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Abstract

ContoureddiagramofcrenulationcleavagBshowsasmallcircle，ａｘｉｓｏｆｗｈｉｃｈｉｎ‐

dicatesN45oE，Ｅ10.．ContoureddiagramofminorfO1dshoｗｓａｌｓｏｔｈｅｓａｍｅｓｍａｌｌｃｉｒｃｌｅ

ａｓｔｈａｔofcrenulationcleavageTherefore，crenulationcleavageandminorfolｄｗｅｒｅ

ｆｉｒｓｔｌｙｆｏｒｍｅｄｉｎｔｈｅａｒｅａａｎｄｔｈｅｎａｆｌｅxuralslipfOlddeformedthecrenulationcleavage

andminorfoldTheaxｉｓｏｆｔｈｅｆｌｅｘｕｒａｌｓｕｐｆｏｌｄｉｓｔｈｅｓａｍｅａｓｔｈｅａｘｉｓｏｆｔｈｅｓｍａｌｌ

ｃｉｒｃｌａｔｈａｔｉｓ，N45oE，Ｅ10.．

Theimportantpointobtainedbythe３ＤstrainanalysisisthatthepolesofXY

planeofstraineUipsoidofl3gneisspiecessampledaroundtheareashowthesame

smallcircle，axisofwhichindicatesN45oE，Ｅ10.．ThereasonwhytheirsmaUcircles

coincidewithtogetherisstillanopenproblemforthefuture．

Introduction

ThesurveyedregionislocatedinthenorthofPOkharaaroundtheAnnapuma

Himal，ＣｅｎｔｒａｌＮｅｐａｌａｓｓｈｏｗｎｉｎＦｉｇ・ＬＴｈｅｐｒｅｖｉｏｕｓｗｏｒｋｓｏｆｔｈｅａｒｅａｈａｖｅbeen

pubHshedbyOhtaetal．（1973)，Pecher（1977)，PecherandLeFortU977)，Ｋａｎｏ（1982）

andArita（1983)．TheMainCentralThrust（MCT）ｚｏｎｅｉｓｏｎｅｏｆｔｈｅｍｏｓｔｉｍｐｏｒｔａｎｔ

ｔｅｃtoniczonesoftheHimalayas・Thethrustdipsgentlynorthwardsstrikingeastto

westandrunssubparalleltotheHimalayanrange、Thepaperdescribestheoutlineof

geology,lithology,andthreedimensional（3D)finitestrainanalysisaroundtheAnnapur‐

naHimal，anddiscussestherelationshipbetｗｅｅｎｔｈｅＭＣＴｚｏｎｅａｎｄｔｈｅｆｍｉｔｅｓｔｒａｉ､．

GeologicalSetting

AroundtheAnnapurnaarea，therearefourmajortectonicunitswhicharecaUed

theMidlandzone，MainCentralThrustzone（MCTzone)，HimalayanGneisszoneand

TibetanTethyszonefromsouthtonorthTheystrikegenerallyN50.-80.Wdipping

20o-50oNE（averageN75oW，30.ＮE）ａｓｓｈｏｗｎｉｎＦｉｇ、４，goingtobeyoungerfrom
southtonorth・

TheMidlandzoneconsistsoflowgrademetamorphosedrockssuchassandStone，

qualtziteandphyllite・ＴｈｅｚｏｎｅｉｓｂｏｕｎｄｅｄｏｎｔｈｅＭＣｒｚｏｎｅｂｙｔｈｅｌｏｗｅｒＭＣｍ

ＴｈｅｌｏｗｅｒＭＣＴｈａｓｎｏｔｂｅenrecognizedclearlyinthearea・

ＴｈｅＭＣＴｚｏｎｅliesbetweentheHimalayanGneisszoneandMidlandzone、Its

northernfringeisborderedbytheupperMCTandthesouthernfringeｂｙｔｈｅｌｏｗｅｒ

ＭＣＴ，respectively，TheupperMCTisclearlyrecognizedbythedifferenceof

lithofacies，thoughtheveryboundaryisobscureinoursurvey・Thezoneis

characterizedbylowtomediumgrademetamorphicshearedrocksWhichareblackan。

Apartofthisresearchwaspresenteｄａｔｔｈｅ９７ｔｈＡｎｎｕａｌＭｅｅｔｉｎｇｏｆｔｈｅＧｅologicalSocietyof
JapaninToyama，October７，１９９０

Received8Junell，1991.
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eLFe

Ｆｉｇ．１１ndexmap

greenphyllite，quartzite，calcareousrocksandamphibolite

TheHimalayanGneisszoneconsistsofvanouskindsofgneissesandmigmatitic

gneisswithaugenstructureTｈｅｚｏｎｅｔｈｒｕｓｔｓｏｖｅｒｔｈｅＭＣＴｚｏｎｅａｌｏｎｇｔｈｅｕｐｐｅｒ
ＭＣＴ，

TheTibetanTethyszoneiscomposedoflowgrademetamolphicquartzite，

limestoneandmudstone，andoverliestheHimalayanGneisszoneTheirboundaries

changegraduallyandarenotrecognizeddirectly・

MinorfoldsarewelldevelopedintheMidlandandMCTzones・Thewavelength

ofthemisaboutl-20ｃｍ・ThecontoureddiagramoftheiraxesｉｓｓｈｏｗｎｉｎＦｉｇ５，

CrenulationcleavagesarealsoweUdevelopedintheMidlanｄａｎｄＭＣＴｚｏｎｅｓ・

ThecontoureddiagramofcrenulatiｏｎｃｌｅａｖａｇｅｓｉｓｓｈｏｗｎｉｎＦｉｇ６．

Lithostratigraphy

MidlandGroup

Thegroupconsistsofweaklymetamorphosedsedimentsandisoverlainbyｔｈｅ

ＭＣＴｇｒｏｕｐＴｈｅｇｒｏｕｐｉｓｒｏｕｇｈｌｙｄｉvidedintotwosubgroups；thequartziteand

sandstonesubgrCup，andthesandstoneandphyllitesubgroup

Thequartziteandsandstonesubgroupismainlycomposedofqualtzitewithsand‐

stoneinterbeds・Thequartziteiswhiteincolor，includingmuscovite，biotiteand

plagioclase・Crenulationcleavagesareshownonbeddingplanes

ThesandstoneandphyllitesubgroupismainlyexposedintheMidlandarea・The

groupconsistsmainlyofbiotitebearingblackphyllitewithquartzveins，Crenulation

cleavagesandkinkfoldsareseenonthebeddingplane、

MamCentralThrustGroup（ＭＣＴGroup）

ThegroupliesbetweentheHimalayanGneissgroupandtheMidlandgroup，being
boundedbytheupperMainCentralThrustatthenorth，ｔｈｅｌｏｗｅｒＭａｉｎＣｅｎｔｒａｌ

ＴｈｒｕｓｔａｔｔｈｅsouthThethicknessofthegroupis2000matleast・Ｔｈｅｇｒｏｕｐｈａｓｉｎ‐

tenselysheared，ａｎｄconsistsoftheblackandgreenphyllitesubgroup，augengneissl

subgroup，amphibolitesubgroup，quartzitesubgroupandcalcariousphylliteschist
subgroup

Theblackandgreenphyllitesubgroupiscommonlyexposedintheareaandis

composedofbiotite-graphite-phyUite，wavygreenphylUteandbiotitschloritephyllitic

schistwithorwithoutgarnet・Thephylliticschistischaracterizedbywavymicaceous

layerswithirregularlyfoldedlenticularquartzaggregates・Thetypicalmineral

assemblageisgarnet-biotite-muscovite-Kfeldspar-plagioclase-quartz

TheaugengneisslsubgroupisseenatUllerｉａｌｏｎｇｔｈｅＫａｌｉＧandakiRiver・Ｔｈｅ
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augengneissconsistsofmedium-tocoarse-grainedminerals・Theaugenstructure

comprisesKfeldspar-polphyroblastsand/orporphyroclasts・Thegneisswascalled

UIleriaugengnｅｉｓｓｂｙＬｅＦｏｒｔ（l975lThethicknessofthesubgroupisaboutlOOOm

atleast・Therepresentativemineralassemblageisbiotite-muscovite-Kfeldspar-
plagioclase-quartz、

Theamphibolitesubgroup；severalamphibolitesheetsareplacedbetweenthe
lowerandmiddleparｔｓｏｆｔｈｅＭＣＴｇｒｏｕｐ・Thethicknessofthesheetsisestimated

lessthanlOOm・Typicalmineralassemblageishomblend-biotite-quartz-Kfeldspar、
Thequartzitesubgroup；afewquarzitelayersareplacedbetｗｅｅｎｔｈｅｍｉｄｄｌｅ

ｈｏｒｉｚｏｎｓｏｆｔｈｅＭＣｒｇroupalongtheKaliGandakiandModiKholaRivers・The

thicknessofthequartzitesvariesfromseveralhundredtoonethousandmeters・The

colorsofthequartzitesarewhite，bluishgreyandgreen・Thesequartzitesarefine-

tomedium-grainedsandsize，includingthinmicaceouslayers（1-5ｍｍ)．

Thecalcareousphyllite-schistsubgroupisexposedclosetotheupperＭＣＴ，and
thicknessofthesubgroupisestimatedaboutl50m・

HimalayanGneissGroup

ThegroupconsistsofvariouskindsofgneissesandthrustsovertheMCTgroup
alongｔｈｅｕｐｐｅｒＭＣＴ・Ｔｈｅｇｒｏｕｐｉｓ，basedonthefieldsurvey，dividedｉｎtothree

subgroups；gneissl，gneissllandaugengneisslIsubgroups、Structureofthese

gneissesisgeneranyconcordantwiththatoftheuppｅｒＭＣＴ・Apparentthicknessof
thegroupisabout6000matleast、

Thegneisslsubgroup；basalpartoftheHimalayanGneissgroupiscomposedof

thegneisslsubgroup，whichisrepresentedbythealternationofpeliticandpsammitic

gneisses・Thepeliticgneisspossesessmedium-tocoarse-grainedminerals，especially

garnetwhichreacheslOｍｍｉｎｄｉａｍｅｔｅｒ，whilethepsammiticgneissconsistsof

fine-grainedparticles・Thetypicalmineralassemblageisgarnet-biotite-muscovite-K
feldspar-plagioclase-quartz

Thegneisslｌｓｕｂｇｒｏｕｐｉｓｃｏｍｐｏｓｅｄｏｆｆｉｎｅ－ｔｏｍｅdium-grainedcalc-silicate

gneissandoverliesthegneisslsubgroup、Thechangefromthegneissltogneissll

subgroupisgraduaLThicknessofthesubgroupis2000matleast・Thesubgroupis

usuallylayeredwithwhitishtogreenishquartzosefeldsparthicgneissosｉｔｙｗｈｉｃｈ

ｖａｒｉｅｓｆｒｏｍ５ｍｍｔｏ２０ｍｍｉｎｔhickness、Ptygmaticfoldsaresometimesseen・The

typicalmineralassemblageisbiotite-muscovite-kyanite-calcite-plagioclase-quartz・

Theaugengneissllsubgroup，ｗｈｉｃｈｉｓｃｏｍｐｏｓｅｄｏｆmigmatiticgneisswithaugen

structure，occupiestheupperpartoftheHimalayanGneissgroup・Thesubgroupis
developedalongtheKaliGandakiandModiKholaRivers・Thethicknessis400mat

least・Thesubgroupischaracterizedbythｅａｕｇｅｎｓｔｒｕｃｍｒｅｗｈｉｃｈｉｓｍａｄｅｏｆｌｅｎ‐

ticularandeuhedralquartzandKfeldsparporphyroblastsoraggregateswithmax‐

mumlength2cminlongitudinalside・TheaugeniselongatedinparaUelorsub‐

paralleltothefoliation、Thetypicalmineralassemblageisbiotite-muscovite-K

feldspar-quartz

TibetanTethysGroup

Thegroupiscomposedofthecrystallinelimestonesubgroupandthealternation

ofquartziteandmudstonesubgroup・ThegroupoverliestheHimalayanGneissgroup



KazufUmiKAwAMITsu・DaigoroHAYASHI4０

①一一一一夢缶」⑬①ＥＣ扇甸ＥＤｍＮ←』ロコ○一Ⅱ閂］］

⑩←一回営淫缶図巴巨◎一四℃こ□⑪Ｎ一』○．ｄ－ＨＷＮ］
⑭
■
◎
Ｎ
己
に
。
｜
亘
工

一ｍ一二Ｕ⑭一①惹二湯二○⑭。。②『ＵＵ－ＣＵ［Ⅲ同凹］

】⑪鯉④こ○この○．江一Ｍ烟駒】

①一二．□一二○（こく【】凸面］

④一一Ｎ←』ロゴ。［回Ⅲ］

④宕二勇二。Ｅ①①」ロロ亡ロ￥ＵＣ－ｍ両柳川］
①
Ｅ
Ｏ
Ｎ
ト
Ｕ
ｚ

一晩鰹①仁。［剛ｗ脚］

一再⑪里のＥＣ［四脚函］

一一⑭晩司色。■①ロコ虹［Ｍ閉棚］
①
仁
Ｃ
Ｎ
ｍ
吻
一
①
Ｅ
・
亡
ロ
勇
。
－
。
（
ヒ
ー
エ

②Ｅ◎］田①ＰＥ二山亡一一一口一⑱当』。［ｕⅡ、］
①
Ｅ
ｏ
Ｎ
切
湯
二
一
④
』
Ｅ
Ｃ
］
①
ロ
ー
ト

勇

iiJiiiiMl1iJml［
悪`)！

壱
亡
ｃ
笏
咽
』
□
三
・
ｍ

○一

。
○
呵
巨
『
国
風
。
「
。
⑭
。
国
・
切
画

豈
。
こ
』
。
。
。
Ｅ
匡
江

一｛羊旺》』（『王Ⅱ卦トト１Ｍ一「 灘１Ｍ』
■■

、￣

己
一面

’
、

口

＜￣

一
ヒ
エ
○
Ｎ

￣



ThreeDimensionalFimteStfhinAnalysis ４１

ＨＭ

5000

０
、

１０ｋｍ

5000

０

０
、

Fig3Geologicalprofile．

Ｎ

Fig.４ ContouredSpolediagramoffO1iation

onlowerhemisphereDiagramsare

drawnonlowerhemispherehereafter．

(l55points；2-4-6-8-10％)．

andseemstobeintenselydefOrmed･Thewave-lengthoffoldingofseveralknometers

canberecognized・ThegroupiscalledtheLarjungFormationbyBordetetal.（1981)．

Ｔｈｉｃｋｎｅｓｓｏｆｔｈｅｇｒｏｕｐｉｓｍｏｒｅｔｈａｎ２000ｍ、

ThecrystaUinelimestonesubgroup；basalpartoftheTibetanTethysgroupis

representedbythenonfossiliferouscrystallinelimestonesubgroup・ThiCknessofthe

subgroupislOOOmatleast，

Thealternationofquartziteandmudstonesubgroupoverliesthecrystalline

limestonesubgroup・Theintervalofalternationvariesfromseveralcmtoseveralm、

ThicknessofthesubgroupislOOOmatleast．
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ＮＮ

Ｆｉｇ．５ContouredfabricdiagramofminorFig6Contouredfabricdiagramofcrenulation
fold（３５points；2-4-6-8-10％)．cleavage（６６points；2-4-6-8％)．

MethodofStrainAnalysis

Sampling

５０piecesoforientedsamplesarecollectedaroundthesouthernareaoftheAn‐

napumaRange，ａｓｓｈｏｗｎｉｎＦｉｇ、７．Becausel3piecesofthemarecalcareousschists

andgneisses，ｔｈｅｏｔｈｅｒ３６ｓａｍｐｌｅｓａｒｅａｎａｌｙｓｅｄｉｎtermsof3Dfinitestrain・

Treatmentofsamplesinlaboratory

Sampleswerecutintocubeswithedgesofapproximately5cm・ＥａＣｈｓｉｄｅｉｓｎａｍ‐

ｅｄａｓＡ，Ｂ，andCplanes，wheretheseplanessharecommononeapexandformnear‐

lyrightanglestogether・AttitudesofA，BandCplanesoftheorientedsamplesare
describedonTableLThreerectangularblocksarecutfromeachcubｅａｎｄｒｅｆｅｒｔｏ

Ａ，BandCplanes，respectively・ThinsectionsaremadefromtherectangUlarpieces
andtheirphotographsaretakenthroughthethinsections・Ｔｈｅｓｈａｐｅｓｏｆ５０ｔｏｌＯＯ

ｑＵａｔｚｇｒａｉｎｓａredrawnonatransparentsheet，lyingonthephotographsheet，respec‐
tivelyTheanglebetweenxandyaxes，ｙａｎｄｚａＸｅｓ，ａｎｄｚａｎｄｘａｘｅｓａｒｅｉｎdicated
onTable2、

Thelowercaseletters（x,ｙａｎｄｚ)consistofthecoordinateaxes,whiletheupper
caseletters（X，ＹａｎｄＺ）indicatetheprincipalstrainaxesofthestrainfieldobtained

Strainanalysis

Therearetwotypesofstrainanalysis，ｏｎｅｉｓｃａｌｌｅｄｔｈｅｓｈａｐｅｍｅｔｈｏｄａｎｄｔｈe

othertheorientationmethod（Hayashi，1988,1989)．Wetaketheshapemethod，ｔｈａｔ

is，ａｓｈａｐｅｏｆｑｕａｒｔｚｇｒａｉｎｉｓａｓｓｕｍｅｄａｓanellipsewhichisdefOrmedfromitsinitially
ellipticshape、

Shimamotoandlkeda'ｓｍｅｔｈｏｄｉｓｍｏｓｔｓｕｉｔａｂｌｅｆｏｒｔｗｏｄｉｍensionalstrainanalysis
Wherecalculationisperformedbycomputer，becausetheirmethodneedsmerelyan
algebraictreatmentwithoutgraphsandothermanualoperations、Onthecontrary，ｉｆ
ｔｈｅＲｆ/,methodistaken，itmaybeformidableforitsinevitableinterruptionofmanual
work．
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For3Dstrainanalysis，Ramsay'ｓｍｅｔｈｏｄｉｓｕｓｅｄａｎｉｔｓｅｅｍｓａｎｏｎｌｙｐｏssible

wayforourstudy，becausewehavenotknownanyalternativemethod，whenweuse

thedatawhichrepresentthree2Dstrainvaluesforoneorientedsample

ShimamotoandIkeda,smethodfor2Dstrainanalysiswasrigorouslydescribedin

theirpaper（1976）Ramsay'smethodfor3Danalysiswaspresentedinhisremarkable
bookU967)．

ResultsofStrainAnalysis

2Dstrainanalysis

ThreeplanesA，ＢａｎｄＣｏｆｔｈｅｓａｍｐｌｅｃｕｂｅａｒｅｕｓｅｄｆｏｒthe2Dstrainanalysis・

Theresultsoftheanalysisarethenｃｏｍｂｍｅｄｅａｃｈｏｔｈｅｒｔｏｍａｋｅａ３Ｄｓｔｒａｉnenipsoid

atthesamplingpoint・Ｔｈｅｒｅｓｕｌｔｓｏｆ２DstrainanalysisareshownonTable３．１ｔ

TablelAttitudeofA，BandCplanes． Ｔａｂｌｅ２Ａｎｇｌｅａｍｏｎｇｘ，ｙａｎｄｚａｘｅｓ（deg)．
へ Ａ

ｘｙ：anglebetweenxandyaxes，ｙｚ：

ａｎｇｌｅｂｅｔｗｅｅｎｙａｎｄｚａｘｅｓｊｚｘ：ａｎｇｌｅ
ｂｅｔｗｅｅｎｚａｎｄｘａｘｅｓ

３６Ｎ’ＮＢＥ

1m

Iｉ３ＨＩＭ（

蕊
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numher

angleamon8､(.y､ｚａｘｅｓ（deg）
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Table3Resultsof2Dstrainanalysis．

shouldbenoticedthatthevaluesofXandYarenormaUzedassumingconstantvolume

(XY=ｌ)．

３Ｄstrainana1ysis

Constructedelliｐｓｏｉｄｓｂｙｔｈｅ２Ｄｄａｔａｈａｖｅｔｗｏｋｉｎｄｓｏfstrain；ｏｎｅｉｓｆＯｒｃｈａｎｇｅ

ｏｆｌｅｎｇｔｈａｎｄｔｈｅｏｔherisfororientation・ThefolmerquantityisｓｈｏｗｎａｓｔｈｅＦ１ｉｎｎ

ｄｉａｇｒａｍｉｎＦｉ９．８，whereasthelatterisindicatedinFigs、９，ｌＯａｎｄｌＬＴａｂｌｅ４

ｓｈｏｗｓｆｕｒｔｈｅｒｔｈｅｏｔherparameters，ｗｈｉｃｈｒepresentshapeandintensityofthe

ellipsoid，ｉ,e､，ｋｏｒＫｏｒｖａｎｄｄｏｒＤｏｒＥｓ，respectively、ＴｈｅｖａｌｕｅｓｏｆＸ，YandZ

arenormalizedbytheassumptionofconstantvolume

TheF1inndiagram(Fig.８)shows:（１）Gneissdataareplottedalongalinetyinga=1.

6～1.7ａｎｄｂ=1.6～1.7．ｔｈｅＭＣＴｒｏｃｋｄａｔａｓｈｏｗａｃｌｕｓｔｅｒｂｅｌｏwthelineofgneiss

data．（２）IntensityofthedefOrmationisquitedifferentbetweengneissandMCT

rock．（３）２４samplesbelongtoprolatetypeandtheotherl2samplestooblatetype，

sothattherearemeaningfuldifferenceinthedistribution．（４）Orientationsoftheprin‐

cipalstrainaxesShownoclusterandnogirdlethroughoutthesamplingａｒｅａ（Figs、９，

１０，ａｎｄｌｌ)．DividmgtheorientationofZaxesofstrainellipsoidofgneissesfrom

thoseofMCTrocks，thereisatendencyoforientationoｆＺａｘｅｓ（Fig.11)．TheZ

axesofgneissesindicateasmallcircle，WhosecentertrendsN45oEplungi､910..

2ＤｓｔｒａｉｎｏｎｓｅｃｔｉｏｎｄｉｒｅｃｔｅｄＮＥｔｏＳＷ

Inordertoconsiderthere1ationofDstrainellipseandfoliationonaprofneplane
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nuIube「

XｙｐＩａｎｅ

Ｘ Ｙ Ｒ ｡（deg）

yｚｐＩａｎｅ

Ｘ Ｙ Ｒ ｡（de8）

ZＸｐＩａｎｅ

Ｘ Ｖ Ｒ 中（deg）
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Ｆｉｇ．８F1inndiagram

２，DstraindistributionisproducedbyprOjectingastrainellipsoidontoasectionA-A，

ａｓｓｈｏｗｎｉｎＦｉｇ、12．OtherstrainparametersareindicaｔｅｄｏｎＴａｂｌｅ５、Strainellip‐
soidsofl8samplesareprojectedonaNE-SWsectionA-A'・XYplanesofl3
samplesareparalleltothefoliation，ｐｌａｎｅｏｆｗｈｉｃｈｄｉｐｓ３５゜ＮＷ，andtheotherfive

samplesXYplanesareobliquetothefoliation．

Discussmn

Therelationsbetweenthefabricpatternsandtheorientationoftheprincipalaxes
ofstrainellipsoidareinterestingsubjects・Oneofthesubjectsisaproblemwhether
thestrainfieldisconsistentwiththefOliationplaneornot、２Dstrainfeatureonthe

sectionA-A，willanswerthisquestion・ＩｔｉｓｐｏｓｓｉｂｌｅｔｏｓａｙｆｒｏｍＦｉｇ・ｌ２ｔｈａｔＸＹ
ｐｌａｎｅｉｓｐａｒａｌｌｅｌｔｏｔｈｅｆｏliationplane、Thismeansthattheobtainedstrainｆｉｅｌｄｈａｓ



ThreeDimensionalFmiteStrainAnalysis 4７

Ｎ

Ｎ

Fig9XaxesofstraineUipsoidonSchmidtnet・

Ｎ

ＦｉｇｌＯＹａｘｅｓｏｆｓｔｒａｉｎｅｌｌｉｐｓｏｉｄｏｎＳchmidtnet．

Fig.１１ZaxesofstraineUipsoidonSchmidtnet．

renectedtheformationoffoliationThreedimensionaldirectionsoftｈｅｐｏｌｅｏｆＸＹ

ｐｌａｎｅａｒｅｓｈｏｗｎｉｎＦｉｇｌｌ，sinceZaxisofstrainellipsoidmeaｎｓｔｈｅｐｏｌｅｏｆＸＹ

ｐｌａｎｅ・ＩｆＸＹｐｌａｎｅｏｆｓｔｒａｉｎｅｌｌｉｐｓｏｉｄｉｓｐａralleltotheplaneoffoliation，thepattern

ofSpolediagramoffOliationmeasuredatthesamplingpoints（Fig.１３）ｍｕｓｔｂｅｉｄｅｎ‐

ｔｉｃａｌｔｏｔｈａｔｏｆＸＹｐｌａｎｅｏｆｓｔｒａｉｎｅｌUpsoidTheSpoledeagramoffoliationshowsa

cluster，ｗｈｉｌｅｔｈｅＸＹｐｌａｎｅｏｆｇｎｅｉｓｓｅｓｓｈｏｗｓａｓｍａＵｃｉｒｃｌｅＴｈｅｒｅｆＯｒｅｉｎｔｅｒｍｓｏｆ

ｔhreedimensionXYplaneandfoliationofgneissesarenotparaUel，opposingtothe

caseoftwodimensio、（Fig.１４)．ＴｈｅｓａｍｅｉｓｓｕｐｐｏｓｅｄｆＯｒｔｈｅｃａｓｅｏｆＭCTrocks

(Fig.１５)．

TheotherinterestingpointsareshｏｗｎｉｎＦｉｇｓ５ａｎｄ６・Figure6showsthat

thepatternofcrenUlationcleavagesisasmallcirclewhoseaxistrendsN45oEplunging
lOo・Similarly，ｍｉｎｏｒｆＯｌｄｐａｔｔｅｍｉｓｎｅａｒｌｙｔｈｅｓａｍｅsmallcircleasthecrenulation

cleavages（Fig.５)．ThelineationWhichisinitiallylinｅａｒｉｓｄｅｆｏｒｍｅｄｔｏａｓｍａｌｌｃｉｒｃｌｅ
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byflexuralslipfolding・Theaxisofthesmallcirclecoincideswiththeaxisofthe

flexuralslipｆｏｌｄｉｎｇａｎｄｔｈｅｒａｄｉｕｓｏｆｔｈｅｓｍａｌｌcircleｉｓｔｈｅａｎｇｌｅｂｅｔｗｅｅｎｔｈｅｆｏｌｄ
ａｘｉｓａｎdtheinitiallineationTherefOre，thecrenulationcleavageandminorfoldhad
firstlybeenformed，thenthenexuralslipfold，ｗｈｏｓｅａｘｉｓｉｓＮ４５。Ｅ10.,hasdeformed
thecrenulationcleavageandminorfold

TheotherremarkaｂｌｅｐｏｉｎｔｉｓｔｈａｔｔｈｅｐｏｌｅｏｆＸＹｐｌａｎｅofgneissesshowsapprox‐
ｉｍａｔｅｌｙｔｈｅｓａｍｅｓｍａｌｌｃｈＦｃｌｅａｓｔｈｅformertwofabrics・Thereasonisnotyetunveil‐
eｄ

ＡｃｃｏｒｄｉｎｇｔｏＯｈｔａｅｔａＬ（1973)，ｔｈｅｒｅａｒｅｔｗｏｋｉｎｄｓｏｆｌｉｎｅａｔｉｏｎｓｉｎthearea

OneistheminerallineatioｎｔｒｅｎｄｉｎｇＮＮＥｔｏＳＳＷ・Ｔｈｅｏｔｈｅｒｉｓｔｈｅｍｉｎｏｒｆｏｌｄ，
whoseaxesstretcheasttowest・Theminerallineationisolderthantheminorfold

becausetheminerallineationwasbentbytheminorfold・Ｍｉｎｏｒｆｏｌｄｓｅｘｉｓｔｅｄａｌｓｏａｓ

ｔｈｅＮＥｔｏＳＷｔｒｅｎdinglineationintheareaandtheysｈｏｗｔｈｅｓｉｍｉｌａｒｓｍａｌｌｃｉｒｃｌｅｔｏ

ｔｈｅｃrenulationcleavageandminorfoldswhichwehavestudied(ＯｈｔａｅｔａＬ，1973,ｐ,180,
ＦｉｇｌＯＣ，Ｓ１．１，，ｓ２，Ｇ３．４，ｓ４)．

Ｔａｂｌｅ６ｓｈｏｗｓｓｙｍｍｅｔｒｙｉｎｄｉｃｅｓｆｏｒｔhreeprincipalplanesofeachsamplesThe
symmetryindicesshowthatasａｍｐｌｅｏｆｎｕｍｂｅｒ２８ｉｓａｔｌｅａｓｔｒｅｍｏｖｅdfromthestrain

analysis，becauseitssymmetryindexshowsＯ３８５ｗｈｉｃｈｉｓｔｈｅｖａｌｕｅｆａｒｆｒｏｍ0.60．

Figurel6indicatesadestributionofstrainmtensitydescribedbyEs，Ｔｈｅｕｐｐｅｒ
ＭＣＴｃｕｔｔｈｅｉｓｏｉｎｔｅｎｓｉｔｙｌmes．
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Ｎ
Ｎ

Ｆｉｇｌ４ＣｏｍｐａｒｉｓｏｎｏｆｔｈｅＺａｘｉｓ（solid

circele）withthepoleoffoliation

（opencircle）oftheHimalayanGneiss．

Figl3ContouredSpolediagramoffOliation

ofsamplepoint（３６points；2-4-6-8％)．

Ｎ

'､
～

１

Fig.１５ＣｏｍｐａｒｉｓｏｎｏｆｔｈｅＺａｘｉｓ（solidcir‐

cle）ｗｉｔｈｔｈｅｐｏｌｅ（opencircle）of
foliationoftheMCTrocks．

Fig.１６ContouredstrainintensityEsmap．

Pecher，Ａ、＆ＥＬｅＦｏｒｔ，1977．OriginandsignificanceoftheLesserHimalayaaugengneises･
ID狐，319-329．

Ramsay，Ｊ、Ｇ､，1967.ＦoldingandfractuTingofrocks568pp，McGraw-Hin
Shimamoto，Ｔ・＆Ｙ、IkedaI1976・Asimplealgebraicmethodforstrainestimationfromdeformed

empsoidalobjects、１．Basictheory、712℃foju”』lys雄，３６：315-337.
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Table61ndexofsymmetry．（sum：samplenumber，Ｉｓｙｍ：indexofsymmetry，，：anglebet‐
ｗｅｅｎＸａｘｉｓａｎｄｓｔｒｉｋｅｏｆｅｘａｍｉｎｅｄｓｅction.）
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