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Abstract   

T壬IeeX毒sti咽gはciersintheWestKu血nMountainsbeiongtotheextrelnelycontinenta！typeof  
giaciersLRockdebrisoriginatingfromfrostact主onisveryrareanddebrisarehardlyseenonthe  
glaciersurface，butthebasalti11withdifferentthicknessoftenemer酢Sinthelowerpartofthe  
giacier．   
Analysisof許ainsizeofbasaltilli－1theregionshowstbatgrave】，Sand，Siltandclayconもentsare  

70．35％，29．13％，23．58％and17．32％，reSPeCtively．The clay缶・aCtionis even higher than thatin  
maritimeglaciers，Wbichmaybearesultofweakersub感acialmeitま喝・Tbeciayco戒entinbasaltill  
まsalsohigherthanthaとinotbertillintheregion；theclaycontentsofsupergkcialt軋meltouttiiiand  
endmoraineare5．85％，9．85％and10．22％，reSpeCtively．   
Thesurfacetextureofquartz sand ofbasaltillofGuliyalceCapwasstudiedby Scanning  

EまectronMicroscope．T！lereSult漁owedthattberewerepressurefractlireSOrミSOmeparticies，but  
lⅥOStparticuまatesurfacess圭一OWChemicalⅥreatheri－－gfeaとures，meま血g【COagulationandmeitholes  
comparabiewiththevoIcanicashiIltheAshikuleBasin・Studiesofbasalt紺andtephralayersinthe  
WestKunlunMountainsindicatedthecloserelationamongtheblackmtlddysa涙＝ayerunderthe  
northicefloⅥrOfGul主ya‡ceCap洲AほkesayiGlacier，redsalldymudiayersbeioⅥrt‡－eicecliffofEast  
Glac主erandvoicaTかerupと払ns．  

River，andalargeicecapisdevelopedasweil（Fig．1）．  
Inspiteofthe sma11area ofbar・ebedrock asidethe  
gia（：ierandthelowrelativeelevation，littledebriswas  
ねrmed by frozen－Weathering．Superglacialdebris  
d主dnotdeveまopwellduetotheweakerosionon蝕e  
lowcr part of glacier．Some scattered superglacial  
debrisareformedbyshearingandextrusion．Butat  
theloverpartoftbeicec王iだsome王ayersofstぬglacial  
debriswerefound．Tbeselayers，atdiだerentdepths，  
Were mainly formed by gia（二ialmovement．The ash  
Camefromtheatmosp壬1ere．  

Fromthebasalti1lorbasalicelayer，WeObserved  
andcollectedsomesamplestobetestcdforgralnSize，  
minerals，microelement analysesand Scanning Elec－  
trorlMicroscope（SEM〉observationofsurfacetexttlre  
OfsandgrairlS，andpreliminarilydeterm主nedt壬Iatthe  
blacksandymw‖ayeratthenorthbranchofAlake・   

1．lntroduction  

Tbe うⅣest KunlurlMountains region，iocated  
SOuとbofHota11andYutねninXinjia喝，1SIlOtedforits  
VOIcaTlicgroupsandlargeglaciers．IntbeslユmmerOぎ  
19S7，havi昭investigated 軌e Ashikule voIcanic  
groups andlargegiaciersat the upper reach ofthe  
Ylユrunkax‡ミiversolユthofYutian，Wereturnedviatbe  
X主njねng岬Ⅹizang（Tibet）Higぬvaytothesouthslope  
andsurveyedtheglaciernorthofGozhaCo（Lake）and  
GuliyaIce Cap near the hea（まwaters of tbe Keriya  
River．  
ExistingglaciersintheWestKunlunMountains  

are continentalglaciersL Many va11ey glaciers，20山  
30km】orlg，bavedevelopedonbothsidesofthe三Ⅵain  
moullね主nrange．Åwidepla‡laとionsurfacestillexists  
inthesouthslopeandthehead－WaterSOftheKeriya  
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Fig■1・upperleft：GtliまyaIceCap．   
upperrig如：pistrまゎutionofg王aciersinl野e＄tKunlunMoum－  

ta主ns．   

lower：AlakesayiGlacier～NorthernIceFlowofGuliyaIce  
Cap（photo），   
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F…gt2・TbeEaster－－‡ceF】owofGlユ王iyalceCap（photo）．   
lower】efも：Glacierter汀主in℃SOftbeGllliyalceCap，   
loヽVerright：Subglaciaias王11ayers．   
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SayiGlacierontheGuliyaIceCapandthereddebris  
Sandy mtldlayer belく〉W the East Branch of East  
GiacierarecloselyrelatedtovoIcaniceruptions，（Fig．  
2），  and17，32％respectiveiy．T‡1e Clay co‡1te王1tis everl  

higher than tbat of maritime glaciers，because no  
meltwaterwashesclayout ofthebottomofacontト  
nentalglacier．Thecontentsofgravel，Sand，Silt and  
Clayarealsohigherthanthoseofengalcialdebrisand  
lateralmorainesinthisregion，becausetheabrasion  
ofbasaltillismoreintensive than that of other tills  
（Tablesland2）．  

2．Grain sizecharacteristics ofthe basa（til［  

Accordingtograinsizeanalysisofthcbasaltill  
from severalmainglaciers，the mean contents of  
gravel，Sand，Siltandclayare30．35％，2臥13％，25．38％  

Tablel．Comparison ofbasaltills of West Kunlun Motlntains and other region  

Årea  Cく〉nモent（％）  Gravei Sand  Si王t  Clay  Glacier Type  
West KlmlⅥn  
Mountains  

extre‡Ⅵely con血entaiglacier  29．13  25，38  i7．32  

Mt．Bogda   11pper part  69．8（〉  
Tiansbar）   】0Ⅵrer parと  46．60  

totalaverage   58．20  

28．85  7．72  3．63  
27．63  18．04  7．84  stぬconti11entalglacier  
23．19  12．88  5．73  

end moraine  53．37  
flow til1  52．17  

32．03  12．05  2，55  
23．46  18．70  5．09  

maritime glacier Mt．Namjiabawa  

Table2．Contents ofsilt and clayin various ti11sin the stlユdy reglOn．   

Superglacial  Lateral  Basal  
Moraille  Ti11  

MelトOut End  Type  Englacial  
Debris  Till  Morairle  Co‡ltentS  

10．80  20．02  9．11  
5．85  9．85  10，22  

23．58  
17．32  

3．Petro10gicalandrnineralfeaturesofbasaltiJl   

J？．J上山JJI．r〃汀仇・＝在  
The sources ofbasaltillare related to thelitho－  

logyofbedrockintheglaciatedregion．Theglaciers  
inourstudyareamain1ycomefromtheaxialpartof  
mountains composed of granite．At thelower part，  
glaciers flowed over Carboniferous schistose plates．  
Thus，heavymineralsofthebasaltillsfromvarious  
drairlagebasinaredifferent（Table3）．Forexample，  
basaitiiiinthetermintlSOfAiakesayiGlacierhasa  
biackmetal山tOurmalineassemblage；andconterltSOf  
both tota180．25％．The next most common minerals  
arezirconandtopazwithcontentsof3．00％and2．75％  
respectively；SOthebasalti11showsblackcolor．The  
basaltillattheendoftheeasticetongueofGuliyaIce  
Capis mainly composed oflimoniteMtOurmaline－  
black metalwith a totalcontent of66．50％，Whereas  
those ofmuscovite and zircon are4．00％and3．75％  
respectiveまy．But払eunstab王eandstablemirleralsof  
t‡letWObasalti11smentionedabovearesimilar（Fig、  
3）．  

3．之工感お椚あ抑通   
InthebasaltilloftheeasticeflowofGuliyaIce  

Cap，quartZCOntentismorethanfeldspar（25／16．23）．In  
thetilllayerattheendofAlakesayiGlacier，quartZis  
lessthanfeldspar（16．50／11．75）．Bothbasaltillscontain  
alarge quantity ofdebris，the former one contains  
about56．00％andthelatterone67．50％．Theformer  
onealsocontainsorthociase，thelatterdoesnot，Two  
kindsofgranite were discoveredinthisreg10rl：red  
許aniteporphyrycontainingmuc！lredortboclasearld  
greetl許aniteco‡豆ainingmlユChcline；perhapstl－is主s  
whythebasaltiilshaveindifferentcolors．Thered  
debrisatthetongueprobablyhassomerelationship  
withtheredgraniteintrusionunderneaththeglacier・   

．？‥‘J．（、JJ〟川（・／‖ム／／●（・∫－イ 仙、わ仙ノ／／／／／わ（イ州・仙、l、‘′∫／  
わク閉g〆G〝砂α〟gC砂  
BelowtheicecliffoftheeasttongueofGuliyaIce  

Cap，thereis a reddebrissandy mudlayer witha  
tbicknessof30m（Fig，2）wbichcanbedividedinと010  
layers貪・OmtOptOboもtomasfoliows二く1）Purpli洩red  
interlayeroficeanddel⊃ris；く2）Redinterlayerofice   
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Table3・Thecontent ofmiI鳩ralsinbasa重t主Iiaれd asb wittiing王acier ofⅥ屯st Kunlun Motmtain＄．   

Diopside  
Hedenbergite  
Actil】Oiite  
Tremolite  
Epidote  
Zoisite  
Ailaniモe  
Chlorite  
Sillima！lite  
tliollastonife 
An（∃alus呈te  
Topaz  
Totai  

1．42  0．25  
0．50  
0．25  1．42  
8．75  
0．75  2．84  
0．50  

0．25  

0．25  
1，00  

4．50  5t68  

0．50  
0．ア5  8．50  
3．50  0．75  
0．50  0，25  
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24．0持  22．84  
0．25  
0，5（）  
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25．00  3．00  
1．50  1．00  
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2★25  1ユ．75  

15．25  1．25  10、75  
58．25  94．25  62．25  
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FigY3．Cもaracterist…csofvo重亡aれ盲c藁Sb and＄a点dparticie＄Of   
Easterrl‡ce王㌻iowofGl損ya‡ceCapunderscann主ngeま∝trOn  
microscop巳  

and8ebris；（3）Redi‡1短ri野erOficeこOnta払ingdeも㌻主s；  
（4〉Redinとer】ayeroficeco‡舐ainingdebris；（5）Mlユd叫  
ye王lowicelayer（containingdebris，12cm室ndeptb，and  
probablycontain主ngvoIcanicasb）；（6）Orangeicelayer  
（containirlg det〉r主s〉；く7）Grey－blueiceiayer；（8）Ice  
layer（col漉ain主将del）ris）；（9）‡ceiayer（cor血ining  
poiiutediayer）；く10）Gr野－yei王owicei野erくmay be  
VOIcani（：aS軋   

1野edeterm重ned tbe‡igbt and heavy mineraisin  
reddebrisandbrown鵬ye1lowdebrisorvoIcanicash  
bymicroscopicobservations．Theformeriscompo班d  
O官 主imonite叩紬urmaline－a】1ataSe aSSemblage wi抽  
COntentSOf47．14％，22．84％and7，27％respec貞vely；the  
latterconsistsoftourmaままne叫blackmetalm圭nerais榊  
Iimoniteassembiagewithcontentsoぎ30，75％，15．50％  
and13．75％re‡）eC貞vely，Theredvoicanicashcontains  

こ11ittlビ こIm…lnt け一叩1こ111t7（3O。）、（：lint、（1．点㌦1こHld  
relative呈y more ortboc】a§e（1，50％），Otberwise，ぬe  
brovn－yellow ash contains more qtユartZ and clirle  
andiessoれわoclase，Witbconte雨SOf25．8（）％，10．75％  
and2．50％respectiveiy、Maybethisisa‡10therreason  
Wbythetwokindsofdebrismerltionedabovea壬）pear  
in differentcolors．  

4．Microelementsin basalt‖  

Thebasa王icelayerbeioⅥrt主1eicecapofももeeast  
icef】0ⅥrOfGuiiya王ceCapisverytb言ckandl払edwith  
aredthininterlayerofdebris．TIlまsredわasaltili，first  
foundinthisregiom，bas払idsdevelopedbytheglacier  
movenュerlも．Thebasaまtiilisconsideredtobere呈atedto   
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Table4．Microelement arla‡ysis of basa】tiliofthe East G】acierin Glユ】iyaIce Cap．  

No．of Sample l  Eleme】1tS  6  7  10  2  3  5  

70－36   70．56   68，08   72．96  
3曽97   3．19    3．94   3．59  
1ユー22   6．73  12．24  10．40  
2．97   2．27   3．33   3．02  
0，7  0．15   0、76   0．59  
2．59   5．99   2．87   2．19  
い．1ニチ   トご丁    し州    り．一対  
0．0211 8，0198  0．0101 0．0183  
0．0011  0．0（〉13  0．0018  0．0015  
0，0029  0．0046  0．0037  0．0030  

65．84   64．48   68．28  
4．18   5．51   3．99  
11．62  16．31  13，05  
2．77   3．56   3．09  
1．43   1．02   0．72  
4．53   1．45   2．29  
ま．49   1，09   0．86  
0．0135  0．0085  0．O102  
0．0014  0．0024  0．0013  
0．0028  0．0043  0－0032  

0。0154  0．091  0．0213  0．0329  0．0279  0，0295 （）▲0241  
0．0105  0，0072  0．0101  0．0093  0．0086  8．8149  0．0088  
0．0408  0．0752 （〉．060ヰ  0．0462  0．掴16 （き．1112  0．0500  
0．0細0  0．0364  0被0191  0．0338  0．¢147  0，0019  0－02塁6  

0．0057  0．0088  0．0086  0．13ユ   8．0（）85  0，0077   

Fig．4．Sbape ofparticies感触＝蛾㌍Sわ押erleft）andiocal   
enlargi咽（upperrigbt）uTlderscanmimge王∝trOnm主croscope・  
Particles wit圭1CraCks陶wer】e托）and erぬrged cracks   
（loverright）underscanningel∝trOnmicroscope・   
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particle surfaces（Fig．3），because these grains are  
COntainedinicelayersandnotlocated ona sliding  
Stlrface．Onthecontrary，SOmeparticleswerefound  
W主払sharpedgesandcracksくFig．4）．Slirfacesofmost  
Particles were filled with weathered substances or  
SOme CryStals．Melting－COagulation and melt holes  
evenappearedinparticlesurfaces．ThesecharacterN  
isticsmayresult from the coagulation of fused voト  
Canicash（Fig．5）comparablewiththevoIcanicashin  
theAshikuleBasin（Fig．6）．  

VOIcaniceruptionsinthisregion．Besideshavingdeter－  
mined the minerals of two kinds of debrisin two  
COlors，Vehavedonemicroeiementanalysisofseven  
Samples（Tabie4），a王1d revealedt壬1aとtぬe conte王1t Of  
SiO2isover60％（64，4872．96％）バheaverageconterlt  
Of Ai203is overlO％（6．7316．31％）、and those of  
Fe203，K20，CaO，MgO and Na20are4．05％，3．00％，  
3．13％．0．93％andO．77％respectively．  

5・Micromorphologicalcharacterjsticsonasurfaceof  
Particlesofbasalt‖andvoIcanic ash  

l好ehaveusedascanningelectronmicroscopeto  
StlidytlleYOicarlic ash under‡1eathtbeiceton卯eOf  
GuliyaIce Cap．Glacialstriae were not found on  

6・V0lcanicashanditsage  

l好ebaveresearchedtbevoIca王10eSandtIle主rde・  
positsintheAshikuleBasinoTl払enort壬l幻aIlkofthe  

Fig・5，Micromorphology on thesurface ofvoIcanic ash and   
sandparticlesunderscanningelectronmicroscope・   
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Fig，6．Micromorpも018gy On the stlrface of voicanic asモーOf  
AsbikuleBasinun（】erscallnlngelectronmicroscope・  

West Kunlun Mountains，Ashikule VoIcano towers  
highoverablacklavaterracewitharelativealtitude  
Of120marldisaccunlulatedbyptlrpiisbrediava，Wb主Ie  
the outside ofthe voIcanois completely formed by  
b王ack】ava．  

ÅshikuleVoicanoisanactiveo‡1eⅥrbic圭一erllpted  
OnMay27，1951（Zhao．1976），Sampleswereco11ected  
infourvariouslayersontheupperpartofthesouth  
SideofAsbikuleVoIca‡10arまddatedtobeabout5，800  
yr．B．P◆†butthe age ofthe northwestwallis about  
120，080yr．B、P．，byK叫Arda如g払jug才α£ブ198乳  
Accordingto the field surveys and sateuiteimN  

age＄，the West Kunlun Mountains arein a region  
Where Quaternary voIca‡10eS are COnCentrated and  
SOmeCraterSareburied．Thus，itisnota（：Cidentait壬Iat  
thevoIcan主cashappearsinicelayers、  

Åblack sa王Idy mudlayer，about20cmin洩ick－  

ness，WaSfoundonthelowerpartofAlakesayiGla叶  
Cier，ItsC14dateis33，065±585yr．B．P．Thislayermust  
bea洩depositedontheglacierinthelatestageoftbe  
Last Glaciation．   

Åccor（ユingtostratigraphicobservations，thereare  
morethan400dirtbandlayersabove払easbiayerof  
theeasticeflow，GuliyaIceCap．Ifthedirtbandlayer  
Showsanannuallayer，theageofthesubglacialash  
layerismoretban400years．Tわまsasblayermaynot  
berelatedtotheeruptionofAshikulevoIcanoin1951．  
So†洩ede重罰如ageoftわea洩iaさ7er洩puldbeanaiyzed  
in an appropriate way such as the fission track  
method、   



Bu11etin ofGlacier Research  Jさ好  

tion．among theblack muddy sandlayer under the  
northiceflowofGuliyaIceCap－AlakesayiGlacier，  
red sandy mudlayers below theice cliff of East  
GlacierandvoIcaniceruptions．  
Theremaybeseveraltephra（voIcanicash）1ayers  

withinthebasaltillofGuliyaIce Cap；thesetephra  
layers might result from an undiscovered voIcanic  
eruptionmorethan400yearsago．  

7．Conclusions  

TheexistingglaciersintheWestKunlunMoun－  
tains belong to the extremely continental type of 
glaciers．Only a smallarea of bedrockis exposed  
above theglaciers，Thus，mOrainic materials came  
mainlyfromsubglacialerosion．RockdebrisoriginaT  
tingfromfrostactionisveryrareandbecomesinter－  
nalmorainein a short period of time．As a result，  
debris and boulders are hardly seen on the glacier  
surface．The basaltillwith different thickness often  
emergesinthelowerpartoftheglacierterminus．  

AnalysIS Ofgrainsize ofbasaltillinthereglOn  
shows that gravel，Sand，Silt and clay contents are  
70．35％，29．13％，23．58％and17．32％，reSpeCtively・The  
clay fractionis even higher than thatin maritime  
glaciers，Whichmaybearesultofweakersubglacial  
melting．Theclaycontentinbasaltillisalsohigher  
thanthatinothertillinthereglOn；theclaycontents  
ofsuperglacialtill，meltouttillandendmoraineare  
5．85％，9．85％andlO．22％，reSpeCtively．  
Therewasa30m－thicksubglacialdebrislayerat  

thelowerpartoftheeastglaciertongueofGuliyaIce  
Cap．Samples of ten different debrislayers at the  
lowerpartwerecollectedforchemicalanalysis．The  
contents of15 chemicalelementsin this tillwere  
determined as follows：SiO2（6472％），A120，（6．73－  
16．31％）andFe203（3．195．15％）；COntentS Of Ni，Co，  
Pb，Zn，Mn，CrandVarealllessthanO．1％．  
Thesurfacetexture ofquartz sand（0．10．5mm  

indiameter）ofbasaltillofGuliyaIceCapwasstudied  
by ScanningElectronMicroscope（SEM）．Theresult  
Showed that there were pressure fractures on some  
particles，butmostparticulatesurfacesshowchemical  
Weathering features，meltingCOagulation and melt  
holescomparablewiththevoIcanic ashintheAshi－  
kule Basin．Studiesofbasaltilland tephralayersin  
the West Kunlun Mountainsindicated the close rela－  
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