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IM•E

part•@1•@MACRO•@FABRICS•@OF•@THE•@PERIGLACIAL•@SLOPE•@DEPOSITS

1•E

1•@ˆê1•D

INTRODUCTION

Signifieance•@and•@Purpose•@of•@the•@Study

•@•@•@•@Smooth•@and•@gently•@inclined•@crest•@and•@mountain•@siopes

usually•@composed•@of•@coarse•@rubbly•@deposits•@have•@been•@generally

regarded•@as•@fossil•@periglacial•@slopes•@in•@Central•@and•@Northern

Japan•D•@Hewever•C•@sedimentological•@characteristigs•@such•@as•@fabrics•C

clast•@size•@and•@shape•@and•@textural•@properties•@of•@these•@slope

deposits•@have•@never•@been•@examined•@in•@detail•D

•@•@•@•@•@Furthermore•C•@the•@periglacial•@slope•@formation•@in•@Holocene•@has

been•@neglected•@except•@in•@few•@studies•C•@although•@much•@attention

have•@been•@paid•@for•@the•@periglaciai•@slope•@formation•@in•@the•@last

glacial•@time•D

•@•@•@•@•@It•@is•@certain•@that•@the•@present•@periglacial•@siope•@processes

work•@dominantly•@only•@in•@the•@area•@above•@the•@timber•@line•D•@However•C

there•@is•@a•@good•@possibility•@that•@the•@periglacial•@mass•@movement

such•@as•@solifluction•@occurred•@in•@Holocene•@on•@the•@lower•@mountain

slopes•@in•@Northern•@Japan•C•@especially•@in•@Hokkaido•D

•@•@•@•@•@The•@purposes•@of•@this•@study•@are•@1•j•@to•@identify•@periglacial

slope•@deposits•@on•@the•@basis•@of•@clast•@fabric•@analysis•G•@2•j•@to

describe•@the•@sedimentologicai•@characteristics•@of•@periglacial

slope•@deposits•G•@and•@3•j•@to•@determine•@the•@periods•@of•@solifluction

since•@the•@last•@glacial•@time•@by•@using•@the•@different•@tephra•@layers•D

•@•@•@•@•@For•@these•@purposes•C•@1•@have•@chosen•@the•@eastern•@siope•@of•@the

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@1
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Northern•@Hidaka•@Mountains•@for•@the•@study•@area•C•@since•@the•@•h•@fossil

periglaciai•@siope•@•h•@has•@been•@widely•@recognized•@there•C•@and•@besides

many•@Holocene•@tephra•@layers•@are•@intercalated•@in•@the•@slope

deposits•D

•@•@•@•@•@1•@will•@discuss•@the•@macro•@fabrics•@of•@slope•@deposits•@in•@the

Part•@1•@which•@is•@composed•@of•@Chapters•@l•@to•@IV•D•@The•@Part•@II•@•C

which•@is•@composed•@of•@Chapters•@V•@to•@M•C•@will•@be•@devoted•@to•@the

description•@of•@sedimentological•@characteristics•@and•@the•@periodg

of•@solifluction•D

•@•@•@•@•@After•@summarizing•C•@in•@the•@First•@Chapter•C•@the•@previous

studies•@on•@periglacial•@slope•@deposits•@in•@Japan•@from•@the•@view•|

points•@6f•@chronoiogical•@and•@quantitative•@studies•C•@the•@second

Chapter•@introduces•@the•@measuring•@methods•@of•@macre•@fabrics•C•@and

discusses•@the•@relation•@arnong•@each•@parameter•D

•@•@•@•@•@The•@Third•@Chapter•@treats•@with•@the•@effects•@of•@clast•@size•@and

shape•@on•@the•@macro•@fabrics•@in•@the•@slope•@deposits•D

•@•@•@•@•@The•@Forth•@Chapter•@compares•@the•@macro•@fabrics•@of•@periglacial

slope•@deposits•@and•@non•|periglacial•@ones•@by•@twoˆê•@and•@three•|

dimensional•@fabric•@analyses•D•@The•@comparison•@leads•@to•@the•@general

conclusion•@of•@the•@Part•@1•@•C•@which•@proves•@the•@three•|dimensional

fabric•@analygis•@is•@the•@best•@method•@to•@distinguish•@the•@periglacial

slope•@deposits•@from•@non•|periglacial•@ones•D

•@•@•@•@•@The•@Fifth•@Chapter•@describes•@the•@topographical•@and•@geological

settings•@of•@study•@area•C•@and•@the•@Sixth•@Chapters•@introduces•@the

measuring•@n•pethods•@of•@the•@quantitative•@and•@chronologicai•@charae•|

•@teristics•@of•@the•@periglacial•@slope•@deposits•D

•@•@•@•@•@The•@Seventh•@Chapter•@summarizes•@the•@measuring•@results•@of
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quantitative•@characteristics•@and•@the•@Eighth•@Chapter•@describes•@and

discusses•@the•@periods•@of•@periglacial•@mass•@rnovement•@in•@the•@study

area•D

•@•@•@•@The•@Ninth•@Chapter•@is•@the•@last•@one•@in•@which•@1•@digcuss•@both

macro•@fabrics•@of•@periglacial•@slope•@deposits•@and•@the•@effects•@of

rock•@types•@on•@the•@sedirnentary•@characteristics•@and•@the•@periods•@of

solifluetion•D

1•@ˆê2•D Review•@of•@Chronological•@and•@Quantitative•@Studies•@on•@the

Fossil•@Periglacial•@Slope•@Depogits•@in•@Japan

•@•@•@•@The•@chronological•@apProach•@to•@f••ssil•@periglacial•@810pe•@for•B

mation•@in•@Japan•@was•@opened•@by•@the•@apPIication•@of•@tephrochronology

in•@•@the•@1960•Cs•D•@Wako•@•i1961•C•@1963•C•@1966•t•@took•@notice•@of•@˜Centle

slopes•@which•@continue8•@smoothly•@to•@some•@fluvial•@terrace•@in•@Northˆê
•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@‚ä
eastern•@Hokkaido•D•@Later•C•@he•@found•@similar•@gentle•@slope8•@in•@North•|

eastern•@Honshu•C•@and•@concluded•@that•@they•@are•@cryopediments•@•sWako•C

1963•t•@which•@were•@formed•@chiefly•@by•@solifluction•@and•@related

processes•@under•@the•@cold•@climate•@of•@late•@Pleistocene•@•i•hako•C

1966•t•D

•@•@•@•@•@The•@•@idea•@of•@cryopediment•@formation•@in•@Northern•@Japan•@was

indirectly•@supPorted•@by•@the•@discoveries•@of•@fossil•@periglacial

phenomena•F•@for•@example•C•@Suzuki•@et•@a1•B•@•i1964•t•@reported•@the

cryoturbati••n•@•@in•@tephra•@layer8•@and•@argued•@it8•@significance•E

•@•@•@•@•@The•@cryopediment•@studie8•@by•@Wako•@were•@the•@first•@application

of•@tephrochronology•@to•@the•@chronological•@study•@of•@the•@fossil

periglacial•@slopes•D•@Such•@studies•@•@based•@on•@tephrochronology•@were
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widely•@attempted•@later•@in•@the•@Northern•@half•@of•@Japan•@•ie•Dg•D•C•@Koaze

et•@al•C•@1974•G•@Hirakawa•C•@1977•G•@lnoue•@et•@al•C•@1981•j•C•@and•@especially

in•@cooperation•@with•@tephrochronological•@studies•@of•@glaciation

•ie•Dg•D•C•@Kobayashi•C•@1965•G•@Ono•@and•@Hirakawa•C•@1975•j•D•@They•@also•@con•|

tributed•@to•@the•@reconstruction•@of•@climatic•@and•@morphogenetic•@en•|

vironments•@of•@the•@Last•@Glacial•@and•@Holocene•@ages•@•ie•Dg•D•C•@Machida•C

1980•G•@Nogami•@et•@al•C•@1980•G•@Ono•C•@1984•G•@lwata•C•@1986•j•D

•@•@•@•@Tamura•@and•@Miura•@•i1968•C•@1971•j•@recognized•@various•@kinds•@of

phenomena•@which•@indicate•@former•@masg•@movements•@on•@tephra•@profiles

in•@the•@northern•@margin•@of•@the•@Kitakami•@Highlands•C•@Northeastern

Japan•D•@ln•@that•@area•C•@the•@tephra•@horizons•@which•@indicated•@the

periods•@of•@slope•@instability•@were•@investigated•@by•@means•@of•@the

recognition•@of•@the•@lack•@of•@marker•|tephra•@whose•@age•@ranges•@from

about•@100•C000•@y•CB•DP•C•@•ior•@older•@than•@this•@age•j•@to•@1•C000•@y•DB•CP•D•D

The•@periods•@of•@slope•@instability•@were•@considered•@to•@be•@mostly•@re•|

lated•@to•@the•@cold•@climate•@in•@Late•@Pleistocene•D

•@•@•@•@•@Since•@then•C•@chronoiogical•@studies•@of•@fossil•@periglacial

slope•@formation•@in•@reference•@to•@climatic•@change•@have•@received

much•@attention•@in•@Quaternary•@geomorphology•D•@A•@number•@of•@such

studies•@have•@been•@accumulated•@in•@severai•@tephra•|covered•@areas•C

particularly•@in•@the•@Kitakarni•@Highlands•@and•@their•@environs

•iSugawara•C•@1973•G•@lso•C•@1974•G•@Endo•C•@1977•G•@Higaki•C•@1980•G•@lnoue•@et

ai•D•C•@1981•G•@Sawaguchi•C•@1984•G•@Saijo•C•@1987•j•D

•@•@•@•@•@In•@several•@mountains•@in•@the•@north•@and•@west•@of•@the•@Kanto

Piain•C•@srnooth•@crestˆê•@and•@upper•@side•|slopes•@composed•@of•@coarse

rubbly•@deposits•@were•@proved•@to•@have•@been•@formed•@under•@periglacial

condition•@of•@mostly•@Last•@Glacial•@and•@partly•@Early•@Postglacia1
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ages•@•ie•Dg•D•C•@Shimizu•C•@1983•G•@Takada•C•@1986•j•D•@The•@discussion•@is•@based

on•@the•@facies•@observation•@of•@slope•@deposits•C•@marker•|tephra•@find•|

ings•@in•@the•@deposits•C•@and•@rnorphoiogical•@studies•@of•@the•@slopes•D

•@•@•@•@Coarse•@colluvial•@material•@intercalated•@in•@peaty•@deposits•@is

also•@indicative•@of•@an•@unstable•@condition•@of•@slopes•@surrounding

the•@peat•@swamp•D•@Using•@radiocarbon•@dating•@and•@pollen•@analysis•@of

many•@horizons•@of•@peat•@in•@several•@location8•@in•@Northea8tern•@Hon•|

shu•C•@Miyagi•@et•@al•D•@•i1971•C•@1981•j•@and•@Nakayama•@and•@Miyagi•@•i1984•j

discussed•@the•@history•@of•@mass•@movement•@and•@climatic•@changes•@in

Late•@Quaternary•D

•@•@•@•@•@Higaki•@•i1987•j•@defined•@seven•@slope•@units•@which•@constitute

watershed•@in•@the•@Kitakami•@Highlands•@through•@morphoiogical•@obser•|

vation•C•@and•@made•@c1ear•@the•@processes•@and•@age•@of•@the•@formation•@of

every•@unit•@in•@terms•@of•@tephrochronology•@and•@facies•@analysis•@of

slope•@deposits•D•@His•@study•@indicated•@the•@significance•@of•@cryogenic

slope•@processes•@which•@prevailed•@in•@the•@early•@and•@later•@pe•f”‚‰‚•‚„‚“•@of

the•@Last•@Glacial•@age•@as•@well•@as•@in•@elder•@ages•@than•@the•@Last•@ln•|

terglaciai•D

•@•@•@•@•@In•@a•@sirnilar•@way•C•@1•@investigated•@the•@gentle•@slopes•@stretch•|

ing•@behind•@fluvial•@terraces•@around•@Mt•D•@Syokanbetsudake•C•@West•|

Centrai•@Hokkaido•@•iYamamoto•C•@1987•j•D•@The•@gentle•@slopes•@were•@class•|

ified•@into•@two•@surfaces•@•igentle•@slopes•@1•@and•@11•@•j•C•@and•@they•@were

considered•@to•@have•@been•@formed•@under•@a•@coider•@ciimatic•@condition

than•@at•@present•C•@based•@on•@the•@sedimentological•@data•@involving

fabric•@analysis•C•@The•@formation•@age•@of•@gentle•@slope•@1•@was•@es•|

timated•@to•@be•@older•@than•@40•C000•@or•@40•C000•@ˆê•@20•C000•@y•DB•DP•D•C•@and

that•@of•@gentle•@slope•@II•@•C•@between•@20•C000•@and•@5•C000•@yeB•DP•D
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respectively•E
•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@ƒR•@•@•@•@Furthermore•C•@I•@•@examined•@the•@ages•@and•@proce8ses•@concern•¡ng

the•@formation•@of•@fossil•@periglacia1•@310pes•C•@ranging•@from•@500•@m•@to

1•C600min•@altitude•@in•@the•@Hidaka•@M•Euntain8•EEast•|Central•@H•Ek•|

kaido•C•@through•@both•@tephrochronological•@observation•@and•@8edimen•|

tological•@analysis•@of•@deposits•@•iYamamoto•C•@1989a•t•E

•@•@•@•@•@Shimizu•i1989•tals•B•@studied•@in•@detail•@the•@facie8•Bf•@Sl•Bpe

dep•Bsits•@which•@are•C•Er•@n•Et•C•@ass•Eciated•@with•@tephra•Ef•@vari•Bu8

modes•@of•@occurrence•@in•@the•@mountain•@slopes•@adjacent•@to•@the•@are•Ea

studied•@by•@Yamamoto•@•i1989a•t•D•@•@The•@conclusiqn•@of•@these•@8tudies

8ugge3ted•@that•@the•@periglacial•@slope•@formation•@•@cea8ed•@in•@the

later•@time•@in•@the•@higher•@altitude•@according•@to•@a•@time•Eˆêlag•@in

Postglacial•@warming•E

•@•@•@•@•@Win•@Maung•@and•@Toyoshima•@•i1989•t•@made•@another•@contribution•@to

the•@interpretation•@of•@mode•@of•@occurrence•@of•@slope•@deposits•@which

intercalate•@tephra•@layers•C•@and•@discussed•@the•@denudation•@of•@ter•|

race•@scarps•@by•@certain•@periglacial•@processes•@in•@the•@early•@and

late•@periods•@of•@the•@I•va8t•@Glacial•@age•@in•@the•@area•@of•@western•@Sen•|

dai•C•@Northern•@Honshu•E

•@•@•@•@•@Gentle•@mountain•@slope•@which•@looks•@like•@the•@l‘\•@fossil•@perigla•|

cial•@slope•@Ž£‘\wa8•@also•@reported•@in•@the•@Southwestern•@Japan•E•@•@Akagi

•i1965•t•@investigated•@piedlnont•@gentle•@slopes•@in•@parts•@of•@Southwe8•|

tern•@and•@Ceptral•@Japan•EHe•@regarded•@them•@as•@the•@pediments•@which

were•@formed•@under•@a•@somewhat•@drier•@climate•D•@But•C•@T8urumi•@and

Nogami•i1965•j•@refuted•@his•@conclusion•@on•@the•@basis•@of•@the•@teph•|

rochronological•@data•E

•@•@•@•@•@Tanaka•@et•@a1•C•@•i1982•C•@1986•t•@and•@Nomura•@and•@Tanaka•@•i1989•t•@8urˆê
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•¡•½‚µ•A

veyed•@several•@types•Bf•@piedm•Ent•@gentle•@s1•Bpes•@in•@the•@inland••f

Hy•B9•B•@Prefecture•C•@S•Buthwestern•@H•Enshu•Ewhere•@the•@prevalence•Ef

periglacial•@envir•Bnment•@in•@the•@Last•@Glacial•@age•@had•@been•@c•Bn•|

sidered•@doubtfu1•D•@Analyzing•@rnarker•Eˆêtephra•@intercalated•@in•@co1’L

1uvial•@deposits•@as•@well•@as•@the•@deposits•@and•@the•@slope•@forms•C•@they

concluded•@that•@most•@of•@the•@slopes•@which•@they•@investigated•@were

formed•@•@under•@the•@influence•@of•@periglacial•@processes•@in•@the•@Last

Glacial•@age•E

•@•@•@•@•@Oguchi•@•i1986•t•@•@recognized•@smooth•@depositiona1•@810pes•@and

debris•@slopes•@on•@the•@caldera•@wall•@of•@Aso•@volcano•C•@central•@Kyusyu•C

and•@conc•Fluded•@that•@they•@were•@formed•@by•@the•@perig•z•Dacial•@slow•@ma88

movement•D

•@•@•@•@•@The•@slope•@deposits•@discussed•@in•@these•@four•@examples

•iAkagi•C1965•G•@Tanaka•@et•@al•D•C•@1982•G•@1986•G•@•@Nomura•@and•@Tanaka•C•@1989•G

Oguchi•C•@1986•t•@are•@located•@in•@the•@•@altitude•@•@lower•@than•@the•@e8•p

timated•@forest•@liŽMit•@du•@ring•@the•@Last•@Glacial•@age•@inf6rred•@by

Kaizuka•@•i1969•t•C•@Koaze•@•i1972•t•C•@Ohmori•@•i1979•t•@and•@Ono•@•i1984•t•E•@The

detail•@examinati••n•@of•@the•@810pe•@deposits•C•@by•@the•@methods•@includ•|

ing•@fabric•@analysis•C•@will•@be•@neces8ary•@to•@evaluate•@their•@concluˆê

•@ƒ•S•¡on80

•@•@•@•@•@Although•@many•@8tudies•@mentioned•@above•@had•@aims•@to•@estimate

the•@formation•@age•@of•@fossil•@periglacial•@slope8•@in•@reference•@to

the•@climatic•@change•C•@there•@were•@no•@studie8•@except•@mine•@•iYamamoto•C

1989a•C•@1990•t•@that•@examined•@sedimentologically•@in•@detail•@the

deposits•@on•@the•@slopes•@which•@were•@regarded•@as•@fo88il•@periglacial

ones•œ
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•h•Eˆê

II•@•D•@MEASURING•@METHODS•@OF•@MACRO•@FABRICS

II•|1•D•@Two•|Dirnensional•@Vector•@Analysis

II•@ˆê1•|1•D•@Vector•@magnitude•@method

•@•@•@•@Vector•@magnitude•@method•@•iKrumbein•C•@1931•j•@which•@is•@applied•@to

the•@orientation•@n•jeasurement•@of•@clasts•@is•@as•@follows•F

•@•@•@•@N•|S•@component•••@Z•@n•@cos2e•@•C
•@•@•@•@E•|W•@component•••@•’•@n•@sin2e

•@•@•@•@•@r•••@•iZnsin2e•j•@•\•@•iZncos2e•j

•@•@•@•@Vector•@Magnitude•i•“•j•••@r•^Z•@n•@•~•@100

•@•@•@•@Vector•@Mean•qdegree•j•••@1•^2•@arctan•@•iZ•@n•@sin2e•@•j•^•iZ•@n•@cos2e•@•j

•iwhere•@n•@is•@the•@number•@of•@observations•C•@North•@ig•@defined

as•@O•@degree•@and•@the•@degree•@is•@calculated•@clockwise•C•j

•@•@•@•@•@These•@calculations•@are•@perforrned•@on•@either•@grouped•@or

ungrouped•@data•D•@The•@vector•@mean•@is•@interpreted•@ss•@a•@measure•@of

the•@central•@tendency•@of•@the•@distribution•C•@such•@as•@the•@preferred

orientation•@direction•@of•@the•@long•@axes•@of•@clastg•D

•@•@•@•@•@The•@vector•@rnagnitude•@varies•@from•@O•@per•@cent•@to•@100•@per•@cent•D

A•@random•@distribution•@of•@orientations•@will•@give•@a•@magnitude•@ef•@O

per•@cent•D•@Contrary•@to•@this•C•@a•@case•@of•@100•@per•@cent•@means•@that•@sll

observed•@vectors•@have•@exactiy•@the•@same•@phase•C•@or•@in•@the•@case•@of

grouped•@data•C•@they•@all•@lie•@within•@the•@same•@azimuth•@group•D

•@•@•@•@•@We•@will•@use•@as•@the•@•h•@V•E•@Me•D•h•@and•@•h•@V•D•@Mg•D•h•@abbreviation•@of

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@8
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•h•@ˆê•E

vector•@Mean•@and•@Vector•@Magnitude•C•@respectively•D

II•@ˆê1•|2•C•@Vector•@strength•@method

•@•@•@•@Vector•@strength•@method•@is•@proposed•@by•@Thomas•i1967•j•D•@This

rnethod•@has•@a•@advantage•@which•@is•@easier•@for•@calculation•@of•@fabric

data•@than•@other•@methods•D•@The•@method•@of•@calculations•@is•@as

follows•F

•@•@•@•@•fVector•@Strength•i•“•j•••@100ˆê•m•@•iX•@inXl•j•@•{•@•iX•fX2•j•@•{•@•iX•|X3•j•@•{

ˆê•E•@•\•@•ix•@ˆêxn•j•@1•@•~•@loo•^•@K

•@•@•@•@•@where•Fˆê

•@•@•@•@•@•@•@•@•@•@•@•@•@X•@•••iXl•\•@X2•\•@X3•\•@ˆê•E•@Xn•j•^n

•@•@•@Xl•CX2•CX3•C•h•D•@Xn•••@Azimuths•@of•@observed•@distribution

•@•@•@•@•@and•@for•@common•@sample•@size•C•@k•@equals•F

•@•@•@•@•@where•@n••10•C•@k••450

•@•@•@•@•@•@•@•@•@•@n••25•C•@k••1125

•@•@•@•@•@•@•@•@•@•@n••50•C•@k••2250

•@•@•@•@•@•@•@•@•@•@n••loo•C•@k••4soo

•@•@•@•@Although•@this•@method•@is•@avaiiable•@for•@samples•@with•@con•|

centrated•@orientation•C•@it•@is•@useless•@for•@those•@with•@random•@orien•|

tation•D

•@•@•@•@•@In•@the•@following•@description•C•@•h•@V•D•@St•C•@•h•@is•@used•@for•@ab•|

breviation•@of•@the•@vector•@strength•D

II•|2•D•@Three•|Dimensional•@Vector•@Analysis

9

ŒR•@‰à—H•@•D•D•@ƒ‚•w•••D

–ìr•@•@•@•@•@•@•|
•c•ò˜D”À•@•@•C–å•@ŒE

•@•@•@‚Ê•@
Œ™“å‘Ë

èi‘@”Q
ã£•@•@‡a•D

•u—’•@•@ƒ^

‘Ëèd

‚µ•@

“å‰T
•@•@—iŠ]•Ú

‰T‰T“«Ž]•C•x

”]ŽWˆ±
“ï“ï

•@ƒA @‚Ä•@•@‚Ö•@ƒ•ƒg•@‚Éƒwƒh•@•@ƒTƒ•
•@ƒ}•@•@•@•@•@•@•@•@ƒ••@•@•@•@•@•@•@•@‚Ì

ˆê•w•f

•@•@•@•@•@•@•@•@•@•h‚±•D“ñ1•F1•F‚«•f

•@•@•@•@•@•@•@•@•@•@ŠF•E•D•w

•@•@•@•@•@•@•@•@•@•@‚¿

•@•@•@•@•@•@•@•@•@•@–ì

’D

•EŒÉ’¢“Ê1•D

‚ð˜l•“‘|5•E˜K•A‚Æ‚²Š–“å‘]

–³•¡•xŒK91ˆø–n•q•D•á˜_•v•Dƒq“h•E‰Ry•D•p•DŒ\•á“Å–¹•CˆÔ‚Ýƒ}•è•A‚À–€•LŒ€“±•E‚¯–ˆ•@•@7—ŒŠ|•Ž•AV•D•E•A

•C•A7

•|•v

•‰

˜MŠ¥‚«•Z•×‡`•T‘l•¾

‡h‚Ý’š

•A

ƒU

I

•@r•D•@•@ˆø•æŠš‚¾‚¢•I•E

•D‰Ú
•@•@

@•@
@•gã£•aŒ¾

˜H•p•AŠu
•@71

“å—…”n
—î‹™

ŒìŒA
•¤—Ù
ŽÅ—Ù

•@•@‚¾‚Ü‚è”ˆ

•k
7Šš

@•E
‚Ö



•h•fˆê

H•@ˆê2ˆêˆê1•D•@Eigen•@value•@method

•@•@•@•@This•@analytical•@procedure•@is•@proposed•@by•@Scheidegger•i1965•j•D

It•@can•@be•@briefly•@summarized•@as•@follows•F

•@•@•@•@Individual•@observations•@are•@regarded•@as•@unit•@vectors•D•@The

attitude•@of•@the•@ith•@observation•@of•@N•@observations•@is•@given•@by

direction•@cosines•@li•C•@mi•C•@ni•D•@A•@3•~•@3•@matrix•@of•@the•@sums•@of•@cross

products•@of•@the•@direction•@cosines•@is•@constructed•@as•@follows•F

•@•@•@•@•@•@•@•@•@•@•@Z•@liX•@li•@Z•@1iX•@mi•@Z•@liX•@ni

•@•@•@•@•@•@•@a•••@IZ•@miX•@ii•@Z•@mix•@mi•@Z•@miX•@ni

•@•@•@•@•@•@•@•@•@•@•@•’•@niX•@li•@Z•@niX•@mi•@Z•@niX•@ni

A•@normalized•@form•@of•@this•@matrix

•@•@•@•@•@•@•@A•••@a•^N

was•@termed•@the•@orientation•@tensor•@by•@Scheidegger•i1965•j•C•@Three

eigenvectors•@•mvl•C•@v2•C•@v3•n•@and•@the•@corresponding•@eigen•@values•mA

1•C•@A•@2•C•@A•@3•n•@are•@computed•D•@The•@eigen•@vector•@vl•@is•@an•@estimate•@of

the•@distribution•@mean•C•@and•@the•@eigen•@vector•@v3•@is•@an•@estimate•@of

the•@pole•@to•@the•@best•|fit•@girdle•@to•@the•@distribution•C•@provided

that•@the•@data•@do•@not•@form•@an•@axially•@symmetric•@cluster•D

•@•@•@•@•@The•@eigen•@values•@A•@1•C•@A•@2•C•@A•@3•@have•@the•@property

•@•@•@•@•@•@•@•@•C1•@1•\•@A•@2•\•@A3•••@N•D

They•@are•@more•@usefui•@in•@a•@normalized•@form

•@•@•@•@•@•@•@•@Si•@•••@A•@i•^N

•@•@•@•@•@so•@that

•@•@•@•@•@•@•@•@Sl•@•\•@S2•@•\•@S3•@•••@1•D

ln•@referring•@to•@Sl•C•@a•@high•@value•@rneans•@a•@high•@degree•@of•@vector
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•h•E•F

concentration•D

II•@ˆê2•|2•D•@Logarithmic•@ratio•@plot•@rnethod

•@•@•@•@Logarithmic•@ratio•@plot•@method•@is•@proposed•@by•@Woodceck

•i1977•j•D•@This•@method•@is•@shown•@by•@the•@graph•@which•@has•@a•@plot•@of

ln•iS2•^S3•tagainst•@ln•iS1•^S2•t•D•@On•@this•@graph•Ethe•@axial•@girdle8•i••

the•@x•|axis•j•@plot•@where•@S2•@•••@S3•C•@that•@is•C•@along•@the•@line•@ln•iS2•^S3•j

•••@O•C•@The•@axial•@clusters•@•i•••@the•@y•|axis•j•@plot•@where•@Sl•@•••@S2•C•@that

is•C•@along•@the•@line•@ln•iSl•^S2•j•@•••@O•D•@The•@rernainder•@of•@the•@graph•@is

occupied•@by•@plots•@that•@have•@both•@girdie•@and•@cluster•@tendencies•D

These•@can•@be•@quantified•@by•@a•@parameter•@K•C•@where

•@•@•@•@K•@•••@ln•iSl•^S2•j•@•^•@ln•iS2•^S3•j•D

K•@gives•@the•@gradient•@of•@straight•@lines•@radiating•@from•@the•@origin•D

Points•@that•@have•@equai•@girdle•@and•@cluster•@tendencies•@are•@plotted

on•@the•@lines•@where•@K•@•••@1•C•@that•@is•C•@where•@Sl•^S2•@•••@S2•^S3•D•@Girdie

plots•@are•@below•@this•@line•@in•@the•@field•@where•@OS•@K•@•q•@1•C•@and

cluster•@plots•@are•@above•C•@where•@1•@•q•@K•@5•@co•C

•@•@•@•@•@Uniform•@distributions•@are•@plotted•@at•@the•@graph•fs•@origin•C

random•@distributions•@are•@near•@the•@origin•C•@and•@those•@with•@increasˆê•E

ingly•@gtrong•@preferred•@orientation•@are•@progressively•@farther•@from

the•@origin•C•@Thus•C•@the•@parameter•@C•C•@where

•@•@•@•@•@c•@•••@ln•iSl•^S3•j•C

is•@a•@measure•@of•@the•@strength•@of•@the•@preferred•@orientation•D

•@•@•@•@•@Logarithmic•@ratie•@plot•@provides•@a•@convenient•@representation

of•@distribution•@shape•@that•@is•@comparable•@in•@form•@to•@strain•@plots•D

•@•@•@•@•@Vector•@magnitude•C•@Sl•@and•@C•@values•@become•@larger•@for•@a
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ˆê•@•ft

stronger•@fabric•@•i••have•@a•@good•@preferred•@orientation•j•C•@smaller

values•@for•@a•@weaker•@fabric•@•i••have•@no•@good•@preferred•@orientation•j•D

II•|3•D•@Discussion•F

•@•@•@•@•@•@•@Relation•@among•@each•@fabric•@strength

•@•@•@•@Figure•@1•@showg•@a•@relation•@between•@V•DSt•D•i•“•j•@and•@V•DMg•D•i•“•j•D

Both•@values•@of•@V•DSt•D•@and•@V•DMg•D•@are•@derived•@from•@data•@of•@the•@fos•|

sil•@periglacial•@slope•@and•@fan•@deposits•@described•@in•@the•@following

Chapter•@•iSee•@Tables•@13•@and•@14•j•D•@These•@two•@yalues•@are•@closely

correlated•@with•@each•@other•C•@and•@the•@regression•@coefficient•@is

quite•@high•D•@The•@result•@indicates•@that•@V•DSt•D•@can•@be•@transformed

into•@V•DMg•D•@by•@a•@regression•@equation•@shown•@in•@Figure•@1•D

•@•@•@•@•@Figure•@2•@shows•@a•@relation•@between•@V•DMg•C•@and•@Sl•@for•@five

grouped•@data•C•@Lines•@frorn•@1•@to•@5•@show•@a•@linear•@regression•@of•@each

grouped•@datum•D•@Grouped•@data•@of•@1•@and•@2•@are•@of•@periglacial

origin•G•@1•@is•@2•C350•@clasts•f•@fabrics•@described•@in•@the•@next•@chap•|

ter•@•iSee•@Table•@4•j•C•@and•@2•@is•@those•@measured•@in•@order•@of•@a•|axis

length•@•iSee•@Table•@1•j•D•@Greuped•@data•@from•@3•@to•@5•@are•@of•@non•|

periglacial•@origin•@and•@calculated•@by•@Mills•@•i1983•C•@1984•C•@1986•j•G

1•C•@2•@and•@3•@are•@rnudflow•@deposits•@•C•@volcanic•@mud•@flow•@deposits•@at

Mt•C•@St•D•@Helens•@and•@soil•@creep•@deposits•C•@respectively•D•@The•@figure

indicates•@that•@there•@is•@a•@wide•@everlap•@of•@V•DMg•D•@between•@perigla•|

cial•@and•@non•|periglacial•@deposits•C•@but•@that•@there•@is•@no•@overlap

of•@Sl•@between•@the•@former•@and•@the•@latter•D•@This•@fact•@suggests•@that

the•@distinction•@of•@periglacial•@slope•@deposits•@from•@non•|

periglacial•@slope•@deposits•@is•@possible•@by•@the•@three•|dimengional

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@12
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ˆê•@ˆê•D

Ill•@•E MACRO•@FABRICS•@AFFECTED•@BY•@CLAST•@SIZE•@AND•@SHAPE

ru•|1•D•@lntroduction

•@•@•@•@The•@azimuths•@and•@dips•@of•@clasts•C•@commonly•@referred•@to•@as

fabrics•C•@have•@been•@utilized•@in•@numerous•@geomorphic•@and•@sedimenˆêˆê

tological•@studies•@in•@order•@to•@deterrnine•@flow•@direction•@and

sedimentary•@processes•@in•@various•@environments•D•@Although•@the

fabrics•@of•@fluvial•@and•@glacial•@sediments•@have•@been•@rnuch•@studied•C

slope•@deposits•@especially•@under•@the•@periglacial•@environment•@have

received•@less•@attention•D•@Under•@such•@conditions•C•@there•@is•@a•@con•|

siderable•@difference•@in•@opinion•@as•@to•@the•@significance•@of•@fabrics

in•@viscous•@fluid•@deposits•D

•@•@•@•@•@Drake•@•i1974•j•@insisted•@that•@the•@clast•@shape•@influences•@itg

fabrics•@in•@viscous•@fluid•@deposits•C•@ln•@contrast•@to•@this•C•@Mills

•i1977•j•@indicated•@that•@there•@is•@little•@relation•@between•@the•@clast

fabric•@and•@the•@clast•@size•@or•@shape•@in•@viscous•@fiuid•@deposits•D

•@•@•@•@•@Although•@many•@investigators•@•ie•Dg•D•C•@Holmes•C•@1941•G•@Harrison•C

1957•G•@Anderson•@and•@King•C•@1968•G•@Kruger•C•@1970•j•@agreed•@with•@Drake•fs

epinion•C•@there•@seerns•@to•@be•@no•@consengug•@among•@investigators•@as•@to

the•@nature•@of•@this•@relationship•D•@Contradiction•@between•@Drake•@and

Mills•@is•@probably•@due•@to•@a•@shortage•@of•@the•@number•@of•@investigated

clasts•C•@since•@an•@apparent•@orientation•@preference•@may•@arise•@by

chance•@when•@the•@sampling•@number•@is•@small•D

•@•@•@•@•@Few•@fabric•@studies•@have•@been•@done•@in•@Japan•@on•@the•@slope

deposits•C•@except•@the•@twoˆê•@and•@three•|dimensional•@fabric•@analyses

of•@some•@slope•@deposits•@•iYamamoto•C•@1989a•G•@1989b•G•@1990•j•D
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•h•Eˆêˆê

•f•g1‡`
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•@•@•@•@•@•@•@•óŒÈ•D•Í•Cƒ}

•@•@•@•@The•@purpose•@of•@this•@Chapter•@is•@•i1•j•@to•@determine•@the•@process

related•@to•@rnaterial•@transportation•@on•@glope•@by•@twoˆê•@and•@three•|

dimensional•@fabric•@analyses•@and•@•i2•j•@to•@evaluate•@the•@influence•@of

clast•@size•@and•@shape•@in•@glope•@deposits•D•@For•@this•@purpose•C•@1

selected•@the•@eastern•@slope•@in•@the•@Northern•@Hidaka•@Mountains•C•@Hok•|

kaido•C•@Japan•C•@and•@measured•@the•@orientation•@and•@the•@shape•@of

clasts•@which•@were•@excavated•@from•@the•@slope•@deposits•C

M•|2•C•@Relation•@between•@Fabrics•@and•@Clast•@Size•@and•@Shape

M•|2•|1•D•@Measuring•@site•@and•@methods

•@•@•@•@•@The•@study•@site•@is•@located•@at•@approximately•@3km•@northeast•@of

Nissho•@Pass•@in•@central•@Hokkaido•@•iFigure•@3•j•D•@Altitude•@of•@the•@site

is•@498m•@a•Ds•D1•D•D•@Slope•@angle•@is•@14•@degree•C•@and•@slope•@orientation

•iNorth•@is•@defined•@as•@O•@degree•C•@and•@calculated•@in•@clockwise•j•@is•@3

degree•D•@Slope•@deposits•C•@more•@than•@1•|5m•@thick•C•@are•@derived•@from

granite•@basement•@and•@are•@underlain•@by•@Taˆêˆêd•@pumice•@which•@fell•@at

about•@9•C000•@y•CB•CP•D•D•@They•@are•@pooriy•@sorted•@and•@composed•@of

angular•|subangular•@gravel•@•iPhoto•@1•j•D•@Twoˆê•@and•@three•|dimensional

fabric•@analyses•@supported•@the•@idea•@that•@the•@slope•@deposits•@are•@of

periglacial•@origin•C•@probably•@transported•@by•@solifluction

•iYamamoto•C•@1989a•G•@1990•p•D

•@•@•@•@•@Azimuths•@and•@dips•@of•@the•@long•@axis•@•ia•Eˆêaxis•j•@of•@clasts•@were

measured•@at•@the•@depth•@of•@2ˆêˆê3•@meters•@below•@the•@base•@of•@Ta•|d

horizon•C•@and•@a•@total•@of•@2•C350•@clasts•C•@with•@the•@length•@of•@a•|axis

over•@2•@cm•C•@was•@measured•D•@The•@mean•@orientation•@and•@fabric

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@15
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ˆêˆê

strength•@were•@calculated•@by•@Krumbein•fs•@vector•@magnitude•@and

scheidegger•fs•@eigen•@value•@methods•D

•@•@•@•@The•@relationship•@of•@clast•@shape•@to•@fabric•@was•@investigated

by•@appiying•@of•@Drake•fs•i1974•j•@method•D•@First•C•@ciast•@shape•@was

classified•@by•@axial•@ratio•@into•@four•@types•F•@Blade•C•@Disc•C•@Rod•@and

Sphere•@which•@are•@defined•@by•@Zingg•i1935•j•D•@Secondly•C•@clast•@shape

was•@classified•@by•@detailed•@axial•@ratio•@into•@Drake•fs•@categories

•iFigure•@4•j•D•@The•@fabric•@characteristics•@of•@each•@category•@are

evaluated•@separately•D

•@•@•@•@The•@relationship•@of•@axial•@iength•@to•@fabric•@was•@also•@inves•|

tigated•D•@Correlation•@between•@fabric•@and•@a•|axis•@length•@was•@calcu•|

lated•@in•@order•@to•@determine•@whether•@significance•@relationship•@ex•Eˆê

isted•D•@Total•@of•@2•C350•@clasts•@were•@classified•@by•@length•@of•@a•|axis

into•@20•@classes•@and•@the•@fabric•@characteristics•@of•@each•@class•@are

evaluated•@separately•D•@Although•@statistically•@the•@difference•@of

the•@number•@of•@clasts•@rneasured•@in•@each•@categery•@and•@class•@in•|

fluence•@significance•@level•@of•@fabric•@strength•@value•@related•@to

the•@nuli•@hypothesis•@that•@deposits•@have•@random•@fabric•@•i••have•@no

preferred•@orientation•j•C•@the•@difference•@dose•@not•@influence•@at•@all

the•@fabric•@characteristics•@theoretically•@•iCurray•C•@1956•G•@Anderson

and•@Stephens•C•@1972•j•D

M•@ˆê2•|2•D•@Relationship•@between•@macro•@fabrics•@and•@clast•@size

•@•@•@•@•@Table•@l•@show8•@the•@fabric•@characteri8tics•@of•@each•@cƒ†as8

divided•@by•@length•@of•@a•|axis•D•@lt•@indicates•@that•@the•@changes•@in

vector•@magnitude•C•@Sl•@and•@C•C•@are•@closely•@related•@to•@the•@increage

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@16
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•h•E•E

in•@a•|axis•@length•D

•@•@•@•@The•@correlation•@between•@each•@fabric•@strength•@and•@length•@of

a•|axis•@•iby•@class•@mark•C•@see•@Table•@1•j•@is•@summarized•@in•@Table•@2•D•@All

regression•@correlations•@show•@quite•@high•@values•D•@Figure•@5•@showg

the•@correlation•@between•@vector•@magnitude•@and•@length•@of•@a•|axis•C

and•@Figure•@6•@does•@the•@cerrelation•@between•@Sl•@value•@and•@length•@of

a•|axis•D•@These•@figures•@indicate•@that•@the•@length•@of•@a•|axis•@is

closely•@related•@to•@each•@fabric•@strength•D

•@•@•@•@•@Figure•@7•@shows•@logarithmic•@ratio•@plots•@which•@were•@derived

from•@data•@listed•@on•@Table•@1•D•@Piots•@shown•@in•@Figure•@7•@range•@frem

the•@axial•@cluster•@to•@the•@transition•@girdle•@and•@cluster•C•@and•@disˆêˆê

tribute•@in•@a•@range•@with•@C•„•@2•D•@Plots•@indicate•@that•@class•@with•@a

longer•@a•|axis•@iength•@has•@a•@higher•@C•@value•D

•@•@•@•@•@This•@result•@indicates•@that•@the•@fabric•@strength•@increases•@as

a•@function•@of•@length•@of•@a•|axis•D

•@•@•@•@•@Size•@and•@shape•@of•@clasts•@are•@mutually•@related•@each•@other•@as

shown•@in•@Table•@1•F•@clasts•@with•@a•@long•@a•|axis•@have•@a•@tendency•@with

a•@high•@content•@of•@Biade•@and•@Rod•D•@ln•@order•@to•@evaluate•@whether

size•@or•@shape•@affects•@more•@strongly•@to•@the•@clast•@fabrics•C•@the

changes•@in•@each•@fabric•@strength•@of•@clasts•@with•@the•@same•@shape

against•@a•|axis•@length•@are•@analyzed•@•iTable•@3•j•D

•@•@•@•@•@Clasts•@are•@classified•@into•@4•@shapes•@based•@on•@Drake•fs•@defini•|

tion•D•@Drake•fs•@category•@numbers•@1•C•@7•@and•@13•@represent•@Blade•@type•G

the•@number•@6•C•@Disc•@type•G•@the•@number•@31•C•@Rod•@type•G•@and•@the•@numbers

24•C•@30•C•@and•@36•C•@Sphere•@type•D•@Classification•@of•@a•|axis•@length•@in

each•@clast•@shape•@was•@done•@by•@random•@in•@order•@to•@get•@a•@sufficient

number•@of•@sample•@in•@each•@class•D•@The•@class•@mark•@in•@the•@longest•@aˆê
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axis•@class•@is•@a•@mean•@value•@of•@measured•@clasts•C•@and•@in•@the•@classes

with•@a•@shorter•@a•|axis•@than•@that•@class•@mentioned•@above•C•@median•@is

adopted•@as•@the•@class•@mark•E•@It•@is•@recognized•@that•@the•@class•@with•@a

longer•@a•|axis•@has•@a•@higher•@fabric•@8trength•@than•@the•@class•@with•@a

•@•@•@•@•@•@•@•@•@•@•@•@shorter•@a•|axzs•E

•@•@•@•@Figures•@8•C•@9•@and•@10•@show•@that•@the•@changes•@in•@each•@fabric

strength•@against•@those•@of•@a•|axis•@in•@different•@shapes•E•@Vector•@magˆñ

nitude•@shown•@in•@Figure•@8•@ranges•@about•@from•@20•“•@•f‚µ0•@80•“•E•@The•@peak

value•@of•@Blade•C•@Disc•@and•@Sphere•@except•@Rod•@appeared•@in•@the•@cla8s

with•@the•@longest•@a•|axis•D•@Though•@the•@vector•@magnitude•@of•@Blade•@and

Rod•@shows•@a•@higher•@value•@than•@that•@of•@Disc•@and•@Sphere•@in•@a•@range

of•@shorter•@a•|axis•@length•@•iless•@than•@about•@20•@cm•t•C•@it•@is•@as•@much

as•@Žµhe•@latter•@in•@a•@range•@of•@longer•@a•@•Eˆê•@axis•@•imore•@than•@about•@20

cm•j•D•@Such•@tendencies•@of•@the•@changes•@in•@vector•@magnitude•@•@are•@a180

recognized•@in•@SI•@and•@C•@values•@shown•@in•@Figures•@9•@and•@10•C•@respec•|

tively•D

ŽMˆê2•|3•C•@Relationship•@between•@macro•@fabrics•@and•@clast•@shape

•@•@•@•@•@Table•@3•@shows•@the•@fabric•@characteri8tics•@in•@each•@Drake•Cs

category•C•@and•@indicates•@that•@the•@vector•@magnitude•@ranges•@from

18•C4•@to•@72•D2•G•@SI•@value•@from•@O•D858•@to•@O•D967•G•@and•@C•@value•@from

2•D696•@to•@5•D265•D•@Table•@5•@shows•@the•@interval•@estimate3•@0f•@each

fabric•@8trength•@population•@mean•@in•@different•@clast•@shape•E•@There

i8•@no•@overlap•@between•@two•@interval•@estimates•@of•@each•@fabric

strength•@for•@both•@Blade•@and•@Sphere•@at•@90•“•@confidence•@interva1•C

and•@each•@fabric•@strength•@average•@of•@Blade•@and•@Rod•@i8•@higher•@than

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@18



that•@of•@Disc•@and•@Sphere•D

•@•@•@•@Figure•@16•@shows•@the•@population•@mean•@and•@range•@both•@of•@vector

magnitude•@and•@Sl•@value•@in•@each•@clast•@shape•D•@Means•@of•@Rod•fs•@vector

magnitude•@and•@Sl•@value•@are•@higher•@than•@those•@of•@Disc•fs•@and

Sphere•fs•C•@and•@are•@near•@those•@of•@Blade•fs•D

•@•@•@•@In•@order•@to•@evaluate•@the•@clast•@shape•@influences•@on•@the

fabric•@strength•C•@Welch•fs•@statistical•@test•@which•@examines•@the•@dif•|

ference•@among•@the•@above•@population•@mean•@is•@attempted•D•@The•@nuli

hypothesis•@ˆê•@no•@significance•@difference•@ˆêˆê•@is•@rejected•@in•@each

statistical•@test•D•@The•@result•@indicates•@that•@Blade•@and•@Rod•@have•@a

stronger•@fabric•@than•@Disc•@and•@Sphere•D•@As•@the•@clasts•@of•@Blade•@and

Rod•@have•@a•@lower•@b•^a•|axis•@ratio•C•@the•@clasts•@with•@a•@lower•@b•^a•|axis

ratio•@likely•@have•@a•@stronger•@fabric•@than•@clasts•@with•@a•@higher

one•D•@Wilcoxen•fs•@rank•@sum•@test•@supports•@this•@hypothesis•@•iTabie•@7•j•G

all•@null•@hypotheses•@are•@rejected•@in•@each•@test•@composed•@of•@clast

shape•@separated•@by•@b•^a•|axis•@ratio•C•@while•@they•@are•@significant•@in

each•@test•@separated•@by•@c•^b•|axis•@ratio•D

•@•@•@•@•@The•@changes•@in•@each•@fabric•@strength•@of•@clasts•@with•@same•@a•|

axis•@length•@against•@b•^aˆêˆêaxis•@ratio•@are•@analyzed•@•iTables•@8•@and•@9•p•D

Table•@8•@shows•@a•@case•@of•@elasts•@with•@a•|axis•@length•@ranging•@from

3•D0•@cm•@to•@3•D9•@cm•C•@and•@Tabie•@9•@shows•@a•@case•C•@ranging•@from•@7•D0•@crn

to•@8•D9•@cm•D•@ln•@both•@cases•C•@Blade•@and•@Rod•@have•@a•@stronger•@fabric

than•@Disc•@and•@Sphere•C•@and•@that•@clastg•@with•@a•@lower•@b•^aˆêˆêaxis•@ratio

have•@a•@stronger•@fabric•@than•@clasts•@with•@a•@higher•@one•D

•@•@•@•@•@Figure•@13•@shows•@that•@the•@changes•@in•@each•@fabric•@strength

against•@b•^a•|axis•@ratio•C•@8eparated•@by•@c•^b•|axis•@•Fratio•@•imore•@or•@le88

than•@O•D67•j•@and•@a•|axis•@length•@•i3•D05•@a•@5•@3•D9•@cm•@or•@7•DOS•@a•@5•@8•@e•@9
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cm•j•@based•@on•@the•@data•@listed•@on•@Tables•@8•@and•@9•D•@This•@figure•@sug•|

gests•@the•@followings•F

•@•@•@•@First•C•@the•@changes•@in•@each•@fabric•@strength•@of•@clasts•@with

the•@same•@a•|axig•@length•@are•@sirnilar•@each•@ether•D•@This•@result•@indi•|

cates•@that•@c•^b•|axis•@ratio•@cannot•@influence•@the•@fabric•@strength•C

•@•@•@•@Second•C•@the•@changes•@in•@each•@fabric•@strength•@of•@clasts•@with

same•@c•^b•|axis•@ratio•C•@that•@is•C•@comparison•@for•@straight•@line

against•@dotted•@line•@shows•@almost•@similar•@changes•D•@This•@feature

suggests•@that•@a•@small•@difference•@of•@the•@length•@of•@a•|axis•@also

cannot•@influence•@the•@fabric•@strength•D•@•C

•@•@•@•@•@Figure•@14•@illustrates•@that•@the•@changes•@in•@each•@fabric

strength•@against•@b•^a•|axis•@ratio•@separated•@by•@a•|axis•@length•@•i3•D05

a•@5•@3•D9•@cm•@or•@7•DOS•@a•@S•@8•D9•@cm•j•@based•@on•@the•@data•@listed•@on

Tabies•@8•@and•@9•D•@Each•@fabric•@strength•@is•@closely•@reiated•@to•@the

decrease•@of•@a•|axis•@length•C•@and•@the•@highest•@value•@of•@fabric

strength•@appears•@in•@a•@range•@of•@b•^a•|axis•@ratio•@less•@than•@O•D55•D

M•|3•D•@Discussion•F

•@•@•@•@•@•@•@•@Effects•@of•@clast•@size•@and•@ghape•@on•@macro•@fabrics

•@•@•@•@•@Fabric•@data•@from•@the•@fossil•@soiifluction•@deposits•@indicate

that•@the•@clast•@shape•@and•@size•@exert•@a•@strong•@influence•@on•@its

fabric•@strength•D•@Using•@Zingg•fs•@shape•@definition•C•@clasts•@of•@Blade

and•@Rod•@have•@a•@stronger•@fabric•@strength•@than•@those•@of•@Disc•@and

Sphere•D

•@•@•@•@•@Welch•fs•@statistical•@test•@for•@a•@population•@mean•@of•@each

fabric•@strength•@indicates•@that•@the•@fabric•@strength•@of•@Blade•@and

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@20
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Rod•@are•@significantly•@different•@from•@those•@of•@Disc•@and•@Sphere•D

wilcexen•fs•@rank•@sum•@test•@demonstrates•@that•@b•^a•|axis•@ratio•@in•|

fluences•@on•@its•@fabric•@strength•C•@while•@c•^b•|axis•@ratio•@has•@no

relation•@to•@the•@iatter•D•@This•@result•@supports•@the•@idea•@that•@Blade•|

and•@Rod•|type•@clasts•@are•@more•@likely•@to•@be•@elongated•@to•@flow

direction•@in•@viscous•@fluids•@than•@Discˆêˆê•@and•@Sphere•|type•@clasts

•iDrake•C•@1974•j•D

•@•@•@•@A•@linear•@regression•@between•@a•|axig•@size•@and•@its•@fabric

strength•@shows•@a•@strong•@relation•@among•@them•F•@clasts•@with•@a

longer•@a•|axis•@and•@a•@lower•@b•^a•|axis•@ratio•@hay•Ce•@a•@stronger•@fabric

than•@cl•f •‚“‚”‚“•@with•@a•@shorter•@a•|axis•@and•@a•@higher•@b•^a•|axis•@tatio•D

•@•@•@•@•@These•@findings•@may•@be•@attributed•@to•@the•@difference•@of

velocity•@of•@clasts•C•@movement•@in•@viscou8•@fluids•E•@Since•@the•@•@moveƒ•

ment•@velocity•@of•@clasts•@with•@a•@shorter•@a•|axis•@is•@faster•@than•@that

of•@clasts•@with•@a•@longer•@a•|axis•C•@the•@former•@can•@move•@through•@the

openings•@among•@the•@latter•C•@and•@may•@change•@its•@flow•@direction

easily•D•@This•@will•@be•@the•@reason•@why•@ciasts•@with•@a•@shorter•@a•Eˆêaxis

have•@a•@weaker•@fabric•D

•@•@•@•@•@The•@analyses•@of•@the•@changes•@in•@each•@fabric•@strength•@of

clasts•@with•@the•@same•@a•|axis•@length•@against•@b•^a•|axis•@ratio•@show

that•@fabrics•@are•@similar•@to•@each•@other•@in•@spite•@of•@different•@c•^b•|

axis•@ratio•C•@and•@Žµhat•@b•^a•Eˆê•@axis•@ratio•@less•@than•@O•D55•@have•@the

strongest•@fabric•D•@This•@result•@indicates•@that•@c•^b•|axis•@ratio•@has

little•@effect•@on•@its•@fabrics•C•@and•@clasts•@with•@a•@lenger•@a•|axis

length•@have•@probably•@stronger•@fabrics•D

•@•@•@•@•@When•@the•@changes•@in•@each•@fabric•@strength•@of•@clasts•@with•@the

same•@shape•@are•@analyzed•@against•@a•|axis•@length•C•@clasts•@of•@Blade•@or
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NpmJNeeee•|ueg•|m1•Cˆêee•C•h•C•C•h•C•C•C•C1•C•Cp•C•C•De1ˆêN•|JeJeˆê•Ce•|pt•E•h•E•Eˆêˆê•Eˆêˆêˆê

n•D•D•E

Rod•@type•@have•@a•@stronger•@fabric•@than•@those•@of•@Disc•@or•@Sphere•@type

in•@a•@range•@of•@shorter•@aˆêˆêaxis•@length•D•@On•@the•@other•@hand•C•@fabric

strength•@of•@each•@clast•@shape•@are•@closely•@gimilar•@to•@each•@other•@in

a•@range•@of•@ionger•@a•|axis•@length•D•@Taking•@these•@results•@into•@conˆêˆê

sideration•C•@azimuths•@and•@dips•@of•@a•|axis•@of•@clasts•@with•@longer•@one

have•@to•@be•@measured•@in•@order•@to•@gain•@a•@stronger•@fabric•@in

periglacial•@slope•@deposits•D•@Clasts•@with•@b•^aˆêˆêaxis•@ratio•@less•@than

O•C55•@might•@be•@added•@under•@the•@condition•@with•@much•@investigating

time•D
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IV•D•@MACRO•@FABRICS•@OF•@SLOPE•@DEPOSITS

IV•|1•D•@Macro•@Fabrics•@of•@Periglacial•@Slope•@Deposits

•@•@•@•@Figure•@15•@shows•@all•@V•DMg•D•i•“•j•@data•@of•@slope•@deposits•@which

have•@been•@reported•@before•C•@Straight•@lines•@and•@solid•@circles•@in•|

dicate•@the•@range•@of•@V•DMg•D•@and•@the•@mean•@value•@of•@V•D•@Mg•D•C•@respec•|

tively•D•@Numbers•@1•@to•@15•@on•@the•@right•|hand•@site•@of•@each•@straight

line•@correspond•@to•@a•@reference•@which•@is•@mentioned•@in•@beliow•F

•@•@•@•@•@1•F•@Original•@data•@are•@from•@McArthur•@•i1981•D•j•F•@Fogsil•@perigia•|

cial•@slope•@deposits•C•@which•@were•@probably•@transported•@in•@the•@late

Pleistocene•@along•@the•@upper•@Derwent•@Valley•@in•@the•@Southern•@Pen•|

nines•C•@England•D•@These•@deposits•C•@which•@were•@resulted•@from•@the•@con•|

gelifractates•@from•@the•@retreating•@sandstone•@escarpments•C•@appeared

to•@have•@been•@accumulated•@on•@the•@terraceg•@along•@the•@Derwent•@Val•|

ley•D•@Thirty•|five•@to•@ferty•@clasts•@were•@measured•@at•@4•@sites•D•@V•DSt•D

ranging•@from•@63•C3•@to•@71•C2•@•imean•@value•F•@67•C8•j•C•@1•@transforined•@them

to•@V•DMg•D•@by•@regression•@equation•@shown•@in•@Figure•@1•D•@lt•@ranges

from•@44•D9•@to•@86•D3•@•imean•@value•F•@80•D0•G•@standard•@deviation•F•@4•D73•j•D

•@•@•@•@•@2•F•@Original•@data•@are•@from•@Thomas•@•i1967•j•D•@Thirty•|three•@to

sixty•@clasts•@were•@measured•@at•@4•@sites•@of•@solifluction•@lobe•@in

Keswick•C•@Cumbria•D•@V•DSt•D•C•@ranging•@frorn•@37•D6•@to•@76•D7•@•imean•@value•F

57•D7•j•C•@1•@transformed•@them•@to•@V•EMg•D•@by•@regression•@equation•@shown

in•@Figure•@1•D•@lt•@ranges•@from•@45•D1•@te•@90•D4•@•imean•@vaiue•F•@68•D4•G

standard•@deviation•F•@18•D95•je

•@•@•@•@•@3•F•@Originai•@data•@are•@from•@Yamamoto•@•i1987•j•D•@Over•@70•@clasts

were•@measured•@at•@14•@sites•@of•@the•@fossil•@periglacial•@slope

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@23
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depositg•@which•@developed•@behind•@the•@fluvial•@terraces•@around•@Mt•D

syokanbetsudake•C•@Hokkaido•D•@V•DSt•D•C•@ranging•@from•@55•D4•@to•@81•D4•@•imean

value•F•@68•D8•j•C•@1•@transformed•@them•@to•@V•DMg•C•@by•@regression•@equation

shown•@in•@Figure•@1•D•@lt•@ranges•@from•@65•D7•@to•@95•D8•@•imean•@value•F

81•D2•G•@standard•@deviation•F•@9•D02•j•D

•@•@•@•@•@4•F•@Originai•@data•@were•@from•@Watson•@•i1969•j•D•@Fossil•@periglacial

slope•@depositg•C•@which•@were•@probably•@transported•@in•@the•@late

Divensian•C•@in•@the•@Nant•@lago•@Valley•C•@Centrai•@Waies•D•@These

deposits•C•@which•@were•@cornposed•@of•@coarse•@gravelly•@head•@with•@1•|6•@m

thick•C•@appeared•@to•@have•@accurnulated•@on•@the•@terraces•@along•@the

Nant•@lago•@Valley•D•@Fifty•@to•@one•@hundred•@clasts•@of•@head•@deposits

were•@measured•@at•@6•@sites•D•@V•DMg•D•@ranges•@from•@35•D3•@to•@67•D5•@•imean

value•F•@59•D2•G•@standard•@deviation•F•@9•D84•j•D

•@•@•@•@•@5•F•@Original•@data•@are•@from•@Harris•@and•@Wright•@•i1980•j•D•@Fossil

periglacial•@slope•@deposits•C•@which•@were•@transported•@by•@solifluc•|

tion•@in•@the•@late•@Devensian•C•@at•@Pontypridd•C•@South•@Wales•D•@The•@num•|

ber•@of•@measuring•@sites•@were•@6•C•@and•@the•@number•@of•@observed•@clasts

were•@not•@described•C•@V•DMg•D•@ranges•@from•@35•D3•@to•@67•D5•@•imean•@value•F

57•D3•G•@standard•@deviation•F•@12•D08•j•D

•@•@•@•@•@6•F•@Original•@data•@are•@from•@Willson•@•i1981•j•D•@Fifty•@clasts•@with

length•@of•@a•|axis•@ranging•@from•@2•@crn•@to•@12•@cm•@were•@measured•@at•@8

sites•@of•@solifluction•@lobes•@at•@Edale•C•@North•@Derbyshire•D•@The

lobes•C•@which•@were•@composed•@mainly•@of•@silt•C•@lie•@on•@the•@terraces

along•@the•@Edale•@River•C•@V•DMg•D•@ranges•@from•@46•D5•@to•@85•D7•@•irnean

value•F•@62•D8•G•@gtandard•@deviation•F•@13•D46•j•D

•@•@•@•@•@7•F•@Original•@data•@are•@frorn•@Shakesby•@•i1981•j•D•@Fossil•@perigla•|

cial•@slope•@deposits•C•@which•@were•@probably•@transported•@mainly
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•¡Œ—•y•D

during•@the•@Loch•@Lornond•@Stadial•@•icorresponding•@to•@Younger•@Dryas

stadial•j•C•@near•@Woolhope•@in•@the•@south•@Wales•D•@The•@deposits•@were

composed•@of•@sediment•@with•@1•D5•@m•@thick•@comprising•@Silurian•@rock

fragments•@in•@a•@fine•@matrix•D•@Fifty•@clasts•@with•@elongate•@shape•@were

measured•@at•@4•@sites•@except•@ML•@site•@and•@LL•@site•D•@V•DMg•D•@ranges

from•@55•D2•@to•@75•D0•@•irnean•@value•F•@65•D0•G•@standard•@deviation•F•@10•D32•j•D

•@•@•@•@•@8•F•@Original•@data•@are•@from•@Watson•C•@E•D•@and•@S•D•i1967•je•@Fossil

periglacial•@slope•@deposits•C•@which•@were•@the•@deposits•@of•@the•@Last

Glaciai•@age•C•@at•@Morfa•|Bychan•C•@near•@Aberystwyth•D•@The•@deposits•@were

composed•@of•@coarse•@gravelly•@head•@with•@1•|4•@m•@thick•D•@Fifty•@clasts
•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@‚µ

with•@a•^b•|axis•@ratio•@showing•@the•@value•@of•@over•@1•D5•@were•@measured

at•@27•@sites•D•@V•DMg•D•@ranges•@from•@44•D9•@to•@93•D7•@•irnean•@vaiue•F•@68•D7•G

standard•@deviation•F•@12•D95•je

•@•@•@•@•@Figure•@16•@illustrates•@the•@logarithrnic•@ratio•@plot•@of•@eigen

values•@from•@various•@types•@of•@deposits•@described•@above•D•@Solifluc•|

tion•@deposits•@in•@this•@figure•@are•@originated•@from•@the•@data•@of•@Nei•|

son•@•i1985•j•C•@which•@are•@briefly•@summarized•@below•F

•@•@•@•@•@Fifty•@clasts•@with•@length•@of•@a•|axis•@ranging•@from•@10•@cm•@to•@35

cm•@and•@a•^b•|axis•@ratio•@showing•@the•@value•@of•@over•@2•@were•@measured

in•@10•@cm•@ˆê•@40•@cm•@depth•@from•@the•@surface•@at•@eight•@solifluction

lobes•@on•@the•@north•|facing•@side•@slope•@of•@a•@cryoplanation•@terrace

near•@Eagie•@Summit•C•@Alaska•D•@The•@lobes•@lie•@at•@an•@elevation•@between

1•C100•@and•@1•C200•@m•@a•Cs•C1•D•G•@late•|lying•@snowbanks•@up•|slope•@provided

moisture•@for•@mass•@movement•D•@Except•@for•@srnall•@Pleistocene•@cirque

glaciers•C•@the•@area•@had•@not•@been•@glaciated•D•@The•@lobes•@are•@composed

predominantly•@of•@silt•C•@but•@contain•@nurnerous•@angular•@cobbles•@and

blocks•@derived•@from•@the•@underlying•@schigt•D•@Sl•@ranges•@from•@O•D811
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to•@O•D971•@•imean•@value•F•@O•D905•G•@standard•@deviation•F•@O•D056•j•G•@C

ranges•@from•@2•D539•@to•@4•D480•@•imean•@vaiue•F•@3•D604•G•@standard

deviation•F•@O•@e•@588•j•G•@and•@K•@ranges•@from•@1•C345•@to•@8•D097•@•imean•@value•F

4•D430•G•@standard•@deviation•F•@2•C540•j•D

IV•@ˆê2•D•@Macro•@Fabrics•@of•@Non•|Periglacial•@Slope•@Deposits

•@•@•@•@•@Numbers•@9•@to•@11•@shown•@in•@Figure•@15•@correspond•@to•@the•@data•@of

non•|periglacial•@slope•@deposits•F

•@•@•@•@•@9•F•@Original•@data•@are•@from•@Mills•i1984•j•D•D•@Volcanic•@mudfiow

deposits•C•@which•@were•@resulted•@from•@the•@18•@May•@1980•@Mount•@St•D

Helens•@avalanche•@and•@eruption•C•@along•@the•@North•@Fork•@of•@the•@Toutle

River•C•@Washington•D•@Most•@deposits•@were•@no•@more•@than•@several•@meters

thick•C•@and•@were•@composed•@of•@subangular•@pebble•@and•@cobble•@gravel

with•@abundant•@silt•@and•@clay•@in•@matrix•C•@Twentyˆêˆêfive•@to•@fifty

ciasts•@with•@alb•|axis•@ratio•@showing•@the•@value•@of•@over•@1•D5•@were

measured•@at•@11•@sites•D•@V•DMg•D•@ranges•@from•@9•D8•@to•@64•D1•@•imean•@value•F

36•D8•G•@standard•@deviation•F•@19•D68•j•D

•@•@•@•@•@le•F•@Original•@data•@are•@from•@Mills•@•i1983•j•C•@Clast•@fabrics•@of

soil•@creep•@deposits•C•@which•@were•@transported•@under•@the•@non•|

periglacial•@environment•@in•@the•@Last•@Glaeial•@age•C•@were•@measured•@in

the•@upper•@20•@cm•@of•@soil•@on•@forested•@hiil•@Blopes•@in•@Giles•@County•C

Virginia•D•@The•@major•@bedrock•@formations•@underlying•@the•@measuring

sites•@were•@hematite•|cemented•@sandstone•@in•@Silurian•@and•@siiica•|

cemented•@orthoquartzite•@in•@Ordovician•D•@At•@rneasuring•@gites•@the

percentage•@of•@silt•@and•@clay•@in•@the•@less•@than•@2•@mm•@fraction•@varied

only•@from•@40•@to•@68•“•D•@Twenty•|five•@or•@fifty•@clasts•@with•@both•@a•^b•f

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@26
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•hF•h

axis•@ratio•@showing•@the•@value•@of•@over•@1•D5•@and•@length•@of•@a•|axis

ranging•@from•@2•@cm•@to•@10•@cm•@were•@measured•@at•@16•@sites•D•@V•DMg•D

ranges•@from•@12•D4•@to•@63•D7•@•imean•@value•F•@35•D6•G•@standard•@deviation•F

13•C10•j•D

•@•@•@•@•@11•F•@Original•@data•@are•@from•@Mills•@•i1986•j•D•@Alluvial•@fan

deposits•@•qpiedomont•|cove•j•C•@which•@were•@widespread•@along•@the•@pied•|

mont•@slopes•@in•@the•@Great•@Smoky•@Mountains•C•@southern•@Appalachian

Mountains•D•@The•@deposits•C•@which•@were•@composed•@largely•@of•@bouldery

diamictons•@lacking•@sorting•@and•@stratification•C•@spread•@near•@the

mouth•@ef•@firstˆêˆê•@•Zr•@second•|order•@stream•@valley•D•D•@Twenty•|five•@or

fifty•@clasts•@with•@both•@a•^b•|axis•@ratio•@showing•@the•@value•@of•@over

1•D5•@and•@length•@of•@a•|axis•@ranging•@from•@2•@cm•@to•@15•@cm•@were•@measured

at•@11•@sites•D•@V•DMg•D•@ranges•@from•@18•D5•@to•@31•D9•@•imean•@value•@•F24•D5•G

standard•@deviation•F•@5•D56•j•D

•@•@•@•@•@Non•|periglacial•@slope•@deposits•C•@that•@is•C•@soil•@creep•@and

sediment•@flow•@deposits•C•@meltou•Ct•@till•C•@basai•@ice•@and•@talus

deposits•@shown•@in•@Figure•@16•@were•@derived•@from•@data•@of•@the•@foilowˆêˆê

ing•@dissertations•C•@Their•@measuring•@methods•@and•@resuits•@are•@as

follows•F

•@•@•@•@•@Soil•@creep•@deposits•F•@Original•@data•@are•@from•@Mils•@•g983•j•D

Measuring•@methods•@are•@the•@same•@as•@those•@mentioned•@in•@the•@section

V•DMg•D•D•@Sl•@ranges•@from•@O•D484•@to•@O•D751•@•imean•@value•F•@O•D624•G•@standard

deviation•F•@O•D095•j•G•@C•@ranges•@from•@O•D904•@to•@2•D856•@•imean•@value•F

1•D662•G•@standard•@deviation•F•@O•C604•j•G•@and•@K•@ranges•@from•@O•D435•@to

2•D880•@•imean•@value•F•@1•D164•G•@standard•@deviation•F•@O•D953•je

•@•@•@•@•@Sediment•@flow•@deposits•F•@Original•@data•@are•@from•@Lawson

•i1979•j•D•@The•@deposits•C•@which•@were•@accompanied•@with•@saturated•@water
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•¡Œ—L•D•D

and•@shear•@plane•C•@and•@transported•@by•@gravity•@to•@dewnslopes•@near

the•@Matanuska•@Glacier•C•@Alaska•C•@have•@no•@relations•@to•@glacial•D

Twentyˆêˆêfive•@clasts•@with•@a•^b•|axis•@ratio•@showing•@the•@value•@of•@over

2•@and•@b•^c•|axis•@ratio•@showing•@one•@over•@1•C•@or•@a•^b•|axis•@ratio•@show•|

ing•Bne•Bver•@l•@and•@a•^c•|axis•@rati•B•@sh•Ewing•Bne•Ever•@2•E•Er•@a•^b•Ic•|

axis•@ratio•@showing•@the•@ratio•@of•@over•@3•^2•^1•@were•@rneasured•@at•@20

sites•D•@Sl•@ranges•@from•@O•D487•@to•@O•D698•@•imean•@value•F•@O•D567•G•@stand•|

ard•@deviation•F•@O•D052•j•G•@C•@ranges•@from•@O•D808•@to•@2•D309•@•imean•@value•F

1•D539•G•@standard•@deviation•F•@O•D388•j•G•@and•@K•@ranges•@from•@O•D210•@to

3•D627•@•imean•@value•F•@O•D899•G•@standard•@deviation•F•@P•D795•j•D

•@•@•@•@•@Meltout•@till•F•@Original•@data•@are•@from•@Lawson•@•i1977•j•D•@Measurˆêˆê

ing•@metheds•@are•@the•@same•@as•@those•@of•@sediment•@fiow•@deposits•@men•|

tioned•@above•C•@and•@the•@measuring•@was•@done•@in•@7•@sites•@near•@the

Matanuska•@Glacier•@except•@fer•@No•D•@41072•C•@for•@the•@reason•@that•@S3

shows•@an•@impossible•@value•@theoretically•D•@Sl•@ranges•@from•@O•D748•@to

O•C887•@•imean•@vaiue•F•@O•C882•G•@standard•@deviation•F•@O•D052•j•G•@U•@ranges

from•@2•D603•@to•@3•D727•@•qmean•@value•F•@3•D276•G•@standard•@deviation•F

O•D362•j•G•@and•@K•@ranges•@from•@O•D210•@to•@3•D627•@•imean•@value•F•@O•D889•G

standard•@deviation•F•@O•D795•j•D

•@•@•@•@•@Basal•@ice•@deposits•F•@Original•@data•@are•@frem•@Lawson•@•i1977•j•D•@38

samples•@were•@obtained•@at•@17•@sites•@of•@the•@Matanuska•@Glacier•D

Measuring•@methods•@are•@the•@same•@as•@sediment•@flow•@deposits•@menˆêˆê

tioned•@above•D•@Sl•@ranges•@from•@O•D743•@to•@O•D963•@•imean•@value•F•@O•C879•G

standard•@deviation•F•@O•D062•j•G•@C•@ranges•@from•@2•C016•@to•@6•D203•@•irnean

value•F•@3•D332•G•@standard•@deviation•F•@O•D837•j•G•@and•@K•@ranges•@from

O•C810•@to•@25•D961•@•imean•@value•F•@5•D704•G•@standard•@deviation•F•@5•D732•j•D

•@•@•@•@•@Mudflow•@deposits•F•@Original•@data•@are•@from•@Miils•@•i1984•G•@1986•j•D

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@28
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Measuring•@methods•@are•@the•@same•@as•@those•@mentioned•@in•@the•@section

v•DMg•D•D•@Measuring•@was•@done•@at•@22•@sites•D•@Sl•@ranges•@froin•@O•D438•@to

O•D729•@•imean•@vaiue•F•@O•D556•G•@standard•@deviation•F•@O•D079•j•G•@C•@ranges

from•@O•D561•@to•@2•D402•@•imean•@value•F•@1•D453•G•@standard•@deviation•F

O•D455•j•G•@and•@K•@ranges•@from•@O•C255•@to•@6•D755•@•imean•@value•F•@1•C252•G

standard•@deviation•F•@1•D467•j•C

•@•@•@•@•@Talus•@deposits•F•@Original•@datum•@is•@from•@Takada•@•i1987•j•C•@and

the•@other•@is•@from•@Giardino•@and•@Vitek•@•i1985•j•D•@The•@former•@measured

50•@to•@100•@clasts•@with•@a•^b•|axis•@ratio•@showing•@the•@value•@of•@over

1•D5•@in•@the•@Mikuni•@Mountains•D•@Sl•@equals•@to•@O•D561•C•@C•@equals•@to

2•C187•@and•@K•@equals•@to•@O•D224•D•@The•@latter•@measured•@100•@clasts

with•@both•@a•^b•|axis•@ratio•@showing•@the•@value•@of•@over•@2•@and•@iength

of•@a•Eˆêaxis•@showing•@those•@of•@over•@10•@cm•@in•@1•@m•@depth•@from•@the•@sur•|

face•@area•@of•@1•|2•@nt•@of•@talus•@in•@Mt•D•@Mestas•C•@Colorado•C•@Sl•@equals

to•@O•D553•C•@C•@equals•@to•@2•D124•@and•@K•@equals•@to•@O•D171•D

IV•|2•D•@Discussion•@and•@Conclusion

•@•@•@•@The•@range•@of•@V•DMg•D•@of•@the•@solifluction•@deposits•@and•@that•@of

non•|periglacial•@deposits•@are•@overlapped•@each•@other•@•iFigure•@15•j•D

This•@regult•@suggests•@that•C•@although•@it•@is•@difficult•@to•@recognize

periglacial•@slope•@deposits•@only•@by•@means•@of•@an•@analysis•@of

V•DMg•D•C•@the•@mean•@values•@of•@V•DMg•D•@is•@usefui•@the•@separation•@of•@the

periglaeial•@and•@non•|periglacial•@slope•@deposits•D•@However•C•@the

lowest•@value•@of•@the•@means•@of•@V•DMg•D•@in•@solifluction•@deposits•@shows

57•D3•“•C•@while•@the•@highest•@vaiue•@of•@those•@in•@non•|periglacia1
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deposits•@shows•@36•D8•“•D•@Thus•@we•@recognize•@that•@the•@two•@values•@men•|

tioned•@above•@have•@difference•@of•@about•@20•“•D

•@•@•@•@•@Furthermore•C•@Table•@10•@shows•@the•@interval•@estimates•@of•@V•DMg•D

population•@mean•@for•@both•@solifluction•@deposits•@and•@non•|

periglacial•@deposits•D•@1t•@is•@recognized•@that•@not•@all•@of•@interval

estimates•@at•@95•“•@confidence•@interval•@show•@overlaps•D•@Table•@11

shows•@results•@of•@Welch•fs•@statistical•@test•@which•@is•@to•@test•@the

difference•@among•@population•@means•@of•@V•CMg•D•@for•@cases•@recognized

overlaps•@of•@interval•@estimates•@at•@95•“•@confidence•@interval•@listed

on•@Table•@10•D•@The•@null•@hypothesis•C•@that•@is•C•@no•D•@significance•@dif•|

ference•@was•@rejected•@in•@each•@statistical•@test•C•@This•@result•@indi•|

cates•@that•@solifluction•@deposits•@have•@higher•@V•DMg•D•@than•@non•|

periglacial•@slope•@deposits•D

•@•@•@•@•@This•@characteristics•@is•@in•@accordance•@with•@those•@based•@on

results•@of•@distribution•@of•@logarithntc•@ratio•@plot•@of•@eigen•@values

both•@of•@solifluction•@deposits•@and•@non•|periglacial•@slope•@deposits

shown•@in•@Figure•@16•C•@Plots•@of•@soil•@creep•C•@sediment•@flow•C•@mudflow

and•@taius•@deposits•@indicate•@low•@values•@both•@ef•@C•@and•@K•@compared

with•@solifiuction•@deposits•D•@This•@result•@leads•@to•@the•@conclusion

that•@•i1•j•@the•@fabrics•@of•@solifiuction•@deposit•••@exeept•@glacial

deposits•@have•@a•@higher•@C•@value•@than•@the•@deposits•@formed•@under

different•@environments•G•@•q2•j•@the•@solifluction•@deposits•@are•@plotted

in•@a•@zone•@with•@C•@ranging•@over•@about•@2•D5•C•@and•@K•@ranging•@over•@about

1•D3•@by•@the•@logarithmic•@ratio•@plot•G•@and•@finally•C•@•i3•j•@it•@is•@there•|

fore•@possible•@to•@distinguish•@solifluction•@deposits•@from•@non•Eˆê

periglacial•@slope•@deposits•@by•@means•@of•@logarithmic•@ratio•@plot•D
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aˆêˆêˆêˆê•Cˆêˆê•Dˆêˆêˆêˆê•C•Dˆêˆêˆêbˆêˆêˆêˆêˆêˆê

Part•@II•@QUANTITATIVE

•@•@•@•@•@•@•@MOVEMENT•@OF

•@•@•@•@•@•@•@MOUNTAINS

•@•@CHARACTERISTICS•@AND•@PERIODS•@OF•@MASS

PERIGLACIAL•@SLOPE•@DEPOSITS•@1N•@THE•@HIDAKA

v•E REGIONAL•@SETTINGS•@OF•@STUDY•@AREA

V•@ˆêˆê1•D Introduction

•@•@•@•@The•@study•@area•@occupies•@the•@northern•@part•@of•@the•@Hidaka

Mountains•@which•@forms•@the•@backbone•@range•@of•@•CHokkaido•D•@The•@Range

trends•@in•@north•|south•@direction•@between•@the•@Cape•@Erimo•@in•@the

south•@and•@Mt•D•@Sahorodake•@•i1•C059•@m•@a•Ds•D1•D•C•@Photo•@2•j•@in•@the•@north•C

about•@250•@km•@apart•C•@The•@study•@area•@covers•@the•@eastern•@slope•@of

the•@Range•C•@stretching•@from•@Mt•D•@Sahorodake•@in•@the•@nerthern•@mar•|

gin•C•@through•@the•@Karikachi•@Pass•@•i644•@m•@a•Ds•Di•D•j•C•@Mt•C•@Odassyu

•i1•C097•@m•@a•Ds•D1•D•C•@Photo•@3•j•C•@the•@Nissho•@Pass•@•i1•C106•@m•@a•Ds•D1•D•C•@Photo

4•j•C•@Mt•D•@Pekerebetsudake•@•i1•C532•@m•@a•Ds•D1•D•C•@Photo•@5•j•@and•@Mt•D

Memurodake•@•i1•C753•@m•@a•Ds•D1•D•j•C•@to•@Mt•D•@Tsurugi•@•i1•C205•@m•@a•Ds•D1•C•j•@in

the•@southern•@margin•C

•@•@•@•@•@Three•@years•@•i1944•|1946•j•@weather•@record•@at•@the•@top•@of•@Mt•D

Sahorodake•@•i1•C053•@m•@a•Ds•D1•D•j•C•@located•@in•@the•@north•@margin•@of•@study

area•C•@gives•@the•@mean•@annuai•@ternperature•@of•@O•D4•@OC•@•C•@and•@the•@mean

Janua’¬and•@July•@temperature•Cˆê14•D3•Žand•@14•DO•@oC•Crespectively

•iAsai•@et•@al•C•C•@1986•j•D•@The•@mean•@annuai•@temperature•@and•@the•@mean•@an•f

nual•@precipitation•@meagured•@at•@the•@meteorological•@observatory•@of

Shintoku•@•i178•@m•@a•Ds•D1•D•j•C•@near•@Mt•D•@Shintoku•@•i•@455•@rn•@a•Cs•Di•D•j•@in•@the

Study•@area•C•@are•@7•D0•@OC•@and•@1•C144•@mm•@between•@1966•|1975•C•@respec•g•h
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’u•D

tively•D•@The•@mean•@January•@and•@July•@temperature•@are•@ˆê6•D5•@•gC•@and

19•C6•@eC•@between•@1966•|1975•D•@Precipitation•@is•@distributed•@rela•|

tively•@uniformly•@throughout•@the•@year•D•@The•@mean•@maximum•@s•@now•@depth

is•@57•@cm•@in•@January•C•@85•@cm•@in•@February•@and•@78•@cm•@in•@March•@between

1966ˆêˆê1975•@•iThe•@Ministry•@of•@Agriculture•@and•@Forestry•@and•@The

Meteorological•@Agency•C•@1978•j•D

•@•@•@•@According•@to•@Tsujii•@and•@Miki•@•i1988•j•C•@the•@naturai•@vegetation

of•@Mt•D•@Sahorodake•@mainly•@involves•@subalpine•@and•@montane•@beltg•C

Subalpine•@belt•@occupies•@a•@comparatively•@narrow•@area•@above•@950•@m

a•Ds•D1•D•C•@and•@consists•@of•@ptt•@umila•@spreading•@only•@on•@the•@ridge

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@mountain•@s•@l•@o•@p•@e•@s•C•@llld•ots•|eˆêˆê1ˆêsUsl•p•DsE•D2•Dss•@a•@k•@u•@r•@i•@l•@e•@n•@s•@i•@s

and•@north•|

covering•@a

facing•@mountain•@slopes•C

ermanii•@forest•D

titude•@is•@exp1ained•@by

prevailing•@wind•@in•@wj

•@•@•@•@•@Montane•@belt

a•Ds•D1•D•C

communities•D

and•@west•|facing

comparativeiy•@wide•@area•@around

•@•@•@•@•@•@•@•@•@•@•@Alnus•@maximowic•hz•|iLi

•@•@•@•@•@•@•@The•@distribution•@of•@•D•It2M31•o2•DRYIRS2•g2UMila•@tO

•@•@•@•@•@•@•@•@•@•@•@•@•@•@the•@effect•@of•@the

•@•@•@•@•@•@•@in•@winter•D

•@•@•@•@•@•@•@•@•@•@•@occupies•@an•@area•@between•@550•@m•@and•@950•@m

and•@c•@o•@n•@s•@i•@s•@t•@s•@m•@a•@i•@n•@l•@y•@o•@f•@Petpa•I•I•Dg•|e1z1•I1g•I12•|lt•@u•@l•@a•@e•@r•@m•@a•@n•@i•@i•@and•@11j11•F2s2g•|2sLas2sRE•D1•@fic•@e•@a•@j•@e•@z•@o•@e•@n•@S•@i•@S

•@•@the•@southˆêˆê•@and•@east•|

communities•@and—H
•@•@•@•@•@•@•@•@•@the•@lower•@al•|

strong•@north•|westerly

V•@ˆê2•D Topography•@and•@Geology

•@•@•@•@Eastern•@slopes•@of•@the•@Northern•@Hidaka•@Mountains•@is•@chosen

for•@the•@study•@area•D•@Firstly•@because•@the•@•h•@fosgil•@periglacial

slopes•@•h•@have•@been•@wideiy•@recognized•@there•C•@and•@secondary•@because

that•@part•@of•@the•@Hidaka•@Mountains•@is•@composed•@of•@different•@rock
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ˆê•D

types•D
•@•@•@•@Figure•@17•@is•@a•@map•@of•@the•@study•@area•C•@indicating•@also•@the

geology•@and•@localities•@for•@the•@collection•@of•@sedimentological

data•D•@The•@study•@area•@is•@composed•@of•@•i1•j•@the•@mountain•@slopes•@of

Northern•@Hidaka•@Mountains•C•@stretching•@from•@north•@to•@south•@with

altitude•@ranging•@from•@600•@m•@to•@1•C600•@rn•@a•Cs•D1•D•C•@•i2•j•@gentle•@piedˆêˆê

mont•@slopes•@bellow•@600•@m•@a•Ds•D1•D•C•@on•@which•@many•@tributaries•@of

the•@Sahoro•@River•@flows•@in•@direction•@from•@southwest•@to•@northeast•C

and•@•i3•j•@several•@isolated•@hills•@dominating•@the•@piedmont•@slopes•D

•@•@•@•@•@Eastern•@slopes•@of•@the•@Hidaka•@Mountains•@qre•@composed•@both•@of

metamorphic•@and•@plutonic•@rocks•@such•@ag•@hornfels•C•@migmatite•C

granite•@and•@gabbro•D•@Hills•@are•@chiefly•@cornposed•@of•@hornfels•@and

shale•@•iThe•@Hidaka•@Group•j•D•@Hornfels•@has•@a•@well•|deveioped•@schis•|

tosity•@along•@the•@contact•@with•@granitic•@rocks•D•@Ail•@of•@thege•@rocks

are•@formed•@in•@the•@Pre•|cretaceous•@period•@•iHashimoto•C•@1954•C•@1971•G

Konoya•@et•@al•D•C•@1969•„•D

•@•@•@•@•@Mountain•@slopes•@of•@the•@Hidaka•@Mountains•@are•@widely•@covered

by•@solifluction•@deposits•D•@They•@are•@poorly•@dissected•@and•@dengely

covered•@with•@Sasa•@•iswale•@barnboo•j•D•@Such•@properties•@give•@them•@the

smooŽµhness•@and•@many•@author•@have•@regarded•@them•@as•@tt•@fos8il

periglacial•@slopes•@•h•@•iOno•@and•@Hirakawa•C•@1975•G•@Hirakawa•C•@1976•C

•@1977•G•@Yamamoto•C•@1989a•C•@1990•j•D

•@•@•@•@•@The•@author•@restricts•@the•@present•@gtudy•@only•@to•@the•@slopes

•@composed•@of•@granitic•@rocks•C•@hornfels•@and•@shale•@which•@are•@rich•@in

•@many•@exposures•@compared•@with•@other•@rock•@areas•D

•@•@•@•@•@Up•@to•@now•C•@oniy•@few•@studies•@have•@been•@done•@to•@evaluate•@the

effect•@of•@the•@basement•@rocks•@on•@the•@developnpent•@of•@periglacia1
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rt•@t•@•^•D•D•D•D•Dte•Dttt•Dt•D•^ˆê•D•D•D

R
•f•@•D

slopes•D•@For•@example•C•@Shirnizu•@•i1983•j•@indicated•@in•@the•@Chichibu

Mountains•C•@Central•@Honshu•C•@that•@the•@inactive•@block•@fieid•@develops

in•@a•@different•@manner•@in•@granite•@and•@sedirnentary•@rock•@areas

respectiveiy•D•@The•@present•@study•@area•@which•@includes•@mountain

slopes•@composed•@of•@granite•C•@hornfels•@and•@shale•C•@is•@favorable•@for

the•@examination•@of•@effects•@of•@rock•@types•@on•@the•@periglacial•@slope

formation•D

‚µ
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VI•D•@MEASURING•@METHODS•@OF•@THE•@PERIGLACIAL•@SLOPE•@DEPOSITS

VI•@ˆê•E1•D•@Macro•@Fabrics•@of•@Slope•@Deposits

•@•@•@•@Azirnuth•@and•@dip•@of•@aˆêˆêaxis•@of•@clasts•@were•@measured•@at•@34

sites•@of•@different•@reck•@types•@as•@indicated•@in•@Figure•@17•D•@Macro

fabrics•@were•@measured•@in•@different•@layers•@separated•@by•@tephra

layers•@in•@many•@sites•C•@therefore•C•@a•@total•@of•@59•@data•@are•@obtained•D

•@•@•@•@•@Table•@12•@shows•@a•@relationghip•@between•@length•@of•@aˆêˆêaxis•@and

fabrics•@at•@two•@locations•F•@Loc•D42•@in•@granite•C•@area•@and•@Loc•D30•@in

shale•@area•@shown•@in•@Figure•@17•D•@ln•@each•@class•@which•@is•@separated

by•@a•|axis•@length•C•@50•@clasts•@were•@measured•C•@Totally•C•@150•@clasts

were•@measured•@for•@the•@class•@with•@aˆêˆêaxis•@longer•@than•@8•@cm•@in•@Loc•D

42•D•@Table•@12•@reveals•@that•@clasts•@with•@longer•@aˆêˆêaxis•@show•@a

higher•@V•DMg•C•@and•@thus•@a•@less•@deviation•@frorn•@the•@direction•@of

maximum•@dip•@of•@each•@slope•@compared•@with•@those•@with•@a•@shorter•@one•D

•@•@•@•@•@These•@results•@agree•@well•@with•@the•@idea•@mentioned•@in•@the•@sec•|

tion•@M•|3•|1•F•@the•@azimuths•@and•@dips•@of•@a•|axis•@of•@clasts•@with•@a

longer•@one•@have•@to•@be•@measured•@in•@order•@to•@gain•@a•@stronger•@fabric

in•@periglacial•@slope•@deposits•C•@ln•@the•@present•@study•C•@clasts•@with

iength•@of•@a•|axis•@at•@least•@8•@cm•@long•@were•@selected•@for•@measure•|

ment•C•@under•@the•@assurnption•@that•@elasts•@with•@length•@o•’•@a•|axis•@over

•@8•@cm•@show•@the•@fully•@strong•@fabrics•D

•@•@•@•@•@•@In•@similar•@way•C•@fabries•@of•@fan•@deposits•@were•@measured•@at•@7

•@sites•@by•@the•@same•@rnethods•@mentioned•@above•@in•@order•@to•@cornpare

•@with•@those•@of•@mountain•@slope•@deposits•D
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VI•@ˆêˆê2•D•@Grain•@Size•@Distribution•@of•@Slope•@Deposits

•@•@•@•@Grain•@size•@distributions•@were•@measured•@at•@34•@sites•@in•@the

study•@siopes•D•@Slope•@deposits•@in•@the•@granite•@area•@are•@sampled•@from

the•@horizon•@below•@Ta•|d•@pumice•@and•@those•@of•@hornfels•@and•@shale•@are

below•@To•|c2•@pumice•D•@Sarnpie•@was•@collected•@from•@a•@nearly•@vertical

section•@with•@2•@m•@•~•@4•@m•@in•@each•@exposure•C•@and•@the•@mean•@and•@standˆêˆê

ard•@deviation•@of•@the•@mean•@particle•@size•C•@the•@skewness•C•@the•@sort•|

ing•@and•@the•@kurtosis•@by•@the•@lnman•fs•@method•@are•@calculated•@from

its•@textural•@properties•@separated•@by•@all•@compo•Cnent•@and•@matrix•@one

•iˆêˆê1•‘•@•q•@•j•D•@Furthermore•C•@weight•@percentage•@of•@each•@component•@such

as•@gravel•@•qˆê1•‘•r•j•C•@sand•@•ifrom•@ˆê1•‘•@to•@4•‘•@•j•C•@silt•@•ifrom•@4•‘•@to•@8

•‘•@•j•@and•@clay•@•i8•‘•@•q•@•j•@were•@calculated•@in•@each•@rock•@area•D

VIˆêˆê3•D•@Clast•@Size•@and•@Shape•@of•@Slope•@Deposits

•@•@•@•@•@Average•@length•@of•@long•@axis•@of•@the•@20•@largest•@clagts•@•iwe

will•@abbreviate•@this•@•h•@Av•DM•DA•C•@•h•j•C•@average•@length•@of•@long•@axis•@of

clastg•@•iwe•@will•@abbreviate•@this•@•h•@Av•CA•D•@•h•j•C•@roundness•@of•@clasts•C

and•@the•@average•@ratio•@of•@bˆêˆêaxis•@length•@against•@a•|axis•@length•@of

•@clasts•@and•@that•@of•@c•|axis•@against•@bˆêˆêaxis•@•iwe•@will•@abbreviate

•@them•@•h•@b•^a•@•h•@and•@•h•@c•^b•@•h•@respectively•j•@were•@measured•@in•@the•@same

•@horizong•@mentioned•@in•@the•@section•@VI•@ˆê2•@in•@order•@to•@describe•@cZast

•@size•@and•@shape•@of•@slope•@deposits•D

•@•@•@•@•@Av•DM•DA•D•@is•@defined•@as•@an•@average•@length•@of•@long•@axis•@of•@the

•@20•@largest•@clasts•@measured•@in•@order•@of•@size•@in•@a•@nearly•@verticai

•@section•@with•@2m•@•~•@4m•@at•@each•@expogure•C•@and•@alse•@Av•DA•D•@is•@defined
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as•@average•@length•@of•@long•@axis•@of•@50•@claBts•@with•@a•@long•@axis•@of

at•@least•@longer•@than•@2•@cm•@in•@the•@same•@sections•@mentioned•@above•D

The•@parameters•@b•^a•@and•@c•^b•@are•@defined•@as•@average•@ratio•@of•@50

clasts•@in•@the•@same•@sections•C•@and•@roundness•@measured•@by•@Cailleux•fs

rnethod•@is•@defined•@as•@average•@one•@of•@50•@clasts•@with•@a•@long•@axis•@of

at•@least•@longer•@than•@5•@cm•@in•@the•@same•@sections•D

V–m4•D•@J•Eint•@Density•Bf•@each•@Bedr•Eck

•@•@•@•@•@Joint•@density•@is•@defined•@as•@average•@number•@of•@joints•@inter•|

secting•@a•@circular•@line•@lm•@long•@on•@each•@bedrock•@surface•@by•@five

times•@measuring•D•@Joint•@density•@of•@different•@lithologic•@types•@was

measured•@at•@6•@sites•@as•@follows•F•@Locations•@44•@and•@48•@in•@granite

area•C•@Locations•@18•@and•@20•@in•@hornfels•@area•@and•@Locations•@10•@and

37•@in•@shale•@area•C•@as•@indicated•@in•@Figure•@17e

VI•@ˆê5•C•@Stratigraphy•@of•@the•@Periglacial•@Slope•@Deposits

VI•@ˆê5•|1•D•@Distribution•@and•@age•@of•@tephra•@layers•@in•@the•@study•@area

•@•@•@•@•@Using•@the•@estimated•@or•@recorded•@age•@of•@tephras•@described•@in

•@the•@previeus•@studies•@which•@gummarized•@tephrochronology•@in•@Hok•|

•@kaido•@•iTephra•@Layers•@Naming•@Comrnittee•@in•@Hokkaido•C•@1982•j•C•@now

•@Holocene•@tephra•@layers•@fell•@in•@the•@study•@area•@are•@outlined•@here•D

•@•@•@•@•@•@Figure•@18•@shows•@a•@distribution•@of•@tephra•@layers•@in•@the•@study

•@area•@and•@columnar•@sections•@at•@points•@A•@and•@B•D•@The•@Cˆêˆê14•@ages•@of

•@the•@Tarumai•@d•@pumice•@fall•@deposits•@•iTa•|d•j•@erupted•@from•@Mt•C

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@37
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Tarumai•@volcano•@are•@about•@9•C000•@y•DB•DP•C•D•@But•@there•@is•@a•@pos•|

sibility•@that•@the•@age•@of•@Ta•|d•@becornes•@slightly•@younger•@•qUmetsu•C

1987•j•D•@This•@pumice•@loeks•@reddish•|brown•C•@and•@is•@widespread•@in•@the

study•@area•C•@The•@C•|14•@ages•@of•@the•@Taruniai•@cl•@pumice•@fali•@deposits

•iTaˆêˆêcl•j•C•@which•@looks•@white•C•@also•@erupted•@from•@Mt•C•@Tarumai•@voicano

are•@about•@2•C000•@y•DB•DP•C•D•@This•@pumice•@spreads•@in•@a•@zone•@between

around•@Mt•D•@Tsurugi•@and•@the•@Nissho•@Pass•@in•@the•@study•@area•C•@and

this•@purnice•@is•@in•@accordance•@with•@named•@To•|cl•@in•@the•@Tokachi

plain•@•iKondo•@and•@Doi•C•@1986•j•D

•@•@•@•@•@Both•@of•@Tarumai•@b•@pumice•@fall•@deposits•@•qTa•|b•j•C•@fell•@in•@the

year•@1669•@A•DD•D•@and•@Tarumai•@a•@pumice•@fall•@deposits•@•iTa•|a•j•C•@fell

in•@the•@year•@1739•@A•DD•D•C•@also•@cover•@the•@southern•@part•@of•@study•@area

with•@a•@few•@centimeters•@in•@thickness•D•@Distributions•@and•@thickness

both•@of•@Ta•|a•@and•@Ta•|b•@are•@similar•@to•@those•@of•@Ta•|cl•D

•@•@•@•@•@The•@C•|14•@ages•@of•@the•@Tokachi•@c2•@pumice•@fall•@deposits•@•iTo•|

c2•j•C•@which•@looks•@white•C•@erupted•@frorn•@Mt•D•@Tokachidake•@volcano•C

about•@3•C000•@y•DB•DP•D•C•@and•@is•@widespread•@with•@more•@than•@a•@few•@ceh•|

•@timeters•@in•@thickness•@in•@the•@study•@area•D

•@•@•@•@•@Point•@A•@is•@located•@at•@appreximately•@8•@km•@southeast•@of

•@Karikachi•@Pass•C•@and•@shows•@Taˆêˆêcl•@with•@2•@cm•@thick•C•@To•|c2•@with•@10•@cm

•@thick•@and•@Ta•|d•@with•@more•@than•@8•@cm•@thick•@from•@the•@upper•@to•@the

lower•@•iPhoto•@6•j•D•@Point•@B•@is•@located•@at•@approximately•@7•@km

•@southeast•@of•@Nissho•@Pass•D•@At•@this•@point•C•@Ta•|a•C•@Ta•|b•C•@Ta•|cl•C•@To•|c2

•@and•@Ta•|d•@are•@found•@at•@depth•@of•@3•|4•@cm•C•@5ˆêˆê6•@cm•C•@17•|21•D5•@crn•C•@32•|39

•@cm•@and•@47•|60•@cm•@regpectively•D

•@•@•@•@•@These•@Holocene•@tephra•@suffered•@the•@Holocene•@pedegenesis•@and

•@formed•@the•@andsol•@•iso•|called•@Kuroboku•@soil•@in•@Japan•j•@together
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•@•@•@•@•@•@•@•@•@with•@the•@upPerm•Bst•@tephra•Ef•@the•@La8t•@G•Eac•fa•fage•Emo8tly•@between

•@•@•@•@•@•@•@•@•@7•C•B•B•By•DB•DP•D•@and•@3•C•cy•EB•EP•E•iK•End•E•C•E985•j•EThe•@pe•u•fod•Df
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•@•@•@•@•@•@•@•@•@Holocene•E

•@•@•@•@•@•@•@•@•@•@ŽXˆê5•|2•DDivisi•Bn•Ef•@the•@stages•Ef•@mass•@m•Evement•@by•@teph•ua•@laye•us

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@and•@Kuroboku•@soil

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@Figure•E9•@sh•Bws•@a•@schematic•@c•E•Eumnar•@8ecti•Bn•@8h•Bwing•@the

•@•@•@•@•@•@•@•@•@•@peri•Bds•Bf•@mass•@m•Evement•En•@m•Euntain•@s•E•Epes•@in•@the•@study•@a•uea•f

•@•@•@•@•@•@•@•@•@•@Th•ˆges•Bf•@the•@pumice•Eayers•@and•@Kur•Eb•Eku•@h•Eriz•En•@menti•Bned

•@•@•@•@•@•@•@•@•@•@ab•Bve•@a•cw•|us•@t•Ec•Eassify•@the•@f•E•cw•fPg•@f•fve•@stages•Df•@masg

•@•@•@•@•@•@•@•@•@•@movement•@on•@the•@slopes•F

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@Stage•E•FBef•Ere•@the•@fa•E•E•Bf•@Ta•|d•Fbef•Ere•@9•E000•@y•EB•EP•E•F

•@•@•@•@•@•@•@•@•@•@s1•Bpe•@dep•Esits•@are•Everlain•@by•@Ta•|d•E

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@Stage•@2•FDuring•Er•@sh•Ert•Ey•@after•@the•@fa•cfTa–•d•Ia•u•Bund

•@•@•@•@•@•@•@•@•@•@9•C•B•B•By•DB•DP•D•Fs•E•Epe•@dep•Bsit8•@are•@mixed•@with•@Ta•|d•E•Br•@a•@thi•En

•@•@•@•@•@•@•@•@•@•@slope•@depo8it•@overlies•@Ta•|d•D

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@Stage•@33•@Bef•Bre•@the•@fal•E•Ef•@T•Eˆê‰~2•Er•@Ta•|c1•Fbef•Ere•@3•E000

•@•@•@•@•@•@•@•@•@•@•@y•DB•DP•D•Br•@2•C000•@y•DB•DP•D3•@sl•Epe•@dep•E8its•@are•Everlain•@by•@To•|c20•u

•@•@•@•@•@•@•@•@•@•@•@Ta•|c1•D

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@Stage•@4•FAfter•@the•@fall•Bf•@T•Bˆê•B2•Br•@Ta•|c1•Fafter•@3•E000

•@•@•@•@•@•@•@•@•@•@•@y•DB•DP•D••r•@2•C000•@y•DB•DP•D•Gsl•Epe•@dep•E8its•@are•@interstratified•@with

•@•@•@•@•@•@•@•@•@•@•@To•|c2•@0r•@Ta•|c1•B

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@Stage•@5••After•@the•@Kur•Eb•Bku•@h•Briz•En•Fafter•@ab•Eut•@7•E000

•@•@•@•@•@•@•@•@•@•@•@y•DB•DP•C•••@slope•@deposit8•@are•@mixed•@with•@Kuroboku•@soi1•E
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vll•D•@QUANTITATIVE•@CHARACTERISTICS•@OF•@SLOPE•@DEPOSITS•@AND

•@•@•@•@•@•@•@JOINT•@DENSITY•@OF•@EACH•@BEDROCK

vfi•|1•D•@Macro•@Fabrics•@of•@Slope•@Deposits

•@•@•@•@Table•@13•@summarizes•@inacro•@fabrics•@of•@slope•@deposits•@in•@each

tephra•@horizon•@mentioned•@above•C•@and•@Table•@14•@does•@that•@of•@fan

deposits•D•@Figure•@20•@illustrates•@the•@a•|axis•@orientation•@of•@clasts

by•@rose•@diagram•@of•@both•@deposits•D•@lt•@shows•@that•@all•@slope

deposits•@have•@a•@better•@preferred•@orientation•@than•@fan•@deposits•F

V•DMg•D•@of•@slope•@deposits•@exceeds•@40•“•C•@while•@that•@of•@fan•@deposits

is•@below•@40•“•C•@This•@result•@indicates•@that•@the•@macro•@fabrics•@such

as•@V•CMg•D•@is•@useful•@enough•@to•@distinguish•@slope•@deposits•@from•@fan

deposits•@in•@the•@s•f‚µudy•@area•D

•@•@•@•@When•@we•@plots•@the•@values•@of•@V•DMg•D•@of•@slope•@and•@fan•@deposits

in•@the•@study•@area•@on•@the•@diagram•@shown•@in•@Figure•@15•C•@we•@get

Figure•@21•D

•@•@•@•@•@In•@Figure•@21•C•@nurnbers•@from•@12•@to•@14•@correspond•@te•@siope

deposits•@and•@number•@15•@is•@fan•@deposits•@in•@the•@study•@area•D•@The

sampling•@procedures•@are•@briefly•@summarized•@below•F

•@•@•@•@•@12•F•@Data•@are•@derived•@from•@slope•@deposits•@in•@the•@granite
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Loc•D16•@and•@2•C140•}•@70•@y•DB•DP•D•@•iKSU•|909•j•@in•@Loc•D26•C•@respectively•D

Thus•@these•@localities•@are•@coincide•@with•@Stage•@4•D

•@•@•@•@In•@a•@similar•@way•C•@most•@of•@localitieB•@in•@the•@shale•@area•@show

stage•@4•@•iLocs•D•@10•C•@30•C•@31•C•@34•C•@35•C•@36•C•@38•C•@41•@and•@65•j•@and•@a•@few

localities•@show•@other•@Stages•@•i1•F•@Locs•D•@66•@and•@75•G•@2•F•@Loc•C64•G•@3•F

Locs•D•@33•@and•@67•j•D

•@•@•@•@At•@Loc•D34•@on•@Mt•D•@Shintoku•C•@slope•@deposits•@were•@undercut•@by

fossil•@valleyˆêˆêfill•@sediment•C•@which•@is•@to•@a•@depth•@of•@about•@4•@m•@is

a•@debris•@flow•@deposits•@intercalating•@To•|c2•C•@at•@depth•@of•@115•|125

cm•C•@Slope•@deposits•@are•@intercalated•@with•@To•|c2•@and•@Ta•|d•@at•@depth

of•@74ˆêˆê80•@cm•@and•@370ˆêˆê380•@crn•@respectively•@•iPhoto•@11•j•D•@At•@Loc•D36•@on

Mt•C•@Shintoku•C•@Kuroboku•@soil•@containing•@many•@angular•@gravels•@is

interstratified•@with•@Te•|c2•@at•@depth•@of•@15•|37•@cm•@•iPhoto•@12•j•D•@Thus

Locs•C•@34•@and•@36•@are•@coincided•@with•@Stage•@4•D

•@•@•@•@•@At•@Loc•D33•@near•@Loc•D34•C•@the•@upper•@80•@crn•@of•@sediment•@consists

of•@raw•@humus•@and•@kuroboku•@soil•@intercalating•@To•|c2•C•@at•@depth•@of

55•|63•@cm•C•@lt•@is•@contained•@many•@sub•|angular•@gravels•@overlying•@To•|

c2•C•@At•@Loc•D67•@on•@the•@northeast•@of•@Mt•D•@Memurodake•C•@a•@soiifiuction

lobe•@containing•@angular•@gravels•@is•@interbedded•@between•@Ta•|d•@and

Toˆêˆê•B2•@•iPhoto•@13•j•C•@Thus•@Locs•D•@33•@and•@67•@are•@coincided•@with•@Stage

3•C

•@•@•@•@•@Figure•@32•@shows•@localities•@of•@exposures•@and•@the•@periods•@of

solifiuction•@which•@are•@indicated•@by•@different•@syrnbols•@related•@to

each•@stage•@mentioned•@in•@the•@section•@VI•@ˆê4ˆêˆê2•D

•@•@•@•@•@Moreover•@Figure•@33•@shows•@the•@distributions•@of•@exposures

defined•@by•@its•@altitude•@and•@stage•@in•@different•@rock•@types•D•@Exˆê
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posures•@in•@the•@granite•@area•@distribute•@in•@higher•@altitude•@zone

than•@those•@in•@the•@hornfels•@and•@shale•@area•D•@This•@fact•@regults•@from

distributiong•@of•@each•@bed•@rock•@as•@mentioned•@in•@the•@seetion•@V•@ˆê2•D

In•@addition•C•@in•@the•@granite•@area•@many•@exposures•@in•@the•@area•@lower

than•@1•C000•@m•@a•Cs•D1•D•@show•@stages•@1•@and•@2•C•@and•@those•@in•@the•@area

higher•@than•@1•C000•@m•@a•Ds•D1•C•@show•@stage•@3•C•@while•@many•@expogures•@in

the•@hornfels•@and•@shale•@area•@show•@stages•@4•@and•@5•D

•@•@•@•@Figure•@34•@shows•@frequency•@of•@each•@stage•@in•@different•@al•|

titude•@zone•@separated•@by•@100•@m•@interval•@on•@the•@basis•@of•@the•@data

shown•@in•@Figure•@31•D•@ln•@the•@granite•@area•C•@stages•@1•@and•@2•@show•@r1tuch

higher•@frequency•@than•@other•@stages•@in•@the•@zone•@lower•@than•@1•C000•@m

a•Cs•D1•D•C•@and•@stage•@3•@is•@increasing•@in•@frequency•@according•@to•@an

increase•@in•@altitude•@in•@the•@area•@higher•@than•@1•C000•@m•@a•Ds•D1•D•D•@From

this•@result•@it•@may•@be•@inferred•@that•@stages•@3•C•@4•@and•@5•@probably

reveal•@irregular•@case•@in•@the•@area•@lower•@than•@1•C000•@m•@a•Ds•D1•D•C•@and

that•@an•@altitude•@of•@about•@1•C000•@m•@a•Ds•D1•C•@probably•@seems•@to•@cor•|

respond•@to•@the•@boundary•@which•@distinguish•@the•@zone•@with•@mainly

stageg•@1•@and•@2•@from•@those•@with•@mainly•@stage•@3•D•@To•@put•@it•@dif•|

ferent•@terms•C•@it•@may•@be•@inferred•@that•@solifluction•@ceased•@in•@the

later•@time•@in•@the•@higher•@location•@according•@to•@timeˆêˆêlag•@in

Holocene•@in•@the•@granite•@area•D

•@•@•@•@•@In•@contrast•@to•@this•C•@in•@the•@hornfels•@and•@shale•@area•C•@al•|

though•@ail•@exposures•@locate•@in•@the•@area•@lower•@than•@600•@rn•@a•Cs•D1•C•C

gtages•@3•C•@4•@and•@5•@are•@rnore•@superior•@than•@other•@stages•D•@The•@result

indicates•@that•@solifluction•@continued•@until•@stages•@3•C•@4•@and•@5•@in

taany•@partg•@ef•@the•@hornfels•@and•@shale•@area•D•@The•@fact•@that•@in•@the

area•@lower•@than•@600•@m•@a•Ds•E1•D•@soiifluction•@continued•@for•@longer
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time•@in•@the•@hornfels•@and•@shale•@area•@than•@in•@the•@granite•@one•@may

explain•@by•@the•@finer•@debris•@production•@in•@the•@former•@eornpared

with•@in•@the•@later•C•@As•@mentioned•@above•C•@the•@hornfels•@and•@shale

clasts•@are•@srnaller•@than•@those•@of•@granite•D•@Furthermore•C•@the•@tex•|

tural•@properties•@of•@the•@matrix•@from•@granite•@are•@not•@frost•f

susceptible•C•@while•@that•@from•@hernfels•@and•@shale•@are•@highly•|frost

susceptible•D•@Therefore•@slope•@deposits•@in•@the•@hornfeig•@and•@shaie

areas•@were•@likely•@transported•@much•@more•@easily•@even•@by•@weaker

solifluction•@compared•@with•@those•@in•@the•@granite•@area•D•@The•@general

idea•@as•@for•@the•@periods•@of•@solifluction•@in•@the•C•@study•@area•@is•@gum•|

marized•@in•@Figure•@35•C

‘eˆê2•D Discussion

ve•|2•|1•D•@Effect•@of•@grain•@size•@distribution•@of•@slope•@deposits

•@•@•@•@•@•@•@on•@the•@period•@of•@periglacial•@mass•@movement

•@•@•@•@As•@mentioned•@in•@Chapter•@Vg•@ˆê2•C•@the•@slope•@deposits•@covered

with•@Ta•|d•@in•@the•@granite•@area•@are•@almost•@completely•@cemposed•@of

gravel•@and•@sand•C•@and•@their•@matrix•@lacks•@silt•@and•@clay•C•@while

those•@underlain•@by•@To•|c2•@in•@the•@hornfels•@and•@shaie•@areas•@contain

much•@higher•@percentage•@of•@silt•@and•@clay•@than•@those•@in•@the•@granite

area•D•@Furthermore•C•@the•@textural•@properties•@of•@the•@matrix•@in•@the

granite•@area•@are•@not•@frost•|susceptibie•C•@while•@that•@in•@the

hornfels•@and•@shale•@areas•@are•@highly•@frost•|susceptible•@as•@shown

in•@Figure•@24•D•@This•@fact•@suggests•@that•@slope•@deposits•@in•@the•@shale

and•@hornfels•@areas•@were•@transported•@much•@more•@easily•@by•@weaker
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solifluction•D

•@•@•@•@The•@reason•@why•@periglacial•@processes•@continued•@for•@a•@longer

time•@in•@the•@hornfels•@and•@shale•@areas•@than•@in•@the•@granite•@area•@can

be•@explained•@by•@the•@difference•@of•@grain•@size•@distribution•@and

clast•@size•@mentioned•@above•D•@Harris•@•i1987•j•@also•@pointed•@out•@that

head•@deposits•@with•@matrix•@composed•@of•@clay•@content•@of•@more•@than

25•“•@can•@give•@rise•@to•@siide•@with•@shear•@plane•@in•@England•@and

Wales•D

va•@ˆê2•|2•D•@Cornparisen•@of•@the•@perieds•@of•@mass•@move•Cment•@between•@the

•@•@•@•@•@•@•@study•@area•@and•@other•@areas

•@•@•@•@A•@clear•@recognition•@of•@the•@fossil•@periglaciai•@slope

deposits•C•@by•@using•@the•@logarithmic•@ratio•@plot•@method•C•@has•@never

been•@done•@in•@the•@previous•@studies•@in•@Japan•D

•@•@•@•@However•C•@a•@few•@studies•@have•@safeiy•@claimed•@the•@formatien

of•@the•@fossil•@periglacial•@slope•@by•@solifluction•@in•@Holocene•D•@For

example•C•@Higaki•@•i1987•j•@indicated•@that•@the•@solifluction•@ceased•@in

the•@later•@time•@in•@Holocene•@in•@the•@higher•@location•@in•@the

Kitakami•@Highland•D•@lso•@•i1974•j•@also•@pointed•@out•@the•@fact•@that•@a

little•@solifluction•@continued•@in•@Holocene•@on•@steeper•@mountain

siopes•@in•@the•@area•@mentioned•@above•C•@and•@Higaki•@•i1987•j•@recognized

that•@mass•@movement•@by•@soiifluction•@continued•@until•@5•C000•@y•DB•DP•D

on•@the•@summit•@area•@of•@Mt•D•@Hayachine•@in•@the•@Kitakami•@Highland•D•@I

also•@indicated•@the•@possibility•@that•@the•@gentle•@slope•@II•@in•@Mt•C

Syokanbetsudake•@was•@formed•@by•@solifluetion•@in•@Holocene•@•iYamamoto•C

1987•j•D•@These•@data•@support•@the•@idea•@that•@the•@solifluction•@was•@acˆêˆê
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belt•@or•@specific•@rock•@areas•@where•@slope•@deposits•@are•@composed•@of

much•@finer•@and•@more•@frost•|susceptibie•@debris•D

•@•@•@•@The•@result•@of•@the•@present•@study•@reinforces•@this•@idea•F•@the

Holocene•@periglacial•@mass•@movement•@wag•@active•@untii•@ab•Cout•@2•C000

y•CB•DP•D•@oniy•@above•@1•C000•@m•@in•@altitude•@in•@the•@granite•@area•C•@where

the•@slope•@deposits•@are•@not•@frost•|sugceptible•D•@On•@the•@other•@hand•C

it•@was•@active•@until•@quasi•|present•@age•@even•@under•@500•@m•@in•@alˆê•f

titude•@in•@the•@hornfels•@and•@shale•@areas•@where•@the•@slope•@deposits

are•@frost•|susceptible•D
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CONCLUSION

Macro•@Fabrics•@of•@Periglacial•@Slope•@Deposits

•@•@•@•@The•@comparison•@between•@Vector•@Magnitude•@and•@Sl•@for•@macro

fabric•@data•@of•@siope•@and•@other•@deposits•@gathered•@from•@various

sources•C•@reveaied•@that•@the•@three•|dimensional•@fabric•@analygis•@is

more•@effective•@than•@the•@two•|dimensional•@one•@to•@distinguish•@the

periglacial•@slope•@deposits•@frorn•@another•@ones•D•@By•@the•@logarithmic

ratio•@plot•@method•C•@the•@solifluction•@depogits•C•Dhaving•@a•@higher•@C

value•@than•@other•@depesits•@such•@as•@soil•@creep•C•@debris•@flow•@and

talus•C•@are•@plotted•@in•@a•@zone•@with•@C•C•@ranging•@over•@about•@2•D5•C•@and

K•C•@ranging•@over•@about•@1•D3•D•@These•@values•@characterize•@the

solifluction•@deposits•@from•@other•@non•|periglacial•@deposits•C•@except

glacial•@ones•@on•@the•@logarithmic•@ratio•@plot•D

•@•@•@•@Threeˆêˆêdimengional•@fabric•@analysis•@of•@2•C350•@clasts•@in•@the

site•@located•@on•@the•@fosgil•@periglacisl•@siope•@in•@the•@Hidaks•@Moun•|

tains•@made•@clear•@some•@relations•@between•@fabric•@strength•@and

cla8t•@size•@and•@8hape•D•@•@The•@main•@results•@are•@that•@•i1•j•@c•^b•|axi8

ratio•@has•@little•@effect•@on•@its•@fabric•G•@•i2•j•@clasts•@with•@a•@longer

a•|axis•@length•@have•@stronger•@fabrics•G•@and•@•i3•j•@clasts•@of•@Blade•@or

Rod•@types•@have•@stronger•@fabrics•@than•@those•@of•@Disc•@or•@Sphere

types•@in•@a•@range•@of•@shorter•@a•|axis•@length•D
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IX•@ˆêˆê2•D Quantitative•@Characteristics•@of•@Slope•@Depogits•@in•@dif•|

ferent•@Bedrock•@Areas

•@•@•@•@The•@exposures•@of•@smooth•@mountain•@slopes•@in•@the•@Northern

Hidaka•@Mountains•C•@central•@Hokkaido•C•@were•@observed•C•@and•@three•|

dimensional•@fabric•@analysis•@of•@clast•@constructing•@these•@slopes

was•@done•@in•@order•@to•@determine•@their•@transporting•@processes•D

•@•@•@•@The•@result•@that•@all•@of•@the•@glope•@deposits•@in•@the•@study•@area

are•@plotted•@in•@a•@zone•@with•@C•@ranging•@over•@2•D5•@and•@K•@ranging•@over

1•C3•@on•@a•@logarithmic•@ratio•@plot•@leads•@to•@the•@conclusion•@that

slope•@deposits•@are•@of•@periglacial•@origin•C•@probably•@transported•@by

solifluctione

•@•@•@•@The•@clast•@size•@is•@basically•@determined•@by•@joint•@density•@of

bedrock•@surface•G•@the•@shale•@likely•@produces•@Sphere•|type•@elasts•C

while•@the•@hornfels•@produceg•@more•@Bladeˆêˆêtype•@ciasts•G•@the•@shale

clasts•@are•@smaller•@than•@those•@of•@the•@granite•@and•@hornfels•D

•@•@•@•@This•@fact•@suggests•@that•@the•@macro•@fabric•@of•@the•@Sphere•|type

and•@smalier•@clasts•@is•@more•@easily•@changed•@than•@that•@of•@Biade•|type

and•@larger•@clasts•@under•@the•@influence•@of•@non•|periglacial

processes•@or•@under•@the•@influence•@of•@an•@increase•@in•@mass•@movement

velocity•D•@Therefore•C•@the•@fabric•@strength•@of•@slope•@deposits•@shows

a•@greater•@decrease•@in•@the•@shale•@area•@than•@in•@the•@hornfels•@area•C

after•@fall•@of•@Ta•|d•D

•@•@•@•@•@The•@reason•@why•@periglacial•@processes•@continued•@for•@a•@longer

time•@in•@the•@hornfels•@and•@shale•@areas•@than•@in•@the•@granite•@area•@can

be•@explained•@by•@the•@difference•@of•@grain•@size•@distribution•@and

clast•@size•@in•@each•@rock•@areae•@The•@slope•@deposits•@covered•@with•@Ta•Eˆê
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d•@in•@the•@granite•@area•@are•@composed•@of•@almost•@completely•@of•@gravel

and•@sand•C•@and•@its•@matrix•@lacks•@silt•@and•@clay•D•@The•@slope•@deposits

underlain•@by•@To•|c2•@•iabout•@3•C000•@y•DB•DP•D•j•@in•@the•@hornfels•@and•@shale

areas•@contain•@much•@higher•@percentage•@of•@silt•@and•@clay•@than•@those

in•@the•@granite•@area•D•@Furtherrnore•C•@the•@textural•@properties•@of•@the

matrix•@of•@slope•@deposits•@of•@the•@granite•@area•@are•@not•@frost•f

susceptible•C•@whiie•@those•@ef•@the•@hornfels•@and•@shale•@areas•@are

highly•@frost•|susceptible•D•@The•@sediment•@characteristics•@of•@the

slope•@deposits•@in•@the•@shale•@and•@the•@hornfels•@areas•@suggest•@that

these•@slope•@deposits•@are•@easily•@transporte•Dd•@even•@by•@weaker

solifluction•C

or•@ˆê3•D Chronology•@of•@Hoiocene

different•@Bedrock•@Areas

Periglacial•@Mass•@Movement•@in

•@•@•@•@Observation•@of•@more•@than•@70•@exposures•C•@cutting•@gentle•@and

smooth•@slope•@in•@the•@Northern•@Hidaka•@Mountains•C•@revealed•@that•@the

slope•@is•@composed•@of•@illˆêˆêsorted•@angular•@debris•@which•@is•@covered

and•^or•@intercalated•@with•@Holocene•@pumice•@layers•@and•@the•@Kuroboku

soil•D•@Fabric•@analysis•@of•@the•@slope•@deposits•@by•@means•@of•@the

logarithmic•@ratio•@plot•@method•@strongly•@suggests•@that•@the•@deposits

of•@periglacial•@origin•C•@most•@probably•@transported•@by•@solifluction•C

•@•@•@•@The•@C•|14•@dates•@of•@the•@pumice•@layers•@and•@the•@Kuroboku•@soil

allow•@us•@to•@determine•@the•@periods•@of•@solifiuction•@on•@the•@slopes

as•@follows•F

•@•@•@•@Stage•@1•F•@before•@the•@fall•@of•@Ta•|d•@pumice•@•i9•C000•@y•CB•Cp•D•j

•@•@•@•@stage•@2•F•@the•@fall•@of•@Ta•|d•fv•@ghort•@periods•@•inot•@eonfirmed•p

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@58
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•@•@•@•@Stage•@3•F•@before•@the•@fall•@of•@To•|c2•@pumice•@•i3•C000•@y•DB•DP•D•j

•@•@•@•@•@•@•@•@•@•@•@•@•@or•@Ta•|cl•@pumice•@•i•@2•C000•@y•DB•DP•D•j

•@•@•@•@Stage•@4•F•@after•@the•@fall•@of•@To•|c2•@or•@Ta•|cl

•@•@•@•@Stage•@5•F•@after•@the•@Kuroboku•@soil•@•q7•C000•Ev•@3•C000•@y•DB•DP•D•j

•@•@•@•@The•@periods•@in•@which•@the•@solifluction•@ceased•@are•@different

according•@to•@rock•@tYpes•@and•@altitude•@as•@follows•F

•@•@•@•@Granite•@area•F•@solifluction•@ceased•@mostiy•@at•@Stages•@1•@or•@2

in•@the•@area•@lower•@than•@abeut•@1•C000•@m•@a•Ds•D1•D•C•@while•@in•@the•@area

above•@an•@altitude•@of•@about•@1•C000•@m•@a•Ds•D1•D•C•@the•@solifluction•@oc•|

curred•@shortly•@again•@in•@Stage•@3•D•@•C
•@•@•@•@Hornfels•@and•@ghale•@areas•F•@many•@localities•@show•@continuation

of•@the•@solifluction•@until•@Stages•@3•C•@4•@and•@5•@even•@in•@the•@area

below•@500•@m•@a•Ds•Di•D•C•@while•@the•@slope•@movement•@ceased•@in•@Stages•@1

0r•@2•@in•@some•@localities•D

•@•@•@•@The•@fact•@that•@the•@solifluction•@continued•@for•@a•@longer•@time

in•@the•@hornfels•@and•@shale•@areag•@than•@in•@the•@granite•@one•@can•@be

explain•@by•@a•@finer•@frost•|gusceptible•@debrig•|production•@from•@the

bedrock•@in•@the•@former•@areas•D
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Table•@16•@Clast•@size
•@•@•@•@•@•@•@•@•@•@•@area•D

and•@shape•@of slope•@deposits•@in•@the•@gtudy

LOC•D Rock Size and•@8hape•@ofgravel ‘›orizon
AV•D–å•DA•D Av•DA•D Round•D b•^a c•^b

•ic’y•j •ico•j

2 Gr•D 27•D8 8•D7 176•D9 0•D71 0•D59 under•@Ta•|d
3 Gr•D 51•D1 14•D0 122•D9 0•D63 0•D60 under•@Ta•|d
5 Gr•D 112•D3 16•D7 149•D4 0•D63 0•D63 under•@Ta•|d
6 Gr•D 49•D8 8•D0 138•D3 0•D71 0•D64 under•@Ta•Bd
7 Gr•D 39•D6 9•D8 144•D4 0•D64 0•D61 under•@Ta•|d
9 Gr•D 43•D8 9•D6 113•D5 0•D58 0•D56 under•@Ta•|d

11 Gr•D 32•D8 8•D8 190•D2 0•D61 0•D67 under•@Ta•|d
12 Gr•D 27•D2 11•D2 173•D8 0•D69 0•D54 under•@Ta•|d
13 6r•D 29•D7 9•D7 120•D7 0•D71 0•D54 uoder•@Ta•|d
24 Gr•D 22•D2 7•D9 121•D8 0•D69 0•D65 under•@Ta•|d
40 Gr•D 32•D8 8•D8 190•D2 0•D61 0•D67 under•@Ta•|d
42 Gr•D 56•D5 11•D4 138•D2 0•D63 0•D53 under•@Ta•|d
43 Gr•D 34•D3 8•D7 122•D7 0•D73 0•D63 under•@Ta•|d
45 Gr•D 38•D5 13•D2 124•D7 0•D72 0•D62 under•@Ta•|d
47 Gr•D 95•D5 11•D6 131•D5 0•D61 0•D59 under•@Ta•|d
50 6r•D 32•D9 8•D5 122•D8 0•D69 0•D57 under•@Ta•|d
57 Gr•D 54•D5 14•D3 122•D9 0•D66 0•D59 under•@Ta•|d

15 llO•D 18•D0 4•D0 122•D9 0•D66 0•D57 under•@To•|c2
17 llO•D 17•D8 4•D4 104•D5 0•D63 0•D52 under•@To•Eˆê•B2

19 “¬0•D 16•D5 4•D1 138•D2 0•D69 0•D42 under•@To•|c2
23 110•D 23•D3 6•D9 150•D5 0•D61 0•D58 under•@lro•|c2

25 Ho•D 17•D4 5•D3 140•D1 0•D57 0•D58 under•@To•|c2
26 Ho•D 17•D6 7•D3 164•D3 0•D59 0•D58 ——mder•@buried•@80il
28 —í•B•D 18•D6 5•D5 88•D9 0•D63 0•D55 under•@To•|c2
29 Ho•D 21•D6 8•D0 164•D7 0•D68 0•D49 Š–mder•@To•|c2

10 Sh•D 15•D3 5•D6 92•D1 0•D70 0•D74 under•@To•Bc2
30 Sh•D 10•D3 3•D9 91•D0 0•D70 0•D72 under•@To•|c2
31
R4

Sh•D

rh•D

11•D1

P2•D6

3•D5

U•D0

103•D6
P15•D7

0•D76

O•D73

0•D75

O•D69

under•@To•Eˆê•B2

•‚Ž‚„‚?‚’•@Ta•|d
e•¡

35 Sh•D 16•D4 9•D3 105•D7 0•D73 0•D69 under•@To•|c2
36 Sh•D 11•D4 4•D9 75•D1 0•D61 0•D72 under•@To•|c2
38 Sh•D 14•D9 5•D3 119•D1 0•D71 0•D71 under•@l•wo•|c2

41 Sh•D 21•D4 5•D5 109•D8 0•D67 0•D62 under•@To•|C2
65 Sh•D 11•D1 3•D7 108•D6 0•D73 0•D71 ‚ènder•@To•|c2

Av•DM•DA•D•F•@average•@length•@of•@maximum•@long•@axig•@•icm•j•C•@Av•DA•C•F•@average
long•@axis•@•icm•j•C•@Round•D•F•@roundnegs•C•@b7a•Cc•^b•F•@average•@of•@the•@ratio
of•@b•|axis•@length•@against•@a•|axis•@length•C•@and•@c•|axis•@length•@against
b•|axis•@length•C•@regpectively•D
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Table 17•@Bedrock•@joint•f „‚?•fnsitY•f•@of•@different lithologic•@types•D

Rock Loc•DNo•D Joint•@Density Avemge

44 5•D2

Granite 7•D9

48 10•D6

18 23•D4
HomfelS 25•D4

20 27•D4

10 31•D8
Shalo 39•D7

37 47•D6
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Table 18•@Correlation•@between•@fabric•@strength•@of
•@•@•@•@in•@each•@rock•@type•@and•@other•@variables•D

slope•@deposits

Slope•@Altiˆê•E

Angle•@tude
ZSand•{

Silt•g
Clay

ZSilt•{
Clay

X•@Silt

•@in
Natrix

Z•@Silt•{

Clay•@in
Hatrix

V•DHg•D

Gr•D

Ho•D

Sh•D

•D533

ˆêˆê D041

ˆê•D295

•D153

•D305

ˆê•Deo4

•D032

ˆê•D752

•D629

ˆê•D136

•Eˆê•@•D399

•D526

ˆê•D116

•D922

•D005

ˆê•D173

•D680

ˆê•D078

•@Si

Gr•D

Ho•D

Sh•D

•D467

•D330

ˆê•D289

•D286

•D382

ˆê•D084

•D255

ˆê•D•@381

•D703

•D039

ˆê•D142

•D524

ˆê•D131

•D694

ˆê•D175

ˆê•D162

•D389

ˆê•D229

c
Gr•D

Ho•D

Sh•D

•D578

•D382

ˆê•D269

•D592

•D528

ˆê•D206

•D146

ˆê•D294

•D448

ˆê•D012

ˆê•D236

•D229

•D156

•D601

ˆê•D383

ˆê•D127

•D159

ˆê•D399

Valueg•@mean•@regresgion•@coefficientg•@among•@two•@variableg•D•@Data
ligted•@in•@Tables•@13•@and•@15•@were•@utilized•@for•@these•@calculationg•D
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