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Abstract  

ImprovedequlpmentCalledptllsemodulationradar，typeB】1，たeqⅥenCy300M‡iz，WaS11Sedto  
measureicethicknessontheChongceIceCapasoneoftheglaciologlCalobservationsoftheSin0－  
JapaneseJointExpeditiononthesouthslopeoftheWestKunlunMountainsinJuneMAugust1987．  
Themeasurementsweremade，mainlyinthefan一山Shapeareaontheicecap，between5800and6300  
ma．s圭牒t1300pointsalongmeastlrementlinesupto60kmlong，COVerirlgabout21km2inarea．The  
mainresultsareasfollows：themaximtmlicethicknesswasobservedtobe214mat6100ma．s．i．on  
軌eGllOZbaGlacier；151托Iat6000m．a．s．1．ontbeChol唱CeIceCap；66．1mat6366m．a．s．l．，atthetop  
Oftheicecap．TheamountoficestoredinthefanMShapeareaoftheicecapisl．286km3withan  
averagethickncssof70．9m．Anequationisproposedtoexpressicethicknessintermsofsurfaceslope，  
based onthe observationニH＝28．6tanD・6α，Where tlisicethicknessinmandαissurfaceslope．  
Subglaciermicrotopography，COnSistingoftheditchanddikeoftheraditlSandglaciererosionbasins，  
WereObservedalongtbetransverseobservationlines．Tbelor喝it11dinalsectiorl，bowever，issimilarto  
theformofcirqueglaciers．  

1．lntroduction  

For over20years，the thicknesses of polarice  
Sheets and mountain glaciers have been measured  
with the use ofradar sounders．This method has the  
advantageoverearlymethodsofgravityandseismic  
SOundiれgi‡1thebothofaccuracyandspeed，SOithas  
been widely usedt This paper describes t壬Ieice cap  
thickness and subglacial topography according to 
thesedata，  

ofKunlun Peak．TbeGuozbaGiacieristo theⅥ7eSt，  
and theC壬10ngCe Glacier to tIleeaSt Of主t．Figurel  
Showsthefan一…Shapedareaoftheicecap，Wherethe  
radar sounding was carried out，18，135km2ir）are  
（Chen et al．，1988）．The totalarea covered by the  
SOundingwasabol止21km2．  
Themeasurlngeqllipmentisaglacierradar，type  

B¶1，ShowninFig．2．Itwasmadein1982，andim－  
provedtobesuitableforcontinentalglaciers．Itcanbe  
Operatedby3persons．Itsbasicsystemandprinciple  
have been described by Zhu（1982）．Animproved  
versionofthesystemwith3Ahbatterycanbeused  
COrltinuotlSlyforabotlt120mi11uteS，aliovingmeaslユre－  
ments of about150points to be made．In order to  
recognizetherecords，aneWfiveMdigitLEDnumeri・  
Caldisplay was set on the system；withit one can  
distingtlishthelocationofthemeasuringpoint．This  
numberwasrecordedonthesamephotographasthe  
record ofreflecteくまwaves．  

The specifications of the radar system are as   

2．Thesoundingrangeandequipment  

TheWestKunlun Mountainsarelocatedwestof  
Qinghai and the bowndary between Xinjang and 
Xizang．ThehighestpeakoftheKunlunMountainsis  
7167rn a．s．l．，and glaciers aroundit occupy three－  
foⅥrthsoftbetotalgiacierareaintbeKuniun】漬oun－  
tains．TheCbongceIceCapisabout17kmsouth－eaSt  
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Fig，1．Li11eSく）fraくjars（）undingontheChongceIceCap．  

3．Field work  

Thepositionofeachmeasurementwasdetermin－  
edwitbreferenceとOaStakerletWOrksurv野edorlt‡le  
icecap（Chen eial．，1989）＿Themeasurements were  
madealongcontourlinesasshowninFig．1，uSinga  
step¶meaSurement method．The height difference  
between measurlnglines was50m，the upperline  
beingat6200ma．s．l．Therewerell】il－eSinthewest  
and91inesintbeeast（たomPltoP12）inadditionto  
twoiongitudinailines．Detailed studieswerecarried  
outaroundstakeB130ntOpOftheicecap．Thetotal  
length ofthemeasurementswas over60km，Which  
correspondedtoユ300points．Thearcacoveredreachq  
ed80％oftheicecap．  
TherecelVl†lgandel℃ittiTlgpartSWereSetlOm  

apart．Ittookonlyoneminutetomeasurethethick・   

follows：Carrierfrequency300MHz，mOdulationpulse  
widths：5Onsand150ns，duplicationperiod2sand5  
s，middlefrequencyofreceiver50MHz，radarrecho  
display midd王e frequency，emission powerl－5一瞥，  
recelVl咽andemittingantennaaplane”Spiralanten－  
nawithreflectingscreenoflOdBgain，tOtalgain130  
dB，maXimumice thickness about400m．thickness  
resoIvingpowerlm（2s）and2－5m（5s），pOWerSupply  
12Cd山Nistoragebatteries（3Aheach）chargeableby  
SOlare王1ergy，tOtalweigbt18kg．  

Themeasurementaccuracywascheckedwithan  
actualmeasurement ofice thickness by a drilling  
down to thebedrock on the No．1Glacier，Urumqi  
riverbasin．Relative error waswithin5％（Zhang et  
√J／．，1理屈．  
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facelayer・Becausethesurfaceandthesurfacelayer  
COnSistofair，neWSnOW，WetSr10W，firn，Waterandice  
Ofdi王女汀entelectricalconductivity，thewidthofrange  
Aappearedtobelargerthanitshouldbe・Although  
theALrangethicknesscouldnotbeanalyzedquantiL  
tatively，We Can Obtain the relative thickness and  
detailedstructureofthesurfacelayeratvariousloca－  
tiorlSOntheicecap．Forexample，thelargearldwide  
Å－WaVeintileaCCumulaとionareafarabove6200m．  
a．s．1．istheresult of non－uniformity ofthe surface  
layer（Fig．3a），Whichwasfoundintheicecore（Han  
et alリ1989）．Nearthebareicesurfacebelow5900m．  
a．s上theA－WaVeissmallinbothamplitudeandtail，  
and tbe base ecboⅥraS王arge；it shows a thi11and  
Simplesurねcelayer（Fig，3b）．Between5900and6200  
m・a．S．1．，theA山】山WaVeincreasedwithincreasingeleva－  
tion，Whichindicated that the surfacelayer became  
thingradually．Thethicknessofthesurfacelayerwas  
CStimatedtobe30－35mat6200ma．s．l．TheB飢range  
contains vaves re舅ected from theiceinterior．B－  
WaVeSin the BMrange Should reflect theinternal  
COnditionoftheicecap，i．e．，inthemiddlepartofthe  
ice cap above80m depth．A number ofsmallinter・  
ferencewaves appearedand a non－reflecting wave  
area（2060m）onthebase echo wasconsidered to  
Showstab王eelectricproperties，Withlit員emoraineand  
Weakrefiectioninthisarea（Fig．3c）．Attheedgeof  
theicecap，Wheretheicethicknesswaslessthan50m，  
thereflectedwavesappearedsuccessivelyintheBM  
range，pOSSiblyindicatingenglacialmoraine content  
（Fig，3d），The Cmrange contairlS the base echo．A  
strong and simple Cwave sbows that the base is 
SmOOthorisstronglyreflecting（Fig．3e）．Wherethe  
C－WaVeChangesinitsintensity，theice－rOCkinter－  
facecouldchangeinslope．  

Fig．2a．DiagramoftheimprovedversionoftypcB¶1radar．  

ト十－8 →卜cJ  
Fig．2b．WavefomofradareC‡軋  
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Fig，3．Radarmechophotographies，  

nessatonepoint．OrlSOmeOCCaSions，Whenthewea－  
tberwas薫れeandsuだaceablationwasinten父，melt  
Water perCOlatedi11tO SnOWlayers，and tbe radar  
Signalwas absorbed and attenuatedsignificantly so  
that the echo record was too smallto distinguish．  
Above6200ma．s．l．，becauseofnon－uniformityofthe  
Surfaeelayerincluding thinice bodiesin the snow  
layer，multipieecbo盗Were Ob諾rVed．Ådjustmentof  
theposit主onandheightofantermasallowedestimation  
Of the echo from the bed．Theice thickness was  
Obtainedat93％ofthemeasurementpoints，  

Theformofeachechogaveinformation onice  
Surface，払terioriceandiceatthebase．Figure2shows  
払ataradar【∝hocanbedividediIltOthreeranges，A，  
BandC．RangeAindicatesthesurfaceandthestu・一  

4．Statisticalanalysisandresu（ts  

The ice thicknesses are shown for a transverse 
SeCtion（Fig，4）and alongitudinalsection（Fig．5）．  
Selecteddata arein Tablel．  
1）AsshovninTable2，琉eaveragetbicknessIialong  
acontourl主neinthefanqshapedareaincreasedwith  
Clevation，5800MM6118m a．s．1．，althoughit fluctuated  
Slightly．Therateofincreaseis＋0．3m／mofincrease  
inelevationat5900叩6000ma．s．l．．and＋0．2m／m，at  
6000L6118m a．s．l”Thethicknessl・ireachedamaxi－  
mum of aboLlt15ユm at around6000m a息1．．Åbove  
this height，the thickness decreased at a rate of O．4   
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rarigeSintheねn－Sbapedarea，fro‡nWbichthetotai  
amountoficestoragewascalculatedtobel．286km3．  
Theaveragethicknesswas70．9m．AsshowninFig．5，  
theslopesofthesurfaceandbedrockarerathersmall，  
i・e・，0・06・MWO・16，andO．04－0．18intangentoftheslope  
anglerespectively．TIlerelatioTlbetwee王1icetilickness  
a王1dsl汀faceslopeisgiveriinTable4．Inthistable，t壬1e  
Surface slope has an average value for a distance  
largerthan2．6timesoftheaverageicethicknessfor  
thatsegment．Thevariationofthicknessislessthan  
12mineachsegment．  

Arlempiricalrelaと毎nt〉etWeerlicet‡1ickrleSSand  
St汀faceslopewasねuTld，たomTabie4，aSfoiiows：  

。仔＝2臥6／tanO・6α  

WhereHisicethicknessinm，andαthedipangleof  
theicesurface・Whenα＜10O，aSSumingtanα恕Sinα，  
Ourf8mulabecomesequivaienモモoNye’sくガニメも／sin  
α；jもis a constant）．Our formulaisconsidered suiL  
tablefortanαinarangeofO．060．16．  

m／m，Theseshowthatthemaximumofaveragetilick－  
nessappearednear theheighest polnt On the equili－  
briumline（Ageta et al．，1989）．Themaximumthick・  
nessintheGuozha Glacieris214m at6100m a．s．L  
2）Figure6showsthethicknessisoplethinthemeasur－  
まngarea、TbethickestareaappearedbesideB5at6000  
m．a．s．l，．Thethicknesswasdistribtltedhavingacenter  
around that point and became thin gradually all  
around．Theisoplethsappeartobeirregularcircles．  
Table3gives thc area values of variousthickness  

Tablel．Ice沈ickne溢data aまongÅ，B，C  
and Dli！1eS．  

No．of points Thickness Altitude  
（m）  （m）  
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50－4  5875   
89．7  5925  
102．1  5973   
97．0  6055   
58．8  6180   
82．7  5854   
91．5  5902  
107．9  5936  
129．0  5974  
146Ⅰ2  5997  
1≡1．7  6025  
112．4  6（）73  
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100．0  6165   
94．5  6213   
77．7  6270  
67．6  6327  
66．1  6366  
21．6  5801  
57．5  5840  
104．3  6014  
129．5  6075  
111．5  6140  

Table3．Distribtltion of variousice tbic哀れe関eS．  

Thickness Average  
thickness   

（1Tl）  （m）  

Area  Reserves  

（km2）  （km3）  

140¶151  145．5  
120¶140  130  
1州 －←1：■11  11＝  
80－100    9〔巨  
60－80  70  
40－W仙60  50  

＜40  2F1 

0．214  0．0311  
0．794  0，1032  
4．028  0▲4431  
2．698  0．2428  
3．100  0．2170  
2．636  0†1318  
4．665  0．1166  

T（）ta1  7（）．9  18．135  1．286  

Table2．Icethickne∬data aloれgP】主ne．  

Thickness （m）  
Name of  
SeCt10n＄  
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Fig．4．Cross－SeCtionofChongceIceCap．  

5．Description ofsubglacialtopography  

The topography under the fan－Shaped areais  
rathersmooth．Thelongitudinalandtransverseslopes  
Vary uniformly．There are eight smaller ditches and  
risesandfourdepressedareas．Figure7showsthatthe  
linesofridgesandvalleysareapproximatelyparallel  
to theice flow direction oftheice cap（Chen et al．，  
1989），  
1）Undertheeffectoforiginaltopographyandmodern  
iceflow，alowerbedcouldhavebeenerodedfurther．  
Twodepressions（Ll，L2）appearbelow6000ma．s．1．in  
theeast．Llhasdevelopedanactiveclrque2kmlong  
and O．9km wide；the maximum thickness143．8m  
appearsin the center of the cirque at5900m a．s．1．  
DepressionL2iserodedanddevelopedslowlybecause  
Ofa smalleramountoficefromupper area，andthe  
maximumthicknessof88mappearsinthecenter of  
the depressionat5900m a．s．l．Discontinuous depres－  
Sions（L3，L。）appearbotheastandwest ofstake B5；  

6300  

6100  

5900  

17011 

Fig・5a・Longitudinalsection（Bl－B13）oftheChongceIceCap．  

Fig．5b．Longitudinalsection（D4－D7）oftheChongceIceCap．  

thewesternonewitha maximumthicknessof151m  
islarger．  
2）There are eight（glg8）smallridgesin the bed．  
EdgeglisthedivideoftheGuozhaGlacierandtheice  
Cap．Fromnorthtosouth，itstopiswideandsmooth，   
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and tbeⅥFidth oft主Ieiower part at5975汎a息l．is  
；lbout 6OO TllこInd11こIr＝1＼＼・S tOコ5tllllaL t吊5い111a．S．l，  
upward．Theicelayerthicknessoftheupperpartis  
lessthan60m．Ridgeg2iswideintheupperpart，but  
narroⅥrSWか血decreasinge王evatiorl，andisdisco血in－  
uousat6050m，a息l．．T】ュeⅥ7idthsofg3andgヰare50  

a‡1d150mrespectively，yettbeir壬Ieights are small．  
Ridgesg5，g＄andg7areShort（1．1km）and払eirwi血h  
is左bout150m．They becomelowerinheight with  
i王1CreaSingeまeva如n，andeventuailydisappearatan  
eievation ofabotlt6000m．Ridgeg8istherlOrt‡1ern  
bolユndaryoftbefan－Shapedarea，eXtendingtoexpos－  
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Fig．7．Subglacialtopographyoftheicecap．  

edrockatlowe王evation．T壬Ieheightsofg2－g6intbe  
far卜Shapedareaareabotlt20m．3）Sevenguiliesくiユー  
l7）areformedbetweentbeeightridges．Gulliesll，12  
andi3are rather deep．Theice flow concentrates  
towardtheexit，WhichisIAkmwide，Infrontofthe  
exitamorainallakehasbeenformed．Thevalleyl．is  
Weakerthantheothers，prObablyduetodivergingice  
flow．Inthewesternpartitdivergeslessthaninthe  
easternpart，andthewesterniceflowisstronger，SOin  
thefrontofexit：aSmall－SCalemoraina‖akeisformL  
ed too．Thereis no morainallakein front of the  
easternpart．Valleysl5and16havestrongerdiffusion．  
Va11ey17is concentratedice flow，havi‡1g短atures  
Similartotbo父Ofaclrqtleglacier．  

Figure8sbovs払eice thickness a！ld sⅥrねce  
aroundthetopoftheicecap．Wecanthinkthatstake  
B13islocated at the top of theice cap，and the  
topographyissmootharound50m，withathicknessof  

60…70m，‡nthedirectiorlOfSWlOO，tbereisaridge  
tenandmoremetersbigh汰rotlgbintbeeastitislO8  
mawayfromstakeBl乙ThearlgleoftbeB12baseis  
aboutll．5勺towardthe southwest．Exposedrock ap－  
PearS150mawayfromB13inthedirectionofNW65つ；  
thisdirectionistheicedividebetweensouthandnorth  
ice flows．  
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