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Abstract  

Onthebasisoffieldinvestigationsin1985and1987，and14Cdating，minerals（includinglightand  
heavyminerals，andclayminerals），andsporo－pO11en，thispaperdiscussesproblemsofglaciationand  
palaeoenvironmentduringtheQuaternaryintheregionoftheWestKunlunMountains．Intheearly  
Pleistocene，theclimatewaswarmandsemi－mOist，andmanylargelakesmighthaveexisted，During  
tbe Yumnkax Giaciation of tbe middle Pieistocene，1arget鑑ale glac主ersincluding bigice caps  
OCCupyingthemainKunltmMountainsweredeveloped．DuringtheLastGreatInterglacialperiod，  
theclimatebecamewarmandhumidandthereexistedalargelake，80kmlong，Onthesouthslope．  
ThewaterofGozhaLakeflowedintoTianshuihaiLakeviatheAksayqinbroadvalley．Inthelate  
StageOfthemiddlePleistocene，theextentoftheBulakebashiGlaciationwassmal1erthanthatofthe  
YtlrunkaxGlaciation・TherestillexistedtributaryvalleyglaciersattheYurunkaxRiver，While  
piedmontglaciersandicecapsoccurredattbebeadwaterarea（〉ftheKeriyaRiverandon也esoutb  
Slope・IntheLastInterglacialperiod，thelevelofAksayqinLakewas23mhigherthanatpresent．  
Theageofti11softheLastGlaciationmaximumis15，000～25，000yr．RP．．Sporo・pOllenanalysisof  
lacustrinedepositsindicatesthatthereweretwocoldperiodsbefore18，000yr．B．P．；thentheclimate  
becamecolderanddrier，leadingtothedisappearanceoftrees．Neoglaciationcametothisregion  
阿iorto4，088叩・B・P・・IntheI－ittleIceAge，giaciersadvancedagain，alldeventodaysomeglaciers  
contirluetOadvance．  

1．lntroduction  

Scientificst11diesofQuaternaryglaciationoftbe  
WestKunlunMountainsanditssurroundingregiongo  
backtothebeginningofthetwentiethcentury（Hedin，  
1922；Stein，1912；Sobolevski，1919；Trinkler，1930）．  
TheComprehensiveScientificExpeditiontotheQing－  
bai－ⅩizangPiaとeaじ，ÅcademiaSinicainl野6，inves－  
tigatedtheexistingglaciersandQ11aternaryglacia－  
tion in the regions of Quanshuigou valley and the 
upperreachesoftheBinghsuigouvalleyonthesouth  
SlopeoftheWestKunlunMountains，andrecognized  
threemajorglaciationssincetbemiddiePieistocene，i．  
e・也eKunl叫QuansbuigouandBingsb11igouGlaciむ  
tions（Zhenggf虎£，1981）．  

Thesttldyregionislocatedinthemiddlepartof  
tbel野est KuniばIMountains，SOutb of Yutialland  
Hotan（Ⅹinjia喝），andfrom也eKeriyaPassintbeeast  
toTianshuihaiontheXinjiangTXizangHighwayinthe  
WeSt（Fig．1）．There are three ranges of snowy  
mountainsparalleltoeachotherfrIOmnOrthtbsouth：  
Thenorthsnowyrangeisca11edtheKaratashMoun－  
tains：thehighestppakisMuztag（66二持ma．s．l．）．The  
altitudeoftbemountainridgerelativetotheTarim  
Basinfloorisabout4000L5000m，SOthattheyhave  
VerySteeptOpO餅aphy．Narrowva11eyglaciersexist  
indeepgorgeswherestreamsflowrapidlysothatfor  
approaching the父glaciersis Yery diだicult．The  
mainmountairlrangeiswideandhighestintheう好est  
KunlunMountains．ThehighestpeakisKunlunPeak   
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（7167ma．s．1．）．Thisisthemostconcentratedareaof  
existinggiaciersinWestKunlun，andglaciersare20－  
3Okminlength．MeltingwaterflowsintotheTakli－  
makan Desert through the Yurunkax and Keriya  
Rivers onthenorthslope；andinto Aksayqin Lake  
and Gozha Co Lake onthe south．The southrowof  
mountainsextending upto5500－6000m a．siissi－  
ttlated o！1tbe Qinghai・Ⅹizang Platealユ；払erefore  
relative beightis sma11er，and cirque glaciers and  
hangingglaciersexistonlyonafewhighmountains．  
During1985 and1987，a Sino・JapaneseJoint  

GlaciologyExpeditiontotheWestKunlunMountains  
investigatedglaciersandlandformsonbothsouthand  
northsl（〕l光S．Thispaperwilldealwiththビremaining  
evidence of g王aciation，tbe class汀ication of Quateト  
naryglaciation，thedevelopmentoflakes，theevolu・  
tion of Quaternary glaciers and paleogeographical  
environmentbasedonfieldwork，14C，thermolumines－  
CenCe（TL）dating，arld analysis of minerai，Clay  
nlinerala【1dsp（〕r〔トpt）lletlS．  
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2．EYidenceandidentificationofQuaternaryglacia・  
tion  

エJ【′如げ汀蛮、ん「∫〆11〃7川j血一尺J～・什  
The ground evidence of paleoglaciers around  

BulakebashiGlacierisrepresentativeoftheQuater・  
nary glaciations．This glacier，Whichis15kmin  
length，islocatedintheupperreachesoftheYurun－  
kax River．onthenorthernsIopeoftheWestKLlnlLln  
Mountains，andternlinatビSat5（16Oma．s．l．．Thereis  
aseriesofendmorainesinfront ofthe glacier，the  
outer ofwhichisthe older moraine platform．The  
characteristics，fromyoungertooldermoraineplat－  
formaredescribledbelow（Fig．2）．  

h：todern end rnoraine：tWOIllOraine ridges are  
divided；theinner oneis30－5（）m above tbeice  
Surfaceandcomposedofslateandgranite；thelitho－  
logicalcharacteroftheouteroneissimilartothatof  
theinnerone，andtherearesomesmallmorainelakes  
betw＞eenthetwomoraines．  

TheendnlOr；lineofneoglaeiation：thrtLemOraine  
ridges，located at an altitude above4900m，Can be  
discerned．Thelower two ones present hummocky  
relief，with some smalllakes on the moraine；the  
upperoneiswashedbylatermeltwaterandisinclin－  
ed．  

Årcuateendmorainesoftbelastglaciatiく）n：Å  
series ofarcuateend moraineswere accumulated on  
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章芸  

Intenseweatheredbrown－yellow  
siltwithdebris  

OldertilllayerwithgrayTred  
Silt   

Oldertilllayerwithyellowsilt   

TL333±46Ka  

Yellowsiltlayergrowinggrass   

Oldti11layerwithye1lowsilt  

TL206±17Ka  

Fig．3．Locationofthermoluminescencedatingsampleintheold  
ti11profileofBulakebashiGlaciation．  

thesouthwestsideoftheoutwashapronduringneo－  
glaciation，theouterofwhichis20－30mhigh．The  
SyStemiscomposedofthreemoraineridgesinclose  
COnjunction．The glacio一fluviallacustrine deposits  
Onthemarginoftheendmorainehavebeendatedto  
be12，025±195yr．B．P．－18，250±625yr．B．P．by14C  
datings and indicate that the arcuate end moraine 
appearedin thelast glaciation．According to their  
relativeshapeandfeatures，threeglacialadvancescan  
berecognizedbythesedeposits．  

01dmorainePlatform：Theplatformliesonthe  
WeStOftheoutwashapronofBulakebashiGlacierand  
hasalengthofl．6kminaN－Sdirection，awidthof  
300L600mandaheightof30－40m．Alotofgranite  
porphyryerraticbouldersoutcroponthegroundsur，  
face，and some boulders are more than2min dia－  
meter，withstrongweathering andscaly weathering  
CruStS．Abrownpaleosolisfoundlessthan20cmin  
depthonthemoraineplatform，indicatingthatthetill  
WaSinfluencedbythewarmmoistclimateofaninter－  
glacialwhich could be older thanlast glaciation．  
Thethermoluminescence（TL）datingoftheolderti11  
ShowsitwasformedbeforeTL206±17Ka（Fig．3）．  

The oldest tills are on the oldest moraine platT  
formwhichextendsdownwardfromtheconvergence  
to 4700 m a．s．1．of the Yurunkax and Bulakebashi  
Rivers spreadingwidely onthesouthbank ofupper  
reach of Yurunkax River，SOmel－3kmin width．  
The roche moutonnees and glaciatedlake（Neile  
Lake）onthe south side ofthe river are evidence of  
glacialerosion．TheplatformOnWhichisdistributed  
an amount of granite gneiss erratic boulders with  
StrOng Weathering，has aflattish surface resulting  
fromfluvialactionoveralongtime．Fromtherela－  
tiveheightofrochemoutonneesonthesouthernflank，  
itisestimatedthat the thickness oftheglacier was  
more than200m at that time．The thermolumines－  
CenCedatingoftheoldesttillshowsitformedbefore  
TL333±46Ka（Fig．4）．  

Fig．4・Locationofthermoluminescencedatingsampleinthe  
older till profile of Yurunkax Glaciation. 

Theoldestmoraineplatformwasformedbythe  
combinedactionofseveralformerpiedmontglaciers  
fromthesouth，anditextended26kmdownto4700m  
a．s．1．infrontofthegorge．Thatthepiedmontglacier  
didnotflowoutofthegorgetomeetwiththeformer  
Yurunkax Glacier is based on the characteristics of 
steep，ClifflandformSinthegorgeregion．   

ユご凡イん、∫I〟けナノ＝リ‾G）こんJ（、りJ一〝Å√（川〃れ，ざ（M〃甘川  
∫／（）♪（・   

In1976and1985，ZhengBenxingandothersinves－  
tigated the relics of former glaciers in the upper 
reachesoftheQuanshuigouandLitianRivers，andthe  
proglacialzoneofChongceIceCap，andrecognized  
threePleistoceneglaciationsandneoglaciationsince  
the middle Pleistocenein the region（Zheng，1986；  
1987）．In1987，Weinvestigatedglacierstotheeastof  
ChongceIceCap，andalsoidentifiedanddiscussedthe  
relicsofformerglaciersintheproglacialzoneofthe  
Chongcevalleyglacier．Here，thenamesofthegla－  
ciations（Binshuigou，Quanshuigou and Kunlun）  
（Zheng，1987）arerenewedasLitian（1astglaciation），  
BulakebashiandYurunkax（Tablel）．  
The end moraine series of the Little Ice Age 

betweenthe17－19centurycanbedistinguishedinto  
threeridges；the outer oneis60mhighabove the  
groundsurface．ThesecondmoraineoftheneoglaciT  
ationislocatedattheproglacialzoneoftheLittleIce  
Agemoraine．Tworidgescanbedivided：theouter  
oneislower and covered with vegetation．The14C  
dateofthetillis3，893±120yr．B．P．（Fig．5）．The  
innerridgeislarger；the14Cdateofthetillis3，522±  
117yr．B．P．．Accordingtothesedates，theonsetof  
neoglaciationintheWestKunlunMountainsismore  
thanlOOOyearsearlierthanthatoftheUrumqiRiver  
region in the Tien Shan Mountains and the south- 
easternpartofTibet（Zheng et al．，1981）．  

Endmorainesofthelastglaciation：tWOmOraine  
ridgescanbedistingushedintheproglacialzone of   
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Tabl（、l．Stage and dat（、Of moraincsin the Wes（KtlnluIlヽ■1ountains．   
St芸噂e  Sba野feaもure   Sll正acefビature   PiaceCoぬCted  ⊇Dating   Nameoficeage   

relationsofstratra  
打esbmoTainewith  皿developiIlgSOil，   close to existing 17－19（ニentury   bteHolocene，mく）demLittle  

1             Wellshape．   driftuncovered，   glacier．  IceAgeQ雪ヒ3．  
morainewell，but  Weeksoildeveloplng  1．2kmfromexisting  ・14C4，（晰）－1，000   LateHolocene，Neoglaciciti   

2  ridgeflated．  va11eyglacierless  Q雷±3．   
thanlkmfromice・Cap   

morainewitbweak  loe＄COVered，   14C30，000ー10，008BP  
3  g 

keepⅥritbcompleted．  TL66，700±3，3押B壬＞  Q琶を3．   
moraine或ronge   loe随COVe‡℃d，devモ1一  inol止ersideoflower  TL2（濾士17Ka．   Bulakebaミぬiglaciationof  

4             1ⅣaShed．   opi喝，brown～ye主bw  tbeear王ylatepleistolene．  
さOil．   Q§ヒl．   

morainei王ItOtbe  m（）rainewi洩sけ0聯  deve】opedは塞か－te汀aCe  TL333±亜Ⅹa．   YurunkaxGlacまationoぎ  
bigもte汀aCeもy   weatberi喝deve壬opi喝  Or昆gb・pl急げmin洩e  middlep王eistocene．  

5                       wa戎把dandplanaもd．  drabpaleosol．   upperひミあapedvaney．  Q著し   

ChongceGlacier．Theinneroneisabout5kmfrom  
the margin oftheglacier、Thereis an outcrop of  
lac11Stri！le deposits5m thick near tbeirlner end  
n10rai11eSOftheChongceGl；lCicr：theupperla〉・erhas  
theageof14，930±3，700yr．B．P‖ Ånotherlacustrine  
depositlyingundertheouterendmoraineshasa14C  
dateof3O．915±1．70O）Tr．1i．P．（Fig．6）．  
The moraitlt）PlatfornlisIocated betwぐellthe  

irlnerandouterCbo喝CeRiversoutside払elastglacia－  
tion morain巳 Tbe northern part of the moraine  
platformischaracterizedbymorainehi11reliefasthe  
resultofmeltwaterwashing．Itisestimatedthatthe  
glacier，8kmlonger than at present，had a broad  
terminallobeatthattimeanditcanbecomparedwith  
BulakebashiGlat：iationin thelate stagビOf tlliddle  
Pleistocene．  

Theoldermorainepiatformwasformedbythe  
largestglaciationinthereg10n．Fromtheviewofthe  
distribution cbaracteristics of moraine relics，these  
ぎIacierswerelinkedintoab主giceぬ既tWitbCbongce  
IceCapandGuiiyaIceCap，andtheicemassflowed  
asfarasthenorthpart ofGozhaCo Lake（Fig．1）．  
The small island was virtually formed by glacial 
deposits．Then，aS thelakelevelfluctuated，three  
morainebencheswereformedbywaveattack．   

ユゴPれ朝川針〆八血拓一血／玩g〆ⅢJ由Jバ〃柑I†7ざ肌、∫  
Tbeagesofmorainesin払ereg10nWeredeteト  

minedbythestratumcorreiation，landformpositions  
andweatberillg良att汀eS，andby王℃andtbermoiumin－  
escence datings．Tbe scintiliation coun短ris one  
me払odofl℃datingavailableぬragedetermina最on  
Ofboththeorganic－CarboninlactlStrinedepositsand  

inorgniccarboninoldti11s．Duetothearidandcold  
Climate，thedissolutionandilltlViationhadoccupied  
111ainly the f（1r【11こItionalmech；lnisTn Of carbし1natein  
West t（unlun glaeialdepositsinビarl〉r perio（land  
becameweakerin王ate，thereforetheinorganicdating  
datamayreflectwelitherealagesofWest Kun主un  
g‡acia王deposits、  

Tbetbermo王umi王IeSCenCedatingisbase（まon洩e  
doserateoftJ，ThandKindatedsampi鴇determined  
With the neutron activa貞on analysis．The samples  
Were Obtained from the confining systems whichis  
60鵬80cm underthesurface，SO their doserate and  
datingdataisreliable．   

エJ〃／肛′V／（甘ん－r7／．か血肘＝ 車■J〃ふ（J秋作JJ／g／肌、長7／  
♪りブ0心  

Ti11sofdifferentglaciaia宮eShavediff豆rent（：Onv  
biTユationsofligbトbeavymineralsineacb riverdrai－  
nage basin．They are controlied not（）nly by tbe  
litho】o打OfdeLbrissoun：eS but alst－by refon11ing of  
mineralsl）y reCentⅥreathering．The headwater of  
Yurunkax River and the drainagebasin ofChongce  
Rivercanbeusedasanexampleinthestudyofthe  
mineralogy．The results arelistedin the fo1lowing  
tables（Tables2and3）．Stable Limonite contentis  
ZerOiIlmOdt）rntillfrol11theht・adwat亡・rS（1ftht：Yurun－  
kaxRiver，0．25％－0．5％intilloftheIJittie‡ceÅge，  
1．2％intheneoglaciation，3．25％intbelastglaciation；  
and6．5％inthe BulakebashiGlaciation．Theolder  
thtLtill．thehigher†heLlimonitecont亡Lnt．  

Fromtheview（、fclこIralldmineralc（1ntentOftill．  
tbeHydromicacontentalsoincreasesⅥritbtbeageof  
the ti11s－ For example，Hydromicais60N67％in   
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Fig．5．ThesedimentarygeomorphologicalmapofChongceGlacier（35p15′N，81911TE）on  
SOuthslopeofWestKunlunMountains．  

Legendl．Existingglacier 2．Modernmoraines 3．Neoglaciallateralmoraines  
4．Moraines ofLastGlaciation  
5．Lacustrinec王ay（】ヰCdate；14，938±3，708yr．BIP，）  
6，Deねmedlacustrinedepく事Sitく1亀Cdaもe；30β15－1，700yr．B．P．）  
7，Spotsofsample 乱Stepofterrace  

modern till，increasing to75．5％in the Yurunkax  
Glaciation of themiddle Pleistocerle．In addition，  
CryOlitecontentdecreasesvit†lage，from25％down  
to17，5％（SeeTable4）．  

the southern slopes of the West Kunlun Mountains．  
Based on morphoiogical evidence from Akesayqin 
Lake as wellas widespread and tbicklacustrine  
depositsoftbeformerTianshuihaiLake，itwascon－  
cludedthattheformerTianshuihailakeexistedinthe  
earlyPleistocene（Zheng，1987）．  

Thelacustrineprofileis15kmsoutheastofthe  
Tianshuibai，itis3．8mthick，4900ma．s．1．．Itsstrata  
dip5，1OTsouthwビStWardandma〉Tbedividedintosix  
layers，thetotalnumberofsporo－PO11eninthe記1ayers   

3・lnterglacia暮deposits  

Theinterglacialdeposits8ftbereglOnareIⅥainiy  
aseriesofpaieolaeustrinedepositsandpaleosoIson  
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0  1  2  3  4  5  6  7  8  9  10km  

Fig，6．Thegeomorpho】ogicalprofileneartheterminusofChongceGlacieronsollth  
Slopeoftbel野estKunlunMountains．  

Table2。Contentlight－heavymineralof various tills at the riverhead of the Yurunkax River  
on the northern slope of the West Kunlun Mountains．  

Age   Heavyminerai  Lightmineral  
Un－Stat〉1e  S血一Stable  Stable  駒il－Stable  Quartz  Feldspar   

Presenttime   2．25   4．75   16．75   76．25   40．00   49．75   
Little Ice Age 5．00   4．25   22．75   66．50   42．50   48．00  

4．50   3．50   25．75   66．25   45．50   42．25   
Neoglaciation   2．75   8．25   18．25   70．75   38．25   45．25   
Lastgiaciation   5．75   2．25   28．75   68．25   38．25   53．50   
Buiakebasbi   18．75   8．75   17．5（I   55．00   43－75   4u．（吊   
glaciation   0   0．5   26，25   73．25   26．5   46．5  

6．50   1．00   20．50   72．00   45．00   
Yur皿kax   2．50   0．25   2ユ．75   75．50   35．00   76．75   
glaciation   7．75   2．75   2仇00   69．75   37．5   38．50   

Table3．Thecontentoflighトheavymineralsofvario11S ti王isinChorlgCe Riveron thesouthernsIope  
Of the VVest Kun1un Mountains．  

Age   Typof  Heavymineral  Lightmineral  
deposits           Un＄tabIe  Substable  StabIe  VVellstable  Quartz  Feldspar   

Presenttime  e‡ldmoraine   10．75   7，75   17．25   64．25   36．00   32．75   
LiもdelceAge  Lateraimoraine  ヰ．75   2，75   43．0   ヰ9．50   34，00   32，50   
Neglaciation  Till   6．00   4．60   23．40   66．00   42．5（）   38．75   
Lastglaciation  Till   7．25   3．25   43．25   46．25   33．50   38．75   
Blakebashi  18．25   7．0   24．5   48．17   35．50   33   
glaciation   
Yt汀tⅢkax  Till   19．75   7，5   29．00   43．75   32．00   27．6   
glaciation  

was a warm Climatein the TianshuihaireglOn．  
However，ahighcolddesertenvironmentoccupiesthis  
reg10natpreSent・   
Thefo＄ilizedplantsoftheoldlacuまrinesbovs  

thattherewasawarm－humidclimateatthattime，it   

is from60－339．The arbor occupy 2．8－18．3％：  
mainlyfhusand＆tuhl，andsecondarilyAbies，Pむea；  
A㌢お研怨毎Cbenopodiaceaeandj診ゐg加astheprinci－  
pal餅aSSeS・Åccording to theillVeStigation arld  
SpOrO十POllenanalysesofoldlacustrinedeposits，there  
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Tal）leヰ・Contents（〉f ciaymineraioftillsor主tbesol正hernsiopeoftheⅥrest Kuniun㍍ountains  
ContentofclaymiTleral  Lightmineral  Name   Coll．No．  Hydromica  Chlorite  Kaolinite  Quartz  Feldspar   

Till of Little 44   67．9   25   7．1   Less   Less   
IceAge   45  66．7  25．6  7．7  Little   Little   

46  69．8  23，8  6．2  
TiIlof   46   74   20．1   5．9   Little   Little   
Neoglactiation   47   71．8   20．1   8   

Till of 43   71．4   19．7   臥9   Litt王e   Less   
Lastglaciatiorl  
Otd moraine 49   75，5   17．5   7   Little  Li仕Ie   
platfom  
Basaltiliof  72．5  72．5   22，3   5．2   More   Littie   
Exsitingglacier  
Meltouttillof  19   76   19．5   4．5   More   Little   
Exsitlngglacicr  
Profiles of end Top．29  78   16．8   5．2   Little   Little   
moraine of last Hidd．28  75   19．2   5．8   More   Little   
glaciation   Botto．27  72．8   20．2   7．0   Little   Little   
Tilloflatestage   17   73．1   16．7   10．2   Trace   Trace   
Middlepleistocenene  20   72．5   16．3   11．2   Little   Little   

maybecal王edYurtlnkax－Bulakebashiinterglaciation，  
Thejおね毎勤猥，etC．formedaforeststeppeland－  
SCapeOnthepiedmontplaininTianshuihairegion，On  
theslopetherewasatemperateconiferousforestzone  
growingEkeaandAbies，andsimilartotheplantzone  
at the samelatitude，2500w3000 m a．s．1．．On the  
SOuthernslopeofXiqingshanmountaininsouthGansu  
today，inthatregion，thePinus hlbu瑚rmゐgrows  
below1600ma．s．l．，タむeaneiveiichiiand撤zusarman－  
diigrowat1600」2500ma．s．1．andダむeaforestzone  
iies2100－2600m a．s．l．■and the Aあまぬ触発払方βis  
growing2580－3908m a，S．1．（NaturaiDivision Com一  
111itteeof Academia Siniぐa．196肌 Themean annual  
temperaturedifferencebetweentheso11thernslopeof  
XiqingshanandtheTianshuihaireg10nisabout18CC，  
andtheannualprecipitationdifferenceisaboutlOOO－  
1500mm（Shen et al．，1986）．Some redTbrown pal－  
eosoIsdevelopedonuppertillofYurunkaxGlaciation  
also showthatithad undergone along weathering  
undermoistandhotclimaticperiod．  

Thelacustrinedepositdidnotdevelopedenotlgh  
during thelastinterglaciation，When the Ashishan  
VOicanicepisodes，basedonthedataofK・Ardatingof  
ÅshikuieVoIcanoes，OCCtl汀ed120，000yearsagoそLiu  
andMai，1989）andthebrownpaleosoldevelopedon  
theoldとilloftbe BuiakebashiGlaciation．  

The climate of the last glaciation fluctuated 
between cold and warm．Paleolacustrine deposits  

outcropstoatbick‡leSSOf2，7montheeastbankof  
AksayqinLake，andtbedepositshavelヰCdatesof25，  
260±280yr．B．P．，21，500±120yr．B．P．and16，235±  
120yr．B．P．（Table5）．Theclaylayersof20M100cm  
and210M250cmdepthcontainedrichandabundant  
sporo－pO11engralnS Ofarbor andscrubintheir pro－  
files．Thegreyclaylayerbelow270cmdepthwas  
mainlyscrubwithauniformlithology andthegrey  
clayonthemiddlepartofthenorthernbankofthe  
lakehasanageof34，735±820yr．B．P‥ Thus，WeCan  
COnSider that the second glacialstage of thelast  
glaciiltion from30．OOO to15．OOO yr．B．P．underwent  
threビCOld and two warm stagビS．Afterl軋OuO一一一15、  
000yr．B．P．，theclimatebecamedryandcold，and払e  
arbor trees disappeared gradually in the area of 
Aksayqin Lake．The Hypsithermalperiod ofthe  
Holocenehada dry andhotenvironment，．TheCa－  
precipitatedlayerliesinupper part ofthepalaeola，  
CuStrinedepositsofTianshuihai；its14Cdateis9，767±  
135yr－B．P．，Whentheclimatebecamewarmanddry，  
andtheTianshuihai Lakewasverysmall. SomesoiI 
haddevelopedonthesurfaceoflastglacialmoraine．  
ThelヰCageofthesoilisestimatedas4，621丈92汀．B．  
P．．   
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Table5．Lac11Strinedepositsprofileincludingthesporo－pOllen statistics at theeastAksayqin Lake  

No．of  Co王－tenモOf印OrO・pOi王en（許ainsラ  
貌mple  Deptb  

†ぐm†   
汀．B▲P．  Årもor  Shnlb  き   て泣 栗  

＆berb   む 苦  く泣 L〉  

む  ） Q 駕  

Subsilt；  16235土120  ¢   七 き  登 Q  

Al  0－10   Containing  
sand  q キ  ★喜  菖 キ  ぷ ミ       艮    書   

A2  10－20  Silt  0   0  0  0  0  0  0  0  0  0  0  0  0   
Grey yellowsh 
clay with 

A3  20→100    fossilplants  3   16  3  8  8  

leaves  
A4  100  Clay  46  213  2  40  4  17  160  36  
A5  100－15（蓼  Greyclay   25260±280  15   38  15  2  23  13  

C王ayfo＄i王  
A6  150－185   piantleaves  0   1  1 1 

alternati喝  
Fo溢iip！ant  A7  185－210   1eavesiayer  2   7  2  1  1  4  1  

Grey－yel】ow  A8  210－240   Clay  163  10  34  107  21  

Aquatic plant A9  240－250   1eaveslayer  5   32  3  2  10  16  4  

Grey－yellow  AlO  250－270   Clay  4   1  4  

Greyclaywith  
All  270blow   fosぎilleaves  0   0  

Based on tbe sporo－pOllen analysis of Plioce肥  
IactiStrine depositsin tbe basin of tbe Quanzbenhu  
LakeotlthesourhslopeoftheKunlllllMountaitlS．this  
Stagehadonlythe翫ar鞠usLCとdnLSgrOup，andthe  
distributionofvegetationonthesouthslopeatthat  
time was the mountain coniferous forest with飽ea  
Sp．，Pinus sp．and CedYuS Sp．，also containingsome  
SpeCiesofsubtropicalmountainforestsuchas物  
Sp．，andfewerspeciesofthermophilousplantssuchas  
fわdohlゆussp．，Corylos＆sp．，Gぉiau坤Sissp．andsoon．  
Intheupperpartofthelacustrineprofile，thesporo・  
POllen combination of Qltt？TrtJS．fL血血，Pi771LS alld  
Chenopodialeaeisdominantwithsomeappearaneeof  
thelessdrypolltゝn（一fNtf）7Ll五z［．．．showingtheclimatic  
Changetodryandcoldenvironmen晦anindicatorof  
thebeginning of the Quaternary glaciation（Huang  
andLiang，1983a）．   

4．2鞄ね（郡脚嘲磁戒の融血∽珊＝げ助＝脚か朗・  
由／t）汀机－   

InthebeginnlngOfthePleistocene，theHimalayas  
WereupliftedduetotheIndianPlatedriftingnorth－  
Ward again，With many抽ホmountains risi昭up  
abovetbebeigbtofthesnovlineduringXixaba聯a  
Glaciation，a‡ldasmallice－CapWaSdeve王opingontbe   

4・Evolution o†quaternary gIaciers and changeo†  
Paleoenvironment  

TheWest Kunlun Mountains are animportant  
CentreOfglacierdevelopmentinthenorthwesternpart  
OfQinghai－Ⅹizangplateau．Itshistoryhasnotonlya  
SimilaritywiththewholeofQinghai－ⅩizangPlateau，  
butalsoaspecificandindividualdevelopment．Thus，  
both areas must be considered when studying the  
evolutionofQuaternaryglaciersandthechangesin  
paleogeograpbicalenvironmentin the area．Based  
Onthestudydataofthisregionandoncomparisons  
扇琉 neigbbot汀ing regions，tbe paieogeographical  
environmerltSincethePliocenecanbedescribedbrief＿  
lyasfoliows（Table軋   

4・J」門わcβ乃g♪αゐ聯（哲γ卸ゐぬJg乃即わ℃乃椚β瑠才  
The〟軸ariontibehlnSisfauna，thatwasdiscoverN  

edonthesouthernslopeofTanggulaMountain（Jiet  
al．，1981）suggeststhattheTibetanPlateauhadl。W  
altitudeintheearlyPliocene・Therefore，itcanbe  
eoncluded that elevation ofthe West KunlLJn Moun＿  
tainswasonly500－1808ma・S▼l・，融tbalandformtype  
Ofhillsandlowmountainswithbasins．  



Buユ1etinofGlacier Researcb  乃  

Table6．Tbe PaleogeograpbicalenvironmentiTl也e隅stKⅦ丑∬工MoⅦ－tianssinceP】iocene  
ゑ㌍   Glaci裏a感   Glac由lぬ張飛血   Na血色翻rα打点宜  T準正由  EまeYaぬ感触  Ep鋤おd  王おⅦb弾痕蜘d  

細野gla血血on  d叩戚短  鋤血盛0匹  vok癒  が血如庶m   
与（瓜さ．ゝL†  erlI画棚桝a）  

汁融也ne  M叩gl従i耶毎醍e斑感  Cddぬ鍬  Ⅴ撼ey痴c竜訂，   M血   蝕南扇勾鱒ぬ  
却km鹿Ydo画ekvad鼎Of  l〔でイ坤  5（削  

潔のWliJ給血粥005潔X）m胤乱1．   訂，1三桁1   
L池1eIceA辟  餌abve   餌abve  
涙顔柑印」7－19  
雄ぬ叩   

蝕血現髄  G王ackradⅥ江にd  払）独繋三don8浪bp  
b地頭祓   ぱml戯Ie鹿汀aCe  

‡4C：m土鈴臥P．   Wで叩L  episodeor l‘C：刷±怨＝最汐  
Cb昭e惑おi8二  開成憾儀  A嶽de．  L郡曙ー短汀aCe，  

1iC：352≡±117B▲P．  ＜0，職a．  bwerpl如釣al一色llt涙al  
1▲C：3983±1208．アー  f軌riv訂downcu柏喝．  

Hy匹i触m迫Ⅰ  払匹∝料地斑md   Cold蜘5tep匹  Glacier  
e脚：k   Hy画t鹿rm如画d血du  c血戦由如owar叫  

弧血一好漁   S輌．   
b或g奴由由n  T血11mnビ 1ヾ：1蜘  払値鹿離S触  勒g払cie汚   
軋伽G払ci；由滴  匹B．P．由B血k由おb．  Co賂Ⅵ如   調い如ぬ痢  

b鹿  l▲C二馴±御許．Bヱ醜  由aeぬ  4500   熟慮即＝払底＝諏t転  
門由ぬ眈肥  A独規勇  卵髄l如戎m肋  

La或   持i由一触感Åk見開ね  S嘲  ＄，盈－0．12独    細e．  
血明知iation  血   w訂Ⅷ＝氾血一mOi或．  epis（戒eof  l▲C：31（頗）±1弧〉野鼠P．  
Blakebashi 01derm肝ai肥platfomat  SteI耶，COldaI山   B短血1町  Uruke．  餌700±馴）卯月．P．   
Glaだiadon   ●ll－l－＝一  如Cie柑，  州00  Mi血1le血Ce．  

rea（：b戚YばⅦ血axRlVer，  m撤廃地  餌・餅那花Ib鱒ー．  
TL加6±ま7Ⅹa  蜘  
卿，㈱土17、㈱笹B．p．）   

Ⅰ．紺騨   U玉野圃正樹把  C感無ー瑚嘘   Glacier   
汝職d・王威mxed  0．ヰ4一蹴冷熱忽   

減i融e  ぬ明知蓮如  淵激旧態滴門滋  画房   灘虚血如叩盤Ⅳ  吉 敷 e】おw   
円ecistocene  画e㈱l抑揖函morai此  票融卜測咲  

plaぱm   
h聯p如mont  H掛te汀aCe  

Y一肌mkax  H掛moraineplaぱmhtk  
GbぐⅦ血  l騨rr飼ぐbofYばlⅡ血ax  g‡a亡ier甜dke  E画dH由一  

R騰ど．TL333±4る払．  （忍璽鼠  王0喝Sぬ  
H頓hmra娠phぬmね蝕  0ぷ7－8．説）ぬ   
乱打也嶽dG血地   
LQWer卵胞ぬ   ll顎lヽ 曇l諾  ＝ ▲  馳芯u王ake抜Ⅶ  鞠如ま画ぬm諭  

E訂Iy  蛍血】麗n飴¢fTa仙i   m虚血（由tcl誠協短，  1，21－1ぷMa；  
Pl由t∝聞  St恵那Z仰e．C（混⊥Wet  2㈱  

廟K血卵）．  Sbr11ぷMa．   
m顧cid   モti帥pla払a鵬極ホ   F（撒t打出ste耶，W抽  Rぬ矧慮aldcor将lome・  

∴円i∝珊  p加点彿ぬe腐蝕  Hi痴珊怨l幻aS  
血恵鋏Te通ef  

5卵－i桝）や  E画d  

northernsIop（ナandvuideshallow＼・a11eyg］acierswere  
developlng On the southern slope．However，the  
KunlunMountainsdidnotriseuptotheheightofthe  
SnOVline，SOthatnoglacierdeveiopedi11tberegion  
andtherewereonlymanylakesonthes（）uthernslope．  
In thel；lCLIStrine deposits of earl）・Pleistoぐene ft・Om  
Maergoua‡適Maergelakesinthe northernTibetan  
Plateau，the sporo山pOllen combination wa＄ Picea・  
mnus－Beiu毎accompaniedwiththespeciesof tHmus  
こInd OEIt71rt（S．Thp nこ1turalenvironment wascharac－  
terizedbytemperatemountainconiferousandbroad－  
leavedmixedforest，Witbadominanceofcolli良rol】S  
forest．The climate was warm and semトmoist  
（HuangandLiang，1983b）．  

Based on the sporo－pOllen assemblage of the  
ChこIngtang forTllation of theビarly Pleistocene from  
Kunl11‡‡pa岱，Qinghaiprovince，the vegetation was  
COnifビrOuSforest．andaquaticplantspeciesof郎E）lP（l－  

瑠あ桝，タ8由弼聯ぬ乃，7妙ゐα，プ晦毎桝あヴand貪ぁわ朝粥  
bolyanumMenehiniwerealsopresent．Accordingto  
thedescriptionof20knownspeciesof勒a聯nhLm，the  
Pla涙Sgenera11y重our主§hedbelow2，000ma．s．1．（Kong  
andLiu，1981），Therefore，theelevationofbasinson  
thesouthernsl什PeOftheW亡・StKunlunMountainswas  
thenless than2．00（）m a．s．l‖   
IntheWestKunlunMountain＄，VOIcaniceruptions  

OCCuredintheearly Pleistocene，SuChastheXishan  
VOIcano．the Matishanvoll：anO（Ashikulelakebasin），  
and alava nowlayerinthe Kanguiake area ofthe  
Keri〉アa Riヽ▼eT（Liu and Mai．19醐1．1n these arpas，  
there was no glacier deveiopment during the Early  
Pleistocene．  

A肋ough Norirl（1932）reported tbat the oldest  
moraine extended to the piedome11とplain at1200岬  
15OOma．s．l．intheDouwava11eyoftheTarimbasill．  
howe＼▼erSediIllen［swereeonsidered not to be ofgla－   
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cialgenetic origin（the Comprehensive Scientific Ex－  
peditionofXinghia喝，1978）．   

J．Jg…イ往けけれ、JJ′q／／んtlgん打ね／（川〟玩ん↑Jgん打払／♪（、一  
夜通牒〆紘＝戒励海月賊油彫那   
In the beginning of the middle Pleistocene，the  

WestKunlunMountainsunderwentstrongupliftwith  
tbe voIca11ic eruptions of Reilongshan，COntinuing  
since the end ofthe early Pleistocene（Liu and Mai，  
1989）．Thenthe climate enteredthecoldstageand  
thelargestglaciationperiod，theYurunkaxglaciation  
began．Valley glaciers of huge tributary complex  
developedupstreamofYurunkaxRiver，Onthenorth  
siopeofthemainmountainrange，andiargeice－CapS  
intbelⅣest琵unlunandKeriyaPassregionsextended  
down to the basin．The glacier from Mt．Kunlun  
extended down to the mouth of the Litian River  
val1ey．IntheGozhaCoregion，theChongceIceCap  
and GuliyaIceCapioined and flowed downto the  
northernr）artOfGozhaCo．ThビmeltWater，flowing  
たom Gozba Co Lake via Aksayqin valley to tbe  
TianshuihalreglOn，formedabigfluvia‖ake80kmin  
1engthandlOkmwideinTianshuighai．  

The Kulapu River on the north slope of the  
KaratashMountains，developedalargevalleyglacier，  
whit・hdidnotextendtothepiedmontplain．Thel11elt  
wateroftheglacier壬ormedthehigherbedr（）Ckterrace  
with a11uvialdeposits and a higher flat plainwith  
telescopedstructureinthehighestpluvialfan．  
Duringthelastgreatinterglacial，theYurunkax－  

Bulakeba洩ii血erglacial，tbeclimatewaswarma‡ld  
wet，andglac主ersdisappeared，1eavingma王Vlakeson  
the southern slope of the Kunlun Mountains．The  
climaticconditionswerewarmerandwetterthanthat  
ofthefirstinterglacial，andcomiferousandbroadleav－  
edmiⅩedforestgrewontheslopesandbroadleaved  
forestontheshoresofthelakes．ThevoIcanointhe  
Ashk11le basin erupted agalnin O．28－0．31Ma，and  
formedtheYueyashanlava（LiuandMai，1989）．On  
thenorthslopetherivercut downdue to themoist  
climate and greater precipitation，and the outwash  
apronwasdissectedintothehighterrace，  
Dtlring the Bl11akebasbiGiaこ主ationin tbelate  

stages of the middle Pleistocene，preCipitation was  
lessthanthatofthemiddlestage，andvalleyglaciers  
developcdonthenorthernslopeofthemainmountain  
range，with a smal1piedmontglacier andice cap  
developing on tbe southern siope．Va11ey giaciers  
stillexisted ont壬1e nO托わern slopes oftbe Karaもasb  
Mountains，butthedimensionswaslessthanthatof   

YurunkaxGlaciation．  

・トJムび／由一lJ宮山（、んJ／－川（ノ／がJg山（t山／川！有い〃椚IIJJ／〆  
／んI山ん，fY（心か〔、tT〃ぐ   
Inthebeginingofthelastinterglacial，thelevelof  

AksayqinLakewashigherthanthatoftoday，andthe  
river cut down to form the medium terrace on the  
piedmont ofthe Kunlun Mountainsl－ear Putuinthe  
KeriyaRiverbasi11．In払istimebeぞore120，808year，  
theAshishanvoIcanohadbeenerupted（LiuandMai，  
1989），   
Duringthelastglaciationthelengthofglaciers  

wasseveralkilometreslonger thanthat ofexisting  
glaciers．Tbe glaciation can be dividedinto two  
stages．Mostoftheglaciers wereiargeinthelate  
stage．Allof14C dates from moraines ofthelast  
glaciationwereyoungerthan30，000yr・B・P．andthe  
maximumperiodofthelaststagewasat15，000－25，000  
yr．B．P．in this area．At that time，thelength of  
Litianglacierwas29．4km，CbongceGlacierwas35．7  
km，YulongGlacierstretchedfor37kmdowntothe  
main valley，and BulakebashiGlacier was16．2km  
long，OnthenorthslopeofKarata＄hMountains，the  
KulapuGlacierwas13．1kmlong，reaChingthemain  
vailey，7kmlongertbantheexisti11gglaciertoday．  

Afterl射帆けr．B．P．thtlClimattlbt！Ca111earidand  
cold．Arbor trecs disappeared from the洩ore of  
AksayqinLake．   

J．言爪7ん堀‘噌JTゆノ正〟J川J▲・山川粕川／イ〟れ，肋／（）‘、川（－  
Afterl（＝1（ln）rr．B．P．theclitllat亡begant〔川rarm  

upandenteredintopOStglacialperiod．Glacierson  
thenorthernslope ofKaratashMountains，Whichis  
neartheTarimbasin，retreatedgreatlyandthesnow  
linerosemorethanlOOOm．Therearemanycirques  
on the mountain．But the glaciers near the main  
raれgeretreatediess，becauseof払e訂eataltit11deand  
pient血Imoistlユreandsno軋 Thus，eVenin払e恥－  
psithermalperiod，the glacier had a considerable  
dimension．Whentheclimatebecamedryandwarm，  
Ca－film wasprecipitated onthe boulder ofthelast  
glaciation．Thebeginningofneoglaciationin4，000  
汀．B．P、WaSl，000yr．earliertbantbatoftbe’rien  
SbanMountainsandthesoutheastern part ofTibet  
（ZhengandLi，1981；Zhengetal”1981）・Duringthis  
period，glaciersadvancedanddepositedatleasttwo  
moraines，Onethousandtoseveralhundredmetresfar  
fromterminiofexistingglacierstoday．IntheLittle  
IceÅgeof洩e170019tbcentll巧，glacierswereslig如1y  
largerthanthepresentglaciers．   
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Some advancing glaciers have overrun払e mo－  
rainesoftheLittleIceAge，SuChastheYakeGlacier  
intheupperYurungkaxriverwherethecliff－1ikefront  
Oftheglacierpushedthedebrismaterialtojustshort  
Ofthemodernmoraine．Some existingglaciers are  
advancing，but the most of the glaciers have been  
retreating，SuCh as Chongce Glacier and Alakesayi  
Glacier．  
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