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Abstract  

Twosnow／iこeCOreS23．10m宅812）and32．50m（B8）iongwereretrievedneart壬ユe拍pofChongce  
IceCap．Sequencesoftheseasonalvariationwerefoundperiodicaily．Structuralanalysesshowedan  
evidencethatafoldingwastakingplaceiniceatdepthsabove30m，abovethesnowpicetrar】Sition  
depthintheicecap．Icefabricnearthesurfacewasratherrandom，butitchangedtoasmallgirdle  
patterna一三dfirlal王yturnedtoasiTlg王emaximumnearthebottomoforleOfthecores（B乳Tbis，With  
additionaiinねmation on the changeincrystal＄hape aiong the core，SeemS tOindicate tbat tbe  
deformationoftheicecapwasmainlyattributedtotherelativedisplacementoficegrainsratherthan  
thedeformationofeachcrystal．Manydustlayerswerefoundinthecores，OneOfwhichwasestimated  
tobeavoIcanicasblayeroriginatedfromaneruptionofavoIcan（〉in1951．  

1．lntroduction  

Thetermくtstratigraphicstudy”oficccore，gener・  
allymeansdescriptionsofvisualfeatures，Statistical  
a‡lalysis on或Tatigraphic constitutまon againsとdeptb，  
and related assessments about developlng glacio－  
Sedimentary enviror血entin a giaciated area．How－  
ever，aimosteveryfacetoftbeworkⅥrithicecoreshas  
toberelated短tbee‡lViroImentdirectlyorindirectly．  

Variouscomplexstructuralchangesareoccuring  
in glaciericewithincreasing depth．Theyinclude  
appearanceofvariousv室siblestructuresandgradt王ai  
evoiutionofinnerstructuresuchasshapesandcon・  
Centrations of air bubbles，and c－aXis orientations  
and textures of crystals．Itis helpfultoinvestigate  
洩esefeatlユreSnOtOr11y払rrevealingthedeveloping  
historyofsnovandice，butaisofortlnderstandingtbe  
dynamicmetamorphismandestimatingexistingdyna－  
micconditionsir王thedeeppartoftheg王acier，  
Withtbeicecoresextractedfrom払eChoIlgCeIce  

Cap，払evisualstructl汀alpbenomenaandirlnerStruC－  
turalfeaturesofsnowandicewere observed．   

2・Dri”sitesandmethodsforanalyses  

Theicecorestobedescribcdinthispaperwere  
drilled rlear the observation stations B8and B12，  
referring to as simpiy B8andモき12core berea魚er  
（Chen，1989）．Thedrillsites，Wheremostofouractiv†  
itiesweremadewerelto2degreeinsurfaceinclina・  
tion，althoughthest汀ねceslopeoftbeicecapiれSOme  
areawas5tolOdegreetowardstbesoutb－Bothoftbe  
COreSWereretrievcdatsitesonterraceplatformsbya  
mechanicaldrill．Thecoresare32．50mand23．10min  
まenがもrespectiveiyatB8andB12．Tbeicetempera－  
ture，atadepthwhereseasonaivariationdisappeared，  
WaS山13．8bCand¶15．8OCatB8andB12respectively  
（ZhouTao，inpreparation）．  
Thestratigraphyoftbeicecoreswasol）SerVedin  

COmbination with the snowpit observation g搾Sぬ．  
Most ofthestratigraphic anaiyseswere carried out  
Withafloreserlと1ightinaiowtemperaturelaboratory．  
ResuitsareshowninFig－1．   
Theice cores from the ChomgceIce Cap are  

main1ycomposedofsnow／firn，i．eリSOlidprecipitation  
WithoutanymodificationbymeitⅥFater，andcorlgeia－  
tionice，g．gリrefrozenicefrommeltedwaterofsnow，   
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Fig．1．StratigraphicprofiieoftheB12icecore．   
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as wellas theintermediate onein between，Called  
infiltrationice（Ⅹie，1984）．  

王tis diだicult to draⅥr aline tく）distinguis‡lthe  
latter two forms ofiee，but they should have some  
differencesinthe process offormation．We propose  
hereforthe distinction：  

Congelationice：refrozenfromwaterwithasigni－  
ficanttbickIleSSWitholユtaれyi‡1dicatiorlOfthepreviollS  
firnstructure．   

Infiltrationice：relatively thick granularicein  
which some firn structureremained．  
Dustlayeris a remarkable featurein alpine  

glaciers．Resultedfromthedepositandconcentration  
Ofdust右辺rticiesdurirlg払emelti重唱Ofsnow，mOStOf  
dllStlayersarefoundincongelationandinfiltration  
ice．However，dustlayers were found eveninsnow  
layers．They are probablywind blown dustinlight  
SnOWfalls．Alldustlayersfoundarerecordedinthe  
Stratigraphic diagram．lnclination of sedimentary  
balldsareclearlyshownin Fig．1bydlユStlayersor  
other features．Cavitiesintheice encounteredin the  
COringwerealsorecorded．  
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3．St帽tigraphy  

Figurelis a schematic diagram of B12core  
Stratigraphyinwhichtheiceisclassifiedaccordingto  
thedefinitiongiveninsection2．Itlooksveryintricat－  
edatafirstglance：SnOWandicelaminaearealternat－  
ingorleallO払er，andsometimesiceexistsasapatc‡l，  
aspeck，Orag王andelomgatedvertically．Åsawもoie，  
however，SequenCeS Of annualvariation of strati－  
graphycanberecognized．Forexample，upWardina  
COlumn shownin Fig．2，there appear snowlayers，  
alternationofsnowandicelayers，andicelayerson  
the top．These remarkable stratigraphy can be ex－  
plained asfoliowsincludingtheir origins offorma－  
tion．   

（A）Wellpreservedsnowlayers．  
Although the main period of snow fallon the  

ChongceIceCapisinsummer（Zhengetal，，1988），the  
SnOViayerisconsiくieredtofor‡nたomlateautumnto  
earlywinter．Weaksoiarradiation，lowtemperattire  
andoccasionalheavysnowfal1arefavourabletothe  
preservationofsnow，Withoutformationofthicklayer  
Ofcongelationice．   

（B）The丘eqlleTlt alter王1ation of sr10Ⅵr andice  
主ayers，Whicbcanbeattributedtotberela畠ve重ystrong  
ablation．Thestratausuailyappeartobethickbands  

Fig．2．ÅnexampleofastratigrapIlicsequenc已（3in－4m）   

Ofinfiltrationice orlamina of congelationicein  
limited thickness．They are considered to form not  
Onlyinoneseason，Snowfe1lontheglacier during  
Winter and spring partly，Or COmpieteiymeit under  
StrOngradiation．Sometimes，eVen thatdepositedin  
earlierseasonscannotsurviveasitdepositeddepend－  
1ngupOntheamountofsnowfal＝nwinterandspring．   

（C）Comparativelythickicelayerassociatedwith  
adarkdustlayeratitsbottom．‡tsformationprocess  
WaSCOnSideredasねiiovs：SnOWWithdliStdeposits，  
meltspartly，duetostrongradiationinsummer，then  
the melt water refreezes near the surface in early 
autumn．   
It should be emphasized that there should be  

SignificantmasslosscatlSedbyrur10ffintheareanear  
B12Sとationfromfiatsurfaceundertbicksnowcover  
even during s11mmer time，So we pres11me that the  
abovecyclicsequencerepresentsthemassaccumulaト  
Cdinawholeyear．Callingitt’annualunit”andtaking  
it as a reference together with other stratigraphic 
Phenomenas11Chasdepthhoar（ZhengeiaL，1988）eic．，  
Wetriedtoestimatetheageoftbecores▲Itisestimat－  
edthatB12coreandB8corecorrespondtoapproxi－   
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mately3（）and6（きyearsB．P．respectively．  召主p くDegree）  

0．0 20 40 60 80100120140160  4．lnner structure  

Empty holes were discovered in both boreholes 
duringthedrilling（Nakawoet al．，1988）．Thedepths  
ofholesare：17．20mand22．45mfor B12coreascan  
beseeninFig．1andaroundlOm for B8core．Well  
developedbigboarcrystalsappearedatthetopofthe  
boies，aIld払ebo注omisofinfiltrationorcongelation  
ice．Tbismeanstbatthebolesbadbeenformedfora  
Certainperiodforallowingthesublimation－COnden－  
Sationprocesstoformthehoar．  
OneoftheenglacialemptyholesintheChongce  

Ice Cap appeared to be simi］ar to crevasses on the  
back walloficein cirqueglaciers．The subglacial  
topographynearthedrillingsites，however，isnotso  
SteepaSthatofthebackwallofcirqueglaciers．The  
projectionofB12drillingsiteislocatedatthesouth－  
WeStOfaridgewiththeinciinatio‡10fl：5（Zhll，1989）．  
Asa res111tt壬iebole‡nayhave not extendedto and  
exposedonthesl汀face，aSlユSlユaicreva∬eSdo，inthe  
CilOngCeIceCap．  

Another characteristic featlユre We foundin the  
COreSis changinginclination of sedimentary bands．  
The surface at B12dri11siteinc】inedsouthwestwards  
WithadipoflP20．However，theobservationshowed  
thatthe dip ofsedimentary bandsincreased greatly  
Withdepth（Fig．3）．Increasingtendencyisaccelerated  
especiallybelow17m．Figure3showsthatthedipin  
depthintervalof8mto15mincreasedfromsome150  
to300at arateoflぶ／m．0‡1theotherhaIld，i王1the  
deptbbeiovthe重rstemptyhole，17．2mi†ldep払，tbe  
rateirlCreaSedupt（〉23．99／m．  

The variation from near horizontalto vertical，  
thenthereversalofthedipofthesedimentarybands  
in thelower part oftheice core shownin Fig．3  
exhibitsawingofthefoldhavingbeenformedwithin  
theglacier（TheturnOVer Ofdipanglewasclearly  
revealedbyadjustingthesubsequentcoresegmentsat  
their edge of break－Off）．Thc wingindicates the  
Obviouslyunevenessofenglacialmotion．Thesechan－  
geininciiTlationoffoliatioiliscorlSideredtoberesuit－  
edfromaccumuiaとedstraininicebody（Hudlestollgf  
αg，1980），TheiceatB12isabol止67mdeep（Zbu，1989）  
andthetemperatureatthebottomoficeisestimated  
by extrapolationfromthoseinice aslow asbelow  
MlOOC（Zhou Tao，in preparation）．Therefore，the  
bottomiceisconsideredto be frozen to thebed．  
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Fig．3．Thcvariationofdipofsedimentarybandsagainstdepth  
for B12core．  

Torealizetheunevenessoficemotionwithinthe  
icecap causedby subglacialtopography，We Should  
haveacloselookattheevolutionofinnerstructureof  
firnandice．Generaliy，the舅rndoesnotbehaveasa  
distinctdeformed masstlntilreaching the transition  
depthtoice，Thetransitiondepthfor B12coreesti－  
matedfromtheextrapolateddensity皿depthprofileis  
about40m（ZhouTao，in preparation）．However，a  
horizontalsectionthefirnat17，70m（Fig．4a）shows  
elongatedvoidsandgrainstakingprefererltialarran・  
gementinonedirection．Thisindicatesthatacertain  
deformation took place evenin firnlayers at this  
Shallowdepth．Innerstructuresoficeatdepthswith  
inclinedsedimentarybandsexhibittheabovefeatures  
moreclearly．Figure4bisaverticalsectioncutper－  
pendicularly to the incIined bands at the deptb of 
20．15m．CroⅥrdedbubbies，neartOCloseoff，atCryStaま  
bolindariesareeiongatedinthedirecti（）nOfinclined  
Strata．Thequasi－hexagonalcrystals，either ofthe  
firnoroftheicewereobviouslyelongatedinthesame  
direction．These featuresindicate that firn densifica－  
tiontookplaceinassociationwiththedynamicpro－   
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（aト2   （a）－1  

（bト1  （bト2  

F短・4・Photographsshowingthevariationofinnerstructureofsnowandice  
（a）Ahorizontalsectioneutatadepthof17．7m．  
（b）AveTticalsectiollCutaとadep払of20．15rlュ事  
（aト1arldくbト1weretakent王nderordinaryiiluminaモion．  
（a）－2and（bト2undercrossedpolaroids．   



BulletinofGlacier Research  26  

cessinrathershallowdepthoftheChongccIceCap．   
FabricpatternsoficecrystalsinB12coreexhibit  

no remarkablechange，allrandoIn fabric．ぎigure5  
showsthefabricpattern for B8coreplotted on the  
Schmidt net，inwhich the center of the circle cor－  
responds to the verticaldirection．The patternis  
randomnearthesurface．althoughthecrystalstended  
toelongateciosetovertical．At25．20m，itbecomesa  

smallgirdlepattern．At a depthof30．00m，a Single  
maximumpatternisfound，Ofwhichcenterisinclined  
in払e sameway asthe dip ofinclined sed呈mentary  
bandsatthisdepth．  

Atthesametimephotographsofthinhorizontal  
section taken under crossed polaroids revealed the  
following variation of crystaltextures．On the top，  
regt11arcrystalgTainshavestraightboundaries．With  

（a）－1 1．20m  

（b）－1 5．25m  

（C）－1 10．10m  

Fig．5．Fabdcdia訂amSand払insectionめotograpbsofice   
atcorrespondingdepths．   
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uponcrystals（f壬anandYoung，1988）．Sincethecomq  
binationofrandomc¶aXisorientationandelongated  
voidswerefotlndveilabovethetransitiondepth，in  
B12core，themechanismoficemotiontheremustbe  
unusual．Thedisplacement offirngrainsrelative to  
their neighbor grains is considered to be the main 
mechanismforthedeformationoficebodyinrelative・  
lyshallowdepthatleastaboveabout3Om・  

increasingdepth，thepolygonalshapeofcrystalgrains  
isdisappearing．Finallytheybecomeinterlockedwith  
eachotber，鎚ggeStingtbats壬IearStrainincreasedⅥ7ith  
depth，Undernormalconditions，thesinglemaximum  
patternofcrystalfabric，elongatedbubblesandinter・  
lockedtexturewithrathersmallcrystals，allappear  
atdepthsbelowthetransitiondepthfromsnowtoice・  
They are typicalirldicators of stroれg Shear strain  
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5．Dustlayers  

Manydustlayerswerefoundinbothcoresdrilled  
at theChongceIce Cap，Actually there are14dust  
iayersinB12core，37inB8core．Tberearerecogniza－  
blさdustgrainsinsomeof蛾em，もutmostiydustiayers  
exhibitonlyslightdarkcolorsini℃e．Mosti 
layersarefoundinice，butafewinfirnbands．We  
noticed tbat tbe主ntervals betw狸n tWO dustlayers  
Vary greatly．Some are severalmeters apart，SOme  
With a distancelessthanlOcm．   
itisalsonoticedtbattbe血或iayerat20．20min  

B12 coreis corltained witbin botb sr10W andice．  
Examiningwithfluorescentlight，thedustitselfhas  
red～brown color and，theiceincludingdustis also  
ti‡唱ed witIltbe same color．Tbisis qlユite dif短rerlt  
from dark－browncolorin otherdustlayers．From  
this characters，it may be concluded that the dust  
layerat20．20misvoIcanicash，Whichisoriginated  
fromtheeruptionofavoIcanoinAshikuleregior10n  
May27，1951（Liug才α乙，1989），SirlCetbetentativeage  
OfJ二heiceatthi＄depthisverycloseto1951．  
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