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Abstract  

CrystallographicstudiesofanicecoretothebedrockextractedfromeastbranchofGlacierNo．  
1，Tianshan，Showedchangesofmicrotextureandfabricoftheicecrystalswithdepth．Fivedifferent  
layerscanbeidentified．1）fromtopto20m：adepositionlayerwithpolygonalshapedcrystals，  
increasinginsizewithdepth；anicefabric，generallyrandomlyoriented，2）from20mto45．37m：  
atrarlSitionlayerwithporpbyrblasticcrystais；iceねbricpatterllisaⅥ7eakgirdle－type．3）たom45，  
37m to65・31m＝aitlterlo亡ki11g eOarSeice cr〉TStals＼Vith smallovalshaped air bubbles scattELrビd  
betweengrains，andtheelongationofthesebubblesposedistinctpreferredorientationparalleltothe  
iceflow；theicefabricsarestiuweakgirdletypewithweakmulti－maXimafabric．4）from65．3lm  
to76・8m：aCOarSegrainedlayerwithpolygonal－Shapedcrystalsincreasinginsizewithdepth，and  
theneighboringcrystalsinterlockedtightly，withveryfinegrainsdispersedamongthecoarseones；  
anicefabricwasaweakmultiqmaximapattern．5）from76．8mtothebottom：aCOarSegrainedlayer  
withlargeinterlocking and branched crystals；a diamond pattern of fabric．The preliminary  
analysis showed that there existed some connection betweenice crystalgr・OWth and air bubble  
enlongation，andtheicefabricsaregreatlycontrolledbytheflowstateandicetemperatureofthe  
g‡acier．  

1．lntroduction  

Althoughthecrystallographicstudiesofglacier  
icehavebeenconsiderablywelトconsideredbothinthe  
fieldandinlaboratory（Gow，1970；Langway et al．，  
1988；HerronandLangway，1982；AzumaandHiga－  
Shi，1985；ShojiandLangway，1985；ShojiandLan・  
gway，1987；GaoandJacka，1987；Duvaletal．，1987  
；Paterson，1991），theresearchontheicecoresextract－  
edfrommediunト1owlatitudemountaiTleOuSglaciers，  
especiallythosetothebedroekareseldommade（Oes－  
CムgerandI－angWay，198乳  
王nOctoberandNovember，1990，a‡licecoreto払e  

bedrockwithalengthof90．24mandadiameterof66  
mm was recovered from the east branch of Glacier  
No．1（Fig．1）atanelevationof4050ma．s．1．，nearthe  

multi－year mean eLquilibrium－1ine．A preliminary  
Studyoficetexture，fabric，andstratigraphyoftheice  
COreisglVeninthepresentpaper．   

2．StructuraIcharacteristicsofthecore  

2．J．克β妙β  
The stratigraphy ofice core was obserIVedin  

COmbinationofthesnowpitobservationinsite．The  
Stratigraphicanalysiswascarriedoutwithalightbox  
in a eold room at Tia11Shan GlacioIogiraIStation．  
Aceording to the stratigraph）IOf the eore（Wang  
Xiaojunggα乙，perSOnalcomm11nication），intheupper  
partof3mindepth，itconsistedmostlyofsnow／firn  
alternativehorizonswith somevery thinicewlensin  
between．From3mto20mindepth，infiltrationice，   
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巨頭  COngelationice  

萄infiltration－COngelationice  

巨⇒infiltrationice  

Fig・2・a・Theicecrystalsizevariationversusdepth．  
b，AstretchstratigraphicdescriptionofGlacierNo．1  
COre．  
A：SnOW／firnwithicelens，  
B：infiltration，COngelation andinfiltration－COngela－  
tionicewithalternativesuperLimposedicelayers．  
C：glaciericewithquantitivedirtyparticals．   

extinctionsbelow45m，Wherethecrystalsinterlocked  
Very tightly，and the boundaries of crystals were  
difficult to distinguish（e．g．60．52min Fig．3）．It  
SeemSthatthecrystalsabove45mdevelopedmainly  
by the grain growth，and the crystals grew up  
predominatelybyrecrystallizationbelow45m．  

2．3．Cり唱ねJoわg乃由fわ乃  
C－aXis orientations of crystals were measured  

WithaRigsbyuniversalstagebythemethoddescribed  
byLangway（1958）．TheresultsarepresentedinFig．  
4．Intheupper20mofthecore，thec－aXeSappeartO  
bequasi－uniformlydistributedovertheSchmidtequal  
area net．A trend towards a weakgirdlershaped  
fabricappearedatadepthof20．59m．Tillabout75．  
1mindepth，a Weak multiple maxima patterns for－  
med．Itisveryinterestingthatatadepthof80．4m，  
thec－aXeSappeartOCOnCentrateOnSOmedirections，  
anditsthinsectionphotograph（Fig．5）showsabroken  
bandofveryfinegrains．Thesefactsseemtosuggest   

Fig．1．Thelocationmapofdri11ingsite．   

mi1ky－Whiteinfiltration－COngelationiceandtranspar－  
ent congelation ice alternative horizons with some 
turbidsuper－imposedicelayersdispersed．Below20  
mindepth，theicetypesaredifficulttodistinguishdue  
tothestrongdynamicmetamorphismwhichicehave  
experienced，andwesimplycalledthemasglacierice．  

2．Z Cり塔由Jsゐg  
The size and shape of the ice grains were 

examined with horizontaland verticalthin sections  
throughamicroscope．Crystalsizewasobtainedby  
COuntinganumberofcrystals（rough1ylOO）withina  
given area ofeach thin section．The measurements  
WeredoneatthelowtemperaturelaboratoryofLanz－  
houInstitute of Glaciology and Geocryology，  
Academia Sinica，with the ambient temperature of  
about－150C．Below25mindepth，icegrainsappear－  
edtobeelongatedalongahorizontaldirection．  

Verticalprofileofcrystalsizewasobtainedwith  
42horizontalthinsections，andareillustratedinFig．  
2．Itshowsthatthecrystalsizewassmalldownto45  
mindepthwith a smallfluctuation．At depths fur－  
ther down，the size was rather bigwith relatively  
largefluctuation．  

Thevariationofcrystalsizeandshapeofgrains  
Withdepthisshownbythethin－SeCtionphotographs  
givenin Fig．3．Some crystals exhibited undulose  
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ぎig．ヰ．Fabriこdiagrams．Tわece11terOftbefabricdiagramreprese三成Stbevert三cal   
dまrection．Thenumberofc－aX苓meaSuredisgまvenbe】oweachd主agram．  

1ightphotographs，COnCerningwithbubbleshapeand  
elongationrate．Thevariationsinelongationrateof  
airbubbleswithimcreasingdepthareshowninFig．7．  
Fromupperparttothe45mindepthoftbecore，the  
air bubblpビIongarion rateis rather higll．The air  
btlbbles＼＼でT．e eLtliptit：alwith a preferred elongation  
direction．Below45min depth，the bubbles were  
Smallinsize，andtheelongationratewasalsosmail．  
SincetbecrysとalsizeⅥ7aSSmallat払esbal王owdepths，  
and王argeatdeeperportionそFig，2〉，itcanもesa曳dthat  
airbubbleelongationratedecreaseswithincreaslng  
Ofgrainsize．More observation and analysis，how－   

apresenceofastrongshearzone，Whichlocatedjust  
atthel／5thicknessoftheicefromthebottom，Inthe  
bottompartofthecorebelow75．1m，theicefabrics  
Showweakmultiple－maXimapatternssimilartothe  
”diamondLpattern‥．The occurrenc亡・Of the basal  
diamorldpatternatGlacierNo．1probablyreflectsa  
COmbination of the relativeiy11ndulating bedrock  
topograpbyand也erelativeiywarmbasalicetemper－  
atureof－1．18CくseeFig．阻   

ま尋．Agγ∂〟始おs  
AirbubbleobservatiorlWaSmadewiththenormal  
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Fig．5、Åthin－SeCtion photograph of the董ce crystailine   
textureatdepthof65．71miriGlacierNo．1coreshow～   
ingastr（）ngbrokenbandofcrystals．  

工Ce Temperature（■C）  

－8 －7 －6 －う ー4 －〕 －2 －1 0  

Air bubble enlongation rate（a／b）  
Fig，7．Theairbut）blee‡ongatioTlrateVerSuSdepth，  

fI・し1Ill汁岬Siteal・Oulld血＝11tlltト〉・ビartllea【1eqllilibri川11   

三重ne，托wouid be very sensitive to c王imate changes．   
Ⅵ二rllHlthe equilibriumline wasIot：ated ab（一＼で the   
drillinゞS雨．no superimposedicedeveloped，a11d the   
co‡1geはt量onicewillもepreserve8言nぬe（きepositわn（Ⅹie   
Zicb㍑，1985），W九重cilreぎ王ected tbe temperate clぬatic   
period over thi＄deptbilュteryal．Otberwiseif tbe   
equilbriumLlineloentes belo＼V thビdrillillg Site．1he   
perビIllli；1lsupel・imposedit：ed亡Velいped．thビinfiltration  
ice wiilbe preservedin the deposition（Ⅹie Zichu，  
1985），refiectingareiativelycoldclimaticperiodover   
this depthintビl■＼’こ11．Thp cha噸e fro111fiIlビgraiIled  
itlfiltrこ1ti川1iL：tIa【abotlt2O min depth tいinfiltration   
00COngelationice，andtoconge王ationiceatabouも3－Om  
indepth（seeFig，2〉sugg農tanincreaseofairtempera血   
ture a‡1d a decrease of accu托1u王ation over tbe rece離   
severaldecades years，Wbicb was s叩pOrted by cまト   
mat主crecordsofTiansbanGlacio重ogica壬Stationalld   
DaxigouMeteoroiogicaIStation．  

Graingrowth，drivenbythefreeenergyatgrain   
boundaries，OCCurSinthe top to45m depth ofthe   
GまacierNo．1core，t王Iisisi11aCCOrdancewithtbelow   
strain¶raモes（HanJia‡lkangggα£，1985），くJi喝Ⅹiaoph  
ing｛1‘II．．199コ）i11abolltUPpeLrL15IllOficeLatGtacier   
No．1，ちe王ow45m主ndepthとO七重1eもasallayer，tbe   
graingroⅥ7t壬1WaSgreat桓COr主trO王Iedもyrecrysモal重iza｝   
t主on，dueto抽e王a‡嘗etOtalstrainrate（JirまgXiaoping   
gぎα£，1992）a王1dratberb主ghiceもemperatt汀e（Cioseto   
ttlC prt、∬tlrビIllelti11gl〕いi11t）．  

‡n the upperまayer of Giac主er No．1wbere汰e   
majorstress董sverticalcompress童ona‡ld七重Ieぎiowまines   
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釣恕牒．The boreわoie temperatほre】ⅥeaSured at dif短ent  
depぬs．   

eヽでr．hothiIlthpfieldaIldiIll；1bol・こ1tOr〉1．；lrert｝quilでd  
tod王・ava fir汀＝謀昭d厄sion．  

3．Discussions  

SilュCe the G呈acier No攣iice core was extracモed  
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ttso魚”．CoidRegio11SScienceandTechnology，20，75－9乱  

14．Petit，Duval，P．，Lorius（1987）：Longtermclimaticchange   
indicatedbycrystalgrowthinpolarice．Nature，326，6200  
64．  

15．S払戻三，H．a王1d王．angway，C．C．ミ1985）：M∝banica】properties   
Of freshice core from Dye3，Greenland．Ann．Geophys．  
Un圭on，Geopby＄．Monogr．33，39－48．  

16．Sboji，H．andLangway，C．C．（1987）：Flowvelocitypr（）君主ies  
and accumulation rates from mechanicaltest onice core  
Samples．IUGGGeneralAssemblyofVancouver，Aug、1987．   
IAHSp11bl．1？0，6アーア7．  

17．XieZicbu（ま985き：王ceFormationandIceStructl汀e（〉n王．aw  
Dome，ATltarCtica．Ann。OfG主aciol．6，150鵬152．  

1＄．XieZic壬Iu（1986）：Tbeicecrysta】王ograpb主cresearcbonLaw  
Dome王ceCap，Åntar（：tica．Tbe㌘receed主ngsofÅnねrctica  
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areconvergeintbedownstreamdirection，dynamic  
recrysね王1izationplaysaminorroleasoneofseveral  
proce岱eS tbat accommodateincompatibie deforma－  
tionl）etWeenadjacentgrains，grainrotationpro血ces  
agirdletypeoffabric．Withincreasingdepth，Shear  
becomesprogressivelyrnoreimportant，butduetothe  
highicetemperatl汀einGiacierNo．1，tberecrystalト  
izat主on becomes progressively moreimportant with  
iIICreaS圭ngdepth also．A combillatio‡10f tbese two  
mechanismt’eSl11tsin theabsビnCビOfthesingle－111aヽト  
mumfabriceventually，Athighstressandhightem－  
peratureinthebaselayerofGlacier No．1，multiple  
－maXimafabricsareprobabiyinducedbyrecrysとa王ト  
ization．SuchcLaXisfabricsinducedbyintracrystal－  
1inegiideandprefe汀edgrow払ofcrystalsarerelated  
tothedeformationhistoryoficeandtothestressstate  
in Glacier No．1．  
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