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R叩rt12   

LandfbnllSinlheproglこ1eiL11areaorSolel・Glacicr  

MASAMUANIYA  
血励〟お（が伽dg〝Cg，乙加血相砂（オ乃〟た適α，ゐα用紘j仇，卸〃   

Abぬad・Tb8托a托払偲t即SOrian肋rmin伽＄area‥1）moraチ据S，ぢd肛ialも¢血，3）outwa洩  
plain，and4）debrisflowdepositarea．ThetypesofterminalmoralneSare：1）moraineswithlinear，  
We11－definedridge，2）hu皿OCkymoraines，and3）washboard（DeGeer）moraines．Themoraine£eld  
WaSdividedinto負vebeltsofdi蝕rentages，mainlybyvegetationconditiomNearthecrestofthe  
SeCOTldyoungestmorainebelt，apieceorwoodwas uncoveredanddated ca．850B．P．There are  
SeVera11evelsofoldlateralmorainesontheleftbank，Whileice－COred（ateralmorainesaredjstributed  
Ontheright bankoftheglaeier，   
TheglaeialbenchisloぐatedateIevationsbetヽVeen400mand5OOmon thekn bank ofCacho  
River．Itwasprobablyformedbythedi飴renterodibilitiesoftherockminerals（schist）．Theoutwash  
Plainoccupie＄thelowerpartoftheproglacialarea．   
Thedebris飢）Wdepositareaext¢ndsasfardownas2．7kmfromLakeSoler．Largebouldersare  
SCat（eredaroundtheareaaboutl．6kmJongand30MOOmwide．1（WaSpOStulatedthatLakeSoler  
WaSdammedby an old】ateralmorainelef（bytheoldSoZerGlacier，andthesubsequentoutburst  
CauSedthedebrisnow．   

FieldworkandstereoscopICanalysesofv¢rticalaerialphotographsrevealedthefb1low・  
i王IgfbuTtyp¢SOrlanform＄inthearea：1）moraines，2）glacialbench，3）o11tWa払plain，and  
句debris薫0Ⅵ7depo由訂ea（Figs．1andぢ．  

1．Mor血es   

l．1．Termin戚morahes   
Tht）nlいri血cRcldexlビIldヾユ～丘Irllo、、～（lこL、1．JktllrrいmlllerlrL！ゝ亡；ltざl批正r、T10ul．ThL；  

ali評m孤t，mO甲虫olや野，Y聯tationcon蛍ti｛｝nSandd野詑Or閻at血喝Oftillsvary扇ddy，  
SuggeStingdi鮎rentagesofdeposition．Takingintoaccounttheseconditions，themoraine  
fieldappearstobedividedintofivebelts（inset，Fig．1）ofdi飴rentages．Thebo11ndariesbe－  
tweenbeltsIandII，andIIandIIIareclearbythevegetationconditionandthedivisionsare  
払irlycertain．T壬1ebouldariesもe抽eenbeltsIIIandIV，andIVandVarenotsoc王台訂，how－  
eヽ－Ⅳ．‾l－11e dil・i～il川beいヽで山IhじItヽlIlこ＝山Ⅰ＼－illlとlヽetlいn tlteこIhul止hllC亡こ＝しl、i∠ビ．1rllでど、、  
WhereasthatbetweenbeltsIVandVismainlybasedonphysicalseparationbytheolltWaSh  
plaim   
TherearethrectypeSOfterminalmoraineshere：1）1inear，Well－definedsingleridgeswhose  
trendsaretransvヲrSetOth8Valleydirection，2）hummockymoraines（HoppB，1952），and3）  
VaSbboardmoralneS（MAWDSLEY，1936）orD¢G∝汀mOrain¢S（恥T，1968）．T短むstt聯  
eo恥tituteshじIL＼lilTldThell一“－ermdいrbelLl＼．1llelで1ierof．1htHl10r山IICritLぎ亡OfhL51tヽ－i～  
abo11tl＄manditstrendssuggestthatthesnoutwasconvexdown－glacier．Th¢i＄01atedlarge  
morainehilllocatedontherightbankinbeltIVhasreliefkupto44m，indicatingam年10r  
Standstillphaseoftheglacier伽ctuation．Locatedatthebaseofthemorainehiusarecli恥  
SuggeStingactiveglacio一触vialerosioninthepast・Asomewhatspear－head＄hapedmoraine   
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最王1inbelt‡Ⅴぬsv¢抒int¢ア鴇ti喝鮎t∬8S．nrStOra軋itisもo塩見dedbyc最飽ona11sid¢S  
Wもose托1iモアisⅥptOlOm，d8C托aS血書dow濃－ー主ver．Top呼ap毎OrblltopsistypicぬIy  
tl11111mいじkト＼、illlreljJ＼l叩lいこl化≠－nlel亡「←・l・i－1日rd汀hいl－i一山l＼Iこmd＼■llこい叩＝b：血ytleC‖  
SCOllredbydゐris丑ow（S）tobediscussedlat¢㌻．Morai‡leSOrb¢1tIV，locatedb¢tWeenCac量10  
Riverandabranchcomin選録om Soler Glacier，are hummocky．The orientation ofthe  
moraineridgesbearSnOr¢lationtoicemovementorvalleydirection．Thedepressionsar¢  
鮎t－bottomedand丘11edwi也welトso頭由，rOⅥndpel）bl¢S，indicati喝theiror鳩1naSprOglacial  
iakes．   
ThoscR・M≠＝一Ikli‖ilrCt－rt“・小kin心、IluTllnlいL：Lさ－；LllLl≠．1ヽhh、）ilrdlI）e（；ecr）．1lliゝbじtl  

alsoco戒扇nsa呈ong（1．1km）血合紆d¢p托SSionwbo駈S肌tb．endisst揖occ叩i¢dbyala如．  
Interesthglyt王血1akeisdr扇伽dbytwost柁am＄，OnetOtlle¢aStandano払¢rtOt壬博＄0雨h．  
N併tboft最sdep躇SS主on王i¢SaSeriesorveけdosdy－Sp鉄血vashboadmorain¢S．T始spaか  
hlぎisl－111l－L＝い一ヽhrt－rt州←い！、111CICrS．TheJiL：lLl・一rlhesい、il→t！hl一こ爪1111OrこIincヽi、＼－L3r）さL・”tlさ●  
i■l亡Ii】ledl（川こ爪1tllCl■iv几●l－いttlee；lゝt；lndゝ皿1llいrltl＝1叩・eゝ、i州Ii亡Illlmlll八・L）－tTl押；Lille→．  
Dep托SSionintt血a托a孔r¢ⅦSⅦ扇Iynot且at・b（〉ttOme＆Soll仏or也elaて評血pressionar¢many  
Smallmotmdswho錐reli¢fisl－2m・Thesemoundsconsistofverywellィoundedpebbles，  
Oftenwithrever＄egrading．Generallyspeaking，Pebblesevenontopoftheridgesarerelativか  
王ywellro血d，SllggeSting払Sllもきねcialoriき如．   
Themora払¢SinbdtIIぬY¢洩etypic扇ap鱒aran伴OraWa＄bもoard（Fig．勾．Esp¢¢ia王Iyth¢  

no血emhalrconsistsoras¢d督Ofrid夢SⅥぬi洩a托忍農機噂＄もap感，渾tparall¢1toea血  
涙鮎r・Alar騨ar組¢rt最sbdt，eXC甲tfbrt主ほn郡払¢mOnet姐吼i＄rat鮎rs捷¢plyi漁Glin¢d  
PO－250）ぬWadtI始（kpm治Si（〉乱Th訂e訂etI汀辞ddspi11ways創1edwithlarg¢rOundb㈹l一  
山rs“・it）l州1い・Cきetこ11ilIll．OTICOrtllCnl．1！1e（lOT・lhcrllnlL、ヾ！いTlt：、hn～StllこI11streumnow、hu＝一＝lL！r  
l“●ぃとIT¢（1ry．illl山、tllしIr童－1ぎ、11nlnleT．D叩lで1、ミ（l恥illl！1主、bultこIre爪こlトb両10nletl＼、itili．1一正  
nlヽtPebb］eゝ・lht）yこIrヾLt州叩ieut）tLSJy、Vhitc．1llCTeliefL－rt17i、hL：ltr＝mlhe！lt！ighho！Li！lぎdt：－  
pr＄Sio皿T¢aCh¢S¢10＄¢tO50m．Near払e¢托StOf也ismorain¢もdt，aⅥ700dpi¢錐WaS払md  
andtheburiedpartwasexcavatedforC14dating．Itwasdat¢dca．850B．P．byTohokuUni－  
VerSity（samplenumberTH－1044）．Therear¢manyOtherwood魚・agmentSSCatteredaround  
thssite．  

椚g・乏・Ste代0卵警Sbowi榔b¢感蹴iだSnO鴎肋bank弧d匹0幽cjalarea・N朗eton¢di馳rencein  
theterminalmorainesanddepressions．CompuewithFigurcl．   
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丑dtIrepres孤tSmOrain¢Sbeing払rmedatprese奴H8rerOCksareⅥ訂yloo鍾Iy，p托C訂i一  
皿dypiledup扇th蝕¢血＄t（claめre血gontopoft加ゎo心1ders．R∝ksaremo托angじ1ar  
（s豆ban糾Ia⇒鵡COmp乱用dwitbtbos¢OnOtberbelts．Ther母乳托aCOllpleofⅥ汀yCも．aracted或i¢  
ftaturesinthisbelt．Atth¢nOrthemendliesalargesanddunefield，about300mlongand  
50－70mwide．0therinterestingfbaturesarelocatedatthesouthemend．Hereareseveral  
ice－COredmorainemoundswhosereliefis15－20m．Thethicknessofdebrismantle，Sandand  
Pebbles，isaboutlOcmandup．Thesideslopeisabo11t34－35degrees，theangleofreposen）r  
thesematerials．Ontopofthesemoundsarenearly・horizontal，Stratifiedsedimentsofsilt，  
＄andandpebbles，W血icb．0魚蝕血owrev訂Se許adi喝．Tb¢S㈹tb¢mmOStOneCOnSistsortlw昨  
p8aksandisco血pletelyd．離00もd鮎mthepres孤t＄nOllt．T壬l¢Ot鮎r輔01i¢a萄aαntt（〉組Ch  
Otおandriめtn銭ttOthep托S銃tSn¢注t，alぬ叩由tb野肇柁Separa短dもぎぬeps叩ragladぬ  
ゝtrCこImL：hilZlnetゝ．「t汀IllこLl山Ilいrthcゝeiee－Ctlred111いraillt；n10Lmd、i、Ilし、tkllぐハ、●n．1山hL）uざIlit  
ap‡拇arSSi血iartoa“最gh柁1ierdisint喝rationmor扇n¢”d¢S∝ibedby触汀（196＄）．   

1．2．t鑓t椚1mor戚mes   
DescrlPtionanddiscussionofthelateralmorainesar¢COnfinedtothoselocatedonthe  
leftbankbetweenLakeSolerandSolerGlacier．Therightbankisgenerallyverysteepand  
notraceofoldlateralm（）rainesnearthesnoutcanber¢COgnized，andpresentlyafbwic¢－  
COredlateralmoraine＄are伽undatthelevelslightlyhigherthanthepresentglacier＄ur払c¢．  
At丘rst＄ight，thehillbetweenLakeSolerandSolerGlacierappearstoconsistsolelyofmorか  
ines．Itistrはeth如ala瑠epartisstillcovered戚tbmorain¢S；ぬoweYeちtぬreisailard，SOlid  
rockc¢托，partOfvhichis餌pOS由attheso弘也打払魚繊k．Attもe録画StpOi雨Oft最s最Ii，  
at10111570m．こtゝur＼■e）・ヽtlili川l、、●iL＼亡＼l；Lhli、ll亡d．Preヽ川IJ）・tlliゝI－Oilllismor亡l）lan150mlligllL：r  
thanthe威acier＄ur払ceb如w，芦tt壬1粥isclearevid孤00也attkish㍊1ⅥFaSOnCeCOmplet¢ly  
buriedunderice．Thereisasmalldepression五IledwithrotuldpebblesandⅡ1Oraineridges  
neartbetop．   
Figures3rAand3－BshowthedistributionoflateralmoraiIleSSketchedinthe鮎Idand  
interpretedfromaerialphotographs，reSpeCtively．Figure3－AisnotdrawntOSCalebecauseit  

閏g・3・Latem王morainesont王18le食ゎank，ide鵬i鮎dintb¢慈ddandon閲rticalaerialphoto許apbs．  
Circlednumbersindicatethesamemorainejn（A）and（ti）．   
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isasimplesketch．Elevationwasreadwithanaltimeteraftersettingtheheightofthebase  
CamPat300m，Whichwasestimated丘omthel：50，000topographicnap．Theselateral  
moraineridgesgeneral1yconsistoflargeboulders，Whosediametersareupto10m．Except  
fbrlateralmorainesNos．5and7，theyarenotsolarge，withrelief盲ofl－2ma11dwidthsof  
2T3mingeneral．FromNo．1throughNo．4，thereisnovegetationonthenoraines．No．5is  
averyprom血entridgewithrelativelythickvegetation，OnWhichtreesasthickas30cmat  
DBHcanbesporadical1yseen．ThismoraineisclearlymucholderthanNo．4，Whichdoes  
notfbrmaprominentridge，butconsistsoflargebouldersspreadingoutontheslope．No．5  
hastwodistinctivelevelsofridges，WhichareCOnneCtedbyasteep－Sloplngridge．Thesloping  
Partisverysandyandisheavi1yvegetatedsothatitiscompletelyhiddenffomview．Only  
Walkingalongthisridgerevealeditsinterestingnature．Thereliefisveryhigh，10L15m，a11d  
thenearthedepressionitisupto20111．ThisNo．5lateralmoraineprobablyrepresentsthe  
latestm叫OradvaJICeOfSolerGlacier．LateralmoraineNo．7isverylargewithheavyvegeta－  
tion．Fromtheconfigurationoftheridge，thismoraineusedtobeconnectedwiththeone  
locatedonthenorthshoreofLakeSolerandwasimpoundingastreamflomCachoGlacier．  

2．Glaeidh蝕血  

TheglacialbenchislocatedontheleftbankofCachoRiver，tOtheeastofthedebris丑ow  
depositarea．Theelevationranges鉦om400mto500m，anditisabout100T200mhigherthan  
thevalley血00r・Nearthesoutheastemend，thebenchconsistsofseveralsmal1stepsatan  
elevationofaround400m．ThereareonemaJOrandthreemiIlOrStePS，eaChseparatedbya  
CliF2－4mhigh．RocksontheleftbankofCachoRiverareschistonthelowerpartOfthe  
Slope，andarequitedi蝕rent丘omthoseontherightbankwheregraniticrocksaredomhant．  
CoTrON（1958，P．294）me】1tionedsuchglacialbenchesdevelopedonmica schistinNew  
Zealand．Groundphotographstakenfromtheothersideshowseveralnear－horizontalter－  
racesorbenchesathigherelevationsatafbwlevelsontheslope．Clearlythebenchisford  
byglacialerosionbecausestriationand飢1tingonthesideofthecli蝕areconspic110uS．Itis  
di侃culttoconsiderthatthesesmallstepswereproducedbydifrbrentcyclesoferosion．Itap－  
pearSPlausiblethatthesestepsweremoldedsimultaneOuSlybytherockcontrolofschist，  
Whoseapparentstrikeisalmostparalleltotheglacier且owdirection．  

3．0ⅦtW鮎hplah  

TheoutwashplainisdistributedinthelowerhalfofbeltIVanddowntheriver，ateleva－  
tionsrangingfrom300mto250m．AtpresentCachoRiverhasincisedtheoutwashplain11P  
toseveralmeters，1eavlngSma11terraceshereandthere．01dchannelsareparticularlyabun－  
dantinthelowerhalfofbeltIVolltherightbank∂ndbeltV．   
Thethicknessoftheval1eytrainwasestimatedusingthemodelZ＝aXb（seeReportll払r  
adetailedexplanation）．Theresultsindicatethatinfrontoftheglacieritisontheorderof  
300m，Whereasabout4kmdownfromthesnout，itisontheorderof200m．  

4．Debris80Wdepositarea   
Thedebris且owdepositareaisidentifiedmainlyonthebasisofscatteringlargeboulders  

andinterstitialgravelandsandoffluvialorigin．Depositionalfbrmisclearlydi鯉もrentfrom   
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Fjg．4．Schematicscqueneeofdacia］adヽ・a爪Ceandretreattoae亡Ollntforthedebrisnow．  

t鮎㌍旧raiIleS．Th¢area＄preadsoutas如downas2．7km如mLakeSoler．HoweⅦr，t】鹿  
iLTtmisnotcoTtliTluOu～こL）1thい、こl）・．1tiヾいl－LiterごItt：LlbetⅥぐe†ll．1k111iLntl（1．6km＼＼・ilhmor山IIL；ゝ  
depositedduringthesubsequentglacialadvance．Thesiz¢OfthemaindepositareaisabotLt  
l．6knio喝注nd30銅00m扇血．Aitboug壬1tbさdimatei乱th¢paSもmayb雛¢be亀甲it¢  
dinもrentrTOmlllこl！orthepresml（llil’．itiゝll、）lLIO－1L：ei、’i！htL：tllユ†1！tt；debl・呈＼爪M＼・≠－こtヽCull仙1  
directlybyheavyrainsinthi＄Climaticenvironment．  
ItwaspostulatedinthefieldthattheblockingofLakeSolerbythelateralmorainesof  
So‡erGlacierandthesub＄eqllentbllr＄t－Outhadcausedtbisdebris鮎w，Later，aerialpho－  
tいぎriLPhlCLcこLrI）’、uPTlいrlcdthiゝr・い、TulこLtiollt一〉ハPO、itlざiLlこIl爪11morこLille、、l】訂hollee＼、・こL、  
もlockhgLak¢Soler．Al払ollgbt王1edateor弼ntSCannOtbeasce雨ainedy鴎asequenc¢Of  
㈹ntSCanb¢r¢COnStruCtedasinFi糾托4．AtonetiⅡ蛤，SolerGlaci訂and（二a血Glaci¢r  
jいill山11L71d†川cd11Plhel－rUSelll（lこlしl－Olくi、Cr、i11］LL）－nl川一Il一こmLlohlLllL（ト痩．ヰー））．Th亡Il111L：  
惑乱dぽS＄t訂ted托な¢ating．Si王lαCa（ぬoGlaciervぉ＄ma11，its托t托atWa＄muChね或¢ー払anぬat  
OfSolerGlacer．Consequently，atOnetime，CachoGlacierhadbecometooshorttojoin  
SderGlaci訂andbe摘髄汲thesno融andthesideorSol訂Glaci¢rWaSanimpoundedl礼ke  
（t：ig．4－ユ）．≠’hilei亡い、－こL、htいじkil一ぎ（1山」lORi、L，rlLllt：iIllT－1－u■lde（il；lLt；TlrOhlLbl）－1lrこLinrtlゝubL  
磨ねciz山yina匹riodic払shiona鮎ー餓叩g壬Ipr¢SS肝ebuilt11ptO丑0離tb£ice．   
Mea11Whiletheretreatcontinuedandeve血ua11ytheglacierretreatedtothesouthofCacho  

River，1eavingonlythelateralmorai‡1etObl（）Cktb．estr¢am（Fig．4－3）．T血entb¢1akewater  
SP‖亡do、で（こLll（lじrOLlt：dbl｛1eki－1ざTlliLtCrhlunti】tllC“・lLtCTl－urヽt州【（Fiざ．4－Lll．eituSillぎこL  
debris且owwhichinvotYedbould椚Weighingafbwhundredtons．Itisprobablethatthis  
Prl－eeSSいril】1t一いu－1ding：LrlllhLLr、L－Oul、ViLS r叩LLこLTじ山huttherecv山t：TleCitm…lぎIIICtlct－ri＄  
恥vdepositstoindicat¢thisr¢p鋭itionぬsnotyetb辞n旭．A触t録s¢pisodeoft王始  
d¢bぬ丑ow（S），也e劇aci¢rS孤珪m（〉托advanc¢d（Rg．¢5）and廊at蜜ぬt（〉t王妃pr㈱ntStat¢  
（銅賞．4－6）．   
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5．SⅧm瓜叩郷dcondusio耶   

FieldsuⅣ甲射通sⅦbsequentstereoscoplC孔na桓S¢SOfaerialpboto騨apbsb81p¢dreco騨nZe  
竜王蛤払Il¢融nglaI通ゎmsint壬由sarea：りm餅ai‡leS，勾ghcialも¢nCIl，勾○血Waぬplain，and4）  
debris鮎Ⅴ血posita澤a．T血¢t¢rminalmorai乱¢鮎1dw猥dividedi‡珪0負Y¢bdtsofぷ蝕狙t  
ages．Awoodpi¢C¢WaSreCOV¢r¢dたomtぬsecondyoun詳StmOrainebe王tandd離¢dca．850  
鼠P．   
S亡＼ぐI11じ＼el、いrlこ11eml川冊こ1ille＝－111llClen！－こLllkこ甘い、ellp化ヾ¢rVeJこ川しlい、111（l押ヽく、it小一11e  

¢mlated融tht短positio温Oデモ鮎01dSol¢rGlacier弧0Ⅶt＄．Ågkcialb8nぬisregadedasa  
pro血ctordi飴托ntialerosion．Tb£也icknessof紘eva11¢ytraぬont血eCackoRiver丑00d  
Plainisestimatedtobeontheorderof200鵬300m，Thepresentrivefhasincisedtheo11tWaSh  
Plainuptoseveralmeters，leavlngSmallterrac¢S．   
Debris魚owwascausedbythBblockingofLakeSolerbytheoldSolerGlacier，and＄ub－  
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