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Petrofahric　A皿aly8is　of　a　Drag　Fold

　　　　　　　　　　　　　　　　　　By

Ik皿o　HARA

with　31コrext－flgures　and　2　Plates

　　ABsTRAcT：Asimple　type　of　a　drag　fbld　of　s量liceous　phyllite　f（）und　in　the　Sangun　metamor・．

　　phlc　’　formation　near　the　Nakase　mine，　Hyogo　Pre£，　Western　Japan，　has　been　analysed　with

　　referencc　to　the　mica　fabric，　the　quartz　c・axis　fabric　alld　the　quartz　lamellae　fabric，　and　the

　　stress　and　movement　picture　in　the　deformation　related　to　the　latter　two　have　been　discussed．

　　The　stress　and　movement　picture　through　thc　fbld（drawn　with　reference　to　those　fabric　elements）

　　have　been　fairly　well　correlated　with　those　in　the　cxperimental　bending　of　sheets．　The　petro・

　　fabric　technique　of　fold　analysis　after　J・LADuRN£R（1954a）seems　not　always　to　be　available　fbr

　　synthesis　of　the　mcchanics　of　folding　everi　when　a　single　marked　maximum　occurs　in　the　c・axis

　　diagram　prepared　in　each　sector　of　the　fbld．　The　rule　of　the　establishment　of　the　stess　system

　　（the　axis　of　maximum　compressive　stress　and　that　of　maximum　tensile　stress）with　respect　to　the

　1amellae　inclined’at　moderate　to　low　angles　to　the　c－axis　ofquartz　has　been　also　discussed．
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　　　　　　　　　　　　　　　　　　　　　　　　　　　　　1．　INTRODUCTION

　　From　infbrmations　concerning　the　mechanics　of　fblding　of　a　sheet　based　on

theoretical　and　experimental　investigations，　the　stress　and　strain　picture　in　rock

fblding，　even　if　the　rock　involved　in　the　fbld　in．question　is　of　homogeneous　non－

stratified　rock，　are　heterogeneously　distributed　through　the　fblded　rock．　The　rock

fbld　is　generally　of　the　multiple－1ayered　system　made　of　the　superposition　of　layers

having　different　thickness　and　physical　properties．　Owing　to　such　nature　of　the

lithic　unit　involved　in　the　fbld，　the　stress　system　acting　on　it　during　fblding　under

agiven’external　fbrce　must　be　further　remarkably　complicated，　that．resulting

in　heterogeneous　development　of　fabric　elements　of　various　types　through　the　fbld．

Since　B．　SANDER（1930）had　reported　his　classic　petrofabric　studies　about　smal1－

scale　fblds　of　the　rocks　of、various　types　in　Tyrol，　petrofabric　analyses　of　fblds　have

been　made　by　many　workers（E．　INGERsoN，1940；SANDER，1950；LADuRNER，1954

aand　b；1．　s．　zozMANN，1955；K．　A．　JoNEs，1959；T．　K．　BALL，1960；etc・）・And

nowadays，　generally，　the　petrofabric　analyses　of　rock　fblds　have　been　done・with

L



’

弼 Ikuo　HAUtA

refercnce　to　LADuRNER，s　method　well　knowl1．　However，　discussions　on　the　me－

chanics　of　fblding　seem　to　have　been　commonly　based　on　the　petrofabric　analysis

about　some　particular　layers　in　the　multiple－layered　lithic　unit　involved　in　the

fbld．　This　seems　to　be　disadvantageous　to　synthesize　the　stress　and　strain　picture

in　fblding　of　the　multiple－layered　system．

　　In　the　Sangun　metamorphic　fbrmation　near　the　Nakase　mine，　Hyogo　Preら

Western　Japan，　has　been　fbund　a　drag　fbld　of　siliceous　phyllite，　a　multiple－1ayered

system　made　of　the　superosition　of　quartz－rich　Iayers　and　mica－rich　layers，　in

which　the　quartz　lamellae　were　well　developed．　In　this　paper　the　stress　and

movement　picture　in　the　defbrmation　related　to　the　lamellae　through　the　drag

fbld　have　been　examined　according　to　the　author’s　ru16　of　the　establishment　of

the　stress　system　in　the　defbrmation　which　produced　the　qinartz　Iamellae（HARA，

1961a）．　The　author（1961a）pointed　out　that　the　c－axis　of　quartz　may　stably　be

oriented　at　an　angle　of　ca．30°to　the　greatest　contractioll　axis　in　the　system　con－

cerned，　or　of　ca．60°to　the　greatest　extension　axis．　On　the　basis　of　this　hypothesis，

the　strain　picture　fbr　the　c－axis　fabric　through　the　fbld　has　also　been　discussed・

　　ノ16左πoωZθ4g膨廊：The　author　takes　great　pleasure　in　submitting　this　article

for　publication　in　the　memorial　volume　dedicated　to　Prof．　YosHio　K【NosAKI．　The

author　wishes　to　record　his　sincers　thanks　to　Pro£G．　KqJIMA　fbr　his　kind　advices

and　reading　the　manuscript．　Acknowlegements　are　due　to　Dr．　K．　HIDE　fbr　his

kind　suggestions　to　the　study．　Thanks　are　also　due　to　the　members　of　the　Petrol－

ogist　Club　of　the　Hiroshima　University　fbr　their　valuable　discussions．　Finally

the　author　acknowleges　with　gratitude　that　a　part　of　expense　fbr　this　research

was　defrayed　by　the　Grant　in　Aid　for　Scientific　Researches　from　the　Ministry　of

Education，　Japan・

II．　STYLE　OF　FOLD

・The　rock　involved　in　the　fbld　examined　in　this　paper　is　phyllite　derived　from

siliceous　shale．　It　consists　mainly　of　quartz，　muscovite，　and　graphitic　matter，

accompanied　with　subordinate　chlorite　and　albite，　and　is　characterized　by　a　single

dist童nct　fbliation　defined　by　alternation　of　mica－rich　layer　and　quartz－rich　layer，

that　de丘nes　the　fbrm　of　the　fbld，　and　by　a　distinct　lineation　parallel　to　the　axis

of　the　fbld．

　　Fig．1is　a　s．chematic　sketch　of　pro丘le　of　the　fbld．　It　shows　a　zone　in　which

layers　are　fblded　in　acute　fbrm（fblded　zone）and　two　zones　in　which　layers　are

not　fblded　in　acute　fbrm　but　gently　waving（non－fblded　zone）．　The　fbrmer　zone’

is　intercalated　in　the　latter．　The｛bld　in　question　corresponds　to　it　in　the　fbrmer

zone．　The　boundary　lines　bet、、・een　the　fblded　zone　and　non－fblded　zones　are

clearly　drawn　along　two　thick　mica－r三ch　layers，　as　shown　in　Fig．1．　This　fact

suggests　that　those　two　mica－rich　layers　acted　as　a　surface　of　d6collement　which

means　the　detachment　of　the　folded　zone　from　the　surrounding　non－fblded　zones．
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　　　　　　　　　　FIG．1　Schematic　skecth　of　the　specimen．

M：mlca・rich　layer．　q：quartz。rich　layer．　A，　B　and　C：three　subareas．‘

From　the　presence　of　the　surfaces　of　d6collement，　it　may　be　pointed　out　that

layers　the　of　fblded　zone　bounded　by　them　must　have　moved　and　took　their

structure　independently　of　the　surrounding　non－fblded　layers（〈≠De　SITTER，1956）．

　　Briefly　speaking，　the　structure　in　the　fblded　zone　is　defined　in　terms　of　two

knees　and　three　limbs，　which　consist　of　two　limbs　lying　down　parallel　to　the　sur－

rounding　non－fblded　Iayers　and　one　short　limb　connecting　two　knees（Fig．1）．

The　style　of　fbld　in　question　is　of　a　drag　fbld，　having　macroscopically　monoclinic

symmetry　with　a　singlβ　symmetry　plane　normal　to　the　fold　axis．　Detailed　petro－

fabric　analyses　were　done　about　upper　half　part　of　the　profile　shown　in　Fig．1．

　　Mica　Hakes　bccurring　sporadicaUy　in　the　quartz－rich　layers　are　oriented　more

or　less　parallel　to　the　form　surface　of　the　fold，　and　no　transversal　structural　Surface

童spresent（Plate　55－2）．［001］－Axis　fabric　fbr　mica　flakes　in　the　quartz－rich　layers

was　examined，　and　with　reference　to　the　mica　fabric　the　examined　area　was　divid－

ed　into　three　homogencous　subareas，　that　is，　subarea　A，　B　and　C　in　Fig．1．　Subarea

Acorresponds　to　the　non－fblded　zone，　and　subarea　B　and　C　to　the　fblded　zone．

Mica　fabrics　in　those　subareas　are　illustrated　in　Figs．2，3and　4．　Thβy　together

are　characterized　by　a　sharply　de丘ned　great　circle　girdle，　showing　monoclinic

symmetry　with　a　single　symmetry　axis　normal　to　the　girdle．　The　single　symmetry

axis　in　each　diagram　represents　the　fabric　axis　b　with　reference　to　the　mica　fabric

in　each　subarea，　and　in　subarea　B　and　C　it　must　be　correlated　with　the　axis　of　the

fbld　in　question．　The　fabric　axis　b　for　the　mica　fabric　in　subarea　A　is　fbund　to

be　parallel　to　that　in　subarea　C．　However，　the　fabric　axis　b　in　these　subareas　does

not　coincide　with　that　in　subarea　B，　showing　angular　deviation　of　ca．20°．　There－

fbre，　strictly　speaking，　the　fbld　in　question　has　a　triclinic　symmetry　as　a　whole，

unlike　macroscopic　monoclinic　appearance．　Thc　boundary　between　subarea　B　and

Cis　clearly　drawn　alo耳g　a　thick　mica。rich　layer（layer　d　in　Plate　54－1），1ike　that
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F・G．2［001｝axes・f・200・mica・flakcs・in・subarea

　　　　　　A．

FIG．3［001｝axes・of・IOO・mica・flakes・in・subarea

　　　　　B．

FrG．4　［001｝axes　of　IOO　mica　flakcs　in　subarea　C．

between　subarea　A　and　B．　Thercfbre，　the　fbld　with　a　triclinic　symmetry　in　ques－

tion　can　be　divided　into　two　units　of　fbld　with　monoclinic　symmetry，　that　is，　the
　　　　　　し
fbld　I　corresponding　to　subarea　B　and　the　fbld　II　to　subarea　C．　The　fabric　axis　b

for　the　mica　fabric　in　subarea　B　must　be　strictly　identical、with　the　axis　of　the　fold

Iand　that　in　subarea　C　with　the　axis　of　the　fbld　H．　In　the　imermost　knee　of　the

fbld　I　the　direction　of　curvature　of　the　layer　e　is　reversed　with　reference　to　the

general　direction　of　curvature　of　the　fbld　I（Plate　55－1　and　2）・

　　Generally　speaking，　triclinic　fabrics　result丘om　either　a　single　inhomogeneous

strain　or　superposed　genetically　unrelated　strains　with　higher　symmetry．　From

the　features　of　the　fbld　in　question　above　mentioned，　the　triclinic　nature　of　the

fbld　seems　to　have　been　resulted　from　a　single　inhomogeneous　strain，　and　the

1
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mica－rich　layer　d　acted　as　a　horizon　of　detachMent　between　the’　fold　1　and　fbld　II．

　　The　thickness　of　mica－rich　Iayers　involved　in　the　foldi），　measured　radially；is

not　always　constant（Plate　54－1　and　Plate　55－1）．　That　of　the　mica－rich　layers　b，　j，

1，nand　p，　which　are　involved　in　the　outer　knees　of　the　fbld　I　and　fbld　II，　is　rather

constant．　While　the　mica－rich　Iayers　d，　f　and　h，　which　are　involved　in　the　inner

knee　of　the　fbld　I，　are　remarkably　thickened　towards　the　axial　part　of　the　knee．

In　these　mica－rich　layers　d，　f　and　h　slip　cleavages　which　traverse　the　fbliation

surface　at　various　angles　are　observed（Plate　54－1・and　Plate　55－1）．　The　transversal

slip　cleavages　develop　through　the　fbld　in　such　fashion　as　shown　in　Plate　54－1．　In

the　axial　part　of　the　inner　knee，　generally，　they　traverse　at　high　angles　the　f（）1ia－

tion　surface，　though　in　its　innermost．margin　they　tend　to　run　rather　subparallel

to　it（Plate　54－1）．　The　cleavages　on　the　limbs　are　subparallel　to　the・fbliation

surface　and　continue　to　the　outer　margin　of　the　knee，　where　they　traverse　it　at

moderate　angles．　The　transversal　cleavages　in　questi6n　do　not　cut　across　the

a（ljacent　quartz－rich　layers．　They　are　not　observed　in　the　mica－rich　Iayers　j，1，　n

and　p，　of　the　outer　knee　of　the　fbld　I，　having　rather　constant　thickness　measured

radially．　　　　　　　　　．

　　In　some　parts　of　the　quartz－rich　layers　develop　tiny　cracks　inclined　at　high

angles　to　the　f（）liation　surface，　cutting　quartz　grains　sharply～vith　no　evidences　of

associating　granulation　or　plastic　defbrmation，（Plate　54－1）・They　are　of　the　type

of　tension　crack，　and　run　apProximately　parallel　to　the　axis　of　the　fbld　I　and　that

of・　the　fbld　II．　They　are　genera11y　observed　in　limbs　of　the　fbld　I　and　fbld　II，

．especially　in　parts　close　to　their　knees．　Some　cracks　are　filled　with　micaceous

matter　inj　ected　from　the　surrounding　mica－rich　layers（Plate　55－3）．

III．　ANALYsls　oF　THE（luARTz　LAMmLAE　FABRIc

　　Two　types　of　lamellar　structurcs　have　been　recognized　in　quartz　grains　of　the

quartz－rich　layers．　Number　of　grains　containing　the　lamellae　is，very　small　when

compared　with　the　total　number　of　grains　constituting　the　quartz－rich　Iayers．

However，　no　lamellae　have　been　recognized　in　quartz　grains　occurring　sporadical－

1y　in　the　mica。rich　layers．

　　One　type　of　the　lamellae　is　distinctly　displayed　as　narrow　barlds　of　different

lattice　orientation　across　the　host　crystal，　terminating　within　the　grain　boundaries

（Plate　55－5）．　The　lamellae　of　this　type　correspond　to　the　Type　L3，　according　to

the　author’s　classification　of　quartz　lamellae（HARA，1961b）．　The　lamellae　in

question　have　an　average　width・of　O・006　mm・Some　boundaries　between　the

lamellar　and　thc　host　crystal　are　displayed　as　sharp　but　continuous　change　of

extinction　position，　apd　others　as　discontinous　change　of　it．　The　relative　posi－

tions　between　the　c。axis　of　the　la卑ellar　crystal　and　that　of　the　host　crystal

1）　In　the　following　pages，　the　term，“the　fbld，，，　is　used　for　the　fold　in　question　as　a　whole．

L
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could　be　measured　accurately　in　all　of　the　grains　containing，the　lamellae．　The

value　of　shift　in　the　c－axis　from　the　host　crystal　to　the　lamellar　crystal（CH　A　CL）

in　measured　grains　is　between　2°and　16°，　with　a　maximum　between　3°and　8°，　as

shown　in　Figs．5－a，6－a　and　7－a・The　Iamellae　of　this　type　are　observed　through≧

out　subarea　A，　B　and　C．

　　Another　type　of　the　lamellae　is　defined　by　a　closely　spaced　planar　structure

¢onsis毛ing　of　minute　dark　inclusions，　that　corresponds　to　the　Type　L1，　that　is，

‘‘B6HM　lamellae’，，（Plate　55－4）．　The　lamellae　of　this　type　are　observed　only　within

asharply　restricted　part　of　subarea　A，　wher6　the　lamellae　of　Type工3　arc　not

observed．

　　The　crystallographic　location　of　the　Iamellae　of　Type　L3　with　rcspect　to　the

Iattice　direction　of　quartz　could　not　directly　be　measured，　and　only　their　trends

on　the　thin　section　could　be　directly　measured．　From　the　X－ray　studies　of　quartz

grains　exhibiting　deformation　featureS　including　undulatory　extinction，　defbrma－

tion　Iamellae，　marginal　granulation　and　fracturing　in　naturally　defbrmed　rocks，

BAILEY，　et　dl．（1958）said，“＿most　of　the　quartz’　has　deformed　plasti（rally　by　bend

gliding．　One　of　the　three　crystallographic　a　axis　is　always　the　major　axis　of

bending，＿”．　If　so，　the　rotational　axis　of　shift　in　the　c－axis　f≠om　the　host　crystal

to　the　lamellar　crystal　Should　coincide　with　the　a－axis．　In　previous　work　about

the　lamellae　of　similar　type　the　author（1961b）descr三bed　an　example　fbr　which

the　angplar　deviation　of　the　pole　of　larnellae　from　the　great　circle，　on　which　CH

and　CL　lie　together，　is　between　O°and　8°，　with　a　strong　maximum　between　O°and

3°．　In　this　case　the　angular　deviation　is　not　so　large．　Tentatively　in　this　paper，

therefbre，　the　crystallographic　location　of　the　lamellae　of　Type　L3　has　been　indi－

rectly　determined　on　the　basis　of　assumption　that　the　rotational　axis　of　shift　in
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FIG．5　a）Histogram　showing　the　variation　in　the　angle　betwecn　the　c・axis　of　llost　crystal　and

　　　　　that　of　lamellarヒrysta1．（for　the　lamellae　of　Type　L3　in　subarea　A）

　　　　　b）Histogram　showing　the　variation　in　the　angle　between　the　c－axis　of　lamellar　crystal

　　　　　and　the　pole　of　lamellae．（f（）r　the　lamellae　of　Type　L，3　in　subarea　A）

　　　　　c）Histogram　showing　the　variation　in　the　angle　between　the　c・axis　of　host　cri・stal　and

　　　　　the　pole　of　lamellae．（f（）r　the　lamellac　of　Typc　L3　in　subarea　A）

　　　　　d）Histogram　showing　the　variation　in　the　angle　between　the　c－axis　of　host　crystal　and

　　　　　the　pole　of　lamellae。（｛br　the　lamellae　of　Type　U　in　subarea　A）
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the　c－axis　from　the　host　crystal　to　the　lamellarごrystal　coincides　with　the　a－axis，

according　to　the　result　of　the　X－ray　studies　of　naturally　defbrmed　quartz　gra1ns

諭er　BAILEY，　et　al．

　　The　crystallographic　location　of　the　lamellae　of　Type五3　was　examined　by

measurment　of　angles　between　L⊥and　CH　and　between　L⊥and　CL　respectively

（Figs・5－b，6－b，7－b，5－c，6－c，　and　7－c）．　The　angle　between五⊥and　CH（CH　A　L⊥）

is　between　1°and　88°，　that　showing　Iarge　variation　6f　the　crystallogrphic　location

of　the　lamellae．　For　many　grains，　however，　CH　A　L⊥is　between　1°and　20°，　that

being　similar　to　the　results　of　SANDER（1930），　FAIRBAIRN（1941），　INGERsoN　and

TuTTLE（1945），　PREsToN（1958），　CHRIsTIE　and　RALEIGH（1959）and　HARA（1961a

and　b）・　The　angle　between　L⊥and　CL（CL　A　L⊥）is　between　O°and　83°，　with　a

maximum　between　1°and　20°．

　　Planes　of走he　lamellae　of　Type　Ll　could　be　directly　measured．　The　crysta1－

10graphic　location　of　the　lamellae　was　examined　by　the　measurment　of　angles

between　CH　and　L⊥・CH　A　L⊥is　between　2°and　17°，　that　being　similar　to　the

case　fbr　the　lamellae　of　Type工3　described　above（Fig．5－d）．

　　The　preferred　orientation　of　the　poles　of　lamellae　fbr　all　grains　containing　thと

1amellae　in　subarea　A　is　illustrated　in　Fig．8－a．　The　poles　of　the　lamellae　of　Type

LI　and　Type五3　are　distributed　together　in　the　same　part　of　the　diagram．　They

are　distributed　in　two　sharply　restricted　areas，　centers　of　which　lie　with　angular
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FIG．6　a）Histogram　showing　the　variation　in　the　angle　between　the　c－axis　of　host　crystal　and

　　　　　that　of　lamellar　crystal．（for　the　lamellae　of　Type　L3　in　subarea　B）

　　　　　b）Histogram　showing　the　variation　in　the　angle　between　the　c－axis　pf　lamellar　crystal

　　　　　and　the　pole　of　lamellae．（f（）r　the　lamellae　of　Type　L3　in　subarea　B）

　　　　　　c）Histogram　showing　the　variation　in　the　angle　between　the　c－axis　of　host　crystal　and

　　　　　　the　pole　of　lamellae。（f（）r　the　lamellae　of　Type　L3　in　subarea　B）
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distances　of　ca．90°in　the　fabric　plane　ac　for　the　mica　fabric　in　this　subarea，　this

fact　indicating　that　the　lamellae　of　these　two　types　are　tautozonally　oriented　and

that　they　correspond　approximately　to　two　sets　of（hOl）－planes　with　reference　to

the　fal〕ric　axes　fbr　the　m1ca　fabric，　which　are　roughly　symmetrically　oriented　to

the　average　trend　of　foliation　surface（parallel　to　the　fabric　plane　ab　for　the　mica

fabric）in　subarea　A．　The　L⊥diagram　shows　almost　perfヒct　orthorhombic　sym－

metry　and　the　two　symmetry　planes　coincide　approximately　with　the　fabr三c　planes

ac　and　db　for　the　mica　fabric（Fig．8－a）．　Therefbre，　the　fabric　axis　b　for　the　la－

mellae　of　those　two　types　in　subarea　A　coincides　with　that　for　the　mica　fabric．

　　The　preferred　orientation　of　the　poles　of　the　Iamellae　of　Type　L3　in　subarea　B

is　illustrated　in　Fig．9－a．　It　is　characterized　by　an　incomplete　great　circle　girdle

normal　to　the　fabric　axis　b　for　the　mica　fabric，　and　the　lamellae　in　this　subarea

are　also　roughly　tautozonally　oriented．　The　L⊥diagram　shows　a　monoclinic

symmetry　with　a　single　symmetry　plane　normal　to　the　axis　coinciding　with　the

fabric　axis　b　for　mica　fabric（the　axis　of　the　fbld　I），　that　is，　the　latter　is　identical

with　the　fabric　axis　b　for　the　lamellae　fabr五c．’Analogous　pattern　of　the　lamellae

fabric　is　equally　obvious　fbr　subarea　C，　as　shown　in　Fig・10－a・Also　in　subarea　C

the　fal）ric　axis　b　fbr　the　lamellae　fabric　coincides、vith　that　fbr　the　mica　fabric

（the　axis　of　the　fbld　II）．

　　As　mentioned　in　the　preceding　page，　the　rotational　axis　of　shift　in　the　c－axis

from　the　host　crystal　to　the　lamellar　crystal　was　assumed　to　coincide　with　the

a－axis，　according　to　the　result　of　the　X－ray　studies　of　naturally　deformed　quartz

grains　after　BAILEY，　et　at．　Broadly　speaking，　in．　Figs・8。b，8。c，9－b　and　10－b　the
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FIG．7　a）Histogram　showing　the　var三at三〇n　in　the　angle　between　the　c・axis　of　host　crystal　and

　　　　　that　of　lamellar　crystal．（for　the　lamellae　of　Type　L3　in　subarea　C）

　　　　　b）Histogram　showing　the　variation　in　the　angle　between　the　c・axis　of　lamellar　crystal

　　　　　and　the　pole　of　lamellae．（for　the　lamellae　of　Type　L3　in　subarea　C）

　　　　　c）Histogram　showing　thc　variation　in　the　angle　between　the　c・axis　of　host　crystal　and

　　　　　the　pole　of　lamellae．（for　the　lamellae　of　Type　L3　in　subarea　C）
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FIG．8　a）Poles　of　Iamellae　in　29　gra三ns（29

　　　　　　sets　of　lamellae）in　subarea　A．　Dots

　　　　　’　represent　the　poles　of　the　lamellae　of

　　　　　　Type　Ll　and　crosses　represent　the

　　　　　　poles　of　the　lamellae　of　Type　L3．

FIG．8　b）Pol6s　of　the　lamellae　of　Type　Ll

　　　　　　（circle）and　c・axes　of　host　crystal（dots）

　　　　　　in　12　grains　in　subarea　A．

’

N

FIG．8　c）Poles　of　the　lamellae　of　Type　L，3（circles）and　c－axes　of　lamellar（crosses）and　of　host

　　　　　　crystals（dots）in　17　grains　in　subarea　A。

great　circles　containing　CH　and　CL　for　grains　with　the　lamellae　of　Type　L3唱and

thQse　containing　CH　and　L⊥for　grains　with　the　Lamellae　of　Type　Ll　are　parallel

or　subparallel　to　theαc　great　circle．　This　fact　indicates　th耳t　in　each　subarea　the

ゐ一kinematic　axis　in　the　defbrmation　related　to　the　fbrmation　of　the　lamellae　is

parallel　to　theろ一axis　determined　symmetrologically．　In　subarea　A　theろ一kinematic

axis　fbr　the　lamellae’ of　Type　Ll　seeths　to　coincide　with　that　fbr　the　lamellae　of

Type　L3．　Thus，　discrepancy　in　the　prinCipal　direction　of　movement　between

9
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FIG．9　a）Poles　of　the　lamellae　of　type　L3　in

　　　　　　64grains（64　sets　of　lamellae）in　sub・

　　　　　　area　B．

FIG．　9．　b）c・Axcs　of　lamellar　crystals（crosses）

　　　　　and　those　of　host　crystals（dots）in　64

　　　　　grains　in　subarea　B．

FIG．9　c）Poles　of　the　lamellae　of　Type　L3（circles）and　c・axes　of　host（dots）and　of　lamellar

　　　　　　cystals（crosses）in　10　grains　in　sector　5．　C：axis　of　maximum　compressive　strcss．　T：

　　　　　　axis　of　maximum　tensilc　stress．

　　subarea　B　and　subarea　A　and　C　drawn　with　reference　to　the　mica　fabrics　can　be

　　done　in　quite　similar　fashion　also　with　reference　to　the　lamellae　fabrics．

　　　　Plate　54－2　shows　the　distribution　of　quartz　grains　containing　the　lamellae　through

　　the　fbld　and　the　trend　of　the　Iamellae　in　each　grain，　analysed　on　the　thin　section

　　normal　to　the　axis　of　the　fbld　II．　The　development　of　the　lamellae　through　the

v fbld　seems　to　be　rather　heterogeneous，　that　is，　in　the　middle　knees　of　the　fbld　I

　　and　fbld　II　the　development　are　remarkable　while　in　the　outermost　knees　rather

　　insigni丘cant，　as　read　in　Plate　54－2．　Although　the　variation　in　the　trend　of　lamel。

覧 1
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FIG．10　a）Poles　of　the　lamellae　of　Type　L3　in

　　　　　20　grains（20　sets　of　lamellae）in　sub・

　　　　　area　C．

FIG．10　b）c。Axes　of　lamellar　crystals（crosses）

　　　　　and　those　of　host　crystals（dots）in　20

　　　　　grains　in　subarea　C．

Iae，is　represented　as　an　ac　great　circle　girdle　in　the五⊥diagrams，　they　dσnot

seem　to　run　at　random　through　the　fbld，　but　to　change　regularly　the　trend　in　con－

nection　with　the　change　of　the　position　within　the　fbld．　The　orientation　pattern

of　the　lamellae　in　subarea　B　and　C　is　markedly　different丘om　that　in　subarea　A，

the　Iatter　being　characterized　by　two　maxima　on　theαc　great　circle　in　the五⊥

diagram．

　　According’to　the　evidences　described　above，　it　is　saflely　concluded　that　also　in

the　defbrmation　related　to　the　fbrmation　of　the　lamellae　the　mica－rich　layers

occurring　between　the　fbld　I　and　non－fblded　zone（subarea　A）and．between　the

fbld　I　and　fbld　II　acted　as　detachment　horizons，　that　is，　the　layers　involvcd　in　the

fbld　moved　independently　of　the　surrounding　non－fblded　layers，　and　further　the

layers　involved　in　the　fbld　I　moved　also　independently　of　those　involved　in　the

負）ld　II，・as　fbr　the　defbrmation　related　to　the　mica　fabrics．

　　In　detailed　microscopic　examinations　of　the　experimentally　defbrmed　Yule　mar。

Ues　TuRNER，　et　al．（1951）recognized　a　regular　relationship　between　the　develop－

ment　of｛0112｝twin　lamellae　in　calcite　grains　ahd　the　orientation　of　the　lamellae

with　respect　to　the　axis　of　applied　fbrce．　TuRNER（1953）pointed　out　successfUlly

that　this　relationship　may　be　available　to　locate　the　stres＄axes（compression　and

tension　axis）related　to　the　fbrmation　of　the　observed｛01丁2｝twin　lamellae　in

naturally　defbrmed　marbles．　The　present　author（1961a）examined　the　lamellae

in　quartz　with　refercnce　to　the　stress　axes　inferred　with　TuRNER，s　method　from

the　orientation　of｛0112｝1amellae　i血calcite　in　a　naturally　defbrmed　calcite－quartz

vein．　Thereby，　it　was　represented　that　the　Iamellae　in　quartz　are　grouped　into

two　sets　of　planes，　which　are　roughly　symmetrically　oriented　with　inclination　of

ca．45°to　the『 stress　axes　inferred　from　the｛01i2｝lamellae　in　calcite，　and　that

！
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．the　lamellae　in　quartz　are　a　kind　of　deformation’ 　band　inclined　at　high　angles　to

　　the　active　glide　line．　Furthermore　the　author　pointed　out　that　the　relative　posi－

　　tional　relationships　betwee　CH　and　CL　and　between　CH　and　L⊥in　the　composite

　　diagrams　fbr　those　axial　data　might　be　available　to　lacate　the　stress　system　in　the

　　defbrmation　which　produced　the　lamellae　in　quartz．　The　rule　of　the　establishment

　　of　the　stress　axes（compress1on　and　tension　axis）was　said　as　fbllow鼻：

　　　‘‘1）　The　pole　of　the　lamellae　in　any　grain　is　closサr　to　the　direction　of　the　com－

　　pressive　stress　than　the　c－axis　of　the　host　crystal　in　the　same　grain．

　　　　2）　The　c－axis　of　the　lamellar　crystal　in　any　grain　is　clos－er　to　the　dircction　of

　　the　compressive　stress　than　the　c－axis　of　the　host　crystal　in　the　same　grain．’

　　　　3）　Two　groups　of　the　poles　of　lamellae，　distributed　separately　in　angular　dis。

　　tances　of　ca．90°in　the　diagram　fbr　them，　lie　together　on　the　plane　containing　the

　　compression　and　tension　axis・

　　　　4）　The　compression　and　tension　axis　are　located　to　points　which　Iie　midway

　　between　two　groups　of　the　poles　of　lamellae　on　the　great　circle，　on　which　these　lie

　　together．，，　　　　　　　　’

　　　　According　to　the　rule，　in　subarea　A　the　stress　axes　in　the　defbrmation　related

　　to　the　fbrmation　of　the　lamellae　of　Type　n　is　determined　as　shown　in　Fig．8－b，

　　that　is，　the　point　C　corresponding　to　the　compression　axis　and　the　point　T　to　the

　　tension　axis．　The　axis　of　the　compressive　stress　is　approximately　normal　to　the

　　average　trend　of　fbliation　surface（the　fabric　planeαろ）and　the　axis　of　tensile　stress

　　is　approximately　parallel　to　that　and　normal　to　the　fabric　axis　b．　The　same　stress

　　picture　is　drawn　fbr　the　Iamellae　of　Type　L3，　as　shown　in　Fig．8－c．　It　may　be，

　　therefbre，　pointed　out　that　the　lamellae　of　Type　Ll　and　Type　L3　were　simulta－

　　neously　fbrmed　under　the　same　stress　condition　as　described　above．　As　mention－

　　ed　in　the　preceding　pages，　in　subarea　A　they　do　not　coexist，　unlike　the　example

　　described　by　WEIss（1954）．　The　lamellae　of　Type　LI　develop　only　in・a　sharply

　　restricted　part　of　subarea　A．　For　the　Iame11ae　of　Type　L3　with　the　same　value

　　of　CH　A　CL，　some　boundaries　between　the　lamellar　and　host　crystal　are　displayed

　　as　sharp　but　continuous　change　of　extinction　position，　and　others　as　discontinuous

　　change　of　it．　The　author（1961b）pointed　out　that　the　lamellae　of　Type　L，1　were

　　evolved　from　the　lamellae　of　Type工3　under　annealing　condition　with　suitable

　　chemical　reagents，　under　which，　on　the　boundary　betweep　the　lamellar　and　host

　　crystal，　the　polygonization　wall　was　formed　by　the　climbing　of‘‘dislocations”piled

　　up　in　the　glide　planes，　subsequcntly　differential　solution　of　silica　along　the　polyg－

　　onization　wall　took　place，　and　Huid　and　solid　inclusions　were　precipitated，　that

　　being　quite　similar　to　lines　of　etch－pits　delineating　polygonization　walls　perpen－

　　dicular　to　the　active　glide　planes　observed　in　an　aluminum　crystal　bent　to　3　cm

　　radius　and　annealed．　fbr　18　hr・at　625℃after　R・w・cahn（1949），（cf・J・E・Dorn，

　　（editor），1961）・It　may　be，　thus，　pointed　out　that　within　subarea　A　the　annealing

　　condition　in　question　was　heterogeneous　during　and／o士after　the　defromation　re－

　　lated　to　the　fbrmation　of　the　lamellae　in　quartz　grains．
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　　From　above　discussions，　the　assumption：in　this　paper　that　the　rotational　axis　of

shift　in　the’c－axis　from　the　host　crystal　to　the　lamellar　crystal　fbr　the　Iamellae　of

Type　L3　coincides　with　the　a－axis，　according　to　the　result　of　X－raγstudies　of

naturally　defbrmed　quartz　grains　after　BAILEY，　et　al．，　seems　to　be　j　usti丘ed．　The

rqtational　axis　in　question　must　be　a亡least　perpendicular　or　subperpendicular　to

the　c－axis，　like　that　fbr　the　lamellae　of　Type　L3　previously　examined　by　the

author（1961b）．

　　Fig．9－c　is　the　diagram　fbr　positional　relationship　between　CH，　CL　and五⊥fbr

all　grains　containing　the　lamellae　in　sector　5（Plate　54－5）．　The　poles　of　the　lamel－

lae　are　distributed　in　a　sharply　restricted　area，　center　of　which　lies　on　theαc　great

circle　fbr　the　lamellae　fabric　in　subarea　B，　this　fact　indicating　that　the　lamellae

correspond　approximately　to　one　set　of　the⑦α）－planes．　In　spite　of　such　regular

orientation　of　the　lamellae　through　sector　5，　the　author’s　rule　is　not　apPlicable　to

the　positionar　relationships　between　CH　and　CL　and　betweep　CH　and　L⊥in　Fig・

9。c．　The　rulc　in　question　was　established　on　the　basis　of　carefUI　examinations

about　the　lame11ae　inclined　at　high　angles　to　the　c－axis．　The　lamellae　in　sector

5are　grouped　into　three　types　with　reference　to　their　crystallographic　locations

as　fbllows：　1）the　lamellae　inclined　at　high　angles　to　the　c－axis，　CH　A工⊥being

between　2°and　19°，2）the　lamellae　inclined　at　moderate　angles　to　the　c－axis，

CH　A　L⊥being　between　47°and　511，　and　．3）the　lamellae　inclined　at　low　angles

to　the　c－axis，　CH　A五⊥being　between　83°and　88°．
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FIG．11　Schematic　sketch　of　relation　of　lamella（L），　pole　of　lamella（⊥L），　c－axis　of　lamellar　crystal

　　　　　　（Cl），　c・axis　of　host　crystal（Ch），　assumed　glide　linρ（G），　compression　axis（C）and　tension

　　　　　　axis（T）．

　　For　the　lamellae　inclined　at　high　angles　to　the　c－axis　in　sector　5　the　positionar

relationships　between　CH　and　CL　and　between　CH　and　I・⊥（with　one　exception）

are　regular　in　quite　similar　fashion　to　those　for　two　specimens　described　previous－

ly　by　the　author，　as　shown　clearly　in　Fig．9－c．　With　reference　to　those　lamellae，
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tentatively，　the　stress　axes　fbr．the　lamellaβfabric　in　sector　5　was　established．　In

Fig．9－c　the　point　C　corresponds　to　the　compression　axis　and　the　point　T　to　the

tension　axis．　For　all　the　lamellae　in　sector　5，　regardless　their　crystallographic

locations，　the　rotational　s’ense　of　shift　in　the　c－axis丘om　the　host　crystal　to　the

Iame11ar　crystal　is　the　same，　that　is，　clockwise　on　the　plane　of　Fig．9－c．　Fig．11

shows　correlations　between　the　shift　in　the　c－axis　from　the　host　crystal　to　the

Iamellar　crystal　fbr　the　lamellae　inclined　at　moderate　to　low　angles　to　the　c－axis

and　th6　stress　axes　established　tentatively　with　reference　to　thc　Iamellae　inclined

at　high　angles　to　the　c－axis．　Relationship　among　the　lamella，　CH，　CL，　and　stress

axes　in　Fig．11　is　quite　similar　to　that　fbr　the　lamellae　inclined　at　high　angles　to

the　c－axis（see　HARA，1961a，　Fig．12）．　Therefbre，　the　lamellae　inclined　at　mode－

rate　to　low　angles　to　the　c－axis　may　also　be　regarded　as　a　kind　of　defbrmat量on

band　inclined　at　high　angles　to　the　active　glide　line，　which　lies　possibly　on　any

plane　parallel　to　the　crystallographic　fbrms｛1011｝，｛0111｝and｛0001｝and　be

normal　to　the　a－axis，　like　the　lamellae　inclined　at　high　angles　to　the　c－axis，　which

were　regarded　as　a　kind　of　defbrmation　band　inclined　at　high　angles　to　the　glide

line　parallel　or　subparallel　to　the　c－axis．　The　possibili，ty　of　translation　gliding　on

the　planes　parallel　to　｛1010｝，｛1011｝，｛0111｝　and　｛0001｝　has　been　discussed　so

far　by　many　authors（M茸GGE，1896；FlscHER，1925；ScHMIDT，1927；SANDER，1930；

HIETANEN，1938；GRIGGs　and　BELL，1938；FAIRBAIRN，1949；WEIss，1954；CHRIsTIE

and　RALEIGH，1959；etc．）．　Strictly　speaking，　however，　any　plane　fbr　translation

and　twin　gliding　in　quartz　was　not　detcrmined　apto　now．　However，　the　lamellae

displayed　as　narrow　bands　of　different　lattice　orientation　across　the　host　crystal

（Type　L3）can　be　reasonably　rcgarded　as　a　kind　of　defbrrhation　band　inclined　at

high　angles　to　a　certain　active　glide　line，　on　the　basis　of　evidences　which　were

described　in　this　paper　and　the　previous　papers。

　　On　the　basis　of　above　considerations，　to　the　rule　of　the　establishment　of　the

stress　axes　in　the　defbrmation　related　to　the　fbrmation　of　the　lamellae　in　quartz

must　be　added　the　fb110wing　items：

　　1）　The　previous　rule　is　applicable　to　the　Iamellae　inclined　at　high　angles　to

the　c－axis．　However，　thc　establishment　of　the　stress　axes　b》・refering　only　to　the

positional　relationship　between　CH　and　L⊥in　the　diagram　fbr　these　axial　data

seems　to　be　in　danger，　because　this　rclationship　is　not　always　regular　in　the　di－

agram，　as　shown　in　Fig・9－c・

　　2）　Generally，　the　positional　relationship　between　CH　and　CL　in　the　diagram

seems　to　be　constantly　available　to　establish　the　stress　axes．

　　3）　For　the　lamellae　in　any　grain　on　which　relative　position　between　CH　and

CL　can　be　measured，　generally，　the　compression　and　tension　axis　are　located　on

the　great　circle，　on　which　L⊥，　CH　and　CL　lie（approximately）together，　and　at

two　points　which　are　oriented　with　inclination　of　ca．45°to　the　lamellae．　Which

points　correspond　to　the　compression　axis　or　to　the　tension　axis　are　determined

with　reference　to　the　rclationships　in　Fig・11　and　also　in　Fig．120f　the　previous
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paper（1961a）．

　　4）　The　lamellae　having　remarkably　large　value　of　CH　A　CL　seem　not　to　be

available°to　the　establishment　of　the　stress　axes．

　　As　described　in　the　preceding　pages，　the　orientation　pattern　of　the　Iamellae　in

the　fbld　I　and　that　in　the　fbld　II　were　represented　as　anαc　great　circle　girdle　in

the　L⊥diagrams．　Accordingly，　the　planes　of　the　larpellae　correspond　approxi－

nlately　to　the（hOl）－planes．　Theろ一kinematic　axis　in　the　defbrmation　related　to

the　fbrmation　of　the　lamellae　within　the　fbld　I　and　that　within　the　fbld　II　coincide

respectively　with　the　axis　of　the　fbld　I　and　the　axis　of　the　fbld　II．　The　distribu－．

tion　of　grains　containing　the　lamellae　through　the　fbld　I　and　fbld　II　and　the　trend

of　the　lamella6　in　each　grain　were　analysed．with　the　result　of　Plate　54－20n　the

thin　section　normal　to　the　axis　of　the　fbld　II．　The　compression　and　tension　axis

responsible　fbr　the　fbrmation　of　the　lamellae　in　each　grain　were　established　accord－

ing　to　the　author’s　rule　and　plotted　on　the　section　normal　to　the　axis　of　the　fbld

II（Plate　54－3），　to　which　the　plane　containing　those　stress　axes　is　approximately

parallel．　As　is　obvious　in　Plate　54－3，　in　the　quartz－rich　layers　involved　in　the　fbld

Iand　fbld　II　the　trends　of　the　compression　and　tension　axis　in　question　are　not

constant，　unlike　those　in　subare耳　A　ddscribed　in　the　preceding　page．　In　subarea

Athe　stress　axgs　were　unifbrmly　established　in　such　fashion　as　the　compression

axis　is　approximately　normal　to　the　average　trend　of　fbliation　surfaces　and　the

tension　axis　is　approxiMately　parallel　to　it　and　normal　to　the　fabric　axisゐ（Fig．

8－band　c）．　In　Plate　54－4　is　shown　schematically　the　dis亡ribution　of　the　maximum

compressive　stress　during　the　defbrmation　related　to　the　lamellae　through　the

quartz－rich　Iayers　in　subarea　A，　B　and　C　on　the　basis　of　the　data　of　Fig．8－b　and

cand　Plate　54－3．　As　mehtiond　in　the　preceding　page，　in　quartz　grains　occurring

sporadically　in　the　mica－rich　Iayers　no　lamellae　have　been　recognized．　Accord－

ingly，　the　stress　system　acted　through　the　mica－rich　layers　during　the　defbrmation

related　to　the　fbrmation　of　the　lamellae　can　not　be　drawn．　In　Plate　54－4，　in　the

mica－rich　layers　are　drawn　dotted　lines　connecting　lines　of『 maximum　compressive
stress　in　neighbouring　quartz－rich　layers，　by　which　the　stress　picture　through　the

quartz－rich　layers・involved　in　the　fbld　shall　be　more　clearly　visuallized，　but　the

lines　do　not　hecessarily　indicate　real　directions　of　maximum　compressive　stress

through　the　mica－rich　layers．

　　As　mentioned　in　the　preceding　page，　the　fbld　in　question　is　of　a　multiple－layer－

ed　system　made　of　the　superposition　of　quartz－rich　layers　and　mica－rich　layers．

Strictly　speaking，　all　the　layers　are　of　different　thickness　and　physical　properties，

either　among　quartz－rich　layers　or　among　mica－rich　Iayers．　The　mica－rich　layer

and　the　quartz－rich　layer　have　quite　different　rigidity，　and，　j　udging　from　various

evidences　described　in　the　preceding　pages，　the　fbrmer　is　remarkably　softer　than

the　latter．　Those　nature　of　the　structural　lithic　unit　involved　in　the　fbld　suggests

that　the　stress　system　acting　on　it　during　fblding　shall　hot　be　simple．　However，

the　lines　of　maximum　compressive　stress　responsible　fbr　the　lamellae　through　the
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8 quartz－rich　layers　involved　in　the　fbld　show　a　rather　shnple　regular　picture　as

shown　in　Plate　54－4．

　　With　rcfヒrence　to　Plate　54－4　it　may　be　pointed　out　that　the　stress　picture　fbr

the　left　side　and　that　fbr　the　right　side　with　reference　to　the　axial　plane　of　the

fold　are　approximately　symmetrical，　that　the　stress　picture　for　the　fold　1　and　that

fbr　the　fbld　II　are　of　quite　identical　fashion，　and　that　the　attitude　of　the　lines　of

maximum　compressive　stress　with　reference　to　the　fbrm　surface　of　the　fbld　is

distinctly　different　between　the　outer　knee，　the　inner　knee　and　the　Iimb．　Broadly

speaking，　in　the　outer　knees　and　Iimbs　of　the　fbld　I　and　fbld　II　the　lines　of　maxi－

mum　compressive　stress　are　approximately　normal　to　thc　form　surface，　while　in

the　inner　knees　they　shgw　moderate婁010w　inclinations　to　it．　In　the　axial　part

of　inner　knees　they　are　parallel　to　the　form　surface．　Passing丘om　the　outer　knee

to　the　inner　knee，　their　trends　show　sharp　but　continuous　change，　and　in　the　inner

knees　appear　to　be　arcuated．　In　the　Iimb　close　to　subarea　A　the　lines　of　maxi－

mum　compressive　stress　are　approximately　trending　parallel　to　those　in　this　sub

area，　as　shown　in　Plate　54－4．

　　Fig．12　is　the　quartz　lamella俘fabric　in　a　drag　fbld　of　a　comやosite　layer　made

t

ノ

t

　　・o　oxis　of　quartz工＿醐．1。紬e
　　　　　　of　5ame　grain

FrG．12 Diagram　illustrating　the　relation　betsveen　the　poles　of　lamellae（Type　L1），　c・axes　of　host

crystals，　and　fold－axis　of　a　small　drag　f（）1d　in　mica　schist．（aftcr　Tuttle，0．　F．，1949）．
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　　of　the　superposition　of　quartz．rich　layer　’and　mica－rich　layer　described　by　O．　F．

　　TuTTLE（1949）．　The　lamellae　are　of　the　Type　L1．　The　center　of　the　diagram

’ coincides　with　the　axis　of　the　drag　fbld．　The　poles　of　lamellae　are　distributed　in

　　two　sharply　limited　areas，　centers　of　which　lie　with　angular　distances　of　ca．90°

　　on　theα¢great　circle．　This　pattern　indicates　that　the　lamellae　are　approximately

　　tautozonally　oriented　and　that　they　correspond　to　two．sets　of　the（nOl）－planes．

　　The　development　of　the　lamellae　through　the　drag　fbld　is　homogeneous，　unlike

　　the　case　of　this　paper・　The　relative　positional　relationship　between　CH　and　I・⊥

　　in　Fig．12　is　regular　as　a　whole，　that　indicating　a　homogeneous　stress　distribution

　　through　the　fbld　during　the　defbrmation　related　to　the　lamellae．・According　t6

　　the　rule　of　the　present　author，　the　stress　axes，　establishe（i　on　the　basis　of　the　la－

　　．mellae　fabric　diagram　in　Fig．12，　are　drawn　unifbrmly　through　the　fbld　in　such

　　fqshion　as　the　axis　of　maximum　compressive　stress　is　parallel　to　the　axial　plane

　　and　normal　to　the　axis　of　the　fbld　and　the　axis　of　maximum　tensile　stress　is　normal

　　to　the　axial　plane，　the　stress　picture　being　quite　different　from　that　fbr　the　speci－

　　men　described　in　the　present　paper．　Such　style　of　development　of　the　lamellae　is

　　similar　to　that　of　shear　cleavage　in　homogeneous　material．　TuTTLE’s　interpreta－

　　tion　about　the　relation　between　the　lamellae　and　the　drag　fbld　seems　not　to　be

　　probable．

q

（a）

（b）

FIG．13　The　lines　of　principal　stress　in　bending　of　the　simple　beam　with　rectangular　cross　sec－

　　　　　　tion　under　uniform　loard（q）．（after　Kondo，　Y．，　et　al．，1959）　（b）Solid　lines　represent

　　　　　　the　lines　of　maximum　compressive　stress　and　broken　lines　represent　the　lines　of　maxi－

　　　　　　mum　tensile　streSS．

　　Fig．13　is　a　stress　picture　fbr　the　maximum　compressive　and　tensile　stress　in

bending　of　simple　beam　with　rectangular　cross　section　under　unifbrm　load（Y．

KoNDo，　et　al．，1959）．　The　caluculation　is　based　on　the　assumptions　made　in　the

usual　theory　of　elastic　bending．　The　predictcd　stress　picture　is　rather　similar

to　the　stress　picture（drawn　With　reference　to　the　lamellae）in　the　knees　of　the

fbld　I　and　fold　II（Plate　54－4）．　This　fact　is　surprizing　and　very　interesting．

In　the　knee　of　the　fbld　I　the　neutral　surface　may　be　drawn　along　the　Iayer　h

（mica－rich　layer），　and　in　that　of　the　fbld　II　it　may　be　drawn　along　the　layer　b
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（mica－rich　layer）．　In　the　fbld　I　and　fbld－，　therefbre，　the　outer　knee　may　be

correlated　with．a　tcnsion　side　of　bent　beam　and　the　inner　knee　with　a　compression

side．　As　mentioned　in　the　preceding　page，　in　Plate　54－4，　the　stress　picture　of　the

left　side　and　that　of　the　right　side　with　reference　to　the　axial　plane　of　the　fbld

are　approximately　symmetricaL　Those　evidences　seem　to　indicate　that　in　the

defbrmation　related　to　the　lamellae　the　bending　moment　rased　by　a　given　external

fbrce　acted　as　a　s¢ction　fbrce　through　the　fbld，　and　that　it　acted　symmetrically

with　respect　to　the　axial　plane　of　the　fbld，　unlike　the　homogeneous　two　dimensi－

onal　flattening　movement　of　TuTTLE，s　case・　　　　　　　　　　　　　　　　．

　　As　mentioned　in　the　preceding　pages，　in　subarea　A　the　lamellae　fabric　shows

almost　perfect　orthorhombic　symmetry　and　the　two　symmetry　planes　coincide

approximately　with　the　fabric　planes　ac　andαろ．　The　stress　system　with　ortho－

rhombic　symmetry　responsible　fbr　the　lamellae　fabric　has　been　unifbrmly　estab－

1ished　in　such　fashion　as　the　compression　axis　is　approximately　normal　to　the

fabric　plane　ab　and　the　tension　axis　is　approximately　parallel　to　it　and　normal　to

the　fabric　axisろ．　Therefbre，　the　external　fbrce　acted　on　the　layers　of　subarea　A

in　the　defbrmation　related　to　the　lame11ae　may　be　correlated　with　the　unifbrm

load　acting　normal　to　the　fabric　planeαゐ．　This　should　be　responsible　fbr　the

formation　of　the　lamellae　in　the　fblded　layers　of　subarea　B　and　C．

Throughout　the　limbs　of　the　fold　the　lines　of　max　imum　compressive　stress　are

approximately　normal　to　the　form　surface．　Therefbre，　the　neutral　surface　drawn

qlong　the　layer　h　and　layer　b　in　the　knees　of　the　fbld　I　and　fbld　II　respectively

can　not　be　traced　alo血g　those　layers　towards　their　limbs．　Alread》・at　the　beginn－

ing　of　the　defbrmation　related　to　the．1amellae，　the　fbld　in　question　seems　to　have

almost　perfectly　attained　to　its　present　form．

　　As　described　in　the　preceding　page，　in　some　parts　of　quartz－rich　layers　develop

tiny　cracks　incl量ned　at　high　angles　to　the　foliation　surface（Plate　54－1）．　They　are

of　the　type　of　tension　crack　and　are　fbrmed　subsequently　to　the　fbrmation　of　the

Iamellae　in　quartz　grains．　Some　cracks　are　filled　with　micaceous　mattcr　injected

from　the　surrounding　mica－rich　layers（Plate　54－3）．’The　superposition　of　Plate　54

－
1and　4　indicates　that　the　development　of　tension　cracks　through　the　fbld　is　quite

harmonic　with　the　stress　system　drawn　with　reference　to　the　lamellae　in　quartz．

　　In　Plate　54－4　the　stress　picture　fbr　the　fbld　I　and　that　fbr　the　fbld　II　are　of　quite

identical　fashion．　This　fact　seems　to　suggest　that　in　the　defbrmation　relatcd　to

the　lamellae　the　quartz－rich　layers　involved　in　the　fbld　I　reacted　independently

of　those　involved　in　the　fbld　II　with　respect　to　a　given　external　fbrce，　and　that

mutual　interruptiop　between　the　former　and　the　latter　was　lacking．　It　is　obvious

that　this　phenomenon　depends　upon　relative　di　fferent　physical　properties　of　the

mica－rich　layer　d　occurring　between　the　fbld　I　and　fbld　II　with　reference　to　those

of　the　surrounding　quartz－rich　Iayers．　At　the　stage　of　the　defbrmation　related　to

the　lamellae，　the　mica－rich　layer　must　have　been　remarkably　softer　than　the

quartz－rich　laycr，　and　contact　strain　between　the　quartz－rich　layer（c　and　e）and

1
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　the　mica－rich　layer（d）was　insignificant　fbr　unifying　the　fbld　I　and　fold　II．　The

　fact　that　the　thicker　mica－rich　Iayer　d　acted　as　the　detachment　horizon　while　that

　other　thinner　mica－rich　layers　did　not　does　not　contradict　the　above　statement．　In

　the　Iatter　case　the　intercalated　mica－rich　layer　must　have　been　too　thin　to　vanish

　the　mutual　intβrruption　between　the　separate　competent　quartz－rich　layers．

　　　As　described　in　the　preceding　pages，　the　thickness　of　the　mica－rich　layers　in－

　volved　in　the　outer　knees　of　the　fbld　I　and　fbld　II　is　rather　constant，　while　those

　involved　in　the　inner　knees　are　remarkably　thickened　in　the　axial　part　of　knee．

　The　transversal　slip　cleavages　develop　in　the　latter　layers，　but　do　not　in　the　fbrmer

　layers．　The　superposition　of　Plate　54－1　and　4　indicates　that　those　relationships

　are　quite　harmonic　with　the　stress　pic亡ure　for　the　lamellae　in　quartz，　that　is，　fbr

　the　mica－rich　layers　involved　in　the‘‘tension　side”of　the　fbld　knee　their　thickness

　is　rather　constant，　and　the　transversal　cleavages　do　not　develoP，　while　those　in－

　volved　in　the‘‘compression　sid♂of　the　fbld　knee　are　remarkably　thickened　in　its

　center　and　show　the　transversal　cleavages．　Dotted　lines　in　the　mica－rich　layers　in

　Plate　54－4　are　approximately　normal　to　the　transversal　cleavages．．

　　　E．CLoos（1947）examined　the　relation　of　cleavage　and　related　strain　in　the

study　of　the　recumbent　fbld　of　oolitic　limestone　in　South　Mountain－fbld，　Maryland．

　After　him，　the　transversal　cleavages　develop　in　a　fan－like　arrangement　through

　all　the　fblds，　oPening　towards　the　anticlinal　hinge，　and　generally　parallel　to　the

　elongation　axes　of　ooliths．　They　are　well　developed　in　portions　distorted　more

　than　20　per　cent　as　measured　on　the　ooliths．　The　dcgree　of　extension　of　ooliths

is　commonly　less　in　the　upper　limb　of　the　recumbent　fbld　than　in　the　lo、～・er　limb．

The　relationship　between　the　style　of　development　of　the　transversal　cleavages

and　the　strain　ellipsoid（for　the　deformation　related　to　the．　formation　of　the　cleav－

age）drawn　with　reference　to　the　distortion　of　ooliths　is　fairly　comparable　with

・ that　between　the　transversal　cleavages　in　the　mica－rich　layers　and　the　stress　picture

drawn　with　reference　to　the　lamellae　in　quartz　in　the　specimen　examined　in　this

　pape「・

IV．　ANALysls　oF　TH耳　LATTIcE　AND　DIMENslONAL　FABRIcs　oF　Q〕uA鳶Tz　GRAINs

　　The　quartz　c－axis　fabric　in　the　fbld　in　question　was　examined　in　16　sectors

shown　in　Plate　54－5．

　　Sector　1．　The　diagram（Fig．14）is　characterized　by　a　sharply　defined　great　circle　girdle　with　two

maxima．　The　great　circ1とgirdle　coincides　with　the　fabric　planeαc　fbr　the　mica　fabric　and　the　la－

mellae　fabric　in　subarea　A　described　in　the　preceding　pages．　It　shows　almost　perfect　orthorhombic

symmetry　and　the　two　symmetry　planes　coinc三de　with　the　fabric　planes　ac　and　ab　fbr　those　fabriccs．

Thus，　the　fabric　axes（α，　b　and　c）fbr　the　mica　and　the　lamellae　fabric　are　available　f（）r　the　quartz

c－ax三s　fabric．　Angular　distance　between　two　max三ma　is　approximately　60°arround　the　fabric　axis　c．

In　other　words，　angular　distances　between　two　maxima　and　the　foliation　surface　together　are　ap・

proximately　60°．　As　mentioned　in　the　preceding　page，　in　the　quartz－rich　layers　no　transversal　struc。

tural　sutface（except　tiny　tensioll　cracks）has　been　observed．　The　two　maxima　in　the　diagram　do　not
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　　　　　　　　　　　　　　　　　　　　　ロ
FIG．14　c・Axes　of　200　quartz　grains　in　sector

　　　　　　　1（subarea　A）．　Contours：7－6－5－4－3－

　　　　　　　2－1％．

FIG．15 c・Axes　or　100　quartz　grains　in　scctor

2．　Contours：5－4－3－2－1％．

■

FIG．16 c。Axes　of　100　quartz　grains　in　sector

3．Contours：11－9－7－5－3－1％．

FIG．17 c・Axes　of　80　quartz　grains　in　sector　4．

Contours：7－5－3－1％．

●

correspond　to　any　pOsition　of　Maximum　1，　Maximum　II　and　Maximum　V　after　F．iuRBAiRN（1949）．

　　Sector　2．　The　diagram（Fig．15）is　characterized　by　a　sharply　dcfined　great　cirdle　girdle　with　three

maxima，　showing　monoclinic　symmetry．　The　great　circle　girdle　coincides　with　the　fabric　plane　ac

fbr　the　mica　fabric　and　the　lamellae　fabric　in　subarca　B．　The　fabric　axisゐfbr　the　mica　and　the

lamellae　fabric　is　availablc　fbr　thc　quartz　c・axis　fabric．　Th五s　relat三〇nship　is　equally　obvious　in　all

sectors．　Maximum　angular　d三stance　between　the　maxima　is　approximately　55°．　The　center　ofarea

containing　thrce　maxima　on　the　ac　great　circle　is　close　tq　the　polc　of　the　fbliation　surface　of　this

sector．　They　do　not　correspond　to　any　position　of　Maximum　1，　Maximum　II　and　Maximum　V　after

FAIRBAIRN．

　　Scctor　3．　The　diagram（Fig．16）is　characterized　by　a　sharply　defined　ac　great　circle　girdle　with　a

maximu叫showing　monoclinic　symmetry。　Angular　distance　between　the　maximum　and　the　folia－
tion　surface　is　apProximately　55°．　　　　　　・　　　　　　　　　　　　　　’　　　　　　　　　　　　　・
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FIG．18・ c－Axes　of　lOO　quartz　grains　in　sector

5．Contours：6－5－4－3－2－1％．

FIG．19 c・Axes　of　100　quartz　grains　in　sector

6．Contours：6－54－3－2－1％．

「

FIG．20 c－Axes　of　1000uartz　grains　in　sector

7．Contours　：7－6－5－4－3－2－1％．

FIG．21 c－Axes　of　100　quartz　grains　in　sector

8．Contours：6－5－4－3－2－1％．

　　Sector　4．　The　diagram（Fig．17）is　characterized　by　a　sharply　defined　ac　great　circle　girdle　with

amaximum，　showing　monoclin三c　symmetry．　Angular　distance　between　the　maximum　lind　！he’　f（）lia－

tion　surface　is　apProximately　70°。

　　Sector　5．　The　diagram（Fig．18）is　characterized　by　a　sharply　defined　ac　great　circle　girdle　with

amaximum，　showing　monoclinic　symmetry．　Angular　distance　between　the　maximum　and　the　fblia－

tion　surface　is　apProximately　60°・

　　Sector　6．　The　diagram（Fig．19）is　characterized　by　a　shaΦly　de丘ned　ac　great　circle　girdle　with

two　maxima，　showing　approximate　monclinic　symmetry．　The　one　of　two　maxima　shows　the　posi－

tion　of　Maximum　I　with　reference　to　the価ation　surface．　Angular　distance　between　the　other

maximum　and　the　foliation　surface　is　approximately　77°．

　　Sector　7．　The　diagram（Fig．20）is　character五zed　by　a　sharply　de丘nedαc　great　circle　girdle　with

amaximum　and　a　submaximum，　showing　monoclinic　symmetry．　Angular　distance　between　the

maximum　and　submaximum　is　approxilnately　50°．　The　middle　point・between　them　on　theαo・

’
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FIG．22 c－Axes　of　100　quartz　grains　in　sector

9．Contours：6－5－4－3－2－1％．

FIG．23 c。Axes　of　lOO　quartz　gra三ns　in　sector

10．　（）ontours：5－4－3－2－10％．

FIG．24 c・Axes　of　60　quartz　grains　in　sector

11．Contours：1〔V掘6－5－3－1％．

FIG．25 c・Axes　of　60　quartz　grains　in　sector

12．Contours：7－5－3－1％．

great　circle　lies　approximately　on　the　axia1　plane　of　the　fbld　I　in　th三s　sector．

　　Sector　8∫The　diagram（Fig．21）is　charactcrizcd　by　a　broad　great　circlc　girdle　and　a　maximum

and　three　submaxima．　The　great　circle　girdle　coincides　approximately　svith　the　ac　great　circle．　The

maximum　and　one　submaximum　lie　on　thc　ac　grcat　circle，　but　other　two　submaxima　are　prcsent

slightly　away　from　it．

　　Sector　9．　The　diagram（Fig．22）is　characterized　by　a　sharply　defined　ac　great　circle　girdle　with　a

maximum　and　three　sublnaxima，　showing　monoclinic　symmctry．　The　pattern　secms　to　reflect　micro．

fbld　ofthe　foliation　surface　in　this　sector．　The　diagram　is　also　characterizcd　by　subordinate　incom・

plete　girdles　containing　the　maximum　and　submaxima　trending　approximatcly　perpendicular　to止e

ασgreat　circlc．

　　Sector　10．　The　diagram（Fig．23）is　characterizcd　by　a　sharply　de丘ned　ac　great　circle　girdle　with

two　maxima　and　three　submaxima，　showillg　monoclinic　symmetry．　The　pattern　seems　to　reflect

micr（刈fo！d　of　the　foliation　surfacc　in　this　sector．　The　maximum　areas　and　submaximum　areas　in　thc
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FIG．26 c・Axes　of　80　quartz　grains　in　sector

13．Contours：9－7－6－5－4－－3－1％．

FIG．27 c－Axes　of　70　quartz　graills　in　sector

14．Contours：7－6－4－－3－－1％．
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FIG．28 c－Axes　of　70　quartz　grains　in　sector

l5．　Contours：764－3－1％．

os 0

FIG．29 c－Axes　of　100　quartz　grains　in　sector

l6．　Contours：4－3－2－1％．

diagram　are　markedly　elongated　approximately　perpendicular　to　the　ac　great　circle．

　　Sector　l　1．　The　diagram（F1g．24）is　charcterized　by　an　incompleteαc　great　circle　girdle　with　a

maximum，　showing　monoclinic　symmetry．　Angular　distance　between　the　maximum　and　the　fblia・

tion　surface　is　approximately　30°．　The　maximum　area　in　the　diagram　is　markedly　elongated　ap・

proximately　perpend三cular　to　theασgreat　circle・

　　Sector　12．　The　fabric　patterri　is　triclinic（Fig．25）．　Many　ofc－axes　ofquartz　in　the　diagram　tend

to　concentrate　about　a　small　circle　with　an　angular　radius　ofca．60°．　A　maximum　and　two　subma－

xima　lie　on　the　small　circle，　the　center　of　which　coincides．approximately　with　the　fabric　axis　b　fbr

the　mica　fabric　and　the　lamellae　fabric　in　subarea　B．　Another　two　submaxima　lie　on　theαc　great

c三rcle．　The　diagram　is　also　characterized　by　subordinate　incomplete　girdles　containing　the　maxi－

muin　and　submaxima　trending　approximately　perpendicular　to　the　ac　great　circle．

　　Sector　13．　The　diagram（Fig．26）is　characterized　by　an　incomplete　great　circle　girdle　wih　a　strong

maximum，　showing　monoclinic　symmetry．　The　great　circle　girdle　coincides　with　the　fabric　plane
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FIG．30　Diagrams　showing　the　trends　of　the　girdles　containing　the　maxima　and　submaxima

　　　　　　　a）　data　fbr　the　limbs　and　outer　knee　of　the　fbld　I（sectors　2，3，4，5，6，7and　8）　　．　．

　　　　　　　b）　data　fbr　thc　inner　knec　of　the　fbld　I（sectors　9，10，11，and　12）

ae　for　the　mica　fabric　and　the　lamellae血bric　in　subarea　C．　Angular　distance　between　the　max1．

mum　and　the　f（）1iation　sur飴ce　is　apProximately　75°・

　　Sector　14．　The　diagram（Fig．27）is　characterized　by　an　incompleteαg　great　circle　girdle　with　a

lnaximum　and　two　submaxima．　The　two　submaxima　seem　to　have　no　separate　s1gni丘cance　and　may

be　grouped　together　as　one　submaximum　group．　Angular　distance　between　the　maximum　and　sub－

niaximum　group　is　approximately’　50°．　The　middle　point　betwcen　them　on　theασgrcat　circle　i3

apProximatcly　pcrpendicular　to　the　fbliation　surface　in　this　scctor・

　Scctor　15．　The飴bric　pattern　is　triclinic（Fig．28）．　Many　ofc・axes　ofquartz　in止e　diagram　tend

to　be　rather　prcsent　slightly　away　from　the　ac　great　circle，　that　showing　an　incomplete　broad　girdle，

center　of　which　coincides　with　the　fabric　axisゐIbr　the　mica　fabric　and　the　lamellae　fabric　in　sub－

area　C．

　Sector　16．　The　fabric　pattern　is　triclinic（Fig．29）．　Many　of　c・axes　of　quartz　tend　to　concentrate

in　an　incomplete　small　circle　girdle　with　a　maximum　and　a　submaximum　with　an　angular　radius　of

ca．60°，center　ofwhich　coincides　with　the　fabric　axisゐfbr　the　mica　fabric　and　the　lamellae　fabric

in　subarea　C．　Angular　distancc　between　the　maximum　alld　submaximum　is　approximately　50°．

The　mムximum　area　and　submax三mum　area　in　the　diagraロ1　are　markedly　elongated　approximately

perpendicular　to　the　ac　great　circle．　The　maximum　is　close　to　the　position　of　Maximum　I　with　re－

ference　to　the　foliation　surface．

　　On　the　basis　of　symmetrological　analysis　of　the　c－axis　fabrics　in　the　preceding

pages，　it　can　be　safbly　po童nted　out　that　in　each　subarea　the　fabric　axisゐfbr　the

mica　fabric　and　the　lamellae　fabric　coincides　practically　with　that　fbr　the　c－axis

飴bric，　therefore　that　in　the　deformation　related　to　the　formation　of　the　c－axis

飴bric　the　layers　involved　in　the　fbld　moved　independently　of　the　surrounding

non－fblded　layers，　and　fhrther　that　the　layers　involved　in　the　fbld　I　moved　inde－

pendently　of　those　involved　in　the　fbld　H，　as　in　the　defbrmations　related　to　the

mica　fabric　and　the　lamellae　fabric．　In　subarea　A　the　c－axis　fabric　sbows　almost

perfヒct　orthohombic　symmetry　as　well　as　the　lamellae　fabric，　while　in　subareas　B

and　C　it　shows　monoclinic　or　triclinic　symmetry，　that　indicating　distinct　discrep一

｝
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ancy　b6tween　subarea　A　and　subareas　B　and　C　with　respect　to　the　str6ss　and

movement　picture　in　the　defbrmat童on　related　to　the　c－axis　fabric．

　　The　c－ax童s　fabric　through　the　fbld　is　not　homogeneous，　and　also　each　diagram

does　not　always　show　similar　pattern．　However，　the　fabric　diagrams　from　the

outer　knees　and’一　limbs　of　the　fbld　I　and　fbld　II　are　correlated　with　each　other　in

essential　nature　of　fabric　pattern，　and　also　those　from　the　inner　knees　of　both　f（）lds

show　similar　pattern　in　e§sential　points．　While，　between　the　fbrmer　and　the　latter

is　detected　distinct　difference．　The　c。axis　fabrics　from　the　outer　knees　and　limbs

are　commonly　characterized　by　a　sharply　de丘ned　ac　great　circle　girdle　with　maxi－

mum　and　submaximum，　showing　monoclinic　sym．metry，　while　in　those　from　the

inner　kneヒs　the　number　of　c・axis　of　quartz　on　the　ac　great　circle　girdle　decrease

and　many　of　them　tend　to　concentrate　rather　on　an　ac　small　circle　girdle　slightly

（30°一）away丘om　theαc　great　circle．　The　triclinic　symmetry　of　’fabric　pattern　is

recognized　in　s6me　diagrams　ffrom　the　inner　knees・’Fig・・30－a　and　b　are’diagrams

fbr　the　trends　of　the　girdles　containing　the　maxima　and　submaxima　in　the　c－axis

diagrams　from　the　outer　knee　and　limbs　and　from　the　inner　knee　of　the　fbld　I

respectively．　When　Fig．30－a　and　b　are　compared，　the　discrepancy　between　the

c－axis　fabrics　from　the　fbrmer　and　those　from　the　latter　is　distinct．　Fig．30－b

indicates　that　in　the　c－axis　diagrams　from　the　inner　knee　incomplete　girdles　trend－

ing　approximatCly　perpendicular　to　the　ac　great　circle　are　of　characteristic　feature．

Those　evidences　suggest　that　in　the　defbrmation　related　to　the　c－axis　fabrics　the

stress　and　movement　picture　in　the　outer　knees　and　limbs　were　quite　different

from　those　in　the　inner　knees．・

　　Angular　distances　between　the　observed　structural　・　surface（single　set　of　fblia－

tion　surface　as　the　form　surface　of　the　fbld）and　maxima　and　submaxima　in　each

diagram　examined　in　the　preceding　pages　can　not　be　illustrated　in　termS　of　pre－

ferred　orientat董on　of　common　crystallographic　planes　of　quartz　on　the　fbliation

surface（SANDER，1930，1950；FAIRBAIRN，1949；KoJIMA　and　HIDE，1958）・The
author（1961a）pointed　out　that　the　c－axis　of　quartz　may　stably　be　oriOntρd　at　an　・

angle　of　ca．30°to　the　greatest　contraction　axis　in　the　system　concemed　or　of　ca．

60°to　the　greatest　extension　axis．　On　the　basis　of　this　hypothesis，　the　pattern　of

small　circle　girdle　with　an　angular　radius　of　ca．60°，　which　is　most　commonly　seen　in

the　literature　reported　so　far，　was　correlated　with　the　extension　parallel　to　the　axis

perpendicular　to　the　girdle，　accompanied　with　equal　amount　of　contraction　in　all

the　directions　within　the　plane　perpendicular　to　the　extension　axis（HARA，1962）．

This　type　of　c－axis　fabric　is　commonly　associated　with　subordinate　incomplete

girdles　containing　the　maxima　and　submaxima　trending　approximately　perpgndi－

cular　to’the　small　circle，　They　were　interp’reted　as　to　reflect　the　reorientation　’of

initial　fabrics　under　newly　induced　stress　condition・

　　The　author’s．hypothesis　described　above　may　be　applicable　tb　the　c－axis　fabrics

in．question．　According　to　the　hypothesis，　the　c。axis　fabric　showing　orthorhombic

symmetry　in　subarea　A　seems　to　be　correlated　with　a　strain　picture　having　brtho一
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rhombic　symmetry　such　as　the　axis　of　maximum　contraction　is　approximately

normal　to　the　fabi¢plane　ab　and　the　axis　of　maximum　extension　is　parallel　to　the

fabric　axisα．　The　strain　picture　is　quite　harmonic　with　that　fbr　the　lamellae　in

quartz　above　described．　Of　course，　the　lamellae　in　quartz　are　a　structure　of　later

stage　unrelated　to　the　defbrmatioh　which　induced　the　lattice　and　dimensional

fabrics　to　the　quartz　grains・　　　　　　　　　　　　　　　　　　　　　・．

　　Plate　54－6　indicates　superposition　of　the　compression　axis　fbr　the　lamellae　and

the　c－axis　fabrics　through　the　fbld．　In　sectors　2，3，4，5，7，8，9，10，11，13，　and

14，the　strain　picture　fbr　the　c－axis　fabric　can　be　established　in　harmonic　fashion

with　that　fbr　the　lamellae．　Broadly　speaking，　in　the　outer　knees　and　limbs　the

strain　picture　in　the　delbrmation　related　to　the　c－axis　fabrics　Can　be　established　in

such　fashion　as　the　axis　of　maximum　contraction　is　approximately　normal　to　the

fbrm　surface　of　the　fbld　and　the　axis　of　maximum　extension　is　approximately

parallel　to　it　and　normal　to　the　fabric　axisゐ．　In　the　c－axis　diagram　of　sector　6

angular　distance　between　two　maxima　is　approximately　80°．　The　two　maxima

may　respectively　be　correlated　with　separate　defbrmation．　The　one　is　Maximum

Iwith　reference　to　the　f（）liation　surface，　and　the　other　is　close．to　the　average

direction　of　the　compression　axis　fbr　the　lamellae　in　this　sector（Plate　54－6）・In　the

c－axis　diagrams　of　sectors　12，15　and　16，　especially　of　sectors　12　and　16，　the　fabric

pattern　is　commonly　characterized　by　a　broad　ac　small　circle　girdle　and　subordinate

girdles　trending　subnormal　to　it，　that　suggesting画e　secondary　axial　extension

parallel　to　the　fabric　axis　b．　The　strain　picture　is　different　from　that　fbr　the

lamellae　in　tllese　sectors　and　that　fbr　the　c－axis　fabrics　in　other　sectors　examined

just　above．　Also　in　the　c－axis　diagrams　from　the　outer　part　of　the　inner　knees

（sectors　9　and　10）1argcr　amount　of　c－axes　of　quartz　distributes　in　anαc　small

circle　girdle　slightly　away　from　the　ac　great　circle，　when　compared　with　those

f｝om　the　outer　knees　and　limbs．　Passing　from　the　outer　knee　to　the　innermost

knee，　amount　of　c－axes　of　quartz　in　theασsmall　circle　girdle　progressively　in－

creases，　that　probably　representing　gradual　change　of　the　stress　picture・　In　the

knees　of　the　fbld　I　and　fbld　II　the　neutral　surface　may　be　drawn　along　the　layer

hand　layer　b　respectively．　The　strain　picture　fbr　the　c－axis　fabrics　throug1匹the

fbld　I　and　fbld　II　examined　above　seems　to　be　well　correlated　with　that　in　the

experimental　bending　of　prisms．　Already　at　the　stage　of　printing　of　the　c－axis

fabrics　observed　now，　the　fbld　in　question　seems　to　have　almost　perfectl》・atta量ned

to　its　present　fbrm．　The　maximum　in　the　diagram　of　sector　6（Fig．19），　which

is　Maximum　1　with　reference　to　the　foliation　surface，　may　be　a　relict　of　the　max－

imum　induced　at　the　earlier　stage　of　the　fblding．

　　The　5train　picture　fbr　the　c－axis　fabrics　in　the　fbld　I　and　that　in　the　fbld　II　are

of　quite　identical　fashion．　This　relationship　suggests　that　in　the　defbrmation　re－

Iated　to　the　c－axis　fabric　the　quartz－rich　layers　involved　in　the　fbld　I　reacted　in－

dependently　of　those　involved　in　the　fbld　II　With　respect　to　a　given　external　fbrce，

and　the　mutual　interruption　between　the　fbrmer　and　the　latter　was　effectively
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lackiRg，　as　i織the　defbτ搬我ti◎総τelatod　t◎the　lamellae　iR　quartz．　AI§◎at　th¢stage

of　the　defbrmation　related　to　the’c－axis　fabrics，　th¢mica－rich　layer　must　hav¢

beeft　remarkably　softer　than£he　q縫簾tz－rich　layer，　a総d　c◎ntact　straiR　betwe綴the

quartz－rich　layer（c　and　e）and　mまca－rich　layer（d）was　insigni丘cant．　　　　．

　　Fold◎f　the　quart－rich　Iayαico厩aini簸g　sect◎rs　3，4，5，7a捻d　8，　w｝ユich　c◎rfe－

sponds　to　the　middle　to　outer　horizon　of　the　fbld　I，　appears　to　be　clearly　illustrated

als◎with　reference　to　the　petrofabric亡echniq犠e　of　fbld　a澱lysis　after五ADぴR醗R

（1954a）．　Th¢c－axis　diagrams　of　s¢ctors　3，4and　5，　that　correspond　to　the　limb，

sh◎w　a　single　marked　maxi搬登搬，　as　sh◎w捻in　Figs」6，17　a薮d　18．　A総gulaズdis－

tance　between　the　maximum　and　th¢foliation　surfac¢is　not　c6nstant，　between　55°．

鍛d7◎°．　The　q－R量ch繊難g　a負er　LADuR賛£R　c徽be　estab1至shed　with　cer£a沁ty　i捻

each　diagram．　The　q－Richtungen・are　approximately　fan－shaped　in　distribution

伽◎登gh　the｛bld（oHayer　i），　as　read　in　Plate　54－6．　Whe脈he　fbld（of　layer　i）is

partially　unf（）1ded　until　the　correlated　q－Richtungen　are　aligned　parallel　to　on¢

an◎ther，　a　sh我U◎w　tr◎縫ghed戴d　fbでm　is　obtai批d，　as　is◎bvi◎us　whe籍Figs．16，17

and　18　are　compared．　Thus，　if　it　is　probable　that　the　pattern　of　th¢c－axis　dia轍

grams　of　sect◎rs　7　and　8　reβe（ゴts　£he－inH疑ence◎f搬三cro－fbld　of　fbli鼠t量◎韮surface

in　the　axial　part　of　th¢fbld　knee，　the　fbld　of　the　layer　i　in　question　may　be

illustrated　in　terms　of　K．　A．　JoN£s（1959），‘‘The　symmetrical　arrangement◎f　the

q－Richtungen，　that　is　the　symmetrical　orientation　of　quartz　maxima　to　the　fbld

knee　in　b◎th　Hanks，　ind三cates　that輩hese　q－d圭recti◎鷺s　were　a王ready三鍛ex三stence

befbre　the　bending　to　fbrm　a　heterogenous　fabric．　The　fbld　thus　attained　its

present　form　thr◎犠gh　a　period◎f　sh¢ar圭擁9，　giv三捻g　r三so重◎the　form　as　rec◎ns鍍uαed

in　the　partially　unfblded　state，　fbllowed　by　fl¢xure　fblding　with　retention　of　the

dd　fabric　ax三s　and　the‘‘α♂symmetrゾ’．　However，　this三Uustrat三◎n　is論◎t　app！三ca鵜

ble　tq　the　c－axis　fabrics　throughout　whole　examined　area（the　fbld　I，　fbld　II　and

un｛blded　zo血e）．　Therefbre，　LADuR醗R，s亡cdmique　of｛b1d　ana1ys圭s　secms　net　a1鵜

ways　to　be　applicable　in　synthesizing　mechanics　of　fblding　even　when　a　sing1¢

marked　maximum　occurs　in　the　c－axis　diagram．

　　The　dimensiona1　fabric　Qf　quartz　grains　in　the　quartz－ribh　layers　was　examine“

on　the　thin　section　normal　to　the　axis　of　the　fbld　II．°In　Fig．31　is　sh◎wn　the

diagram　fbr　the　variation　in　the　angle　between　the　elongation　axis　of　quartz　grair匹

and　the　fbliation　surface　and　fbr　the　relationship　betwee臓the　angular　dev三ati◎鍛

of　the　elongation　axis　from　the　foliation　surface　and　the　degree　of　elongation　fbr

50grains　in　sectors　3，7，11，12，14　and　1δ・　In　sectors　3，7and　I　4・，　many◎f　quar之z

grains　are　preferably　oriented　with　their　longest　dimension．　parallel　to　the　foliation

surface，　and　show　markedly　tabular　habit．　Analogous　relation　of　the　d圭mensi◎nal

fabric　is　equally　obvious　fbr　quartz　gr3ins　in　the　quartz。rich　layer等　of　subarea　A，

fbr　those　in　the　Iayers　c，　i，　k，　m，　o　and　q，　and　fbr　those　in　parts（corr¢sponding　to

しthe　fbld　limbs）of　layers　e　and　g．　The　dim¢nsional　fabrics　of　quartz　grains　in，

sectors　l　l　and　121is　illustrated　in　Fig．31－（11，12）．　In　the　innerm◎st　k登ee◎f　the

fbld　I，　the　longest　axes　of　quartz　grains　have　random　orientation，　and　their　shapes
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tion　axis　f止om　the　fbliation＄urface　and　degree　of　elongation　fbr　the　quartz　grains　in

sec重《》rs　3，7，茎蓋，薫2，！4　aRd　15。
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are　commonly　less　tabular．　Fig．31－（15）is　the　data　fbr　sector　15．　The　preferred

orientation　of　elongated　quartz　grains　along　the　fbliation　surface　is　not　so　remark－

able；when　compared　with　that　in　sectors　3，7and　14　described　above．　The　di－

mensional　fabric　in　’sectors　8，9and　10　is　similar　to　that　in　sector　15，　though　data

fbr　these　sectors　were　n6t　described　in　this　paper．’Broadly　speaking，　between　the

dimensional　fabric　of　quartz　grains’　in　thc　limbs　and　outer　knges　of　the　fbld　I　and

fold　II　and　that　in　their　inner’knees　is　detected　distinct　difference．　In　the　fbrmer

parts，　many　of　quartz．　grains　are　preferably　oriented　with　their　longest　dimension

parallel　to　the　fbliation　surface，　and　show　markedly　tabular　habit．　While，　in　the

latter　parts，　the　longest　axes　of　quartz　grains　have　less　regular　orientation，　a亭d

their　shapes　are　less　tabular．　Above　described　features　of　the　dimensional　fabric

of　quartz　grains　must　be　correlated　with　a　’certain　stress　system　acted　throu帥the

fbld．　FAIRBAIR爵（1950）observed　the　elongation　of　quartz　grains　normal　to　the

compression　axis　in　the　experimental　deformation　of　quartz　san．d．　The　strain　pic－

ture　drawn　with　reference　to　the　dimensional　fabrics　of　quartz　grains　through　the

outer　knees　and　limbs　of　the　fold　I　and　fold　II，　according　to　the　experimental　re－

sult　after．FAIRBAIRN，　is　comparable　with　that丘）r　the　lamellae　fabric　and　the　c－axis

fabric　discussed　in　the　preceding　pages．　While，　the　fabric　pattern　in　the　inner

knees　of　the　fbld　I　and　fbld　II　can　not　well　be　c6rrelated　with　a　certain　appropriate

strain　picture．　This　fact　may　indicate　that　the　dimensiorial　fabric　of　quartz　grains

was　not　well　reconstructed　at　l　the　stage　of　the　defbrmation　which　produced　the　c－

axis　fabric　observed　now．　　　　　　　　　　　　　　　　　　　．
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σ801．ReP．，　Hiroskima乙乃霧勿。，　ZVり・12（HARA）

FxG．1．　Skecth　of　the　fold（inv¢stigated　area）、　a，　b，　c，…

　　　　　　震轟a搬¢oぎ！ayer．　C；traRsversa！s韮三P。！ea職ge．

　　　　　　T：tension　crack．

FIG。2．　The　distribut1on　of　grains　containing　the　lamellae

　　　　　　througk　the　feld雛d　th¢trend　ef　tk¢！a斑e難ae三籍

　　　　　　each　grain．

Fro．3．　The　compression（＿）and　t¢nsion　axis←一・）for　the

　　　　　　蒙蹴e！！a¢i轟三繭v三dual　gra三ns・iR・F三9．2．

Flo．4。　The　lines　of　maximum　cornpressive　stress　through　the　quartz・

　　　　　　r圭ch　layer§葦R　tkc　fe！d　dτa繍w三th　refer¢Rce　to　Fig．3、

FrG．5．　Diagram　of　fold　showing　position　of　15　sectors．

PL．　Lrv

FIG．6．　Superposition　of　thc　c－axes　fabric3　and　the　Iines

　　　　　　of斑ax三搬疑斑　co斑press三v¢　stre§§for　t髭e　lame王玉a《｝

　　　　　　through　the　fo！d。　C：　the　average　d五rection　of　the

　　　　　　　賑nes　of　max1飢um　co獄pressive　stress　in　each　sector・



ExPLANATIoN　oF　PLATE　LV

Fig．　i．

Fig．2．

Fig．3．

Fig．4．

Fig．5．

Pr・file・f　the・f・ld（in　pa・t）．　Cr・ssed　n三c・ls．

Pro61¢ofth¢fbld（in　part）．1．ower　nicol　only．　　　　　　　　　　　　　　　　　　　　，

Tens三〇簸crack長韮1ed　W三1｝三繊三cace◎US　matter　wkich量滋鍬ded　fr《》雛重he　adjaceat斑圭ca備r三ch

layer、　Lower　n量col　only．

The　lamellae◎f　Tyρe　L　L　Crossed識icds．

The　Iameliae　ofType　L3．　Crossed　n圭co三s．
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FIG．1

FIG．2 FIG．3

FIG．4 FIG．5


