareestimated

tobel.2nT/yr・andO.8nT/yr・fortheChugoku-Kinki

andtheShikokuDistricts,respectively.Theyare

calculatedfrom

。2-。2.σ2__._(12)t
oe

wh・ ・e・
。 ・ ・tand・ea・ethestanda「ddeviations。fthe

observedanomalies,thetrueanomaliesand七hereduc七ion

errors,respectively.Itmaybesaid,however,七hat

thetrueanomaliesestimatedintheShikokuDistrict

arenotaspreciseasthoseintheChugoku-KinkiDistrict

becauseofthepooraccuracyofthedataused,although

ameaningfulconstrastisclearbetweenzonesofthe

positiveandthenegativeanomalies.

4.4Anomalycontinua七ionduringr'ecentdecades

OnJune4,1978,anearthquakewithamagnitude

of6.loccurr'edaroundtheSanbemountaininthenorth-

westernpartofChugokuDistrict.About7'yearspassed

sincel971whenwehadpreviouslycar・riedoutamagnetic

surveyaroundthesamearea。Aboutonemonthafter

theearthquakeoccurred,weagainsur・veyedthenorthwestern
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par'tofChugokuDistrict,includingtheepicentral

area,from22magneticstations.Thedistancefrom

thenearestmagneticstationtotheepicenterwaS

nearly5km.Noappreciableseismomagneticeffect

couldbefound.However,itcannotbeascertained

whetheranyseismomagneticeffectfollowedorwhether

theeffectwassosmallthatitrapidlydisappeared

becausewedidnotcarryoutasurveyjustbefore

theearthquakeoccurr'edandbecauseonemonthhad

passedbeforetheresurveywascar'riedout.

We,however,revealedaninterestingfact.The

characteristicpatternofthesecularvariationanomalies

previouslyobservedhadexistedaroundtheresurveyed

region;thearrangementoftherelativelypositive

andtherelativelynegativeanomalieswasalmostthe

sameasthatfound7yearsearlier.Thisresultis

showninFig.7.Thedatareductionwasmadebymeans

ofthesamepエ'ocedur'easdescribedinSection3.

Judgingfromthisresultwecanascertainthatthe

localanomaliesofthesecularvariationshavebeen

continuingatanearlyconstantrateduringat工east

thelasttwodecadeswithanearlyinvariablepattern

asfarastheSaninareaisconcerned.

工nconclusion,itispointedoutthattheobserved

secularvariationanomalieshavebeenfairlyconsistent

duringrecentdecadesovertheregionconcerned .

Thisstr'onglysuggestSthattheyar・eprobablynotrelated
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t・anyparti。ularearthquakebutarec1・selyrelat・d

toatectonicforceprevailinginthebroadareas

concerned.Thiswillbediscussedsoonafterinthe

followingSection.

5.Interpretationanddiscussion

5.lPossiblecausesofthelocalanomalies

Whatdoesthecharacteris七icpatternofthelocal

anomaliessuggest?Whatarethoseanomaliescausedby?工t

doesnotseemunlikelythattheanomaliesmayresult

fromnon-10calsourcesbroadlyexistingovertheupPer

par七 〇ftheearth曹scrustintheregion,becausethe

anornaliesseemtobeevenlydistributedoverthebrOad

area,par七icularlyintheChugoku-KinkiDis七rict.

Severalcausesthatmaybeaccountablefρrthese

anomaliescanbeconsidered=thermalorigins,geolo6ical

structures,earthcurrents,七ec七 〇nicforcesando'thers.

Letusfirstconsiderthepossibili七ythattheanomalies

maybecausedbypar七ialchangesinthemagnetization

oftheearth曾scrustdue七 〇thermalvaria七ions.If

theCurieisothermatacertaindepthwithin七hecrus七

movesupwardordownwardduringaperiodoftime,somepor_

tionofthecrustwhichincludessomemagnetizedrocks

suchasmagnetitewillbecomedernagnetizedorfurther

magn・tized.H。w・v・ ・,acc。 ・ding七 ・ta。im。27》,。t。mp。 。atu。e

changeinthecrustnecessarytOPオoducetheanomalous

changeinthemagneticfield,say1-2nT/yr,ヱ ・equiresabout

20-30metersupheavalorsubsidenceoftheCurieisotherm
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peryear。 工tseemsquitedifficulttoexpectsuch

arapidmovemen七 〇ftheCurieisothermbecauseof

theverylowhea七conductivi七yofthecrustalrock

ingeneral.Therefore,withoutanyspecialcondition

toproducesucharapidheatflowinthecrust,the

observedanomaliesofthesecularvariationcannot

beexplainedfromtheCurieisotheヱ ・mmovementwithin

thecrust.Furthermore,wecanno七findanyparticular

reasonfortheCurieisothermtofluctuatespatially

withawavelengthofabout80kmasseeninthearrangemen七

〇fthesecularvaria七ionanomaliesintheChugoku-

KinkiDistrict.Anarrangementofvolcanoeswith

anin七ervalcorrespondingapPrOpriatelytothewavelength

oftheanomaliesmaybeabletoproducethespatial

fluctuationsoftheisotherm.However,thereexist

onlyafewvolcanoesoftheQuaternaryageinthe

Chugoku-KinkiDis七rict・Moreover,theyarequite

inactiveatpresent.Therefore,weconcludedtha七

theobservedanomaliesdono七arisefromthermalsources .

Secondly,letuslooka七thegeologicalfeatures

oftheregionconcerned.Fig,8showsabriefmap

ofthesurfacegeologyintheregion.Inmostof

theareasobservedinthe(:hugokUregion'belongingtothe

Sangunbelt,abundantgraniticrocksandandesitic

rOcksarewidelydis七rlbuted.Theseareassociated

wi七h七heigneousactivitこffortheCre七aceoustoPaleogene

timeinterval・Firstwastheeruptionofandesite

torhyoli七eintheSangunbelt・Then,granitetograno(iiolite
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int「usionsofbatholithicdimensionoccurred.工nthe

Saninarea,belongingtothe,IGreentuff,曾region・some

di。 ・it・,9・bb・ ・ 、andmaficr・ ・kscanbescatt・ ・ingly

found.Theyareassociatedwithvigorousvolcanism

intheMiddleMiocene.Ontheotherhand,thecentral

Kinkiregion,belongingtotheTambabelt,isoccupied

by。ediment。ty。 。ck。 。f・ 。t。P。 ・。。。。icana・fT・iassicaq・.

Igne。usr・cki・veryscarce手 ρ ・9Ptra・tt・theChugoku「egion・

TheShikokuDistrictislocatedintheouterzone

ofSouthwestJapan.Theregionconsistsofseveral

geotectonicuni七ssuchasSambagawa,Chichibuand

Shimantbelts.Theyincludesedimentsandsedimenta「y

・・ck・a平 ・h。ugh㌻ ・gmeare・trρn旦lym・tamo「phosed・

Theirforma七iontookplaceduringaperiodfromthe

la七ePaleozoictotheMiddleMiocene.Volcanicor

igneousrockSareveryScarceinmostoftheregion

exceptforanumberofsites.However,inthenorthern

partoftheregionbeyondtheMedianTectonicLine,

someacidicrocks,whichaエ ・esimilartothoseseen

intheChugokuregion,canbefound.

Themostcharacteristicfeatureofthegeological

activityintheChugoku,KinkiandShikokuDistricts

isthattherearenoactivevolcanoesatpresent.

Thisisinclear'contrasttofeaturesofthecentral

andthenortheasternregionsofJapan.

Judgingfr㎝thesegeologicalconditionsinthe

southwesternregionofJapan,itwasconcludedthat
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・paヰi・ 叫 亭・ly一 血gful・ ・r「elationbetweentheユ 。calgn・m・lies

ofthesecularvar・iationsobservedandthegeological

structuresinthereqioncannotberecognized.

Ourthir・dpointofinterestconcernsthepossibility

thatsomeearthcurrentflowingbeneaththeearthls

surfacemayaccountforourproblems.Wesuppose

tha七someamountsoftheearthcurrenthavebeenflowing

along,forexample,topographicallysubsidingzones

wi七hdifferentdirectionsineachzone;oneisfrom

northtosouthandanotherisfromsouthtonorth.

Then,ifsuchcurrentintensitiesarevariablewith

time,theymayproduceincreasingordecreasingchanges

ofthemagneticfieldobservableontheearthlssurface.

工tseems,however,almostimpossibletoassumethat

thesecularvariationanomaliesareinfluencedby

theearthcurrentbecauseatpresentweknowofno

suchmechanismorevidenceoftheexistenceofsuch

currentsconstantlyflOwingbeneaththeearthlssurface .

Recently,Mi。utaniandI。hid。29)。tudiedtheelect。 。

kineticeffectsandsuggestedther七anomalouschanges

of七heto七almagneticfieldassociatedwiththeMatsushiro

earthquakeswarmwereattributedtoelectrokinetic

influences.Theseinfluencesr'emaintobeconsidered

asapossiblecauseofourproblems.

Finally・wewilldiscussthepossibilityofapPlying

thepiezomagneticeffecttoour'pr'oblemsinthefollowing

Section.
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5.2Piezomagneticmodelling

Th・piez。magn・ticeffect(h…aft・ ・abb・eviated

byPME)isw。11und。rst。 ・dasa・ev・r・alphen・men・nof

じロ
themagnetostrictioneffectwhichischaracterist■c■n

theFerro-magneticmaterials.ThePMEofcertainigneous

andvolcanicrocksiscurren七lybeingstudiedbymany

researchersasmentionedinthe工ntroduction.According

totheirinvestigations,sofar,itissummarizedthat

whentheigneousorvolcanicrockisuniaxiallycompressed

inadirectioninwhichtherockismagnetized,both

themagneticsusceptibilityandthehardremanentmagnet-

izationdecreasetoacertaindegreeproportional

totheapPliedstress・

Ontheotherhand,theprocesscompletelyreverses

whentherockisextendedinthesamed .irection.

Theseeffectsarealmostexactlyreversible.

Themagnetizationofigneousandvolcanicrocks

essentiallyconsistsoftheinducedandtheremanent

magnetization.Thesemagnetizationsoftherockindicate

thesamePMEundercompressionalorextensionalstress

althoughthestresssensitivityofeachofthemis

somewhatdifferent.Inwhatfollows,therefore,we

shalltreatonlythetotalmagnetizationoftherock

withoutanydistinctionbetweentheinducedandthe

remanentmagnetiZatiOn・

'

lti・imp。 ・tantfirstt・seeth・g・n・ ・alt・end

ofthetectonicstressfieldintheregionconcerned

beforeweapPlythePMEtointerprettheobserved
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localanomalies・ofthesecularvariation.工tiswell

knownthattheearth,scrustinthesouthwesternr・egion

ofJapanhasbeensubjectedtoahorizor`talcompression

inabasicallyeast-westdirection.工tisconsidered

thatthiscompressionエ ・elatestothemotionofthe

30)
PacificOceanplate.IchikaΨastudiedmechanisms

ofユargeandmoderateearthquakeswhichoccurredin

thesouthwesternregionofJapanandpoin七edoutthat

horizontaldirectionsofthernaximumpressureax己s

foreachoftheearthquakesruninageneraleast-

31》
westdirectionasshowninFig.9.Also,HashizuIneand

32)
NishidashowedthatmechanismsofsmallandmicrO-

earthquakes,whichveryoftenoccurreda七depthsof

nearlylOkmintheChugoku-KinkiDistrict,arequite

similartothoseoflargeandmoderateearthqμakes

・3き)
studiedby工chikawa.工twasalsoconfirmedbyNakane τha七

theprincipalstressfieldsrevealedfromanalyses

ofthedataofthegeodeticmeasurementsarequite

consisten七withtheresultSderivedfromtheseismologiCal

inVeStigatiOnS.「L『'』'""『

・nvi・wingafu・ ・h・…ngt・m・int。 。va・,Hu。 ・tr4もug.

gestedfromhisneotectonicstudyinthesouthwestern

r・egionofJapanthattheeast-westcompr・essionhas

horizontallyactedupontheuppercrustoftheregion

sinceat]-eastonemillionyearsago .Heconcluded

thatthiscompressionresultedintheforrnationof

foundationfoldingsandblockmovementsoftheupPer

crustassociatedwithfau1七motionswhicharestill
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c・ntinuinginther・gi・natpresent・Hec・n・tructed

aschemeshowingadistributionofaxesofthefoldings

intheregionasshowninFig.10・

Judgingfromtheinvestigationsdescribedabove・

itcanbesafelyassertedthattheuppercrustinthe

southwesternregionofJapanhasalmostalwaysbeen

subjectedtothegeneraleast-westhorizontalcompress■on

overbroadareas.工fsuchacompressionalstresshapPens

tOchangewithtime,somechangeinthemagnetization

ofthecrustalrockmaybeexpectedonthebasisof

thePME。Twopossiblecasestoexplaintheobserved

anomaliescanbeconsidered;onecaseisthatalaterally

unifor'mchangeofthestressfieldproducesheterogeneous

anomaliesofthesecularvariationbecauseofalateral

heterogeneityinthemagne七izationofthecrust.Another

caseisthatalaterallyheter'ogeneouschangeofthe

stressfieldyieldsheter'ogeneousanomaliesofthe

secularvariationeveninauniformlymagnetizedlayer.

Thefirstcaseseemstobeofnoconcerntous,because

anycharacteristicpatternofthegeornagneticmain

fieldanomalycor'respondingtothatofthesecular

variationanomaliescannotbefoundinthesouthwestern

regionofJapan.Fig.llindicatesaschematicchart

ofthemainfieldanomaliesofthetotalmagneticfield.

ThiswasderivedfromananalysisofthedataObtained

fr'omboththefirstorderandthesecondor・derrnagnetic

surveys.Exceptforasmallnumberofsites,local

anomaliesarenotusuallylar・gerthanlOO-200nTand
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arenotdistributedinanypal・ticularpatterncorre_

spondingtothatofthesecularvariationanomalies

observed.工fitisassumedthattheseanomaliesarise

frombodieslocallymagnetizedinthedirectionof

thepresen七mainfield,thenthesecularvariation

anomaliesarisingfromsomechangeinmagne七ization

due七 〇tec七 〇nicstressesshouldbeproportionalto

七hemainfieldanomalies.Thesecularvariationanomalies

versusthemainfieldanomaliesateachmagneticpoint

areplottedinFig.12.Thereisevidentlylit七le

corヱ ・ela七ionbetweenthem.Therefore,thepossibili七y

ofalaterallyuniformchangeofthestressfieldin

thelaterallyheterogeneouslymagnetizedlayershould

berejectedfr・m・urc・nsiderati・n.

ThesecondcaseseemsmoreprObable.Thereis

favourableevidence七 〇showthatthestresschange

withintheuppercrustisno七laterallyuniform.Kasahara

35》

andSugiinuraanalyzed七hedataofgeodeticmeasure-

ments(triangulation)whichwerecarriedou七inl883-

1909andinl948-1958bytheG.S.工.inthesou七hwestern

regionofJapan.Theycalculatedthearealdilatation

oftheearth'ssurfaceasdisplayedinFig.13.工t

isquitedistinctthatoutstandingcrustalmovements

haverecentlyoccurr・edintheregioh.Especially

asfarastheSaninareaisconcerned,thecharacteristie

movementofthecエ ・ustappearingonthedila七ation

mapinfersprogressofthefounda七ionfolding;zonesofthe

negativedilatation(subsidencezones)andthepositive
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dilatatiQn(upheavalzones)seemtoarrangealternately

intheeast_westdirection.工tseemsthatthislaterally

heterogeneousmovementofthecrustiscloselysimila「

tothedistributionofthesecularvariationanomalies

observedinthesameregion.Profilesofboththe

secularvariationanomaliesand七hearealdilatation

alongaparallelof350northlatitudeareshownin

Fig.14.Arelativelygoodcorrelationbetweenthe

secularvariationanomaliesandthearealdilatation

canbeseenintheSaninregionbutthereisapoor

correlationbetweenthemintheKinkiregion。This

maybeduetothereasonthatalargeamoun七 〇fsediment

lieingeneralonthefoundationintheKinkiregion.

However,alternatearrangementinpositivean(±-negatiVe 、

anomaiiesofthesecularvariationandsimilararrとnge皿ent

inp・sitiv・andn・g・tiv・dil・tati。n・tr・ngly』Suggest

thatthesecularvariationanomaliesarepr'obably

producedbythehe七erogeneousstressfieldswithin

theuppercrustastheychangewithtime.

Here・weproposeamodelsho璽ingthatalaterally

heterOgeneousstressfieldinducedwithintheearth's

crustcanproducealaterallyheterogeneouschange

inthemagnetizationofthecrustonthebasisof

thePME.工fsuchachangeinthemagnetizationOccurs,

wecouldfindsomeanomaloussecularvariationssuch

asthoseobservedontheearth'ssurface.

Considerabuckledorfoldedearthlssurface ,
asshowninFig・15,whichresultsfr・omacontinual
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cruStalmOvementsinCeabOUtOnemilliOnyearSagO.

Byseeingthepatternoftheobservedanomalies,anaxis

ofthefoldisassumedtoruninthenorth-south

directionperpendiculartothatofthehorizontal

compressionwhichhasbeenactingupontheupper'crust.

Tosimplifymatters,consideratwo-dimensionalstructure

ofthecrust;deformationoftheupperlayerisassumed

tobeuniforminthenorth-southdirection.Thebottom

ofthelayerisassumedtobeflatalthoughtheexact

formisunknown.工naddition,wesupposethatthe

upPerpartoftheearthtscrustdowntonearly20

kmindepthisuniformlymagnetizedtowardthenorth

directiontowhichthepresentmainfieldpointsin

thecrust.Thecrustalmaterialswouldbenon-magnetized

belowadepthof20kmorsobecauseofhightemperatures

exceedingtheCuriepointofir・on.

工f,then,ahorizontallycompressionalstress,

σo,intheeast-wes七directionisinitiallyapplied

tothefoldedorthebuckledlayer,anextensional

stresswhichissuperimposedontheinitialstress

fieldwouldbeinducedinandaroundthetoppart

oftheanticlinalzone,whilesomeincrementsof七he

compressionalstresswouldappearinandaroundthe

bottompartofthesynclinalzone.TheapPearance

oftheadditionalstresswascOnfirmedlnapreliminary

numericalexperiment_by'畠meansofthefiniteelement

36)
methodafterHarrisonwhostudiedthetopographic

effectsinthetida1七iltandstrainmeasurementsby
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usingthesamemethod.Wedividethefoldedlaye「

intoanumberofelementsasshowninFig・16and

calculateeachStrainwithintheelementSwhenthe

layerisuniformlyhorizontallycompressedbyacertain

amountofstress.TheamountofstressapPliedis

thes∂measthatbywhichauniformstrainofaunit

wouldbeproducedinthelayerintheabsenceofthe

tOpographicundulation.Abriefresul七 〇fthenumerical

・xp・ ・im・nti・di・pl・y・dinFig・'16・1'heratioof

thestraininducedinthefoldedlayertothestrain

whichwouldbeproducedinaflatlayerisindicated

bysmoothedcontourlines.工ntheabsenceoftopographical

undulationthisratiowould,ofcourse,equallever'ywher'e・

Ascanobviouslybeseenfromthefigure,amplification

or12educt‡onindeformationoccursinthelayer;the

s七raininthesynclinalzoneisapPreciablystrengthened,

、一一一 一一 一一 一一「

whilethestrainintheanticlinalzoneisinturn
∫'

slightlyattenuated'thatis,regionalcompエ ・ession

causeslocaltension.Thesetopographiceffectswould

becomelargerasthetopographicundulat'ionisincreased.

ThisresultisquitesimilartothoseobtainedbyHarrison.

Fエ・omtheaboveexperiment,itisconfirmedthatthe

stressheterogeneityinthefoldedlayerispossible

andther'esultsproducelaterallyheterogeneouschanges

inmagnetizationduetothePMEinthelayer.

Next,weexaminechangesihmagnetizationinthe

・ay・ ・p・ ・ducedby・h・induced・t・esses.R。feringt。Stacey・s37)

designations,incrementsofeachcomponentofthetota1
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magnetization,△J,△J,△J,inaunitvolumeofthe

xyz

layerresultingfromacertainamountofstresscan

begivenas ,.

・Jx-・J9(一 ・・x・ △L .1△ σz)・ ・….….(・3)

・Jy・ ・J9(△ σ+△ σ一△σ+__2L____z
y2)… ・… …(・4)

・J
。 ・ ・J2(一 ・・z+△ σxl△ σ)・ ・… ・・…(・5)

where△ σ,△ σ,and△ σdenotetheincrementsofeachcomponentof
xyz

thestr・essfieldwhosecoordinateaxesaretakenas

showninFig.15andtheirsignsaredefinedasbeing

P・sitiv・in・ase・f・ ・mp・essi・n,JO,JOandJOa・eth・
xyZ

ini七ialvaluesofeachcomponentofmagnetization,

andβisthestresssensitivityofmagne七izationof

thecrustalrock.

Accordingtoournumericalexperimentconcerning

theinducedst「aininth・layer・ △・
zwa・alm・stn・gligibl・

everywhere.Thisisbecauseonlyapartofthelayer

closetothefreesurfacewasconsidered.SinceWe

assumethetwo-dimensionalstructureinwhichallthe

variationsareuniforminthenorth-southdirection
,

△J
xwilln・t・ ・ntribut・t・any・h・ng・inth・t・tal

magne七icfield・Furthermore,thecontributionof

△J

ytothechangeinthetotalmagn・ti・fi・ldisrega・d・d

asbeingpracticallynegligiblebecausethegeomagnetic

declinationinthesouthwesternregionofJapandoes

notusuallyexceed7degreesatmost.

Accordingly,itisenoughtoconsiderthecontribution

ofonly△J
ztothemagneticfieldchange・Therefore・
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Eq・(15)is

Aswe

canbe

inthe

streSS)

△σ ■S
X

that

results

while

producing

工nSec七ion

thenor・mal

Asthese

notthe

calculated

relative

basedupon

canbe

fieldin

subsidence
l

theadditional

surface.

isconcerned,

variation

qUalitatiVely

As

thatthere

rewrittenas

・J
。 ・,J2(△ ・x+△ 『ゾー)・ … …(・6)

nowconsideronlytheadditionalstresses,it

。aidthatム 。isnegative(extensi・nals七ress)

y

upheavalzone,while△ σispositive(compressional

y

inthesubsidencezone.Ontheotherhand,

negativeeverywhere.Finally,itisdeduced

△Jbecomesnega七iveintheupheavalzoneand
Z

inadecreaseofthetotalmagneticfield,

△Jbecomespositiveinthesubsidencezone・
Z亀'讐 一.'-

eitherpositiveanomalieSornoanomalies.

3,w・int・ ・ducedEq・ ・(10)and(ll)whi・h・xp・ess

secularvariationfor・ 七heregionconcerned。

equationsrepresenttherelativevalues,

absoluteones,ofthesecularvariation,the

anomaliescanberegardedasbeingessentially

.Consideringthisandthe -.expectcedanomalies

thePMEinourmodeldiscussedabove,it

concludedthatthedecreaseofthe-Lotalmagne七ic

theUpheavalzoneand七he'incr'easeinthe

zonemaybea七tr・ibutedtothePMEdueto

stressesconcentratedneartheearth's

Thus,asfarastheChugoku-KinkiDistrict

七hecharacteristicpatternofthesecular

anomaliesrevealedseemstobeabletobe

explainedfromthepresentmodel.

for七heShikokuDistrict,itseemslikely

isno七soclearacorrelationbetweenthepattern
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ofthesecularvariationanomaliesandthatofthe

・ru・t・lm。v・m・nt。 ・th・t・p。9・aphicstru・tu「ein
,the

region.However,thepatternoftheanomaliesseems

tosuggestthatthereexis七ssomeheterogeneityin

thestressfieldwithintheupPercrustsofarasthe

PMEisconcerned.Fromtheviewpointoftheseismologi-

calstudy,itisconsideredtha七thenorthernpart

oftheShikokuregionbeyondtheMedianTectonicLine,

whichrunsthroughtheregionfromwesttoeast,is

underahOrizon七alcompressiOnintheeaSttOweSt

direction.Thiscompressionprobablyarisesfroma

sourcecOmmon七 〇thatintheChugoku-KinkiDistrict.

ロロ
Ontheotherhand,thesouthernpartofthereg■on■s

consideredtobesubjectedtoanotherhorizontalcomp-

33)

ressioninthenorth-wes七direction(Shiono).This

compr'essionisconsideredpossiblytoarisefromthe

subductionofthePhilipPineSeaplatesinkingalong

theNankaitrough.Suchacomplicatedstressfield

couldpossiblyaccountforthecomplicatedpattern

ofthesecularvariationanomaliesin七heShikokuDistrict

althoughtheanomalypatternmightlikelybetheresul七

〇ftwodifferentstressfields.

5・3EstimationofstresschangeintheupPercrust

工nthepreviousSections,weinterpre七edtheobserved

anOmaliesoftheseculaヱ ・variationsinthetotalmagnetic

fieldasprobablybeingcausedbythePME.Toconfir'm

thisinterpretation,itislnecessarytoestimatethe

expectedstresschangeinthe・uppercrustonthebasis
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ofthePMEandcompareitwithothergeophysicaldata・

However,itisquitedifficulttocompletelysolve

thisinversionproblem.Therearetoomanyunce「tainties

andunknownfactorssuchasthestressdistribution

withintheupPercrust,thestresssensitivityofthe

crustalrockanditsmagnetization,par七icularlyat

relativelydeeppartsofthecrustasdeepas20km.

Here,wemakeaエ ・oughestimationofthestresschange

byusingasimplemodelofstl・essdistributionand

thedataavailableas七 〇tれestresssensitivityand

themagnetizatiOnofthecrustalrock・

Wefirstassumethat△ σisafunctionofonlylyl(posi-・

y

tivetotheeastasd6finedinFig.15)asexpressed

by

・・y-△ ・m… 讐y・ ・… … ・・(1・)

where・ △・misth・maximum・fthestresschang・andL

iswavelengthofthefoldingorundulationintopo-

9・aphy・S・b・titutingEq・(・7)int・Eq・(・6)・th・n・Jz

■sg■venas

'△

σ

・J。 ・ ・J穿 ・・ 釜兀y… ・… ・・.(・8)

Intheaboveequation・thec。nt「ibutiopof・u
xtoN。is

igno「edbecause△ σ
xisaFsumedtobeunif・ ・m・v・ ・ywh…

inthepresentmodelandthereforeaunifor・mincrement

of△Jdueto△ σisnottakenintoconsiderationas
ZX

wearesimplyconcernedwiththerelativesecular

variation.'

Thechangeinthever'ticaユcomponent,Z,ofthe
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magneticfieldontheearth'ssurfacecanbecalculated

fromvolumetricintegraloverthelayerconsidered

aSfo"OWS;

・z・ 一鋤 ㌧ 一1… ・…(・9)

wh。 。e。=(..xt)2+(y-y,)2+(。.z,)2,xl,yt

andzlarethecoordinatesfixedonthelayer,being

assignedasposi七ive七 〇thenorth,eastanddown,

respectively,andDisthethicknessofthelayer。

工ntheaboveintegration,theundulationoftheearth's

surfaceisprac七icallyignoredbecause七heheight

oftheundula七ionisnomorethanabou'ヒ].km,while

thehorizon七alwavelengthoftheundulationislonger

than80k靴and七hethicknessofthelayerisassurned

tobe20km.Bysubstitu七ingEq。 〈18)in七 〇Eq.(19)and

in七egratingtherigh七 一handsideofEq.19,wecanget

・Z。-IL(、.e一 ㌔ 、9・・
m。。s筆_._(2.)

Sincethechangeofthe七 〇talmagneticfieldisgiven

by△F=△ZsinI,whereIisthemagneticinclination,

wecanfinallygivethechangeofthetotalmagnetic

fieldby

2π

・F・ π(・-e一 工D)・J2・ ・
mc・s墾y・in・_(2・)

Althoughwedono七actuallyknowthe'realvalueof

th・magn・t・ ・a…n,・ 豊,・n・hec・u・ 七…ay・ ・,w・

wi・lt。nt。tiv。lyassum。it・t。b。5。 、。-3。mu/。m3.
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Thisvaluehasbeenadoptedasarepresen七ativefigu「e

inth・upPer・ru・tbyanu・nb・rgfresear・hers(f・r

。xamp、 。,Nag。t。'2)).エ 。。u。hi39)la・ 。。suggest・dthat

thegeomagneticanort;d'1iesintheSaninarearevealed

fromtheaeromagne・ しicsurveysarecausedbymagnetized

b。dieswh。semagn。,i。ati。n・ 。p。 。bab・y5…-3・mu/・m3

existingatadepthofl2km.Thestresssensitivity

isalso'oneoftheunknownfactors.Accordingto

N。ga七a"),,=(。.,.5)。 、。-3。m2/kgi。der・v。df。 。m

laboratoryexperiments.Ithasbeenpointedoutby

10)

StaceyandJohnstonthatthestresssensitivityof

thetitanOmagne'ci七e-bearingrocksincreasessensitively

40)h
asd・p・ndingup。n七hec・nt・nt・fF・2TiO4・Carmi・hael

showedthatthestresssensitivi七yofmagnetiteincreases

a・hydr・ ・とaticpressurein・r・ases.Theref・re,we

t。nt。tiv。 ・yad。pt(2..3)。 ・・-3。m2/kga。th。va・u。

ofthestresssensitivityfor七heuppercrus七allayer

inexpecting.thattheremaybeabundantmaficrocks,

whichcontain「ichFe2TiO4・beneaththeea「th
.'ssu「face・

Finally,bysubs七itutingthesevaluesandthevalue

ofthemagne七icfieldchange,△FilnT/yr,into

Eq・21,weget3-5bals/yrof・thestresschange

requiredtopr'oducetheobservedsecularvariation

anomalies.Ifitisacceptedtha七thevalueofthe

・・u・talmagn・ti・ati・ni・a・1・ ・g・a・lO-2。,、u/。m3,

th・nthestresschangeexp・6t・dw。uldr・duceby・n・

halfofthevaluecalculatedabove.
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5.40scillatorystresschangeintheearthtscrust

Wehavejustshowedthatthepiezomagneticmodel

canqualita七ivelyexplainthe。bserv・d1・calan・malies

ofthesecularvariation.Howeveヱ',theamountof

theestimatedstresschangeseemstobealittletoo

largetobeacceptedasrealisticwhenwecompare

i七withthatdeducedfromthedataofthegeodetic

measurements.Someconsiderthatitmaybefarless

thanlbar/yr.Moreover,ifthestressestimated

inthepresentmodelisbuiltupyearbyyearwith

aconstan七ratewithintheuppercrust,thentotal

accumulationofthestressoveralongperiodwill

beverylarge.Afteronehundredyears,forexample,

itwouldreachseveralhundredbarsenoughtoproduce

amajorearthquake.Therearenofrequentoccurrences

ofsuchmajorearthquakesin七heregionconcerned

althoughalotofmicroandsmallearthquakeshave

ceaselesslyoccurredparticularlyalongactivefaults

intheregion.

Thisdiscrepancycannotbesolvedatpresent.

工nordertoover℃omethisproblem,itwillbenecessal・y

toknowtherealmagnetizationofthecrustalrock

andi七,sstresssensitivityatrelativelydeepparts

ofthecrust,downt'020kmindepth.工nanycase,

stressesaccumulatedmustbereleasedinsomereasonable

way.エfn。tジin。 。。a。ingmagn。ti。ati。ndu。t。th。

stressaccumulationwouldreachanextremelylarge

amount,sothataverylargemagneticanomalyinthe
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mainfieldwouldapPearintheregion・Suchla「ge

anomaliescannotbefoundintheregionasshown

inFig.ll.Needlesstosay,itisunreasonableto

assumethatthecrustalrockisabletoundergoan

ext「emelylargeamountofs七ressbeyondperhapsseveral

hundredbars.工tisnaturaltoinferthatmostof

thestressesaccumulatedwouldbereleasedasseismic

waveener'gywhenthestressesreachacertainarnount

orlimit,whilesomeportionofthes七resseswould

remainunreleasedandresultinpermanent,ornonelastic,

deforma七ionoft=hecrustsuchasthedevelopmentof

thefoldingormovementof七hecrus七alblock.工n

otherwords,七hecrustaldeformationisessentially

comDosedofelasticbehaviorandnonelasticIbehavior.占
Thedeformationrelatedtoearthquakeoccurrences

issubstantiallyelas七icorvisco-elastic.Thisdeforma一

七ionwillbeoscillatorywithcertainperiods.The

localanomaliesofthesecularvariatiOnwouldbe

relatedtosuchelasticandoscillatorymovements

oftheupPercrust.Itshouldlbementioned七hatwe

seeonlythetransientpar'tsofthesecularvariation

whichgoonfor'aperiodfrornseveraldecadestoperhaps

afewhundredyears.ThemagneticchangeSobserved

donotdirectlyreflectthedevelopmentof七hefolding

butra七herthetemporalandelasticdeformationof

t}qeuppercrus七allayerduetothetectonicforces。

If七hisconsiderationisacceptable,amajorearthquake

whichwilloccurinandaroundtheregionconcerned
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inthefuturewouldgiverisetothedisapPearance

ofthesecularvariationanomaliesintheregion.

Thenceforthanewstageofthesecularvaria七ionanomaly

wouldstartagainasanewaccumulationofthestress

progresseswithintheupPercrust・

Asanevidenceofsuchoscillatorycrustalrnovements

intheChugoku-KinkiDistrict,theverticalmovement

alongthelevellingroute(Yonago-Kurashiki)inthe

ChugokuDistrictarequitenoteworthy,・Thiswas

revealedfromthelevellingsurveycarriedou七in

twosuccessiveperiods(1891-1935,1935-1948.1951)bythe

41)

G.S.工.TheresultanalyzedbyMiyamuraandMizoueis

showninFig.17.Thecrustalmovementseemstobe

evidentlyoscillatingbutnon-progressivewithtime

duringtheperiodofthelastseveraldecadesatleast.

Moreover,itisalsoworthwhiletomentionthatduring

theperiodconcernedthreecomparativelylargeearthquakes

occurredintheregion:theTazirnaearthquakeofMニ7.O

inl925,theTangoearthquakeM=7.4inl927andthe

TottoriearthquakeM=7。3in1943.

Tanak・ 。t。 ・.42)。uggest。dth。tthec。u。talm。v。m。nt

inthenOrthwesternpartoftheKinkiDistrictis

non-progressive・Theyderivedthisfactfromcontinuous

・bservati・n・ ・fthecrusta1・ ・uvementsbyrneans・ftiltrreters

and・'iextensometerSatIkunominewhichislocated

inthenorthwesternKinkiDistrict.Theyfurther

foundthatthevectorofseculargroundtiltingin
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thatareagraduallychangeditsdirectiontwiceduring

'l

aperiodof20years,19-10yearsforeachdirection・

Theyalsopointedoutthattheseanomalouschanges

werecloselycorrelatedtotheseismicactivityin

th・KinkiDi。tri。t,・ndthey・uggestedthatareversal

oftheverticalcrustalmovementoccur・r・ed,fromupheaval

t。sub。 、d。ncea_d、925in,h。 エkun。 。eg、。n襟

opiniononthecrustalmovement/1ρtL{云tthecrusta1

・traini・accumul・t・dandrel・asedalte「na七e1¥du「ing

i
aperiodofaboutlOyearsIforeachinmostcases,

sothattheoscillatorycrustalmovementwithaninterval

longerthanseveraldecadeswillbesuperimposedon

theoscillatorymovementofashortperiod・This

seemstos七ronglysupPortourconsiderationthatthe

observedanomaliesofthesecularvariationisattributable

tothePMEandthatthelocalanomalyisanindicator

ofthestressaccumulationonlyforatransientperiod

inalonghistoryofstresschangewithinthecrust.

Webelievethattheoscillatorychangeofthemagnetic

fieldisobservable,dependingupontheoscillatory

s七ressaccumulationwithintheuppercrustifwerepeatedly

makemagneticsurveysinaregionoveralongperiod

oftime.
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6.Conclusion

Thecharacteristicdistributionofthelocal

anomaliesofthesecularvariationinthetotalmagnetic

fieldwasrevealedintheregionbroadlycovering

theChugoku-KinkiandtheShikokuDistrictsinthe

southwester・nregionofJapan.Thelocalanomalies

werederivedfromtheanalysesofthedataobtained

fromthemagneticsurveysrepeateddruingaperiod

ofabout8yearsatmorethanIOOmagneticstations.

Featuresoftheanomalieswerefairlycharacteristic

andsystematicintheirarrangements.Especially,

intheChugoku-KinkiDistrict,thepatternofarrangement

oftheanomaliesappearedtocorrelatewellwithfeatures

oftherecentcrustalmovementsintheregion;the

distinctivedistributionofthel)ositiveandthenegative

anomaliesofthesecularvariationseemedtoresemble

closelythatofthepositiveandthenegativediiatations

oftheearth,ssurfacewhichwasrevealedfromanalyzing

thedataofthegeodeticmeasurements(triangulation).

Theaverageanomalywasofabout+lnT/yrforeach

ofthepositiveandthenegativezones.Itwasconfirmed

fromthelatestresurveyofthetotalmagneticfield

inthenor七hwesternChugokuregiontha㌻someof七he

anomalieshavecon七inuedinasimilarpatternatan

almostconstantrateforatleastthelastseveral

decades.

Interpretationoftheseanomalieswasmadeon

thebasisofthepiezomagneticeffectundertheassumption
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thatanon_uniformstresschangeintheupPercrust

hastakenplace.Itwasconsideredthatthisstress

changemightresultprimarilyfromthehorizontal

comPエ'essionassociatedwiththemotionofthePacific

Oceanplateand七hePhilippineSeaplate,andsecondly

fr。mthestressc。ncen七rati。n'inth。f・1d・dupP・ ・

layerofthecrustarisingfrom七hebucklingofthe

layerduetohorizontalcompression・Thepiezo-

magneticmodelproposedcouldwellexplainqualitatively

thecharacteris七icarrangementoftheanomaliesin

theChugoku-KinkiDistrict.Howeverthestresschanges

estimatedbyusingthepresentmodelweresomewhat

large,amountingto3-5bars/yr,whicharedifficult

tobeacceptedasrealisticvalues.Thisoverestimation

mayarisepartlyfrominadequatenessoftheassumed

stressdistributionandpartlyfromuncertainties

ofthestresssensitivi七yandthemagnetizationof

thecrustalrock.Theseshouldbemodifiedinthe

future.However,eveniftheannualstresschange

inthelayerissmal1,thetotalstressaccumulation

overalongperiodoftimewouldreachanextremely

largeamount,muchmorethanthecrusta1 .rockcould

bearwithoutsomeformofbreakdown.Toover℃ome

thisdiscrepancyi七wassuggestedthattheaccumulated

stresswouldprobablybereleasedinthefor・mofseismic

waveenergyandduringthattimethelocalanomalies

ofthesecular .variationswoulddisapPear.工twas

alsoassumedthat七helocalanomalieswouldsimply
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r・eflectthestressaccumulationwithinthecrustfor

ashorterpericdrpossiblyfromseveraldecadestoas

muchasseveralhundredyears,comparedtothegeologicaユ

timeasthefoldingdevelops.

AsfortheanomaliesobservedintheShikoku

District,itwasnotpossibletofindsoclearacorrelation

betweenthefeatureofthecrustalmσ ▽errentSandthat

・fth・a・ ・ang・m・nt。fth・1。calsecula「va「iationanorPalies

asseenirltheChugOku-KinkiDistrictalthoughthe

positiveandthenegativeanomalieswereeasilydistin-

guishable.Thismaybeduetothefactthatthestress

fieldwithintheupPercrust,deducedfromtheseismo-

10gicalstudies,isverycomplicatedbecausetheregion

isconsideredtobesubjectedtotwohorizontalcompres-

sionsfromdifferentdirections.Thesecompressions

probablyresultfromthemotionsofthePacificOcean

andPhilippineSeaplates.工tseemsqui七elikely

thattheanomalypatter・nreflectsthesestressfields.

Finallyitwillbesuggestedthatinorderto

truelydetectthelongtermprecursorychangesin

themagneticfleld,itisveryimportanttoexamine

thefeaturesoflocalanomaliesofthesecularvariation

whichwillprobablyberelatedtothetectonicforce

prevailingintheregionsconcernedandprobablynot

toanyparticularearthquakeoccurrence.工fsuccessive

andcornprehensivemagneticsurveysaremadeinthe

tectonicallyactivezonesinotherregionsofthe

world,thelocalanomaliesofthesecularvariation

relatedtα ・七hetectonicforceswillbefound.
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Tablel Standarddeviationsofthehourlymean

differencesofl6h(localtime)inthetotal

magneticfieldduringabout20daysbetween

thetemporarysitesandKAKorTOT(unitsin

nT).ThevaluesofTSAarelessreliable。

TOTMKZMTETOJHMDTKS TSA KMTASO

KAK 3.3 2●53.52●33・03.6 (5.5) 3.97.6

TOT 0・81・10。90●91・4 (3.5) 4.06。8

Table2 Overrallaccuraciesofthedatareduction

forthepresentsurveyandtheG.S.工.one

intheregioninvestigated(unitsinnT).

ε1 εll

Chuqoku-Kユnk■District 3。5 1.4

shikokuDistrict 5.5 2.7
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