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Abstract  

TheChongceIceCapintheWestKunllユnMountainswassystematicailystudiedthroughsnoww  
pitprofilesandcoreanalysis．ThefollowingsequerlCeOficeformationzonescanbeseen如）mthe  
terminusupvard：abla如nzone，iTlf批ration－COn酢Ia昌onzolュe，infi眈atiorlZOneandin紬ration仙  
recrystalizationzone．Thesummitoftheicecapisexposedtowinds；Subseqtlentlytheannuallayer  
isrelativelythin＿Thereappearphenomenapeculiartoinfiltrationiceformation・AIso，SOmephe－  
nolⅥenaOfcold－infiltraモionexistbeneath也efirrl叫icelayerintheinfiltrationzone，  

1．lntroduction  

The major王ⅥeCbanisn10f glacier払rmatio‡lis  
”metamorphosis”，by which snow changesintoice．  
T圭IeprOCeSSisaff∝tedbyglaciertemperature，Velo－  
Cityandmassbalance．Iceformationisatraditional  
SubjectofthestudyinglaciologyinChina．  

Recently，SOme uneXpeCted characteristics were  
discoveredindeepdrilli咽．0はerfirnlayersappeared  
aga王nandagainundersuper責mposedicelayersinan  
area whereiとwasthoughモモhattbefirniayerisn（）t  
Verythick．  

n similar phenomenon has been discovered in 
GlacierNo．1，UrumiqiRiverheadwaters，TianSllalュ  
Mts．andDundeGlacierinthesouthwestQilianMts．  
Thisforcesusto revise払elower estimate ofthick－  
nessoffirn【icelayersandageoficeformationfor  
COntinentalMtypeglaciersinChina（Ⅹie andHuang，  
1988）．In1985and1987，Weundertookexpeditionsto  
SeVeralgiaciers cerltering orlthe Chongce‡ce Cap，  
WestKunlunMts．，Obtainingrecordsfromsnowpits  
and more tban30m deepiCe COreS．Tbis paper will  
descr払e軌e resuits ofinvestigatiorlSin琉el好est  
Kunlun Mts．   

2．Nleasurementpointsandobservations  

In1985and1987，Veinvesとigated stratigral坤ic  
profiiesofmorethantensnowpitsandseveralshaト  
iowもorebolesontbeCbongceIceCapont壬IeSOutb  
sideoftheWestKunlunMts．（Fig．1）．Thelowestsno☆  
pitpositionlie＄Ontheterminusofthemainflowline  
at5850ma，S．1．orlt‡1eicecap．T壬Iealtitt‡dedi珪erelュCe  
betw・eenneighboringsnowpitsis28tolOOm，andthe  
deptbof也edeepestsnowpitisl．60汎Thedeptbof  
馳eboret101e whic圭Iliesontbehigbesteievation at  
6366ma．s．1．（B13）is10．6m．Thedeepestone（32．5m）  
1ies at6130m a．s．l．（B8，）．Information was obtained  
fromt壬ieprOfiiesofsnoⅦpitsandstratigraがIyOfice  
COreateVeryPOint．  

3．Structuralcharacteristicsofshal10WSnOW（ice）pit   
PrOfiles  

The environmemt around t壬1e好まaciers oflⅣest  
Kunlunisbighmountains andplateau，desert and  
perigiacialmeiting…freezingzonewheretheclimate  
isdryandcool．Thearlnualsnowlayersontheglacier  
sl汀facearenotverythick．Thereisnodebrisontbe  
Surねce，andthesurfaceisvざryClear．  
1）Middleandlowerpartsoftheglaciertongue  
Tbemiddlearldlowerpartsoftbegiaciertori酢1e   
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Fig．2．Stratigraphicprofileinthefluctuatings110Wlinezoneon  
ChongceIceCap．   

parttransformcdtosuperimposediceinsummer，but  
meltedandfloweddownalongtheglaciersatthecnd  
ofsummer．CreeplngSlushcouldbeseenonthewide，  
SmOOthandcontinuousicesurface，Whereanembryo－  
nicicepyramidformedinstlmmer．   
3）Tbeareaaroumdtbefirnli王1e  
Thefir111inemovesupa‡1ddownviththe恥cttは－  

tion of climate．Åccordirlg tO the observation on  
Chongce王ceCap，theperpendicuiar貞rniinefiuctua－  
tion was atleast50m．Inthelower part oftheflu－  
Ctuating firn zone，Slush and spot superimposedice  
weregenera11ysecnintheinvestigationperiodinJuly  
1985andJulyto August，1987．For severalyears，it  
wascoveredcompletelywithfirn．However，itappearM  
edtobewetsnowintheablationseason，andslushcan  
forminareaswithsteepersiopeoficesurface．Gener・  
ally，SeaSOnalandperennialsuperimposedicelayers  
developedlユndertbeⅥret－SnOWiayerくFig．2）．   
4）Loverpartofthefirnarea  
Thispartliesbetwee115930and6000ma．s．lonthe  

icecap＿Weobservedafirnlayerabout40cmthick  
（Fig．3a）．There wereinfiltrationice cruStS between  
firnlayers and depth hoar under them．Under firn  
layers，there were more thantWOlayers of super－  
imposedice，andbetweenthem there were apparent  
dirtylayers．Thecolorofnewersuperimposedicewas  
White；however，theoldericewasyellow，   
5）MiddleandupperparとOfthe丘rnarea  
Tllispartliesbetween6000and6200ma．s．1．tbere  

verefirl了iayers汀10retbantⅥ70yearSOldint‡leShaト   

ぎig、1．LocationsofpitsandshalloマFboiesonCborlgCeIceCap．   

intbeval】eyglacierscontainmanyiinked…baseice  
pyramids，Theheightoftheicepyramidsdecreases  
with elevation；the highest were20to30m．Occa－  
Siollally，therewereindependenticepyramidsonthe  
gentleterminioflargevalleyglaciersmorethan10  
kmlong．In some places we saw thermaトsolution  
phenomena，SuChasicepillars，Superglaciallakes，ice  
CaVeSandsnowcornicesetc．Becauseofsnowdrift，  
thesnowthicknessinspringandwinterwasover35  
Cm・Jnearlysummerittransfomedtosuperimposed  
ice・Thetbicknessoftheannuallayerofthesu鱒㌻－  
imposedicewasover28cm，butitmeltedcompletely  
bytheeれdoりuly．   
2）Theupperpartoftheglaciertongtle   
Thisparthasdevelopedembryonicicepyramids，  

Inthevicinityofthesnowline，theicesurfaceslope  
becamesteeperandaseriesofcrevassesdeveloped．  
Someice】叫marginalcrevassesdevelopedonbothsides  
Oftheiceflow．Mostofthemwerecoveredwithsnow  
COVerduringspringandwinter・TheformlngOfem・  
bryonicicepyramidscorrelatedcIoselywithcrevasse  
development■T壬－eirtopswererelativeiysmoo汰and  
SOme SnOW aCCumulaとed orlthem．The snowin this  
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6213m（BlO）  
0‖．．．．．．  6118m（B8）  

q． ．  representativeprofiles．  
1）Lowerpartofthefirnarea  
Thecolumnstructureoficecoreat B4（5974m）  

Showed that firn andinfiltrationicelayersmlngled  
Withicelensesfromthesurfaceto70cmdepth．Below  
it，95％profiles（depth proportion，the same below）  
Werethesuperimposedicelayersmlngledwithdirty  
layers（Fig．4a）．TheremnantfirnwrappedwithsuperT  
imposedicewasstillseparateatdepthsofl．65tol．80  
m，2A5to2．60mand2．85m．Twothickerdirtylayers  
appearedrespectivelyatO．90mand2．00m；andtheir  
estimated forrnation years were possibly1984 and  
1980．   
2）Middlepartofthefirnarea  
The surface snow stratigraphy at6130m（B8’）  

WaS the same asinFig．3b．From O．80m to9．20m，  
perennialsuperimposedicemlngledwithdirtylayers．  
Downward to26．30m，the proportion ofinfiltration  
Superimposedicedecreased（about73％）（Fig．4b）．   
3）Upperpartofthefirnarea  
TheboreholedepthatB12（6327ma．s．1）was23．1  

m，andtheicecoreshowed a stratigraphicstructure  
thatwasmostlyinfiltrationfirn，infiltrationicelayers  
andicelenses（Fig．4c）．Thoughathickerinfiltration  
icelayer appeared，the totalproportion was only  
about28％ofthewholeicecore，Whichshowed that  
theintensities of ablation andinfiltration were ap－  
parentlyweak．   
4）Topofthefirnarea  
StratigraphicalcharacteristicsoficecoreatB13  

（6366ma．s．1）ontopofChongceIceCap（Fig．4d）were  
apparentlydifferentfromthoseat B12（Fig．4c），and  
thesameasB8’（Fig．4b）．Inadditiontothesurfacefirn  
layer，thestratigraphic profilewiththickness of4．00  
mshowed mostlyinfiltration－COngelationice（over  
90％）withintheicecoreprofilefrom4．00tolO．60m．  
Downward，the firn structure，infiltrationicelayer  
CruStSandlensesmlngledwitheachotherapparently  
Strengthened，buttheproportionofinfiltration－COn－  
gelationicewasstil158％ofthewholelayer．  
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Fig．3．StratigraphicprofilesonChongceIceCap・  

low snow pits（Fig．3b）．The surface snow did not  
metamorphoseasrapidlyasinthelowerpart．Hoar  
WaSdevelopedbelow30cmindepth．In additionto  
infiltrationLCOngelationicecrustsinthesnowlayers，  
WeStillsawinfiltrationicelenses．Dirtyandthicker  
COngelationicelayers developed on the bottom of  
annuallayers，andbelowthethickericelayers．The  
firnlayersmingledwithhoars．   
6）Topofthefirnbasin  
Thesurfacewasflatatthetopofthefirnareaon  

ChongceIce Cap．Under the new snow we saw the  
infiltrationicelayermingled withicelenses，and  
thickerinfiltrationLCOngelationicelayerwasdisco－  
Veredtooabovethelastannuallayersatthetopofthe  
icecap，6366ma．s．1．（Fig．3c）．AninfiltrationLCOngela－  
tionicelayer20cmthickdeveloped70cmdeep．Under  
theinfiltration－COngelationicelayer，thefirnlayers  
appeared．Depth－hoarwasseenbelowlm．  

4．Structuralcharacteristjcs ofice cores from the   
Shal10W borehole  

During the expedition，SeVeralboreholes were  
drilledatdifferentelevationsintheaccumulationarea  
OftheChongceIceCap．Wesawthattheiceforming  
processeshad apparent structuralcharacteristics．A  
COmpletedescriptionoftheicecoresisgivenbyHan  
et al・（1989）．This paper wi11describe briefly some  

5．Main characteristics ofice formation  

．う．J．1J（、t、／〃川ふ川 ′川（／川／＝／／rJJ／り〃 〃■ 〃〃／り〃JJ／－イ／（、（・   
．／iリー〃〃／／り〃JJ／∫J川川Jtr   
Insummary，theshallowfirnlayerwasverythin；  

however，thesuperimposedicelayerwasthickinthe  
WestKunlunMts．，Whichshowsthattheamountofice  
formationinsummerinthisareaismorethanthatof   
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ぎig．4．Stra軸rapbics如CtureOficecoresonChongce王ceCap一  
礼lowerfirnarea（B4，5974ma．s．1．）  
b．middまepartofthefirnarea（B8’，6130ma▲S・1・〉  
c．upperpartofthefirnarea（B12，6327n－a）S・l▲）  
d．topoftheicecap（B13，6366ma・S・l・）  

othergiaciersofcontinentaltypesuchasTianShan  
M毎．a王1dQilianMts．  
TheinteIISityoficeねrmationinsummerisdomi－  

natedbythesefactors：theamountofcoldstoragein  
glaeiers，thethicknessofremrlantfirn，thefrequency  
ofmeltingandrefreezing，tllelengtI10ftbeablation  
鱒r主odandtheicesuぬceslope．WhentheamoⅥntOf  
cold storagein giaciersislarge，the毎nlayeris  
tbinner，melting andrefreezlngis鉦equent，主nfiltra－  
tion刷COngelationiscomplete and superimposedice  
deveiopscontinuolユSly．Themeanslopeofthelarger  
glaciersontheWestKunlunMts．isgenerailyabout  
5¶10％；払aとOf Chongce‡ce CapislO％，Such a  
gentie glacialmorphoiogy retains melting water  
wbichfreezesto form†leWSuperimposedまceiayers；  

the proportior＝）f豊ost melting water asruれ血Offis  
Smail．Åccordingto observationsduringtheexpedi－  
tion，atB4（5974ma．sエ）ontheCbol唱CeIceCap，the  
mea－1lowestdiurnalairtemperattlreappearedat7：00  
乱汀LヨeijirlgStandardTime（B．Sエ），a†ldthehighest  
at7潮p、m．B．S一丁，。Aもthebeginn壬ngoりuly，tIle一門ean  
loⅥreStairte汀主perattireVaS仙4．40Candtbe‡1ighest2、  
8¢C．InÅugustサthe meanlowestⅥraS －5．30C，the  
bigbest】．．7ウC a涙the mean dil汀naldifference was  
about70C．   
Sucbたequentintensiveairtemperatureぎiuctua－  

tionswerefavorableforfrequent melting岬ufreezlng．  
Åccordingto銑ea‡lalysisofstratigraphyofsnowpits  
a‡1d bore holes洩e annualaccumti】ationraもeiIltbe  
accumuiation area did not vary with 主ncrease of   
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At（h）Variable value oftheice temperature with  
depthin the activelayerin the period of  
measurement．  

Fromglaciertemperatureobservations（Shaoand  
Liu，1989）onChongceIceCapfromJuly22toAugust  
26in1987，theamountofcold storagein the active  
layerabovelOm（5977ma．s．l．）is¶9358cal／cm3．1f  
theicelayerthicknessislOm，equation（1）simplifies  
to：  

ルL〝ニ56∠ゴf．  （2）   

At Themeanvariabletemperaturesintheupper  
lOmintheperiodofobservation  

Fromequation（2），11cmth主cknessofinfiltration  
まcecouldfomintheacc11mulationareanearB4（5974  
ma．s．1．）intheobservationperiod（July22toAugust  
26）．At B4，13．5cm ofice formedin summer before  
August1987，Whichagreeswiththevaluecalculated．  
Fromtemperatureobservation（Ⅹieetal．，1985）onthe  
QiyiGlacier duringJuiy to AlユguSt 26，1975，the  
amountofcoldstorageintheacとivelayer（6mtllick）  
COuldforma6．O cm－thickinfiltration－COngelation  
icelayer．SotheglaciersintheWestKunlunMts．are  
COlderthananyotherglaciersinChinayetstudied．   

こ；．ご沖‘JJ／（J／r7長／Jブか′／ふメJ（そ／‾ん、りil川J｛Jル｝〃  
The glaciersin Qilian Mts．are considered by  

Chineseglaciologistsastypicalcontinental－type．Ice  
formation zones of those are dividedinto ablation，  
infiltration－COngelation，infiltration，COldinfiltra－  
tion－reCryStallizationandothersubzones（Ⅹieeial．，  
1985）．Based on the modelat〉0Ve and stratigraphic  
Characteristics of snowlayers andice cores，the  
authors divide theice formation zonesin the West  

heightin the past ten years．The accumulation was  
30（ト350mm（waterequivalent）．Considerirlgthemass  
loss cau紀d by drift snow and possible run－0だin  
SummerOntheicecap，theannualaccumulationcouid  
notexceed500mm，Whichislessthantheaccumula－  
tionrateoftheglaciersintheTianShan，QilianMts．  
andtheHimalayas．Forexample，theannualaccumuL  
lati（〉n＄OnQiyiGlacierandLaobtlgOGiacierNo．120f  
払eQilianMts．wererespectively577mmand644mm，  
whichwerethesmallestvalues（Ⅹie，1980），Thethin－  
nerannualfirnlayersbecamefilledwithmeltwater  
andformedsuperimposcdice．Accordingtomeasure－  
ments and calculation of glacier temperature on  
CbongceIceCap，tbetemperatureofactivelayerく16  
鵬＝n抽e acclユmlユ1a貞onarea varied betweell－9．80C  
andN13．OOC（ShaoandLiu，1989）．Theyarethelowest  
glaciertemperaturesobserveduptonow，andbecause  
mostofthematerialintheactivelayershasthedense  
Superimposedice，the cold storagein activelayers  
mt王St be tbe greateまOf a11known ChirleSe glaciers  
（Tablel）．  
Onlythinkingofsummer，theamountoficefor－  

mation can be calculated using the equation below  
according to the variation of cold storage in the 
unpermeableactivelayer（Chikin，1962）．   

汲ガ＝晋ぶ扁）戚・  （1）  

鳳w Amountoficeformedinsummer（g／cm）  
ri  Specificheatofice（0．5cal／gOC）  
βf  De†lSityofice（0．9g7cm3）  
80   LatentheatoficelⅥelting（cal／g）  
hl  Depthatbottomoffirnlayer（cm）  
h2  Depthofbottomofactivelayer（cm）  

Tablel・Comparisonofcoldstorageinicelayers abovelOminseveralglaciers，China．  

Glacierlほme  Elevaとio110f  
SnOWiine（m）  

Elevaとion of  
observed  
points（m）  

Daモe of  Åmount of  
observation  cold storage 

（cal．cm3）  
Chongce Ice 
Cap in West 
Kunltm Mts．  
Laohu Glacier 
No．12壬n  

22July to 26 
Aug1987   

20to31Ju】y  
1975   

18 Aug 
197.5 

5920  5977  

4700  4650  

9358  

－4050  

－3595  

Qi王ian Mts、  
Qiyi Glacier 
in Qilian Mts．  4600  4.573 

Yanglong River  
Glacier No．5  
in QiIian Mts．  
Xiqiong Tai】alユ  
Glacierin Mt．  
Tomur．Tian Sllan   

26June to19  －3835  
Ju】y1977   

30J11ne1978  －1185   

4600  4648  

4500  4050  
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Fig．5．DistributionoficeformationzonesonChongcelceCap．  

tive．   
3）Lowerpartofinfiltration－COngelatio11ZOne  
Liesintheloweracclimulationarea，OCCaSionally  

OnSteeperSlopestowardthesunshine．lntheperiodof  
StrOngeSt ablation，it showed spotted superimposed  
ice；runMOffwasmainlyslushflowingdownward．But  
OnSteepSlopestheinfiltrationofmeltingwaterinto  
firni‡1CreaSed   
4）Upperpartofi11fiitratiorl－COngel離io11ZOne  
Themeltwaterwascompletelyformedintoicein  

poresintheremnantfirn，andno run－Offwaspro－  
duced．   
5）Lowerpartofinf批raもionzone  
Liesreiativelyhigわer払an主nQilianMts．Thefirn  

layerwasnotthickandconsistedoffirnandsuperimr  
posedice－Someofthemeltwaterpenetratedslowly．   
6）Upperpartofinfiltrationzone  
Thefirn1ayerwasthinner，allmeltwaterfrozeto  

iceinthefirnlayer，theamountofmeltwaterwasstill  
Sma11andnorljn－Offwaspro血ced，Tilis zoneiies  
mainlyinthemiddleandupperpartsoftheaccumula－  
tion area．   
7）Coldinfiltrationzone   

KunlunMts．into：lower・partOfablationzone，upper  
partofablatiorlZOne，loverpartofinfiltration－COn－  
gelationzone，ⅥpperpartOfinfi揉ration－COngelation  
ZOne，lower part ofinfiltration zone，upper part Of  
infiltrationzoneandcoldinfiltrationzone（Fig．5）．  
1）Lowerpartofablationzone  
Liesprincipa11yinmiddleandlowerpartsofthe  

ablatiorlareain valley glaciers．At tbe end of the  
ablationperiod，Superimposediceformedfromdrifted  
SnOWandseasonalsnowmeltedcompletely，butthere  
maybeasmallamountofcongelationiceincrevasses  
andshadyspotsagainsttheglacialstaircaseandice  
CaVe・Therewasnosuchzoneontheicecap．   
2）Upperpartofabiationzone  
LiesprirlCipaliyirltheupperpartoftheablation  

areainvalleyglaciersandtheterminalridge ofice  
Cap，Insummer，itappearedmainlytobecoveredwith  
Wet SnOW．There was no apparent run～Off，Water  
movingmainlyt‡－rOughslusb貝owandslowpercola－  
tiollinthefirn．Tbewaterrefrozetobecomesuperim｝  
posedice at night．At the end of summer and the  
beginning of autumn，ablation ended．Thoughthere  
WaSSpOradicfirncover，themassbalancewasnega－  
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Thisis a coidinfiltration － reCryStallization  
zone，Itsexistenceshoved払atmeitⅥrate‡・COtlid not  
percoiatethrougbtbewboleannua＝野er．U耶elted  
SnOWrPmainビdundt｝T・theannualla〉でー．Therew：lSnO  
infiltrationMCOngelationice，SO this zone belongs  
COmpletelytotheaccumulationzone．Thiszoneexists  
above63（〉O m a息l，  
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