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Abstract  

Permafro或isdistriblユted bo軌aiorlgtbe Xinjiang▼Ⅹizaロg Higbway and wide areasl〕etWeen  
TianshuihaiandKeriyaPass，Thelowerlimitofscatteredpermafrostisataround4300m aLS・1・  
Thicknessofpermafrostvariesgreatly，fromlessthan5matthelowerlimittoaroundlOOmat  
Tianshuihai．MeanannualgroundtcmperaturerangesfromO・00CtoM3・2OC・Alongthesteepshoreof  
TianshuihaiLake，grOundiceincludingsma11icewedgeshavebeenobserved・Theverticalrange  
withinwhichtheperiglacialprocessesoccurisaround3000m‥from3800mtomorethan6000m▲  
Almostalltypesofperiglaciallarldformsaredistributedinpermafrostareas・  

1．lntroduction  

Thispaperdescribesthemainfeaturesofperma・  
frostintheWestKunlunMountains，Withagreatdeal  
OfdataobtainedintheSinoLJapanesejoirltCOmpre・  
hensiveinvestigations carried outin1985and1987．  
BeforetbeseirlVeStigatiorlS，O111ybriefdescriptio‡lSOn  
鱒rmafrostandperiglacialphenomenaintわisregion  
Weregiveningeomorphologicalbooks（Geomorpho－  
logyGroupintheComprehensiveExpeditionTeamto  
XinJian軌1978；Yang et al．，1983）．A preliminary  
reportbyoneofthepresentauthorshasbcenptlblish－  
edaireadybasedolitbe1985’sinvestigatioれ（Li，1987）．  

featl汀eS：irlterlSivewindactionsirlCOidclimateoccl汀  
SubseqⅥently，Wide pediment and diluvialねn were  
formed at the feet of theinteI㌧mOntane basins．The  
ridgesareusuallycoveredwithPrcpcambriancrystal・  
linerocksandgraniteandHercyniangranite（Yanget  
αg．，1983）．  
BecatlSe Of tbeiocation of thel好est Ktlnlun  

Mountains，也eprecipitationintbisreglOnismuchless  
than that in the Tien Shan and Altai Mountain re- 
g10nS．Itisbeyond the reach ofthe warmmOist air  
mass from the Mediterranean Sca and the monsoon  
fromtheIndianOceanisblockedbytheHimalayaand  
KarakoraIⅥMolユntains，払erefore thel野est Kunlun  
Mountainsareoneofthemostaridmountainranges  
in Asia．The snowlines of the Kunlun Mountains at  
about79Eare5200mand6000monthenorth－facing  
Slopesandsouthmfacingslopesrespectively（Lietal．，  
1986）．SotltheastofKangxiwar，themoistairmassis  
blocked bさ7Iiigher mounta主ns ontbenorth and west  
Sides，theciimateismuchmorearid，Withlessthan50  
mm ofannualprecipitation（Tablcl），and the snow  
linesonnorthandsouthslopesareat5900mand6000  
m，reSpeCtively：thesearethe highestinthe Kurllun  
Mountains，Accordingtoincompletestatistics，theOひC  
meanannualisothermisgenerallyatanelevationof  
about3800m．The mean annualair temperature at   

2・Geolo如alandgeographicalenvir（川mentS  

FacingtheQinghaトⅩizangPlateauonthesouth，  
andborderingtbeTaklimakarlDesertontbe north，  
the West Kunlun Mountainshave a greatelevation  
difference，OVer5000m．Upperpartsofthemountains  
arecoveredeitherbyglaciersandpermanentsnow，Or  
by permafrostLIn the mountains，glacialdeposits  
developedinthealpinecolddesertzoneatelevations  
Of over4000－5000m．Below3500m，the slopeis  
generally covered by silty clay，preServing desert  
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Tablel▲Mean annualtemperature and precipitation around the West Kunlun Mountains and on the Tibetan Plateau．  

Mean annual Meallannual   
air temp．  precjpltation  

air temp．   Observing  
inJlily  period  

（OC〉  

Locality  Long．0E 王一at．dN  
（OCき  in汀11）  

North slope   
Hotan  79〇56′  37004′   
Minfeng  8243  3704   
Gangguziluoke  7955  3649   
HydroTStation  7746  3713   
0f Pishan   
Hydro－Station  8059  3615   
Nuer River  
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12．1  35．0   

10．9  28．9  

tり．T   

ll．8  116．6 

221．6  

25．3  ■1954【1970   

24．7  1957¶1970  
1964¶1970  

25．4  1972－1975  

1964【1967  

So 
ar   7836 3612 3986．4  一。．6   弧6   

Tia王1Shuitlai  7933  3516  4840  －6．3  23．8   
Gozba Co  8（〉55  3580  5250  －6，7  200－250  

9．8  1963【1970  

6．0  1965【1970  

0，4  19fi7 
Tiおta王1Plateau   

Sわiqtlanhe  8006  3230  4278   
Gerze Col】nty  8430  3209  4414．9   
Tianwendian  7811  3518  5243  

12，7  1984－1986  

10．9  1984¶1986  
3．O  1963¶1964  

8．6  105   
0．1  117．5   
9．8  46．7  

Odis2．9m，the average annualair temperatureis  
about－4．OOC，andthethawlayerdepthismorethan2．O  
m．Onthe south side oftheriver terrace，ninerock  
glacierswithvariousshapesaredeveloped（see6．3．c）．  
The existence of rock glaciers can be used as an  
auxiliaryevidenceindicatingt主1eeXistenceofperma・  
frostthere．Thesouthlowerlimitofscatteredrperma－  
frostisin marshiand o11e kilometer Ⅵ7eSt Of the  
Duomareg10n，Wheretheelevationis4430m，thethaw  
layerdepthonJune20，1987wasO．6mandthepcrma・  
frost thicknesswas2．O m．   

IntheareabetweenTianshuihaiandKeriyaPass，  
thereareseverallakes，SuChasAksayqinLake，Gozha  
CoLakeandBangdagCoLake．Theelevationofthe  
plateauareasis4900mto5600mgenerally，and6100  
minmaximum．Onthiswideplateau，permafrostis  
Widespread（Fig．1）．According to血e data obtairled  
育omatestpitontheterrni‡1almoraineoftbeGu重iya  
keCap，Wberetheelevati（〉nis5600m，thethavdeptb  
andgroundtemperatureonAtlguSt19werel．3mand  
O・OOC，reSPeCtively．Inthis permafrost，COnglomerate  
StruCtureSOCCur．Permafrostalsoexistsundermodern  
glaciers．AroundBangdagCoLake，at5020melevau  
tion and21．6min depth，the shoreis formed by  
halomorphicsoilwhichcontainscalcareouscementof  
pipe－1ikestructure．Aprobingpit，1．8mdeepand8m  
distant from thelake water，Shows that the thaw  
depthofthepermafrostwasl，3monAugust25with  
3．80C grouれd temperatlire．In洩e pit profile，Salュdy  
Clay，革iltyclayandsiltysoilarefou王1dinyellow，red   

Kangxiwaris－0．68C，andthatatTianwendianisu6．3OC  
（Tablel）．ThetemperaturelapserateisaboutOふ0．7  
QC／100m．CalculatedwithalapserateofO，65OC／100m，  
theaverageannualairtemperatlユreatthesnowlineat  
5600N5800m，OnnOrthsiopes，SOuthofYutian，Shouid  
be－13．針－15．0ウC．Tbeaverageannualail‾temperatl汀e  
aroundthesnowiilュeat5900monsouthslopesabove  
i†1Kangxiwar壬s abol正一13〇C，Whicllis4嶋70CioⅥFer  
thantheaveragetemperatureatthesnowlineinthe  
Everest Area and aboutlO OClowerthanthat at the  
SnOWlineinthemaritimeglacialreglOninsoutheast  
Xizang．  

3．Distributionofpermafrost  

Tbepermafrost呈ntheWestKunlunMountainsis  
the bighwait室餌de permafrostin middleiatitudes，SO  
t‡1atthedistributio11depeTidsoneievatiorl．   

Itwasprovedthatthepermafrostisdistributed  
alongthe Xin5iang－Ⅹizang Highway，from Yec  
Xinjiangto Ali（or Shiquanhe），Ⅹizang，With a total  
length of aboutlO70km．The northlowerlimit of  
scattered permafrost is on the mountain slope and 
ridgenearMazarPass，Wheretheelevationisabout  
4600mandthemeanannualairtemperatt】reisabout  
－5．OOC（Fig．1）．Permafrostoccursontheriverterrace，  
4450ma．s．1．，threekilometerssotlthofDahongliutan  
beside the Xil裏iang－Ⅹiza王唱 Hi感1Way，Wbere the  
thicknessestimaとedwitheiectricalexploratiorlme琉一  
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Fig，1，DistributionofpermafrostandpcriglacialphenomenaintheKunlunMountains，andlocationsofboreholes   
indicatingBoreholeNo．；Activelayerthickness（cm）／Thicknessofpermafrost（m）；Temperatureofpermafrost（OC）・   
1：Polygonalpatternedground，2：Sortedcircles，3：Icewedgesandinvolutions，4：Thermokarstlakeandthermo－   
karstdepression，5：Frostheavedmoundsandicing，6ニRockglacierandstonestripes，7＝Peatmoundandblockfie軋   
8：Upたeezingstoneandmud幻ows，9：CryoplanatioれterraCeSandniva貢ondepressioRS，10：MassivegTOUndice   
（moret壬Ian血豆cknessof20cm）tli：‡nvestigationroⅥ略12：TわeiowerlimiとOfalpiTleperrnafrosと，13：Snovand   
glaciers，14：Theuppertableofpermafrost，15＝Alpinepermafrost，KP‥KeriyaPass・  

and other colors．Thisis a reflection of different  
Climatic environmentswhen suchlacustrinedeposits  
wereformed．  

Tbree kilometersたom払e nor払sI10re OfGozba  
CoLake，SeVeralgray皿Whitesand－COVeredmoundsl  
tol．5mhighandlOto20mindiameterwerefound  
alongthemountainvalley．Pitprobinginthemound  
CenterSShowsthattheyallconsistofmediumsiltfrom  
thesurfaceto2．4mdeep，butdebrisaridsandygravel  
below2．4m．Sulfurous steain Sinells stronger and  
StrOngerwithincreasingdepth．Thesub…Surfacetem－  
peraturcsinthepitwerellOCatO．2m，14．20Catl．Om，  
16．OQCatl．6m，17．OOCat2．Omand17．68Cat2Am．This  
SuggeStSeXistenceofahotsprlng，SOthatpermafrost  
isiIlterruptedarldgeothermictalikforms．  

1atitudeincreases one degree northward，With the  
increase of permafrost thickness20－30m／degree of  
latitude，Itisalsofoundint壬1ePiatea11t‡1atthegroljnd  
temperaturedecreasesO．4Gto8．80Candthepermafrost  
thicknessincreascsabout20m，WithlOOmincreaseof  
theelevation．Thisshowsobviousaltitudezonationof  
permafrostinthc area．Assuming the samealtitude  
ZOnationandlatiutdedependenceonpermafrostalong  
the Xinjiang一Ⅹizang Highvay室n theう好est Kunlun  
Mountains，払epermafrostthicknessatthelowerlimit  
isobtainedaslessthan5m，itstemperatureisabout  
O．ODCandtheactivelayerdepthisl，5to2．5m．  
TianshuihaiLake Basin，ranglng from4840to  

4900minelevation，isthedistrictwherethecontinur  
OuSperInafrostisthe most widespreadin tbeうⅣest  
KunlunMountainregion．Intbebasin，tbeactivelayer  
thicknessisl．Otol，5m，meanannualgroundtempera－  
tureis－3．2OC，andthedepthofzeroannualtempera・  
ture amplitudeis13¶15m．Estimated from the geo－  
thermalgradient，thepermafrostthicknessisl19．7m，  
whilefrorlュgeOpbysicaimethod（sei§micprospecting），  
thepermafrostthicknessis77．0乱Thisthicknessand   

4．TMcknessandtemperatureofpermafrost  

According to permafrost data on the Qinghai  
－Ⅹizarig Plateau（Li，1982；To！ュg and Li，1983），the  
groundtemperaturedecreasesaboutonedegreeasthe  
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Fig．2．TemperatureprofilesofboreholesinTianshuihaiinthe  
West Kunlun Mountains．  

ground temperature approximate thosein the Fen－  
ghuoshanMountainsalongtheQinghaiAXizangHigh－  
Way．Becauseoflowtemperatureandgreatthickness，  
thepermafrostinthebasinisconsideredstablepermar  
frost（Fig．2）．  

5．F）ermafroststructureand groundice  

PermafrostonthesouthslopeoftheWestKunlun  
Mountains contain thick horizontaliceTichlayers  
andicemassesnearthepermafrosttable．Sometimes，  
Verylargeblocksoficewerefound．Forexample，the  
OneeXpOSedonaslumpingcliffhadthicknessof6m．  
Averageicecontentinthisblockwasmorethan50％，  
anditsmaximumappearedatadepthbetweenl．2to  
2．5mfromthetop．Therewasabout20cmofmi1ky  
Whitepureicewithalargenumberofroundandoval  
bubbles．Thisblockoficeisconsideredasgroundice  
formedbytheactionofrepeatedsegregationinwater  
－Saturatedlacustrine deposits．Fur・thermore，ice  
Wedgeandicevein，mOrethanoneandahalfmeters  
high，Were first found by the barrack builders of  
TianshuihaiStation．Astoldbythem，theysawmany  
pureiceblocksinseveralplacesduringexcavation．   

In1987，SeVeralsmallicewedgeswerefoundon  

thesteepshorecliffofTianshuihaiLake，buriedinthe  
SOilLCOntainingicelayer aboutlOO cm below the  
groundsurface（Figs．3and4）．Oneofthemdeveloped  
aclearoutline，taperlngin150cmheightfromtopto  
bottom：70to80cmwideonthetop，and20cmwide  
atthebottom．Inthisicewedge，theverticaljointsand  
round and oval bubbles can be observed with naked 
eyes・Block－Shaped sandy clay，1ying vertical1y and  
Obliquely，WaSalsofoundonthesideofmiddlepartof  
theicewedge．Thissuggeststhattheicewedgewas  
formedbyimposedfrostheaveforceonitsbothsides．  
Abovetheicewedgeintheactivelayer，nOfissurewas  
found，SOthatitisinactive at present andshows a  
relicfeature．Presumably，theicewedgeswereformed  
infrostcrackswhich werefilledwithwaterinsum－  
mer，because of sudden cooling of the groundin  
winter．   
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Prorile or borehole．  
コin Tianshuihai．  

唱raVelJア．．＿  ・COnt牢11竺貢   12Groundice and   
ice wedges in 

141acustrine deposit，  
TianshuihこIi．  

Fig．3．Profiieandsectionofpermafrosとi11TiarlShuibai．  

Buriedglacialicewasdiscoveredintheterminal  
moraineoftheZhongfengGlacier，andDr．WanJintai  
COnSidered this kind ofice asice－COrein tilLItis  
Seldom払und tbatthick－layeredgrolユndicecarlde・  
velop and persist in an extremely arid continentai 
Climate；thereforetheauthorsconsiderthattheburied  
glacialicemayhavebeenformedinthclastglacia－  
tion．  

6．Periglacialphenomenaandland†orms  

Variousperiglacialphenomena are foundinthe  
West Kunlun Mountain area whichlocatesin the  
middle¶latitude aipine periglaciaizorle．The kwer  
limitoftheperiglacialzonemayreaeh380Oma．s．Lso  
thattheextentisaswideas3000m．Manyperiglacial  
phenomenain the study area were described by Li  
（1987）．   

（i．J．ん仙神川／りこリー机、（ノたり）1－∫′ん「“イ瑚  
a・ダ和S吉例0〟詔滋：Frostmou王1dsaremaintopographic  
featuresin permafrost regions．They are classified  
into seasonalfrost mounds andice－COred mound．In  
thisarticle，iceCOredmoundwhichexistsforatleast  
twoconseeutivewintersiscalledpingo．Soilandstony  
pingos are distinguisbed by tbeir composition，Soil  
rpingosoccurwidelyinTianshuihailacustrinedepos－  
its；theyareaboutlmhighandhavefissuredsummits．  
Thefissuresatthetopare20to40cmdeep．Theupper  
partiscomposedofdrysoilcoveredwiththincoarse  
－grainedsoil，Whiietheirlowerpartiscomposed of  
grouIldice w詫b frozen soil▲The seasonally thawed  
iayer here ranges froml．O tol．2m．Stony frost   

Fig．4．Icewedgeinlacustrinedepos軋Tianshuihai．   

moundswerefoundinthepediment（4900to5200m  
a．s，1，）between Aksayqin Lake andthe Litian River，  
ra‡1gi11gbetween50andlOOcmin‡leig如．Stoneson  
the top of mounds had their fong axis vertical or 
Oblique．Pingoswith heights oflto2m and basal  
diametersof3to5m are alsolocatedintheglacio  
-fluvial fan bordering the moraine ridge of the 
ChongceGlacier．Aremnantpingowithabasaldia－  
meterofab（）utlO8mexistsberewitbdevelopeくithaw  
Slumpingaroundit．  
b．FYVSt－heaued bedrock：Ejection ofstones from the  
finesbyup－freezlngWereOftenfoundontheperma・  
frostgroundand onmoraines（Fig．5）．Frostheaved  
Slate，2040cmin height，developedin thelateral  
moraineoftbeChongceIceCap．Therewasanundis－  
turbedlayer（includingice）30cm thick above the  
permafrost table，Whichindicatcd that the frost  
heavedstonesweregeneratedin saturatedfinesby  
SeaSOnalfreezlng，Frost－heaved stones were also  
Widespreadin yellowlacustrine sediments，ranging  
from5t（＞10cminheight．  
c．ki7qgS二Icingswereoftenencounteredintherouting   
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Fig．6．Micro仙StOneC加ieintbeⅥ㌢idevai】ey，叩Streamthel－itian  
River．  

F壬g．5．Vertica】st（）neSbyupfreezingo！1班eはteralmora主ne，the  
Gozha GIacier．  

expedition on the south slope of the Kunl11n M  
tains＿River主ce，With severalsqtユare kilometer，WaS  
foundattheZhongfengGlaciertongue，Ontopofthe  
river，anlClnglm highwas formed by successive  
freezing of a water sheet fromthe river．Several  
pollutedicelayers were observed throughthe cross  
紀Ctiol10ftheicect珪by幻uvialerosion▲Tberefore，it  
isbeiievedtbattbeicebasaccumulatedfor王ⅥOrethan  
One year．  

Seasonalspringicingswerealsorecognizedina  
thawlake at5400m a，S．1．The temperature of the  
Springswas4OConJuly18andthewaterwasslightly  
Salirle．AbroadicesileetformedhereinマFi王1ter（0．4≠  
ま．2mthick），Witbicings（40－60cm high）onitstop事  
Radialfissureswerealsofound onicings．  

′i．ニチ．持出〃制・‘ノぷハり川√／  
乱Soプ鹿dci7t7毎：SmallcircleslOto，40cmindiameter  
OCCtl汀edinthe fユat vail野そ5200m a，S刃aiong tムe  
upperreachofthe Litian River（Fig．6）．They were  
fine－graincenteredandstonebounded．Centerofeach  
Circlewasfrozeninthemorninginmiddle－July，butin  
theafternoon，itthawedandthinlayerofmeltwater  
depositedthere．Whenamanstoodonthecircles，he  
SankdownbylOc乱  
Largecircles、boundedwithstones210cmlong，  

WerefoundinthemoraineoftheChonceIceCapand  
On the cryoplanation terraces of Guliya Pass．Dia・  
metersofthecirclesgenerallyrangefrom2to4m，up  
to8minmaximum，Stonesweregranite，Sandstone  
andlimestone；arldpo壬ygonalstructurescouldt杷Seen  
within the circles．When seen from a far，alarge  
numberofcirclesconstitutedanattractivelandscape．  
b．F怨su7VPobgons：Theywerewidespreadingroups  

onthegentleslopeofthe TianshuihaiBasinandon  
tbegiacio幻uviaifanofGuliyaPass（Fig．7）tPolygons  
Were quadrilateralandhexagonal，15－10cmin diaL  
meter，Sharingrimsmutua11y．Inthelacustrinedepos－  
its of Aksayqin Lake，large polygons3－5min dia－  

Fig．7．Fissurepolygons on tbe cryoplarlatio11terraCe，Keriya   
llこlさS．  

Fig．8．PatternedgroundinAksayqinLake．   
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6．4．Tあg珊0々αγS′  
Thermokarstlakes were found at Tianshuihai．  

Groundice waswidespreadin1acustrine depositsin  
Tianshuihai Lake on the south side of the West 
Kunlun Mountains．Groundice68m was thick ex－  
posed beneath the ground surfacein cross section．  
Severallayersofgroundicecouldbeseeninabore－  
holewhilepuregroundiceappearedatthefollowlng  
depths：2．02．2m；3．6－3．8m；5．05．3m；13．OL13．3m；13．  
414．7m．A thawlake severalsquare kilometersin  
area was produced by melting of groundice；init  
waterwas3．5mdeep．Onemeterawayfromthelake  
the ground surface was underlain by permafrost．A  
hotspringattheendoftheZhongfengGlacierthawed  
theglacier andpermafrost，andthat producedthaw  
lakesinthe modernmoraine．  
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meter developed；their rims were filledwith snow，  
whichmadethepolygonalpatternmoreapparent（Fig．  
8）．  

バ．．■～‥lJ（／バーJ…J／／哩ノ；り川J  
a．Solifluction sheet：Beside the terminalmoraine of  
the ChongceIce Cap，a Smallsolifluction sheet was  
locatedonaslopeof30◇at5800ma．s．1．Itisoneofthe  
highestsolifluctionsyetobservedintheworld．  
b．Talus：Debris of fractured rocks caused by frost  
Wedging and cracking from bare rockwalls produce  
manytalusslopesinaridandcoldclimaticconditions  
in the West Kunlun Mountains．  
c．Rock GlacieYS：Rock glaciersin and around Tibet  
have been reported by Cui（1983）and Liand Yao  
（1987）：there are sixteen rockglaciersinthe Kunlun  
Mountains，andtwentySixintheGonggaMountains．  
During our expedition，nine rockglaciers with dif，  
ferentformswererecognized：OneWaS400mlongand  
3050mwide，nearDahongliutan，1yingonaslopeof  
300．Therockglacierrampartwasabout4mhigh，and  
composed of shale and sandstone．Emerglng elevar  
tionsofrockglaciersrangebetween4800and4500m  
a．s．1．in this region．Debris from slopes and nivation  
hollowsarethematerialsourcesoftherockglaciers．  
d．C7y（ゆhlnationtermces：Cryoplanationterraceswere  
foundat5800－6000ma．s．1．nearGuliyaPassonsouth  
facingslopesoftheWestKunlunMountains；Circles，  
Stripesandblockfieldsoccuronthesurface．  

Fig．9．Rockglacierontheslope，WeStSide，nearDahongliutan・  


