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CENTRA】LPARTOFT正 認NORT鯉RNJA翌AN電SEA]1k,,.a

厳認鍾㎞藪AOY生MA

肋stractFourrockglaciersandseveralblockyla盤dformsare(薮s励utedam㎜dMt.S顧syo,

ce薮t鋤pa並oftheno】 曲emJapaneseA王ps.Surfacefeaturesoftheserockglaciers(subdueda縦d

subsidencetopography,gentlefrontalslopewithdensevegetation)suggestthattheserockglaciers

a驚 ㎞activeor釦e狂ct.0鍛 血eblockyland藪)㎜ ΦR)ta粟uslobe)locatedin血eSuisyoCc淘 疑e,由e

bo枕omtempeIatuπeof重hewi就ersnowcover(BTS)waslowerthan-3℃,andmeaぬann"a1

蟄)und餓 漁cetemperature(MAST)waslowe曲 綻駐0。 ・.(薮c滋e

thepresenceofpermafrostinthisblockylandform.

Keywo掘s:皿o㎜ ㎞pe㎜af衣)St,rackglacier:,匪o膿d翫 菰acet¢mper鋤1e,Mt.Suisyo

亙。亙聡綬{翼嚢腿C賃薫0臨

Mountainpennafrnstisreactssensitivelytochangingclimaticco繭 亘ons,and磁m◎sphe益c

wamぬngdu加9血e電we撹ie出ce伽 　yhasca㍑d血edeg餓d証iQnofmo㎜ 臨pe㎜.慮)st(e.9.,

Haeb¢ 磁etal.1993).Activeand沁activerDckglacieasca鍛be猛se謹asindica重o貰sofp頚ese磁

mountainpe£ma簸Ds宅,a簸drehct互 て)ckglacierc撮1b¢usedasiridicaz◎rso童lpa就m.o聡 簸重融

pe】㎜af虻os重inthel面P卸esent・ ・(e、9.,〕Barsch1996).The艶 藪)驚,癒es撫dyof簸10u難tぬ

pe㎜ 漁)s髄d1㏄kglacie認isimpo㈱n漉dp烈)mo£ed¢ode£ectc撫 纂ぬcc簸a簸ges.

血 」購11,mou灘 面 鍛pe㎜ 愈)s£wasdet㏄ted血theD滋se魏Mo㎜ 窺ε曲s(馳 ㎞daandK短Gs㎞ 籔

1974),Mt.F頭(FゆandHiguchi茎972)andthピ 財ey～ ㎜.aMo㎜t血s,歪he麓o紬em碧 繊of曲

n◎曲emJapa簸eseAlps(ri◎0).8ym◎ 痴to漁g疲hegm皿d重empe鍛 重u鷲,possible

pe獄 姐a魚)stoccu㏄ncewasdete㎜ 滋eda£some$peci負cloca縫o薮sin磁e坤 鐡eseAlps(Ma醜 ◎ka

and玉keda1998;Aoyama2003,2∞5;夏shikawaetal.2003).Al撫o建ghseve1鷺1b1◎ckylandfb㎜s

havebee簸ide且tifledasπ ㏄kglaciers童nthecen血lpa震o負h巳no曲emJapa簸eseAlps(Aoyama

2002;Ichikawaε ガ α乙2003),in甜 岱cie撹informationisava銀ablerega双 ㎞ggeomo塑hologic

characteristicsandthermalregimeofrockglaciers.']fhispaperpresentsgeomorphologicfeatures

of鉄>ckglaciersandtheresultsofmonito血gofgroundsumacetempera:睡eonrockglaciersand

blockylar曲 ㎜slocatαi田D㎜dMt.S磁syo,centr即 磁o鮒1eno曲em坤 蹴e&eAlps。
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賊 霧。亘Loca蔽o鍛m3P◎fthestudya罫ea.Locationoftiemeasuremen[tsiteofgro膿dsurfacetempera膿

andthedistributionofcirquewalls,rockglaciers,morainesandblockdepositsareshown.A-G

representsthecirquenamearoundMt.Suisyo.

2.s拙iy盆 】騰

ThestudyareaislocatedinthecentralpartofthenorthernJapaneseAlps(Fig.1).Thehighest

peakinthestudyarea,Mt.Suisyo,reaches2986ma.s.1.,摸ndanumberofpea恕exceed2900m

a.s。1.Them～ 血ridgeof曲estudyarearunsinaroughlyno曲 一southdirection.欄 一develo姻

glaciallandforms,suchascirques,morainesandglacialtroughsaredistributed(Shiki1956;

Iozawa1979),andtheoccurrencesoftwoglacialadvancesduringtheLastGlacialwereiden出ied

(lozawa1979).Somecirqueshaveblockylandforms,whichwereinterpretedasmoraines(lozawa

1979;Aoki2003)androckglaciers(Aoyama2002).Add(2003)usedcosmoge磁cBerynium-10

(1黛Be)(ぬ 血gt・ ・h・wth・ts・m・ ・f血 …b1㏄ 副 … ㎞ ㎜ ・戯 ・t・around10ka.職 ・厩 ・㏄k

geologyco鍛sistsma掘yoftheOk瞳obe(i辻anite,theFunatsu(㎞ticRacksandtheEady

Cretaceoussandstone(Harayamaetal.1991).
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3。Me伽od総

Thedistributionofrockglaciersandblockylandforms,whichareconsideredtooriginatefrom

permafrostcreep,wasinvestigatedbyaerialphotographinterpretationandextensivefield

observa娠ons。Deta簸edt◎pog臓phica夏mapsofr㏄kglacierswereco益structedbyusingaLeica

PhotogranlmetricworkstationsD3{digitalstereoplotter),andextensivefieldobservations

werecarriedoutinordertoclarifythegeomorphologicalfeaturesofrockglaciers.

Thegro㎜dsuffacete搬pαa雛ewasmoni垂oredf罫omSeptembef2004重oS夢ptembe罫2005,by

usingminiaturedataloggers(ThermoRecorderTR52,manufacturedbyTchiDCozyration,

Japan).Theyrecordedtemperaturesat1-hintervalswitharesolutionofO.1°C.Thelocationsofthe

monitoringsitesareshowninFig.1.Threeloggerswereplacedonrock.glaciersandblocky

landform(protaluslobe).Theywereinstalledbeneathlargebouldersatthesurfacesoftherock

glaciersandblockylandforminordertoavoidtheeffectofdirectsolarradiation.

Thebottomtemperatureofthewintersnowcover(BTS)carebeusedasanindicatoroi'the

occurrenceorabsenceofpermafrostinareaswishasufficientlyCluckwintersnowcover(e.g.,

Haeberli,1973;Hoelzleetal.,1999).Sincesnowhasalowheattransfercapacity,ifthewinter

s鍛owcoveτiss面cie的 甑ck(>80cm),it沁sulates出e蟹)㎜ds㎜ £ace食omsho震 一te]㎜

variationsinatmosphericconditions,andtheBTSismainlycontrolledbythegeothermalheat

flow.basedonthepermafrostoccurrence,thePTSvaluesweregroupedintothreecategories

(Haeberli,1973):(a)probablepermafrost(<-3°C),(b)possiblepermafrost(-2°Cto‐3°C),and

(c)improbablepermafrost(〉-2°C).InadditiontotheBTS,themeanannualgroundsurface

tempera雛 ¢(MAS〔Dwasob㎞edbymonito血9血egfo㎜ds顧ac磯mpefa嘘e血oughout出e

year.Assumingthermalequilibrium,thepresenceofpermafrostrequiresasubzerovalueofST,

becausethegeothermalflowtendstoincreasethemeanannualgroundtempera撫rewi{hdep宅h.h

reality,globalwarmingaftertheLittleIceAgeseemstohaveslightlyraisedSTtowardthe

groundsurgace(e.g.Haeberlietal.1993);hence,permafrostpossiblyexistsevenwhereMASTis

sHghdyab〈)veO◎C(Ma乞s雛 ◎kaa簸dReda1998).

羅.Ge繍 卿 薮o舞o浮c曲潔 鑑e趣翻 ◎ぼ販雌 霧　麟e弼

SeveralcirqueshavebeenidentifiedontheeasternslopeofIVIt.Suisyo(Shiki1956;Kobayashi

195$;lozawa1979),andthesecirquesarenamedtheA-Gcirque(Shilci1956).Inthisstudy,four

rockglaciers(RG1-RG4)wereiden甑edh1建hesec辻ques.Tlladdition,severalpro薇luslobes,

whichareconsideredtooriginatefrompermafrostcreepbutaremuchsmallerthantypicalrock

glaciers(e.g.V6'halleyandMartin1992},aredevelopedonthewesternslopeofthemainridge

aroundMt.Suisyoandbelow重heno震h-facing`alusslope勧theCcirque.Theselobeshave

d血e難sio簸s20-30mlong,1(レ20mwideand3-5mhigh,andtheyare雌cker血antypical

so雌uc撮onlobe(0.2-2min面ckness;e.g.Ma£suoka2001).Thesurfaceo紬esepro綴uslobes

arepredominantlycharacte血edbyangularorsubangularopen-workbouldersthatare30-100cm

魚(iiameter.RGIislocatedintheGcirqueandRG2islocatedintheEc辻que.RG3andRG4are

locatedintheDc辻que.h血isstud)～de圃r,whichthe

groundsurfacetemperatureismonitored,wereconstructed(Figs.2and3),anddesci7bedindetail.
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欝醜。露tailedt()pog撃phicalmapofRG20ntheSuisyo覧c輌ue.Con重o慧r擁ervaHs2m。

RG2is1㏄a寛eda質hec矯 耳¢烈◎or◎ 軸eEcセqμe.丁 難easpec宅of癒eτockglaciefiseas宅.RG2is

a醜9猛e-s即 磁fb蹴wi伽1e簸9由of970m蹴dawid伽f280m.D¢ 翻edtopo9即 猛c滋 瓢apof

RG2孟ss難ow鷺h董 珊g.2.・ ◎f甑e萄ckglacier(2650澱a.s。i。-2750ma。s.L)c◎ 勲sis重s◎f

M-shap磁 磁ge.丁 臨M-s簸apα 短dg¢iscomPle電elyvege甑edwi血al脚ep沁es(P珈 灘 ρ灘 瘤).

Severa夏disc◎ 癬紬ous盛dgesa宴 ¢dis励 磁ed趣ide(叩s1◎pe)of血eM-sぬ 翠d薮dge,Seve魏

P蜘 ◎鷺ss顧 ¢s(Sl臨P56;K◎bayas瓢1958;二 〇zawa1979)ぬ 撚1¢i簸御 ・

as捷 搬◎a鐡 α璽d曲9癒ey◎ 膿 騨"S狼de◎ 緬eLas重Glaci譲.H◎wevξ 環 難edis伽ceb伽 ㏄ 鍛

ther隻dg¢a難d寝 蟻鷺sf60電 慧PSlopeis建 ◎OS熱ort宅of己edaglacier!夏 語紬almo宴ai簸esofalp沁 ¢glacier

haveregu羅ybe鋤b鷲ach¢dbya薮o贈ashs掴eam(c£Hambr¢y1994),h◎weve鶏thisbreached

艶a傭e量S豊0蜘 撒d◎ 蹴heridg¢ 。0簸 曲 ◎癒¢r蜘d,癒e瓢e1癒9繊 短S-d顧V《 癒 ㏄kglacie鋼 曲

t㈱ 鍛tprGd礁c¢sa薮arc戯 磁dgef血9沁9鷺a1鷺ss1◎peαkedaa蓑dM滋su◎ka2002).丁 簸鷺s,

M-shaped姦dg¢is血 寛e導買e重磁as・ 滋(璽ge◎f血 畿c磁ve()f罫e難c載 罫ockglacie罫pro《 置鷺cedby電he

獄}e魏沁gofice一 慰置chp¢ 鋤a愈 ◎就and血es鷺bsequ¢ 簸£subside簸ce◎ 重血¢r◎ckgl我cie凱 丁熱¢璽盛(璽d豊¢ 農簸d

亙◎we£Z◎ 穀εo柚e茎 ㏄kglaciercO簸S童S記sofsub撫 α紺 鐡svefS磁dges鋤dS搬a鞭e数d◎Sεd熱0簸 ◎WS

wi癒de貧sevege籔 縫o簸.K6bayashi(1958)co簸sidef¢ ・・(漁)㎜ 技s綴 凱惑)1a籔o簸mG蜘 簸e

o罫ou£washde脚s甕s.Howeve箪hese往ansve鵬 薮dges鍵esi翻 頗 ◎ 血e且ows撫c鞭eof罫 ㏄k

glaciersass●ciatec量wi甑 血edefb㎜a匙iO薮Ofp¢rm諭OS寵,andsmallencl◎Se曲 ◎HOWS撚yhave

producedbythemeltingofice-richpermafrost'1"heheadandfrontaltitudesofPCI2are2'70m

a.s.1.and2420ma.s.1.,respectively.Theheightofthefrontalslopeofl2Cr2is25mwithanangle

of26。wi重hder【sevegetation.Activer(>ckg!aciershaveas£eepvegetatioR-f虻eefro鑑alslope
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麟 悪・3De重ailed重oP◎graphic滋mapofRG4◎n癒 ¢S癒syoD慮q磁e.Co簸 電◎繊畢ま撫}rvε議麦s2搬.

(aPP鑑OX叢 鍛a竃ely40°),W醗em緻y撫ac電 呈ve鐙dre1置ct∫ ◎ckglack叉S紘ve搬 ◎rege櫨 玉e壷0鍍 畿1S1◎P¢S,

wi癒p麟ialor鋪vege冠a建io簸coversσkeda緻dMa鵬oka2◎G2).丁 難eses磁ace勧 櫨es◎f撫e

r㏄kglaciersugges£ 電ha窺RG2is謎nh験c願veo惣 曲c£r㏄kg夏aciei.。

R(董4isloca£eda愈 血ec詮q鐸efl◎ ◎r◎重費1eDcir(罫 忍e.壌隈玉easpect◎f縫 竪e罫◎ckg置acie寛 量seas窺.隷}4

sh◎wsa鵬9篠e-S蜘edfbl㎜wi癒a1¢ 鍛9癒 ◎鍬Om蹟d&wi藤 ◎f15◎m,De認 磁 ◎費0騨 欝撮C綴

mapofRG4isshow盤i徽Fig.3。RG4co難sis重sofm漉iple1◎bes鋤d伽sveτse鍍"g㊤s。Eac熱of

血eSd◎ ・s◎beOVe麺.(㎞ga1◎wedObe.SeVe籔1μeVi◎ 魏SS糠(驚S(S臨 至956;

Kob農y&s疑195雛o隙wa1979恥ave擁 卿 罫e慮 瓢sb夏 ◎Gky1撮 感 漁as農 燃 ◎rぬe,鍛d夏 撚wa

(1979)presumed血at出 ¢夏a盤dfb蜜澱hasbe鎌fb㈱(童 慮 豊9癒 ¢y◎懸ge罫s童ade◎ 重雛eLa就Glad掘.

HO聡ve黒,塩ese脚 瞬dogic巌ea雛esafes量 翻 麟0癒es戯ac㈱o麟d◎gi㈱1だ 餓 轍es憺 ◎ck

glaciersassociatedwiththedefo懲a藪 ◎豊ofpe㎜ 諭 ◎s£(e.9.H我 眈 翻 曾85;K敏 瞬dge鑓d8麗 紐

1995;〕8雛sc薮1996)。 亙鷺add量 亘o簸,癒ebreachedf¢&加refb鐡edbya登ou豹vas難s健ea簸 陵i8簸◎豊藪)u鍛d

o簸 眺bl㏄kylandfb㎜.T薮 慧s諏r・(慧b撒 孟s嬢eダpre£edasar◎ckg至acie罫rathe曲 惣asa
『

moraine.Aconlu◎"s蜜ounded煮dgedevelopeda£ 癒eargi薮 ◎重只G4.T樋s姦dgeis血terpretedas

殿OUt面dge◎faninactiveorarelictr◎Ckg夏acieごpr(戴 鷺C鍼b蜘emd伽gOfiCe-dC聯 ㎜ 慮OS電

and撫esubseque薮 毛subsi(亜ence◎ftherackglacier.Theheada蔽dfro簸taltitudeso£ 齢4afe2740m

a.s.Land2570ma.s.L,respectively.Z'hefrontalslopeisentirelycoveiedwithalpinepine(P∫ η麗3

pu纏 ω,sugges£ingthatRG4is㎞acUveor翻ct.Theheighto紬e倉o姻slopeofRG4is51m
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Fig。 曝Annualvariatio難singrou難dsurfacetemperatureatthe血 ㏄ 磁o漉o舳gsi重es.SeeFigs.1,2and3

沁rlocadonso価emoni重0掘gsi£es。

withanangleof36。.Thesesurfacefea加resoftherockglaciersuggestthatRG4isalsoinactiveor

relict.

5.G蟹 》眠瞼ds鞭r饒 葦¢e勧3醗1ρe罫題魏

ThegroundsurfacetemperaturewasmonitoredatthreesitesaroundIYlt.Suisyo(Fig.1).Site
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SUlislocatedattheupperpartofIZG2.SiteSU2islocatedonIaCT4andsiteSLT3islocatedonthe

protaluslobeintheCcirque.Measuredgroundsurfacetemperaturesatthreesitesarepresentedin

Fig.4.A宅theses並es,癒et¢mpcra鍛esshowedagraduald㏄ 罫easewi宅hda丑y飾c滋a£ions加

a滋umn,and極esef1疑c滋a穏onst… ….inmid-November.These宅empo罫alv磁atio簸ssugges電

魚a輩thesesi窺eswerecoveredbysnow㎞mid-Novembe鉱klowever,atsitesSUIandSU2,

sho賞 詫e㎜ 電empeギa雛e伽c加a亘o簸sw磁n簸ega穏ve£empera臆e㏄c瞭edthro猛gho凱 癒ewinte飢
'These飾c加a娠o益swere!

i)1yduetothe舳s践owC●VC1'(<1m),Imda甑osph畷c

temperaturesmeetgroundsurfacetemperature.Thus,theSTSvaluesatSLTlandSL.T2cannotbe

usedasanindicatorofthepresenceofpermafiost.AtsiteSI.Jl,thetemperaturefellrapidlyto

-10。Cd曲gDecemberb厩soonrose重o-2 .5。Cd慮ngJa貧uarメTherea負e鶏 癒e驚empera雛efell

graduallyt●-6.30Cwi出sho慮e㎜ 麓mpera雛e恥c亡ua£ions宅owardmid-Ma鍔ch,Atsi宅eSU2,£he

temper撫re叙1graduallyto-50Cwi重hshor撹e懲temper翻 弓e負uc憩a縫o豊sdur㎞gD㏄emb破{灘d

March.●ntheotherhand,atsite5U3,temperatureevolutiondidnotshowshort-termfluctuation

throughoutthewinter.SubfreezingtemperaturesoccurredbeforethesiteSLT3wascoveredby

snowinmid-November.Thereafter,thetemper鵬 ¢τ◎setoO。C,農 鍛d重hes"bsequ¢nttempe罫 撫re

decreasedgraduallyto‐4°CfromearlyDecembertoearlyMarch.]wringthefollowingtwo

mon血s,befc)res簸owme1£s麟s,thete町 》erat鍵efemainsnear至yco獄stant.Thisgroun(isurface

tempera紺eevolu磁onsugges£sthatcoldairisfunneled血 ・thesurroun(㎞gope薮spaceof

1飢lgebl㏄kysぱace職e翻 藪玉o{匪gh伽 雌cksnowcover(>1m)i職s噸estheg£o縫 簸ds頗ace

費omsho貫 一£ermv盆datio簸ina宅mosphe鍾c犠pera轍e血oughou柚ewinder.Thus,癒e8TSvぬes

atSU3canbeusedasanindicatorofthepresenceofpermafrost.'Thetemperatureincreased

即idlytoO。Catsi之esSUlandSU2d顧ngApr鍛,anda£siteSU3d磁ngMay.Thisres嘘 沁dica宅es

t憾therapidrraeltwaterpercolatio簸to重hebaseofthes蕪owcover㏄curredd面llgtheseperiods,

and出e血 面gof血e麟v譲of勧eweレsnow食o慮o癒e理o㎜d磁si電esSUlandSU2is

approximatelyonemonthearlierthanatsiteSLJ3.'Thenthetemperatureremainedconstantvalues

atO◎C(zerocu甑 のa愈siteSU1甑ilthee簸dofMay,a縫hesiteSU2u簸 劔mid-∫ 吻anda宅site

SLT3untilmid-August,indicatingthatseasonalsncｺwremainedatthesesitesuntiltheseperiods.

Thestable8TS㎞1a肥winterisindicativeofthepresenceofpermafiost.A重si重eSU3,宅he8TS

valuesinlatewinterwerelowerthan‐3°C.Inaddition,MASTvaluewasnegative(-0.5°C)at

thissite.ThesevaluesshowtheprobablepresenceofpermafrostatsiteSU3.STwas2.1°Cat

site1,.i.8。CatsiteSU2.PositiveMASTclose重01°Cwasobservedoninactiverockglaciers,

possiblyreflec面gprogressivemel行 鍛gofpe㎜ 誼ostαkedaandMatsuoka2002;Ikeda20◎6).

Therefbre,STatsiteSU2doesnotexcludethepossib鐵tyof曲epresenceofperma丘ost

6。C艦d樋 磯s

Fo田 ぼ ㏄kglaciersandsev¢ratblockylan(廷b亙ms(proね1uslobes)are磁s励 蘇tedar◎ 鱗ndMt.

Suisyo,centralpartoftheno曲 ㎝J司paneseAlps.Subsidence勉 旗es,subdued重opo即phyand

densevegetationcoverwereobservedontheserockglaciers.Thesesurfacefeaturesmayresult

fr◎mtheme夏d鍛gof顧ost,andsuggest由at血eserackglaciersareinactiveorrelict.Low

BTS({‐3°C}andnegativeMASTonprotalus10beintheSuisyoCcirqueindicatethepresence

of】笈説 〔ost.

一7一



A¢㎞o嘘dge鱒e廟

Iwould㎜(¢totha醸ProfessorS.Iwata(RikkyoUniversity)fbrhelp負 議suggestionsand

continuousacademicsupport.IamalsoindebtedtoRNishii('TsukubaUniversity)forfield

assistance,themembersoftheResearchGroupofGlobalChangesandPalaeoenvironment,Tokyo

MetropolitanUniversity,fortheirvalual)lecomments.Thiss敏iywasfmanci～ 澱ysupportedbythe

TokyoGeographicalSocietyforScientific;Research.
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