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Abstract  

Thespatialandaltitlldinaldistributionoftheactiveperiglaciallandformssuchasearthhum≠  
mocks，SOii幻uctio王－iobes，turトbankedterraces，SOrtedpo王ygons，talussiopes，andstriated酢Ound，  
WerCmappedintheLangtangVailey，CentralNepalHimalaya．SeveralirlaCtivelandformssuchas  
rockgiaciers，blockstreams，a‡idprota】usrampartswerealsomapped。Theperiglacialbeitoftbe  
LangtangValleywhichspreadsbetwecnthetimberlineandtheequilibriumline，Canbesubdividedas  
follows：bel‖（3，600m岬3，920m：lowermostpcriglacialbeltofpatchydistributionofearthhummocks  
and vegetated sol主fluctionlobes）；beltII（3，920m－4，700m：lower periglacialbelt with a more  
COnti†l㍊OuSdistribut毎nofearth壬iummOCksar主dvegeta仁edsoiifiuctioniobes）；beitII王（4，700m－5，000  
m‥middleperigiacialbeltofvegetatedsolifluctionlobes，turf－bankedterracesandsortedpolygons）；  
beit‡Ⅴ（5，800m5，208m：upperperiglac主albelとOfsortedpolygons）．  

Thewideextentofrockywallsandglaciersabove5，000mandtherelativelyhighsnowfalimake  
thebeltIVnarrow．Thesunnyaspectandthesnowfallseemtoelevatethelowestlimit ofalpine  
permafrostontbesoⅥtわ…ねcings量ope．  

l．Introduction  

Theperiglacialiandformsof洩eLanがa三唱Vai玉野  
haveneverbeenstudiedindetail．Usselman（1980）舅rst  
made ageomorpbologicalmap of七重IeVa11ey，but he  
mappedonlyavalanchecotlloir，aValanchecones，and  
Periglacialslides asbeing the periglaciallandforms．  
Onoa‡1dSadakane（1986）describedtbeoccurrencesof  
earthhummocks，SOlはⅥCtioれlobes，patternedgro㍑nd，  
andfrostshattered肌rOCks，Whichbecomepredominant  
Orlthedebris叩COVeredmolユnとainslopesabく〉Ve abotlt  
4，650min the val】ey．In relation totheyak trans－  
humance，theytentativelydefinedtheperiglacia】belt  
in the valley as one belt bigher than this a旺itud払  
Wbicbro喝blycorresporidstotheupperi主mitof融和b  
Vegetation，However，they mentioned that the earth  
hummocksalsoocclまrbelowthisaltitude．Itis，軌ere－  
fore，neCeSSary tO definethe periglacialbeltsofthe  
Valley more precisely from geomorphologlCaland   

geoecologicalviewpoints．   
TheperiglaciallandformsintheNepalHimalaya  

veremaimiystudiedintheKbuid）uandMuktlt壬iimal  
（F雨量呈，1976；Iwata，1976），and were focused on the  
patterned餅Ound．Iwata gfαg．（1976）attempted tbe  
comparisonofperigiaciaizonatio11betweentheEl汀0－  
peanmountains，HimalayaandJapaneseAlps．How－  
ever，aStheystated，theKhumbuHimalisrelatively  
dryintbeNepalHimaiaya．Tbisarea，COnSequentiy，主s  
not representative（）f the Nepalese slopes of the  
Hil11止l〉■こ1．   
The purpose of this paper is to describe the 

variousperiglaciallandformsintheLangtangValley，  
and t（〉discuss tbeir verticalzonatiorl．For this pur－  
pose，Wemappedt‡lemajorperigiaciaiiandformsin  
thevalley．Figurelshowstheir spatialdistribution  
Since血eperiglaciailandformsoccurmainlyontbe  
debris”、mantledslopesatahigherelevation，WeCOn．  
cerltratedthefieldresearchontheDakpatsenPlateau，   
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penetratesthevaileぎーThissit11ationisqtlite（まif毎rent  
たomとhat of the Khユmbu reglOn，Where tbe王arge  
frontalmountainsprevent theinvasion ofthc moist  
airmass（Ageta；1976；YasurlariandInoue，1978）．The  
precipitationmapofNepal（1971k1985）clearlyshows  
thisdifference；the anmlalprecipitation amounts to  
aboljtl，500mmin tbe Laれがang Val壬ey，btlt Only  
SeVeralhundredmmintheKhumburegion（Depart－  
mentofHydrologyandMeteorology，NepalGovern－  
ment，198軋  

ahighplateaulocatedo11thenorthernsideofthemain  
Vailey，Whichisbelieved to havebeenわrmed by a  
hugelandslide（Heubergeretal．，1984）．Inactiveperi・  
glacial1andforms，SuChasrockglaciers，blockfields，  
protalusramparts，rubbleslopes，andvariouspattern・  
edground，Werealsomappedinthefield好ig．1）．Since  
tbemappingoftheinactivelandformsisstillinpro－  
gress，theywillbedescribedanddisclユSSedinafuture  
paper．  
Thefieldwasvisitedintheposトmonsoonseason  

in1982，mOnSOOnand posLmonsoonseasonsin1987，  
arldpre－m（）nSOOn父aSOnin1988，  

3■Descriptionofp即igla亡ialIandforms   

3．J．励〟ゐゐ〟∽肌OC毎  
Earthhummocksarespreadwidelyonthemoist  

SurfaceabovetheleveloftheLangtangVillage（3，410  
m）・Th野developmainlyatTsonaく3，780m），Tarna  
（4，165m），Tsoれgd11（3，800m），Thangdemo牲620m），  
andNumothang（4，050m；Fig．2A）．Thegeneraldimenr  
SionsofthcearthhummocksintheLangtangValley  
are20r70cmindiameterandlO－35cminheight．  
The surface of the mound is usually covered with 
斤／′（一高）√ノ‖′√ル‘り′∫‘イり∫J川Jan（1〟．（川／Jい♪（軒〃しl†コ【ト州  
Cmin height，Whereas the surrounding surfaceis  
COVeredwithgrassesandforbssuchasprlmrOSe．  

Trenchsectionsofearthhummockswereobserv－  
ed at the Langtang Village（Fig．2B）and Tarna  
Kalk圭一a（Fig．2C）．T壬Ie王attersection，CutOn27Apri1  
1988，re￥eaie（】theex董stenceofa打ozeniense00Shaped  
COreatthedepthof37q53c汀L Similarfrozencores  
were also observed in the earth hummocks at the 
SOuthofNumothangKalkhaon16May198臥  

Severalearthhummocksshowanalignedpattern  
andseemtoberelatedtotheyakactivity，Sincethe  
patternisparaiielto the yak trails．They occlユr eS－  
pecially arourld Tsongdu and Tarchipesa Kalkha，  
Where many yaks pass throughduring thc trans－  
humance（OnoandSadakane，1986）．Iwataetal．（1976）  
also reported the earth hummocks related to yak  
trailsi王1theKhumburegion－Tbeythoug壬IttぬttlleSe  
ear班hummocksarebasical主yformedbyfrostaction．   

ユ2．50J卵批せわ乃わ∂gざ  
ActivesolifluctionlobesinvoIveturf－bankedand  

StOne▼bankedtypesaccordingtotheclassificationof  
Embleton arld KiIlg（196乳The turf－banked orとhe  
Vegetatedsolifluctionlobesoccurabove3，425m．They  
haveasteepriser（Fig．3A）withvegetationcover，and  
ar’egenera11ytongueshaped．Eachsegmentofatypi・   

aStudyArea  

TheLangtangValleyislocatedatabout60km  
nortb ofKatbmar主du（Figtl）．Thevalley，StretChing  
fromeasttowest，isdissectedbytheLangtangKhola．  
A typicalUqshaped configuration dcvelopsupva11ey  
fromGoraTabela（3，O17m）＊，andtheupperreaChesof  
thevalleyhaveseveraltributaryglaciersincludingthe  
Lirung，Shalbachum，and Langshisa．The uppermost  
partoftbel℃ainvalieyisalsooccupiedbytheLang・  
tangGlacier．AllofthesearedebrisMCOVeredglaciers  
（Fig．1）．Severalsets ofmoraines occupy the valley  
bottom；they have been correlated to the LittleIce  
Age，Neoglacial，Lateglacialyoungerandolder，and  
theadvanceolderthanLateglacial（Heubergeretal．，  
1984；Ono，1986）．  
The geology of this area belongs to the Main  

CentralThrustZone，Whichconsistsofgranite，gneiss，  
and schist．  

TheclimateoftheLangtangValleyismoist，with  
StrOnginfluences of the stlmmer mOnSOOnS Which  
COme from t‡1e SOlユ洩．The a王1nualprecipiはtion at  
Kyangchen，locatedonthevalleybottomatthealtiq  
tudeof3，920m，WaSl，224．5mmin1985－1986（Taka－  
hashietal．，1987）．Althoughthemonthlyprecipitation  
WaSZerOinNovemberandJanuary，thetotalprecipi－  
tationfromDecembertoMaya王ⅥOurほStO271tlmmat  
KyarlgCher主（Takahashigfαg．，1987）．Mostofitfailsas  
SnOW at higher altitudes．Even at Kyangchen，the  
mean monthly air temperatureis below O OC from  
Decemberto March．Therefore，the snow accumula－  
tionissignificantonthevalleybottomatthealtitude  
OfKyangchen，  

The reiatively moist climate of the Lantang  
Valleyisexplainedbythenarrowfrontalrangeinthe  
SOuthofthevalley；thehumidairfromthesoutheasily  
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1TSrownish Black tlumic Soil  
（10YR272，Sandyloam）  

2 Browni5h Black Sand  
（10YR2／3，Sandyloam）  

3 Brolヾnish 王11ack Sand  
（10YR3／2，Loa王驚）  

4 Black Undecomposed Soil 
（10YR2／1，－－）  

5 Bl・OWnish Black HuTTLic Soil   
く10Y置2／3，Sま1tloa王n）  

b Dark Grayish Yellov Sand  
（コ．うY5ノニ，Sandyloam）  

7 BroⅥlisllBlack Burj，ed Soiユ  
（10YR2／3，S土1tloam）  

B Yellolヾish Gray Sand wlしII   
Oxidizedト1（）ttles，tlnfrozen  
（2．5Y5／1，loam）  

9Ⅰ注tto，Frozen  
（2．5Yう／1，Loam）  

Fig・2・Earth htlmmOCksnear Numothang（A），and thccross   
SeCtionsintbeLanがarlgVilはge（B），andi‡1TarnaKaほわa   
（C）．Sca】elengtbi王1PhotoÅisat〉Ol止70cm．（Pboto：T．う貯．，9   
May198乳  

Fig▼3・Scわematic！ongitudina！sect…onofsol毒蔦uctioれlobeswith   
termlino王0野わySm池（1987）（A），aれdtわetypicalvegetated   
SOii翫c如niobesnear漁eYaまaGlacier，4，920m（軌（Pb8モ0：   
T・Ⅵ7．，4May1988）．   
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grazedontheabove仙mentionedmoraineridgeshown  
inFigure4；therefore，theseturf－bankedterracescan  
beregardedasnaturallyformedfeatures．Ontheother  
band，tboseiIltbe LangtarlgVillageそ3，420－3，480m）  
arldKya‡－gChen（3，800…3，920m）areregardedasyak  
－1elated forms，although their excavated sections  
show thesimilarfeatures．  

ユ4．ふ）γねd♪0励乃ざ  
Sortedpolygons occur on a smal1，Shallow，Seap  

SOnallakebottom（4，908m）tothenorth－eaStOfMt．  
Tserko（Fig．5）．They arelOOA400cmin diameter．  
Thecentralpartconsistsofsandandsmallgravelon  
thesurface，andfinesiltwithasmallamotmtofgravel  
at deeperievels．Themarginis surro11nded by stユb－  
angⅥiarlargeboⅥ1dersof15－1（〉Ocmindiameter．  
Sortedpolygonsattbisioca王ityarecoveredwitb  

SnOWfromthemidqOctobertoearlyMay．Theground  
Surfacewasnotfrozenon27May1988．Asthelakeis  
filledwithsnow¶meltwaterduringtheearlymonsoon  
SeaSOn，the periodavailablefor frost actionisshort．  
However，theup－domedshapeofthecentralpartand  
thepresenceoffreshsandandgravelonthesurface  
SuggeStCurrentfrostactivity．  
On the other hand，SOrted polygons which are  

locatedonthegentleridgesinthewestoftbePi’ung  
Cirque，andontberockglaciernearモhesameclrqtle  
（Fig．1ラ，arepartlycoveredwithvegetation．Thecross  
SeetionoftheircentralpartshowsthetlndisturbedA  
andBhorizons；therefore，theyseemtobeinactive．  

Sorted poly酢）nS also occur，insome caseswith  
StOneStripes，OntheconvexslopeinfrontoftheYala  
Glacier，aboveabout5，000m．Theirdiameterrangcs  
fromlto5m，andthemarginofthepolygonsismade  
up ofsub冊angularblocks oflO to40cm．The polyq  
gonalpattern，however，isnotsoclearasthatofthe  
lake bottom near Mt．Tserko mentioned above－The  
SOrtedpolygorlSareiocatedorltheannualmoraines，  
WhicharetllOugbttohavebeenformedbetween1887  
and19O3（Ono，1984，1985）．‡fthisideaissupported，the  
SOrtedpolygorlSWeremadewithi！1thepastlOOyears．  

Relativelysma11er欄SCale sorted polygons stretch  
On the pavemenト1ike surface along the Yala Chu  
（4，820m）；thelargeroftheseareaboutlm，andsmaller  
ones are30－40cmilldiameter．  

ヱ5．7も血ssわpβ5  
Active talus slopes，With frosトshattered fresh  

fragmentsorlthesurねce，fringethebasalpartofthe  
SteeprOCkyvai玉野Wai】sabovethelevelofKyangchen   

Calturトbanked solifluctionlobe（Fig．3A）has the  
followingdimensions：20－200cmoftreadlengthand  
Width，and5m30cmoftreadheight．Thetreadslope  
Variesfrom2to20degrees，andtheriserslopefrom60  
to more than90degrees，Somelobes have greater  
treadlength than treadwidth，and vice versa．Aト  
thoughtheactualmovementrateisnotmeasuredin  
thisvalley，thesurfacemorphologyoftheturトbanked  
SOlifluctionlobesontheDakpatsenPlateau（4，920m）  
Clearyshowsthepresentactivity（Fig，3B）．Thelobes  
recieve much snow－melt water coming from a snow  
patchlyingupslopeinspring（offthephoto）．Theover  
▼Saturatedlobesseemtomovedownslopeduringthe  
SnOW▼meltperiod．Thesolidblockscollapsedfromthe  
riserstro11glysuggestthisdownvardmovement（Fまg．  
3B）．  

Stoれe－barlked or unvegetated soli幻uctiorliobes  
OCCurabove4，900m，OnthesouthWeStfacingdebris  
COVeredslopeneartheYalaChu（Fig．1）．Theupper  
One－thirdofthisslopeseemstobestable，Whcrcasthe  
lowertwowthirdssufferfrom alpinedebrisflow and  
solifluction．The stone－banked solifluctionlobes ob≠  
SerVed here，initia11y formed by alpine debris flows，  
WereSubsequentlymodifiedbysolifluction．SuchsoliN  
fluctionlobeshaveatreadwidthoflessthan2mand  
atreadheightof5－10cm．Simiiarfeaturesarealso  
ObservedorltbesteepsideSlopeoftheLittle王ceAge  
morainesinたont ofぬe Yala Giacier．  

よまア如トぬ頑払＝如和服  
Well¶dcvelopedturfbankedterracesareobservK  

edonamorainetothenortheaStOfMt．Tserko（Figs．  
1and4）．Theboundarybetweentheactiveturfwbank－  
edterracesandthe terrace－1ikefeatures complctely  
COVered with vegetation（possibly fossilterraces；  
hatched areain Fig，4A）roughlycorrespondsto the  
moraineridge，aむ払oughtbelatterbecomesⅥriderwith  
ilてCreaSingeievatiorl．Thecrosssection（Fig▲4B）sbows  
tlュat tbe B and C horizons are paralielto tわe siope  
Surface，WhereastheAborizorlChangesitstわickness  
by solifluction movement．A fresh gravel¶andmsand  
layerof2to6cmindepth（reworkedtillwithloess）  
mantles the A horizon．Partly frosトshattered sub  
－angulargravelvariesinsizefromlto200cm．The  
existenceofthissurfacelayerovertheAhorizon，the  
verticalheavcofthegravelonthetreadsurface，and  
thecollapscofsoilblocksattheterraceedgeindicate  
tbe actualsolifluctionmovement．  

Accordingto Ono and Sadakane（1986）and the  
GEN membersく1988，PerSOn．COm！Ⅵu．〉，nO yaks are  
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（3，920m）＿  
Aiong洩ele食bank of tbe Tajar C‡lu，many  

angulargranitebiockswithotlも1icbencoveriieonthe  
largetaiuss重opes（3，985m）－Tbeyarecurrentiy＄Ⅵp－  
plied from tbel坤perl）edrock expostireS above tbe  
altiとude of4，200m、Otherlarge ta王us slopes，Whose  
relativebeigbtreacbes400－500m，StretCbalong班e  
rightbankoftheChubiChu（Fig§，1and6Å）．   

InthemaiTlValley，tlletalusslopesaTemOreOr  
iessrelatedtoavalancbes，COmingdownsiopefromthe  
hangirlgglaciersabやVetIleSとeepvalleywail．  

Near t主Ieもerminiofthe Shalbachum and Lang－  
Sb主sa Giaciers，SOme taius slopes cover t壬1elaterai  
mora主nesoftheLittle王ceAgeandjoi王1tOもぬedebris  
COVeredgiacierslユda（ニe（Fig．6B）－   

、■i、（∴；．財前両石叩仙南  
Striatedgroundoccursabove3，840勒eSpeCia∬y  

ontbemoistsurfacesarotまnd】漬t．Tserkoand洩eYaia  
Glacier．It consists of alignediumps of sand with  
narroⅥ㌢Chan！1eisofonly党Veralcentimetersinw始ぬ  
a王ュd王enがb．Tbefeatt汀eSareSOmi王Iutet‡1attheyare  
notshowninFig．1．狂hasbeenreportedintheAndes  
（Schubert，i973）andtbeKbumburegion（Fuji主，1976；  
lⅥ丁；ltこl（イ‘J／．．1～1丁軋  

pla主nedbytbetopo－Climate，an（まitisprot〉abiycatlSed  
bytbeねmingandgrazing．‡nfact，血evarmthilldex  
（clユm㍑lativepositivemon軌王yairtenlperature5CC）at  
KyangcbeIlapprOXimatelyamountsto15¢C・mOnth．  
It meariS thaもthe co‡li転roljS forest（£α才女如ぬ発言押ぇ  
7滋鮮Z血桝∂甜and Aぁぉざ頭ゼCね∂ダ猿），Whic‡laCtlは11y  
Spreadsupto NesapaliKaikbaく3，627m），CanpOten－  
tialiygrow up to払elevelof Kyangcben（3，920m）．  
TbisindicatestbattheloⅥre或iimitoftbeperiglacial  
beit圭sart漬cial重yloveredonthebottomoftbei．a羽音－  
ta喝Vai里ey．hrelat主ontot壬Iis，earthbummocksand  
turトbanked soiifluctiorliobes occur occasiorlaliy  
do耶1Yaileyatmuc壬iiowera㍑itude洩anthegenera王  
timberlineonthevalleybotto乱  

Earthhurnmocks，turトbankedso壬ifluctioll呈obes，  
and yak“仇related tqrf小banked terraces are抽e most  
Wide…Spread perig里acia王1a‡ldformsin the Lanがa王1g  
Valley．Amo11g them，tbe turトbanked solifluction  
王obes bave tbe widest verticaldistributまon ぬicb  
ra王1geSfrom3，400mto4，900肌  
2）Non叩Vegetatedperig蔓aciaiまalld払rms  

Tbe distribt珪主on of non鵬Vegetated periglacia1  
1andforms主s準正elimitedintheLanがangVa11ey．As  
Statedabove，tb野OCCurOnlyaroundMt．Tserkoand  
tbe Yala G主acier，between 4，900 m and 5，100 乱  
Furthermore，theirdistribtltiorlisr主Ot COntinuousbtit  
rathersporadic．1ガelトdeveloped†10n洲SOrtedpolygons  
Onまyoccurollaモe‡npOrarilydriedsballowlakebottom  
Which favors tbeir development（Ray gg βgり1983；  
Gieasonβgαg．，ユ986）．Tbeselimiteddisもri】〕utionssug叫  
gest tモIat tbe beit of continu（）uS SOrted polygonsis  
narrowintheLangta王1gVal‡ey．  
3）Tentativezonationofperiglacialまand払rms  

Vertical zonation of patterned sound has been 
proposedbyH8iierman（柑67）a‡1dRtldberg（1972）for  
European bigb mountains，Iwata密書α£（1976）com・  
paredtheverticalperigiaciaizonationofhighmouri－  
tainsin the wesもern Europe，Tibetarland Nepalese  
Si（〉pe＄Of tIle Himalaya，aれdれOrtbern parとOf軌e  
Japanese Alp鼠 They concluded that the Tibetan  
Siopes ofthe‡iimaiaya are characterized by a verル  
tical王y wid占柑nge Oftbe sorted pa鴇erned許Oun氏  
WhiletbeNepaleseslopesarecharacterizedbytbatolf  
thevegetatedpatter王ユedground．Tb野eXP呈ainedtbis  
COntraStby払ebasicdif転renceoftopo酢aphyinthe  
Himaまaya between theTibetan and Nepaiesesides：  
洩eⅥ7ideextentofa酢ntledebrisⅦCOVeredslopeata  
bigbalも如debeまtinとbeformュerゥarldぬeoccupationof  
thesamebeitbytbeprecipitousrockywailsor如針  
ciersinthelatter．   

4．Verticaldistribution of periglaciallandIormsin  
the LangtangVa”ey  

Tわeverticald壬stributionofper主glaciallarldforms  
in tbe LaTlgta‡1g Va11ey can be summarized asi托  
Fi印Ilで7．  
1）Vegeもatedperigiacia11andforms  

Theβgg狸ぬ血忍如（わ（お邦ば和瑠foresとexもerld＄uptO  
4，200m at maximum onthe TlOr軌山ねc呈ng siope，aト  
thoughOno and Sadakane（1986）gavethe壬Ieightof  
4，050montbebasisofobservationaroundNさ喜khng  
KalkbanearTsona．Ontbeotberband，tbec（〉niferoliS  
forestねrmsthetimberiineontheso11thmfaci‡1gS王ope  
aIldvalleybottom，anditsupperiimitisabolit3，600m  
（OnoandSadalくane，198阻Thereわre，tbeperiglacial  
beltbasicallyextendsdoⅥrntOtbesealt江udes．  

T‡1elower altitude of timberline o11tbe soⅥtも  
仙ねcingsまoperatherthanthenortb…fa（二ingor把isaiso  
reportedintheKbumburegionbyIwatagfαg彙（197軋  
arldiもisl呈kelycausedby洩edi鮪rence oftopo仙Cii－  
matologicaまcond呈ぬnsonbo汰siopes．  

Tbe altitlユde of timberlineis alsoiower on the  
bottom oft‡le Langtang Va‡1ey．This calつnOtbe ex－  
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2Jβ  Btl11etinofGlacierResearch  

AltilOugbIwatag才αg．な（1976）researchwasdone  
OnlyirltわeK如mbtlregionfortbeNepaleseslopesof  
軌e王iimaiaya，theirexp王anationisvai壬dfort‡1eLang－  
tamg Valley虞The poor deveiopment of tbe sorted  
polygons can be a托ributed to theまack ofextent of  
debr吏s叩COVeredgerlも1eslopesabove5，000m；thehigher  
Slopes are mainly occupied by g！ac主ers and rocky  
Walls．A relativelylower equilibriumline altitude  
（ELA）of the giaciersin thel．angtang Val重ey also  
narrows the vertical extent of the belt of sorted 
polygons．  
ThelovELA ofthet．angtang Vail野indicates  

that the area recieves much more snowfall than the 
Xもumt〉u regユ01l．Thelack of high fronもaimountain  
ranges，Wbich obstruct t王Ie mOnSOOninvasions from  
tbesouth，favorstbesnowfall主ntbeLangtangValley．  
Ono（1986）estimatedtbeELA oftbeYaiaGlacieras  
5チ300 m on the basis of air－photointerpretation．  
However，aCCOrdingtoreceT】tgiacioIogicalstudieson  
theYaはGlacier，tbeELAofthisglacierisabout5，200  
mくOzava，1988，perS（〉れ．COmmu，）．   

If we apply the zonation of patterned ground  
proposedby‡i611erman（1967）totbeverもicaldistribu－  
tionofperiglacia11andformsintheLa咽tangValiey，  
thefoilowingzonationwillbepossible（ぎig．7）：  
く1）Beit‡軋owermost perigiacialbeit with patchy  
distribl】tionofvegetation－COVeredpatteTnedground）：  
betweenabolit3，600m（timberiine）aTldabout3，920m  

（Kyangchen）．Theextentofearthhummocksandturf  
≠bankedsoiifiu（：tionlobesisra払erまim主短d，eXCeptf併  
yak州relatedtlユが職bankedterraces．  
（2）BeltI‡（Lowerperiglacialbeltw地completelyor  
partlyv喝etat童on…COVeredpatter王1edground）：betⅥreen  
about3，920m（KyaTlgChen）andabout4，700m（upper  
limitofs壬Irubvegetation）．Thisbeltiscba㌻aCt訂ized  
by earth hummocks，turf－banked solifluctionlobes  
and yak【related turトbanked terra（：eS，Which are  
muchmorecommonthapinbeltI．  
（3）BeltIlI（Middまeperiglaciall〕eltwitbbotbsorted  
arld par七三y vegetationwcovered patterned grourld）：  
betweenabout4，700m（upperlimitofshrubvegetか  
tion）a】1d about5，0（〉O m（upperlimit of berbaceous  
Vegetatio‡l）．TbeloⅥ7erpartissimilartobeltII，bow〃  
ever，above about4，850m，払esorted poiygonsand  
Stripesincrease．Theturトbankedterracesandstone  
－bankedsoli魚1Ctionlobesalsocbaraderizetbeupper  
partofthisbelt．  
く4）Belt‡Ⅴ（Upper periglacialbelt wiもb sorted pat－  
tL：r－ned主汀Ou11dl：hビtWe円1ab州t5．LlOl）nl（l叩PPrliIllitし一f  
herbaceousvegetation）and5，200m（equilibriumline）．  
Astbemar裏noftheYalaGlacierdescendsto5，090恥  
thereremainsactua11yonly90mfortheverticalrange  
OfbeitIV．ぎrost shaモモerirlg becomesmore activein  
tbis beit and more than a短w blocks are sbarply  
brokenontheground（Fig．8）．FrosトSba杜eredbiocks  
andsortedpolygons，S（〉metimesassociatedwithsorト  

F毒g．8．Frosも鵬Shaもteredboulderonadebris－COVereds主openear   
也e王苅argir10ftbeYa壬aGa隻cier．（Phoと0二Y．0，，280ctober   
1982） 
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aiackofperma血■OStatthisaltitude，Thesumyasf把Ct  
Oftheslopesandthereiativelyhighsnowfaiiprobably  
preventst王だicie一重tfreezi喝tO毎㌻汀呈alpinepermafrost．  
ThelimitedextelltOfbeit王Valsoseemstoreflecもt壬Ie  
lack of permafrost at the altitude around5，000m；  
however，Since t壬1e number of measlユrement Si建Sis  
Onlythree，furtherinvestigationisdefinitelynecessary  
todeterIⅥinetbepermafrostconditiorlOfbeユtIV．  

edstripes，OCCur Ont壬IemOist debris－COVe感slopes  
wheresnowcoversthegroundforalongertimethan  
もeiov．MeltirまgOfsnowpatcbesandgroundiceshou】d  
bethemainsolユrCeOftbewatersupply．   
In oppositiom to tbe above，however，a deep  

freezl喝Oftbe餅O11nd seemsもObe obstructedby a  
thick snow cover、On25Maylg88，the snow depth  
exceededlOOcmat5，090mrleartbeYa】aGlacier．The  
resultoftbemeasuremerltOfthegrourldtemperature  
at5，070w5，090minSeptember1987（Fig．9）suggests  

Ground Tヒmper8ture  

8  5  18  15℃  
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ぎig．9．T圭1egrOun（】temperaturepro用esarotlndtbemarg主nof  
tわe Yaia G主acier．  
Alもま餌de，Wea洩er，t主me，allddateoぎ軌e me盈S11TemenとSare  
asfollows：   
1：5，090m，SnOW，ま愈40，11Septelnber1987．   
2：5，070m，Clear，16：14，16Septeinber198ア、   
3：5，090m，Clear，11：30，29September1987．  5
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