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Abstm⑰t

T1neTeniyaareainOkinawa-jimasituatedjustnorthtotheKayoareawhereHayashi

(1988,1989,1992）accomplisbedthestrainanalysis､TheKayoFormationaroundTeniya-zaki

strikesgenerallynortheasttｏｓｏｕｔｂｗｅｓｔａｎｄｄｉｐｓｔｏｔｈｅｗｅｓｔ・T1neresultofthestrainanaly-

sisｏｆｔｈｅａｒｅａｉｓｓｉｍｉＩａｒｔｏｔｌｌａｔｐｅ㎡ormedbyHayashi（1989)ithebeddmgplanehasthe

tendencypａｍｌｌｅｌｔｏｔｈｅＸＹｐｌａｎｅｏｆｔｈｅｓｔｒａｉｎｅllipsoid．、eintensityofstrainEstakes

weakervaluethanthatexpectedfromthefoldingstructu“developedinthearea・The

reasonisconsideredtobethecompetencycontrastbetweenquartzgrainsofstrainmaIker

andmatrix・ＡｓｔｈｅｖａｌｕｅｓｏｆＩ…ａｎｄＸ２ｏｂｔａｉｎｅｄｆｒｏｍＲｌ／＃diagramarelargerthan

thecriticａＩｖａｌｕｅｏｆｔｈｅｍ，weconcludethatthe“wasnoinitialfabricsofquartzgrains

beforedeformation．

lntmduction

Therearemanystudiesusingmineralgrainsasstrainmarker・Davidson（1983）used

feldspargrainsasthestrainmarkerandobtainedstrainellipseusingthethreeindependent

methods，theRamsay'ＳＲＩ/ゆmethod（1967)，Dunnet，ｓＲ１Ｍｍｅｔｈｏｄ（1969,1971）and

Elliott，smethod（1970)．HeassumedthatschistosityplaneiscoincidewiththeXyplane

ofstrainellipsoidandlineationisthedirectionofXaxis・LacassineZaJ.(1983)usedblue-qu

artzgrainsasthestrainmarkertocalculatethestrainellipseusingtheFry,smethodq979)．

HealsoassumedforschistosityplaｎｅｔｏｂｅｔｈｅＸＹｐｌａｎｅａｎｄｆｏｒｌｉｎｅａｔｉｏｎｔｏｂｅ

ｔｈｅｄｉｒｅｃｔｉｏｎｏｆＸａｘｉｓｏｆｓｔｒａinellipsoiCL

Jensen（1984）treatedquartzgrainasthestrainmarkertoobtainstrainellipseusinｇ

ｔｈｅＲｌ/ウmethodHeassumedthatschistosityｉｓｃｏｉｎｃｉｄｅｗｉｔｈｔｈｅＸＹｐｌａｎｅａｎｄｌｉｎea-

tionisequaltothedirectionofXaxisofstrainellipsoid・HethenconductedtheRayleigh

testwhetherthestrainmarkerhadpreferredorientationornoLSiddansetaL(1984)adopt

edthegreenspotinpeliticroｃｋａｓｔｈｅｓｔｒａｉｎｍａｒｋｅｒｔｏｏｂｔａｉｎｔｈｅstrainellipse

usingtheR`ﾉｳmethod､Thestrainellipsoidisconstructedwiththemethoddevelopedby

Owens(1984）whichisderivedfromtheleastsquaremethod

Odling(1984)usedthequartzgraininquartzo-feldsparthicgneissasthestrainmarker、

Ａｓｔｈｅｓｈａｐｅｏｆｑｕａｒｔｚｇｒａｉｎｓｉｓｄｉｆｆerentfromthatofellipse0hetakessixreference

lineswith30･intervalseachotheronthemeasurementplane、Ｈｅｓｅｔｕｐｔｈｅｃｅｎｔｅｒｏｆ

ｔｈｅｑｕａｒｔｚｇｒａｉｎｓｉｎｅｙｅａｎｄｍｅａｓｕｒｅｄｔｈｅｌｅｎｇｔｈｏｆthelinewhichisparalleltothe

referencelineandpassthrouｇｈｔｈｅｃｅｎｔｅｒａｎｄｌｉｍｉｔｅｄｗｉｔｈｔｈｅｑｕartzgrainboundary・He

addedandaveragedthelengthofallthegrainsforeachreferencelineHeassumedthat

theellipsewhichisconstructedwiththeaveragedlengthforeachdirection，ｉｓｃｏｉｎｃｉｄｅｔｏ
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tbestrainellipse・ThestrainellipsoidwascalcUlatedwiththemethodproposedbyHext

(1963)．Ｓｅｎｏ（1992）usedthegrains(gramspecieswerenotwritteninhispaper)within

tuff，conglomerateandquartziteasthestrainmarkertogetthestrainellipseusingthe

Fry，smethodHeassumedthatschistositｙｐｌａｎｅｉｓｃｏｉｎｃｉｄｅｗｉｔｈｔｈｅＸＹｐｌａｎｅofthe

strainellipsoid、Hecalculatedthestrainellipsoidｕｓingboththestrainellipseswhichare

obtainedfromtheplaneparalleltotheschistosityandfromtheplaneperpendiculartothe

schistosity・

Manyofthemethodsdescribedhereusedthegrainswhichhavesimilarsbapetoellipse

suchasquartzgrainandtheyobtainedthestraineUipseusingtheRfMmethodorthe

Frymethod、TheyassumedthattheschistosityplaneiscoincidewiththeXYplaneand

thelineationisthedirectionofXaxisofthestrainellipsoid・Theexclusiveexamples

arethatdonｅｂｙＳｉｄｄａｎｓｅｔａＬ（1984）usedtheOwens'ｓｍｅｔｈｏｄａｎｄｔｈａｔｄｏｎｅｂｙＯｄｌｉｎｇ

(1984)usedtheHexfsmethod

Hayashi（1989,1992）analyzedthestrainintheKayoareausingtheSI3methodwhich

istheoreticallyclearmethodtocmstructstrainellipsoidfromthestrainellipsesonthe

mutuallyperpendicularplanes・ThepresentpaperanalyzesthestrainintheTeniyaarea

adjacenttotheＫａｙｏａｒｅａｕｓｉｎｇｔｈｅＳＩ３ｍｅｔｈｏｄａndtheLisle's0curvemethodtojudge
whetherthemarkerhasinitialfabricornot．

GeoIogicalSetting

ThePre-TertiarysystemofOkinawa-jimaiscalledtheKunchanGroupexcludedthe

formationsdistributingaroundtheMotobuPeninsula・TheKuncha曲Groupisconstructedby

theNagoFormationandKayoFormationinascendingorder・TheNagoFormationismainly

composedofphyllitesandgreenstones，andnofossilshaveyetbeenfound・Althoughthe

ageoftheNagoFormationiscontrovertial,HayashiandKizaki（1985）considereditfrom

CretaceoustoPaleogene・ＴｈｅＫａｙｏＦｏｒｍａｔｉｏｎｉｓｃｏｍｐｏｓｅｄｏｆａｌtemationofsandstoneand

mudstone・AsNummulitesamakusaensiswasfoundfromtheformation（SuzukiandUjiie

l985)，theageoftheformationisconfirmedasmiddleEoceneTheKunchanGroupis
correlatedwiththeSouthernzoneoftheShimantoSupe堰roupfromtheabovementioned

evidenceqlayashiandKizaki,1985）

Ｔｈｅａｒｅａｗｈｉｃｈｉｓａｎａｌｙｚｅｄｊｎｔｈｅｐｒｅsentpaper，isthepartindicatedinFig、１along

theeasternsideofOkinawa-jima，ｔｈｅｓｈｏｒｅｌｉｎｅｆｒｏｍＴｅｎｉｙａｔｏＴｅniya-zaki、Ｔｈｅａｒｅａｉｓ

ｃｏｍｐｏｓｅｄｏｆｆｌｖｓｃｈｔｙｐｅａlternationofsandstoneandmudstoneoftheKayoFormation・

Isoclinalfoldimgwhoseaxialplanedipstonorthwestisseverelydeveloped・Theindicato曙

ｏｆｐｏｌａｒｉｔｙｏｆｂｅｄｓｓｕｃｈａｓｃｒｏｓｓｌａｍina，tracefossilandoutcropshowingthat“soft-layer

ruptureddeposits”（Gireki-souinJapanese）gougedoutsandstonebedarewellobserved

intheflyschtypealternationofsandstoneandmudstonearoundBan-zaki（FukudaetQﾉ.，

1978;Hayashi,1988).Hayashi(1988)decidedwhichtoppingofthebedsisnormalorreverse

bysomesedimentarystructuresintheareaaroundBan-zaki・Onthecontrary，inthearea

aroundTeniya-zakiwecannotclearlyjudgethepolarityofbedsbecauseoftheincomple-

tenessoftheresearchperfoImedbyoneofus，Ｓ・Baba・Ｆｉgures2and3illustratethe

tectonicmapoftheareaandgeologicalprofile，respectively．
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StrainAmlysisanditsResult

Samplｉｎｇ

Ｔｈｅｏｒｉｅｎｔｅｄｒｏｃｋｓａｍｐｌｅｓｏｆ４７ｐiecesarecollectedalongtheshorelinefromTeniya

toTeniya-zakiinthealternationofsandstoneandmudstone・Ｔｈｅｃｕｂｅｓｏｆｗｈｉｃｈｔｈｅｌｅｎｇｔｈｏｆ

ｓｉｄｅｉｓａｂｏｕｔ５ｃｍａｒｅｃｕｔｆｒｏｍｔｈｅｓａｍｐｌｅｓ､Threeplanessharingacommonapexarｅｎａｍｅｄ

ａｓＡ,BandCplanewhicharearbitrarilydisposedasdescribedinFi９．４．Ｔｈｅｉｎｔｅｒｓｅｃｔｓ

ｏｆａｎｙｔｗｏｐｌａｎｅｓｏｆｔhetotalthreeplanesaredefinedas坊ｙａｎｄｚａｘｉｓ､Ｈｅｒｅｗｅｔａｋｅｚ

ａｘｉｓａｓｔｈｅｉｎｔｅｒｓｅｃｔｏｆＢａｎｄＣｐｌａｎｅｓ，ａｎｄｔｈｅｎ〃ａｎｄｙａｘｅｓａｒｅｔａｋｅｎｓｏａｓｔｏｃｏｎｓｔｒｕｃt

apositivecoordinatesystem海yz、Ｉｆｗｅｔａｋｅｒ”ｓｙstemasmentionedabove，ｔｈｅｐｌａｎｅＡ

ｉｓａｌｗａｙｓｔｈｅ〃ｙｐｌａｎｅａｎｄｔｈｅｐｌａｎｅｓＢａｎｄＣｂｅｃｏｍｅ”ｏｒ誠planes・Whichplane，Ｂａｎｄ

Ｃ，ｂｅｃｏｍｅｓｔｈｅｐｌａｎｅｙｚｏｒ率dependsontherelativespacialdispositionofA，ＢａｎｄＣ

Ｘ

メN１４Ｅ５２Ｎ

N44W58E

Ｘ

Ｎ６８ＥＯ４８

Ｆｉｇ、４．CubewiththreefacesA,ＢａｎｄCStrainelIipsewithXandYaxes，andthethickarrowmark

indicatingstrikeanddip・Thedirectionofarrowofthestrikeｍａｒｋｍｅａｎｓｔｈｅ”northemdirection

ofstrike"．＃istheanglefmmthemortherndirectｉｏｎｏｆｓｔｒｉｋｅｔｏｔｈｅＸａｘｉｓｏｆｓｔｒａｉｎｅllipse、
Ｔｈｅｖａｌｕｅｏｆ‘isalwaystakenpositive,Itisarbitrarytotakewhichfacesa１℃Ａ,ＢｏｒＣｐｌａｎｅｓ．

planes，Ｔａｂｌｅｌｓｈｏｗｓｔｈｅｓｔｒｉｋｅａｎｄｄｉｐｏｆｅａchsamplewhereェy，ｙｚａｎｄｚ〃planesare

definedasdescribedabove・Table2indicatestheintersectangｌｅｏｆｅａｃｈｔｗｏａｘｅｓ，ェａｎｄ

汎ｙａｎｄｚ，andzandjrwhosevalueisexpectedｔｏｂｅ９０。，ｉｆｗｅｔａｋｅｐｒｅｃｉｓｅｌｙｔｈｅ泌辨

systemorthogonally・Threethinsectionsaremadefromeachcubeoftheorientedsamples

Thetotalnumberofthinsectionis４７（planes）×３（thinsections）＝l41pieces・Then

micro-photographsaretakenfｒｏｍｔｈｅｍＷｅｄｒａｗ５０ｔｏ２００ｐｉｅｃｅｓｏｆｍａrkerellipsesof
quartzgrainineachphotograph

Thediameterofsandgrainsofthesandstoneisfine（0.1-0.2ｍｍ）andoccasionally
mediumTheroundnessofsandgrainsisamgularorsub-angulartosub-roundedandthe

sortnessispoor・Themineralassembledgeofthesandstoneisquartz，plagioclase，K-feldspar，
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ＴａｂｌｅＬＳｔｒｉｋｅａｎｄｄｉｐｏｆ妙耀ａｎｄｚェplanes． Table21ntersectamg]ｅｂｅｔｗｅｅｎａｎｙｔｗｏ

ｃｏｏｒｄｍａｔｅａｘｅｓｏｆｘ,ｙａｎｄｚ．

microcline，muscovite，biotite，chlorite，opaqueminerals，androckflakes・Thefeatures

whichindicateanydeformationarenotseenexceptthatquartzgrainsshowfrequently

waWdistinction・Biotiteischangedalmosttochloritesothatbiotiteisrarelyfound・The

twotypesofsandstonearerecognized,ｏｎｅｉｓｗａｃｋｅａｎｄｔｈｅｏｔｈｅｒｉｓａｒｅｎｉｔｅ．

TwoDimensionaIStrainAnalySiS

ThestrainellipsesontbreesectionplanesA，BandCforeachsamplearecalculateｄ

ｕｓｉｎｇｔｈｅＳＩｍｅｔｈｏｄａｓｓｈｏｗｎｏｎＴａｂｌｅ３ＩＴｈｅＳＩｍｅｔｈｏｄｉｓｔｈｅｔｅｃｂｎｉｑｕｅtocalculate
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tectonicstrainellipsedevelopedbyShimamotoandIkeda（1976)．Ｔｈｅｖａｌｕｅｏｆｌｏｎｇａｘｉｓ

ＸａｎｄｓｈｏｒｔａｘｉsYofstrainellipsearenormalizeｄａｓｎｏｖｏｌｕｍｅｃｈａｎｇｅ（Ｘｙ＝1)．The

parameterRistheaxialratioofstrainellipse（Ｒ＝Ｘ／Ｙ）ａｎｄ＃istheanglebetween
thedirectionoｆＸとaxisandthenortherndirectionofstrikeoftheplaneconcerned、Ｔｈｅ

Table３．Valuesofstrainellipse．Ｘ：IengthoflongaxisofstraineIlipsｅ－Ｙ：lengthofshortaxis

of…､｡Ⅱipse"…,FatiooI…(+)｡:angI…m1h…rthemd…ionoist『ik・
ｔｏｔｈｅＸａｘｉｓｏｆｓｔｒａｉｎ

northerndirectionofstrikemeans，ｆｏｒexample，ｉｆｗｅｃｏｎｓｉｄｅｒｔｈｅｓｔｒｉｋｅＮ４０。Ｅ，there

aretwodirectionswhichthestrikeindicates，ｏｎｅｉｓＮ４０ｏＥａｎｄｔｈｅｏｔｈｅｒｉｓＳ４０･Ｗ

ＷｅｃａｌｌＮ４０・Easthenorthemdirectionofstrike．

ThreeDimensimualStrainAnalysis

ThestraineUipsoidisconstructedusingtheSI3methodfromthestrainellipsesof

threesectionsineachsample・ＴｈｅＳＩ３ｍｅｔｈｏｄｉｓｔｈｅｔｅｃｈｎｉｑｕｅｔｏｃａlculatetectonic

strainellipsoiddescribedbyShimamotoandIkeda（1976)．ThevaluesoflongestaxisX

inteImediateaxisYandshortestaxisZarenormalizedsoastonovolumechange（XYZ＝

1）ａｓｓｂｏｗｎｏｎＴａｂｌｅ４・EachparameterindicatedonTable4isdefinedasfollows．
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ＴｈｅＦｌｉｎｎｄｉａｇｒａｍｉｓｓｈｏｗｎｉｎＦｉ9.5．Ｗｅｃａｎｓａｙｆｒｏｍｔｈｅｆｉｇｕｒｅ，

(1)Ｔｈｅｍａｘｉｍｕｍｖａlueofstrainintensitydis0.6ａｎｄｔａｋｅｔｈｅｖａｌｕｅｒａｎｇｉｎｇｑ３ｔｏ

Ｏ４ｆｒequentlv・Thesevaluesindicatethatthedeformationoftheareawasweakerthan

theotherfoldedarea，ｆｏｒexample，theAlps．

(2)Thenumberofstainellipsoidwhichbelongstotheprolatetypｅｉｓ２５ａｎｄｔｈａｔｏｆ

ｏｂｌａｔｅｔｙｐｅｉｓ２２・Ａｓｔｈｅｙａｒｅｒｏｕｇｈｌｙｔｈｅｓａｍｅｎｕｍｂｅｒ，wecannotsaywhichtypeof
deformationwasdominantinthearea・

Thedistributionofprmcipalaxesoｆｓｔｒａｉｎｅｌｌｉｐｓｏｉｄｉｓｄｒａｗｎａｓｔｈｅｌｏwerhemisphe塵

proｊｅｃｔｉｏｎｏｎｔｏｔｈｅＳｃｈｍｉｄｔｎｅｔｉｎＦｉｇ６，ＷｅｃｏｌｌｅｃｔｓｏｍａｎｙｓａｍｐｌｅｓｉｎｔｈｅａｒｅａＡａｎｄ
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Fig.５，ＦlinndiagramOpencircle8sclmpIeSCCI]ectedfromhingepart，SoIidcircle：samplescollected
fromlimbpart

ellipsoidsisillustratedinFig9・AstheZaxesareseenrandomlydistributed,weconsider

thattherearenotendenciesaboutthedirectionofZaxeswhicharenotclassifiedbut

asawhole、Table5indicatestheintersectangleofeverytwoprmcipalstrainaxes，Ｘ

ａｎｄＺＹａｎｄｚａｎｄＺａｎｄＸＴｈｅａｎｇＩｅｖａｌueexceedinglO゜differencefrom90･ｉｓｓｅｅｎ

ｉｎｔｂｅｓａｍｐｌｅ９（intersectanglebetweenZandX＝78.1゜）ａｎｄｓａｍｐｌｅｌ３（intersect

anglebetweenYandZ＝78.9゜）．Wethinkthatthewobbleofintersectangledependson

theincompleteorthogonalcoordinatesystem兀爽・Ｉｎｆａｃｔｔｈｅｉｎｔｅｒｓｅｃｔａｎｇｌｅｏｆｚａｎｄェ

ｗｉｔｈｒｅｇａｒｄｔｏｔｈｅｓａｍｐｌｅ９ｉｓ６５､5゜ａｎｄｔｈａｔｏｆエａｎｄｙｆｏｒｓａｍｐｌｅｌ３ｉｓ７８０ｏ，ｗｈｉｃｈ

ｍｕｓｔｂｅ９０゜ｉｆｔｈｅエァsystemisorthogonaL

１，.ｅｘｏｆＳｙｍｍｅｔｒｙ

Ａｓｔｈｅｓｔｒａｍｍａｒｋｅｒｉｓthequartzgrainofsedimentaryrock，thereisapossibility

thatthestrainmarkerhasaninitialfoliation，inotherwordsinitialpreferredorientation・

Weknowwhetberthestraimmarkerhasapreferredfoliationornot，byexaminingthe

symmetryoftheR〔/＃ｄｉagram（Lisle，1985)．Thesymmetryisdescribedbythe”index
ofsymmetry”（abbreviateditasLy”hereafter）．Ｔａｂｌｅ６ｓｂｏｗｓｔｈｅｖａｌｕｅｓｏｆ恥，

calculatedoneachsectionplaneofthesamples・ＡｓｍａｎｙｖａｌｕｅｓｏｆＬ,風ａｒｅｏｖｅｒｑ８ｉｎ

Ｔａｂｌｅ６，weconcludethatinitialmarkersofquartzgrainarerandomlyoriented・Inorder

toperformmoredetaildiscussion，ｗｅｕｓｅＴａｂｌｅ４１ｏｆＬｉｓｌｅ，ｓｂｏｏｋ（Lisle,1985,pl5)．

LislecalculatedthevaluesofI…ｗｈｅｒｅｈｅｃｈａngedintensityoftectonicstrainL5,2.0,

3.0,5.0ａｎｄ10.0,andchangedthesamplesize20，３５，６０，１００and200whereinitial

markersarerandomlydistributed、Heobtainedthecriticalvaluesof心圃ｆｏｒ５％ａｎｄ

10％ofthelevelofsignificance・Ｆｏｒexample，ｗｉｔｈregardtothetectonicstrainR＝１．５
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andBareillustrateｄｏ、

Fig.６．DistributionofstrainellipsoidCircleistbeSchmidtnet、XYand

axesprojectedonthelowerhemisphereofthenet・Ellipserepresents

ellipsoid．＊meanstbesamplecolIectedfrom］imbpart・TheareasA

theseparatefiguresbecａｕｓｅｏｆｔｈｅｉｒｌａｒｇｅｎｕｍｂｅｒｏｆｓａｍｐles．

⑨⑫

②

②⑭小

Ｆｉｇ．７．DistributiomofstrainellipsoidiｎｔｈｅａｒｅａＡ・OtherexplanationsaresameasinFi9．６．
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Ｆｉｇ．８．DistributionofstrainellipsoidiｎｔｈｅａｒｅａＢ，OtherexpIanationsaresameasinFi9．６．

Ｎ

Fig.９．Zaxesof47strainellipsoidsprojeｃｔｅｄｏｎｔｈｅＩｏｗｅｒｂｅｍｉｓｐｈｅｒｅｏｆｔｈｅＳchmidtnet、Solid

circle：samplecollectedfromlimbpart，OpencircIe：sampIecoIIectedfromhingepart．
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Table５．１，te鱈ectanglebetweenanytwoprincｉｐａｌｓｔｒａｉｎａｘｅｓｏｆＸＹａｎｄＺ

ａｎｄｔｈｅｓａｍｐｌｅｓｉｚｅ〃＝l00inthelevelofsignificanＣｅ５％，ｗｅｆｉｎｄｏｕｔａｃｒｉｔｉｃａｌｖａｌｕｅ

ｏｆＩ…0.74．Ｔｈｉｓｍｅａｎｓｔｈａｔｗｅｈａｖｅｏｎｅｃｈａｎｃｅｔｏｇｅｔｔｈｅｖａｌｕｅｕｎｄｅｒ0.74ｏｆＩ…

intotal20challengesandthereforewejudgethatthiscasewillhappenrarely､Ｗｅｄｅｄｕｃｅ

ｔｈａｔｉｆｔｈｅｖａｌｕｅｏｆＩ…ｉｓｏｖｅｒＯ７４，thedirectionoflongaxisofinitialmarkersis

randomlydistributedinthelevelofsignificance5％、Thismeansthattherewerenoinitial

fabricsintheareaconcerned・ＴｈｅｃｒｉｔｉｃａｌｖａｌｕｅｏｆＬｖｍｆｏｒＲ＝1.5ｉｓ０．６（samplesize

"＝60,5％Ｌ､0.ｓ.＝levelofsignificaInce）ａｎｄ0.74（､＝100,5％Ｌ０．ｓ.）fromtheLisle'ｓ

Table4.1．ＷｅｈａｖｅａｐｌａｎｅｗｈｅｒｅｔｈｅｖａｌｕｅｏｆＬｙmisunderthecriticalvalue，ｔｈａｔｉｓ，

ｗｅａｒｅｂｅｔｔｅｒｔｏｔｈｒｏｗａｗａｙｔｈｅｓｔｒａｉnanalysisontheplanebecausetherewasinitial

fabricontheplane・Ｔｈｅｐｌａｎｅｆｉｔｔｏｔｈｅｃａｓｅｉｓ４３－ｊＦｙ（〃＝74,Ｌ，函＝0.65)．Inthe

conditionR>1.5,wehave22planesasfollows、６旨"ｙ（Ｒ＝1.53,〃＝39,Ｌ画＝0.92)，11-:ｒｙ

(Ｒ＝1.64,,,＝６８，１sy風＝0.94)，12-ｊｕｙ（Ｒ＝1.51,打＝71,Ｌｙｍ＝0.93)，21-難ｙ（thevalues

ofR,〃ａｎｄＬｍａｒｅｒｅｆｅｒｒｅｄｔｏＴａｂｌｅ６，hereafter)，32-.6,1,35-範洗40-郡41-灘弘44-jUjI
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46-jUyi8-”13-yz，14-”，１５－yz，１８－yz，20-”，23-y室，41-y島43-y2r，２－率，14-率and

31-z必.AsthecriticalvalueofL“ｆｏｒＲ＝2.0ｉｓ0.73（"＝60,5％Ｌ・ＯＳ.）ａｎｄ0.80（"＝

100,5％Ｌ・ＯＳ.)，ｔｈｅｖａｌｕｅｓｏｆＬｙｍ,ｏｆ２２ｐｌａｎｅｓａｒｅｈｉｇｈｅｒｔｈａｎｔｈｅｃｒｉｔicalvalue・

Therefore，therewerenoinitialfabricsonthe22planes．

InitialMakerEUipse

Theinitialmarkerellipsesarerestoredfromboththemarkerellipsesandthestrain
ellipseforeachplaneTheimportantparametersarealsoshownonTable６．The

parametersRandiaretheaxialratioofstrainellipseobtainedｗｉｔｈＳＩｍｅｔｈｏｄａｎｄ

ｔｈｅａｎｇｌｅｏｆｌｏｎｇａxｉｓｏｆｔｈｅｓｔｒａｉｎｅllipsefromthereferenceline・Theparameter＃ｉｓ

ｔｈｅａｎｇｌｅｏｆｔｈｅｌｏｎｇａｘｉｓｏｆｔｈｅｓｔrainellipseobtainedwiththeRI／jmethod(Vector

meanofangleofallthepointｓｉｎｅａｃｈＲＩＭｄｉａｇｒａｍ）fromthereferenceline・The

parameterI…ｉｓｔｈｅｓｙｍｍｅｔｒｉｃｉｎｄｅｘａｎｄｔｈｅ，'size厨isthenumberofmeasurement・Ｔｈｅ

parametersソ，凡，ＸやａｎｄＸ２８ａｒｅｔｈｅｄｅｇｒｅｅｏｆｆｒｅｅｄｏｍ，axialratioofstrain

eUipseobtainedwiththe8curvemethodbyLisle（1985)，Ｘ２－ｖａｌｕｅａｔｔｈｅＲ《／‘

diagramandX匙ｖａｌｕｅａｔｔｈｅＲ/,diagram，respectively・ＴｈｅｖａｌｕｅｓｏｆＸぎゆandX20

arecalculatedusingtheFORTRANprogramdevelopedbyPeachanｄＬｉｓｌｅ（1979).Asthe

valuesofaxialratioofstraiｎｏｂｔａｉｎｅｄｆｒｏｍｔｈｅｓａｍｐｌｅｓｉｎｔｈｅａｒeaarealmost

underthevalueL5,wedonotrecognizesignificantchangesonthefeatureanddistribution

ofthestrainmarkersofmanysamplesbeforeandafterdeformation・

FigurelOindicatesthefrequencygraphoftheaxialratioofinitialmarkerellipse

Rl、Figurellillustratestherosediagｒａｍｏｆｔｈｅａｎｇｌｅ０ｂｅｔｗｅｅｎｌｏｎｇａｘｉｓofinitial

markerellipseandthereferencelinewhere工払ｙｚａｎｄ鉱planesarearrangedfromthe

lefthaｎｄｓｉｄｅｔｏｔｈｅｒｉｇｈｔ・ThefrequencydiagramofR，ｉｓｓｈｏｗｎｉｎＦｉｇ・１０wherethe

valuesofR1arecalculatedｆｏｒｔｈｅｄｉｖｉｄｅｄ４０ｐａｒｔｓｏｆＯ,１intervalsthroughoutthe

rangeLOt０５．０．Thenumberofmarkerisrepresentedbythepercentageoftbetotal

numberofmarker・Thepercentagevalueisplottedasthefrequencyonordinatewhere

onetwentiethofthelengthofabscissabecomes1％、FigurelOshowsthatthedistrｉｂｕｔｉｏｎ

ｏｆＲｉｏｆｍａｎｙｓａｍｐｌｅｓｆｏｒｍｓａclusterbetweenl.Ｏｔｏ2.0．Thedirectionoflongaxisof

initialmarkerellipsesisrepresentedonｔｈｅｒａｎｇｅｂｅｔｗｅｅｎＯ・ｔｏｌ８０・ｉｎＦｉｇ．１１．Ｔｈｅ

ｎｕｍｂｅｒｏｆｔｈｅｄｉｒｅｃｔｉｏｎｏｆｌｏｎｇａｘｉｓｉｓｃｏｕｎｔｅｄｆｏｒｔｈｅｌ８ｐａｒｔｓｏｆｅａｃｈｌＯ゜intervals

andisdescribedintheforｍｏｆｐｅｒｃｅｎｔｏｆｔｈetotalnumberofmarker・Thepercentage

numberisplottedasthefrequencyforeverydirectionaｓｔｈｅｌｅｎｇｔｈｏｆ１％beComesone

fortiethofthediameterofcircle・

ThefrequencydiagramｏｆＲｉｎｔｈｅａｒｅａＡｉｓｓｈｏｗｎｉｎＦｉ９．１２ａｎｄｔｈｅｒｏｓｅｄｉａｇｒａｍ

ｏｆｌｏｎｇａｘｉｓｏｆｉnitialmarkerellipseintheareaAiｓｄｒａｗｎｉｎＦｉｇ．１３．Thefrequency

diagramofRandtherosediagramoflongaxisofinitialmarkerellipsewithregardto

theareaBareillustratedinFigs､１４ａｎｄ１５，respectivelv・

Table7sbowstheparameters,”stハウ…,β…Ｒﾉﾊ．ａｎｄＲｉ…ａｎｄｔｈｅｙｍｅａｎｅｘｃｅｐｔｆｏｒ

"s〃，，thevectormeanangleofp，ｖｅｃｔｏｒｍｅａｍａｎｇｌｅｏｆ８，ｈａｒｍｏｎｉｃｍｅａｎｏｆＲｉａｎｄＲｉ，

respectively、Theparameter“Ｗ'，isthenorthemdirectionofstrikeofbefore

deformationmeasuredfromthedirectionofthestrikeafterdeformation・TheRIMand

RJ0diagramsaredrawｎｕｓｉ､gtheparametersdescribedonTable７．Wedecidenotto

showthediagramsR,/ｊａｎｄＲｉ/Ｆｂｅｃａｕｓｅｉｔｇｉｖｅｓｎｏｐｒｏｆｉｔｔｏｕｓ．
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Table６．Resultsoftwodimensiona】strainanalysis、Anglesaretakenanticlockwiseaspositive・R3

axialratioofstrainellipsecalculatedwithSImethod．①：anglemeasuredfromtbenorthem

directionofstrikeofafterdefomlatiｏｎｔｏｔｂｅＸａｘｉｓｏｆｓｔｒａｉｎｅｌＩｉｐｓｅｃａｌcuIatedwithSIInethod．

‘：vectorｍｅａｎｏｆａｌｌｔｈｅｄａｔａｐｏｉｎｔｓｉｍｔｈｅＲｆノゥdiagram・Theanglejtakesideallythe

samewLlueof｡Ｌ画:indexofsymmetryafterLisle・傘e:samplesize・し:degreeoffreedom

inthe8curvemeth０．.Ｒｏ：axialratioofstraineⅡipseobtainedwiththe8cuwemethod．Ｘや

：Ｘ鰹vaIuecalculatedfromtheR,/‘diagram・Ｘ２８：X2valuecaIcuIatedfromtheRJ8diagram．
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AvemgedlnitialEllipse

AccordingtoShimamotoandlkeda（1976)，ｔｈｅｃｌｏｓｅｒｔｈｅａｘｉａｌｒａｔｉｏＲｉｏｆａｖｅｒaged

ialellipseistobeunity，ｔｈｅｍoreprecisethestrainanalysis（axialratiooftectonicinitialellipseistobeunity，themoreprecisethestramanalysis（axialratiooftectonic

strainR,anglebetweenthelongaxisofstrainel1ipseandthereferencelineα）ｉｓ・The

closertheabsolutevalueofanglell-albetweenthedirectionａｏｆｌｏｎｇａｘｉｓＸｏｆ

ｓｔｒａｉｎｅｌｌｉｐｓｅａｎｄｔｈｅｄｉｒｅｃｔｉｏｎＯｏｆｌｏｎｇａｘｉｓｏｆｔｈｅａｖeragedinitialeJlipse，themore

precisethestrainanalysis（R,α）ｗｉｔｈｒｅｇａｒｄｔｏｔｈｅｓａｍｅｖａｌｕｅＲｉ，Table8sbowsthe

valuesofFi,｡〃。ｌターα’（indicatedasjinTable8）ofthesamplesinthepresent

area、ＴｈｅｍａｎｙｖａｌｕｅｓＲｉａｒｅｃｌｏｓｅｔｏｌ・O00wherethedeflectionfｒｏｍｔｈｅｖａｌｕｅＬＯＯＯｉｓ

ｔｈｅｏｒｄｅｒｏｆ0.001．ＩｔｍｅａｎｓｔｈａｔｔｈｅｖａｌｕｅｏｆｓｔｒａｉｎａｘｉalratioRispreciseemoughin

thepracticalsense

Figurel6showsthegrａｐｈｏｆＲｉａｎｄｔｈｅｓａｍｐｌｅｓｉｚｅ・AlthougｈＳｈｉｍａｍｏｔｏａｎｄｌｋｅｄａ

(1976）saidthatthenegativerelationbetweenRiandsamplesizewasexpected，were-

cogmizenoclearrelationshipsbetweenthem．

FoIiationandXYPlane⑪fStminElIipSoid

ThebeddingfoliａｔｉｏｎａｔｔｈｅｓａｍｐｌｉｎｇｐｏｉｎｔａｎｄｔｈｅＸYplaneofstrainellipsoid

calculatedfromthecollectedsamplesaredｒａｗｎａｓｇｒｅａｔｃｉｍｌｅｓｏｆｌｏｗｅｒｈｅｍｉｓｐhere

projectionontheSchmidtnetiｎＦｉｇｌ７ｗｉｔｈｒｅｇａｒｄｔｏｔｈｅｗｈｏｌｅａｒｅａ・Ｔｈｅｓａｍｅｋｉｎｄ
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Ｆｉｇ．１０．Distributionmapofthe・frequencydiagramofR1・ＴｈｅｖａＩｕｅｏｆＲ‘ｐｌｏｔｓｏｎｔｈｅａｂｓｃｉｓｓａａｎｄ

ｔｈａｔｏｆｆｒｅquencyplotsontheoFdinate・Theticksoftheabscissaindicatethevaluesl,２，３，４ａｎｄ

５ofRifromIefthandsidetoright，Thefrequencydiagramsarearrangeｄｉｎｔｈｅｏｒｄｅｒ〃汎”ａｎｄ

率pIanesfromlefttoright､Ｔｈｅｎｕｍｂｅｒａｔｔａｃｈｅｄｔｏｔｈｅｔｏｐｏｆｔｈｅdiagramisthesamplenumber．

ofSchmidtdiagramwheregreatcirclesaredrawnareillustratedinFi９．１８ｆｏｒｔｈｅａｒｅａ

ＡａｎｄｉｎＦｉｇｌ９ｆｏｒｔｈｅａｒｅａＢ，Threefiguressbowthatthefoliationmeasuredatthe

samplecollectedｐｏｉｎｔｉｓｒｏｕｇｈｌｙｐａｒａｌｌｅｌｔｏｔｈｅＸＹｐlaneofstrainellipsoidobtainedat

thesamecollectedpoint．

ConeluBion8

Weconcludeaboutthereliabilityofthestrainanalysisasfollows．

(1)Wasthereanyinitialfabricofstrainmarker？

Itseemsthatthestrainmarkerswererandomlydistributedfromtherosediagramof

thedirectionofthelongaxisofinitialstrainmarker・Therandomnessofstrainmarkers

isalsorecognizedfromthevalueｏｆらｏ〃ｔＡｅＲ,/＃diagramandthelargervaluesof
Xやthanthecriticalvalue．

(2)AsthevalueRofaveragedinitialｅｌｌｉｐｓｅｉｓｖｅｒｙｃｌｏｓｅｔｏＬＯ,theprecisionofstrain

Risgoodenou9h．

Ｗｅｓｕｍｍｅｒｉｚｅｔｈｅｍａｉｎｆｅａｔｕｒｅｓｏｆｔｈepresentstramanalysisasfollows．

(1)Hayashi（1988,1989）resultedthatthebeddingplanewasalmostparalleltotheXY

planeofstrainellipsoidinKayoareawhichｌｉｅｓｊｕｓｔｔｏｔｈｅｓｏｕｔｈｏｆｔｈｅｐｒｅｓｅｎｔarea・

TheresultofthepresentanalysissｈｂｗｓｔｈｅｓａｍｅｔｅｎｄｅｎｃｙｔｏｔｈａｔｏｆｔｈｅKayoarea．
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Table７．IndexvaluesintheRIﾉｳａｎｄＲ,/０diagram・Theanglesindicatedhereafteraremeasured

fromthenortherndirectionofstrikeofafterdeformation、Anglesaretakenanticlockwiseas

poslitives灯：northerndirectionofstrikeofbeforedeformation．＃…：ｖｅｃｔｏｒｍｅａｎｏｆ抄．poslitive．ｓけ：northerndirectionofstrikeofbeforedeformation．＃…：vecto］

Rfmm:harmonicmeanofR1.8…：vectormeanofaR1A風:harmonicmeanofRi.
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DieterichandCarter（1969）ｓａｉｄｔｈａｔｔｈｅＸＹｐｌａｎｅｂｅｃｏｍｅｓｔｏｂｅｐａｒａｌｌｅｌｔｏｔｈｅ

ｗａｇｅｐｌａｎｅａｔｌｉｍｂｏｆｔheisoclinalfoldofthemultilayerfoldsystemOnthecontrary，cleavageplaneatlimboftheisoclinalfoldofthemultilayerfoldsystemOnthecontrary，

theXYplaneandcleavageplaneareobviouslyobliqueeachotherwhenbuｌｋｓｔｒａｉｎｉｓ

ｎｏｔｓｏｌａｒｇｅａｎｄｔｂｅｖｉｓｃouscontrastisgreatbetweeRllaverandmatrixinthesingle

layersystem、Thus，therelatiombetweencleavageplaneandtheXYplaneofstrain

ellipsoidisimportant,butwecannotcorrelatethenumericalexperimentalresultsobtained

byDieterichandCarter（1969）ｗｉｔｈｔｈｅ］argescalenaturalfolds，becausewefoundno

cleavagesintheｈｏｍｏｃｌｍａｌｐａｒｔｗｈｉｃｈｉｓｔｈｅｌｉｍｂｐａｒｔｏｆｔｈｅｌａｒｇｅｓｃａｌｅｆｏｌｄｉｎｔｈｅａｒｅａ．

(2)Thestrainvalueobtainedbythestrainanalvsisusingquartzgrainmarkerissmall

comparedwiththatoftheotherfoldedarea，ｆｏｒexample，ｔｈｅＡｌｐｓTheprincipalvalue

ofstraineIlipsoidismuchsmallerthanthevalueexpectedfromthegeologicalstructure

(Hayashi,1988,1989）Oneofthereasonisalargecompetencycontrastbetweenfolded

layerandmatrix・Thereasonofsmallstrainvaluedoesnotdependonthenonconsolidatioｎ

ｏｆｓｔｒａｔａｔｈａｔＨayashi（1988,1989）forecasted，becausetheXYplaneofstrainellipsoid

isroughlydisposedparalleltｏｔｈｅｂｅｄｄｉｎｇａｎｄｓｏｔｈｅＸＹｐｌａｎｅｒｅｆｌectsdeformation

lfthestrataissoftandnotyetconsolidated，quartzgrainsarenotdeformedbutonlv

rotatedThestrataofsocalledShimantotypealternationofsandstoneandmudstonelike

theKayoFormationwassufferedtectonicmovementundertheconsolidatedconditioｎＷｅ
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Table８．Ｖa】uesoftheaveragedinitialelIipse．ｓ礎ｅ：samplesize．Ｒ，：axialratiooftheaveraged

initialellipse.⑩（＝｜ターα｜）：absolutevalueofthedifferencefrｏｍｔｈｅｄｉｒｅｃｔｉｏｎｏｆｔｈｅ

ｌｏｎｇａｘｉｓｏｆｔheavemgedinitialellipseandtheIongaxisofstrainellipse．

ｗｏｎｄｅｒｗｈｙｔｈｅｖａｌｕｅｏｆＥ，takesalwaysaroundO2(0.1-0.5）whenweanalyzethestrain

usingthequartzgrainasstrainmarker・Ｔｈｅｖａｌｕｅｏｆｅ､showssimilarquantitytothat

obtainedfromthesampleofthemetasedimentscollectedfromtheMidlandzoneintbe

NepalHimalaya・ＴｈｅｐａｒａｍｅｔｅｒＥｏｉｓｔｈｅａｍｏｕｎｔｏfstraindefinedbyNadai（1963)，and

isth…Iuemultipliedth…ahedralunitshoarγ⑭by県Wec･nsiderthatthe…･ﾛ
ｏｆｌｏｗＥｏｖａ]uedependsonthecompetencycontrast．
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Ｆｉｇ．１７．DistributionmapofXYplaneandbeddingplane・ＴｈｅＸＹｐｌａｎｅａｎｄｂｅｄｄｉｎｇｐｌａｎｅａ定
illustratedasagHPeatcimIeprojeｃｔｅｄｔｏｔｈｅｌｏｗｅｒｈｅｍｉｓｐｈｅｒｅｏｆｔｈｅＳchimdt町et，Ｔｈｉｎｄｒａｗｎ

ｇ塵ａｔｃｉｒｃｌｅｉｓｔｈｅＸＹｐｌａｎｅ・Thickdrawngreatcircleisthebeddingplane・Ｎｏｔａｌｌｔｈｅｄｉａｇｒａｍｓ
ｓｈｏｗｂｏｔｈｔｈｅｇｒeatcimlesbecauseｏｆｔｂｅＩａｃｋｏｆｄａｔａｏｆｂｅｄｄｉｎｇｐｌａｎｅ．

ＤＣ

の

iＩ－０

Ｆｉｇ．１８．DistributionmapofXYplaneandbeddingplanein上ｈｅａｒｅａＡ．
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Fig.１９．DistributionmapofXYplaneandbedｄｉｎｇｐｌａｎｅｉｎｔｈｅａ犀ａＢ．

(3)WedonotrecognizeclearnegativerelationshipbetweentheaxialratioRlofaveraged

initialellipseanｄｔｈｅｓａｍｐｌｅｓｉｚｅ，whichareexpectedbythetheoreticalconsideration

afterShimamotoandlkeda（1976)．
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