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Abstract  
Thepresentpapermainlydiscussescrystalfabricsofdebris001adenbasalicenearHamnalcefa11，  

QueenMaudLand，EastAntarctica．Thebasaliceconsistsofalternatinglayersofbubbleイreeand  
bubblyiceoftheorderofmillimetertocentimeterinthickness．Detailedanalysisofcrystalfabricof  
thealternatinglayerswasperformed．Asaresult，thecrystalfabricsofthealternatinglayershave  
a multiple maximum pattern，and are homogeneous without dependence on the stratigraphy of  
bubbles．ThemultiplemaximumpatternissuggestedtobeformedduetobyrecrystalIization．The  
basaliceisconsideredtobesufferedbyrecrystal1izationasafinalphysicalprocessbeforethearrival  
at tbe HamnaIcefall．  

1．lntroduction  

In order to make clear flow dynamics of ice 
Sheetsandglaciers，itisnecessarytoelucidatephysi・  
Calpropertiesofthebasalpart oftheicesheetsand  
glaciers．Ingeneral，thebasalpart oftheice sheets  
and glaciers consists of debris－1aden basalice．  
Becausethedebrisqladenbasalicehasspecificphysi－  
Calproperties as compare to ordinaryice sheetice  
Vitboutdebris，itisimporねnttomakeclearpbysical  
propertiesoftbebasalice．Ånalysisofcrystalねbric  
OfbasaliceisoneofthemostpromisingtechniqtleStO  
elucidatephysicalpropertiesofthebasalice．  
Thepresentpaperreportscrystalfabricsofbasal  

icenearHamnaIcefall，S6yaCoast，EastAntarctica，  
anddiscussesphysicalpropertiesofthebasalpartin  
the S8ya drainage．Kizaki（1962）measured crystal  
fabricsofHamnaIcefall．Heshowedthatthecrystal  
fabricofthebasalpartinHamnaIcefa11consistsofa  
multiple maximtlm pattern，and suggested that the  
multip王e maximum patter‡lis catlSed bylo11g－time  
Sbearingduringtbe幻owtotbemarginalpartoftbe  
S8yadrainage．Iizukaeiai．（2001aand2001b）discusL  
SedformationprocessesofthebasalicenearHamna  
Icefall（hereafter：theHamnabasalice），uSingstrati・  
graphicfeatures，CO－isotopesandchlorideionofthe  
Hamnabasalice．Asummaryofthestudiesisgiven  
below．  
1）The Hamnabasalice about6．8m thick exhibits   
two peculiar stratigraphic features．Oneis the   
upper part of the basalice（5．5min．thickness），   
Wbicbconsistsofalternatinglayersofbubt）1e－free   
andbubblyiceon払eorderofmiilimetertocenti－   
meterinthickness．Theotheristhelowerpartof   
the basalice（1．3minthickness），Which consists  

predominantlyofbubble－freeice．  
2）TheHamnabasaliceandicesheeticeabovethe   
basalice originated from precipitationin thein－   
1andregionsoftheS6yadrainageoftheicesheet．  

3）It has been suggested that the bubble仙freeice   
layers and the bubblyicelayers whoseisotopic   
fluctuationisdecreasedfrom thatinneighboring   
bubble－freeice，Wereformedbyaregelationproc．   
essin anopensystem（SolユChez andJouzel，1984；   
Soucbez anddeGroote，1985），andtbebubbly主ce   
layers壬IaVirlgquaSi－neutralva王uesont壬1eisotopic   
profilewerenotaffectedbymelトrefreezlng．  

4）Ithasbeensuggestedthatthealternatinglayersof   
bubble－free andbubblyicelayers have been for－   
medbypilingupoffreezinglayersandnon～melted   
layersfollowedbyfolding．  
Based on the summary，fabric analysiswith a  

measuringintervaloftheorderofmillimeterisneed－  
edtoelucidatethephysicalpropertiesoftheHamna  
basalice，becausetheHamnabasaliceconsistsofthe  
alternatinglayerso11tbeorderofmillimetertocenti－  
meterintbicknessformedbydiだerentprocesses．   

2．Studysiteandanalyticalprocedures  

Abasalicesamplingsitewasselectedattheleft  
bank near HamnaIcefalllocated at30km south of  
SyowaStation，S8yaCoast，QueenMaudLand（69O20’  
S，39045′E）．Further details of the study site are  
reportedbyIizuka eial，（2001a）．  
AnalysisofcrystalねbricⅥFaSperformedintbe  

COldroo‡nS卜20¢C）atthe王nstituteofLowTempera－  
ttlreScienceandNationalInstituteofPolarResearch．  
Twokindsofiaboratoryanaiyses，Whichhavediffer－  
entmeasurementintervals，WereCOnducted．Thefirst   
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was a generalanalysis of the  
entirebasaiicelayerandicesbeet  
ice above the Hamrla basaiice．  
Analysis for crystalfabric was  
performedevery500mminthick－  
ness．The second was a detailed  
analysis focusing on particular  
stratigraphic sections．A charac・  
teristicpartabout40mmin1ength  
was used for detailed analysis of  
CryStalねbric，Vhicb was done  
every5mmilュthickness．Forthe  
ice sbeetice aも0Ve 払e Kamrla  
basalice，tbe crystalねbric was  
measuredinthin sections ofice  
with perpendicular to the height  
（thickness）direction．For the  
Hamnabasalice，thecrystalfab．  
ric was measured in thin sections 
oficewithparal1eltothealterna－  
tivelayers（inclinedabout5to15  
degrees to tbe borizontaldirec－  
tion）．Tbe Rig縫y stage and tbe  
Schmidtplotwereusedtomeasurt  
lngandplottingthecpaxisorienta－  
tions．  

3．Results  

Figurelshows verticalpro－  
filesofcrystalsizeoftheHamna  
basalice．Almostcrystalsizesare  
within7 ～ 20millimeter－Tbese  
sizesarelargertbantboseobser－  
vedin Åntarcticice cores；for  
example，thesesizesoftheHamna  
basal ice correspond to those 
below2400mindepthofDomeF  
（Azuma etal．，2000）．  
Figure2showsSchmidtplots  

of the crystal fabrics of the 
Hamnabasaliceandtheicesheet  
ice above the Hamna basalice．  
The crystalfabrics of the upper  
andlower parts of 洩e‡iamna  
basalicebaveasimilarpatternof  
amultiplemaximumfabricwhose  
centerisplotted at thecenter on  
theSchmidtplot．Thecrystalfab－  
rics oftheice sheeticeshow also  
a multiple maximum fabric．The  
center of the multiple maximum  
pattern，however，Slants at the  
centerontheSchmidtplot，  
Figure3sbowsScbmidtplots  

oftbecrysta重ねb丁重csoftbepartic－  
ularalternativelayers．Bothofthe  
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Fig．1．Pictureofsamplingsite，StratigraphyandcrystalsizeoftheHamnaBasal   
王ce．Thisicecliffisabout30mhighanddebris－1adenice（＝basalice）isabout   
6．8minthickness．Thebasaliceandtheuppericesheeticeofthe cliffwere   
sampledthrougb8mintbickness・Buもbまyicelayerisrepresentedbyopenspaces   
andbnbble一打eeicelayerもybiackspacesintl－eCOiumn・Tbet〉1ackcirclesand   
crossesintheprof主ieofcrystalsizearerepresentedtheaveragevaluesandt圭一e   
standarddeviationsofpolycrystallineiceabo11tlOOmi11imeterthickinHamna  
basalice．  
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Fig．2，CrystalfabricsoftheHamnaBasalIce・Schmidtplot＄OfthecMaXisorienta，   
tionsoftheupperpartofbasalice，theiowerpartofbasaliceandtheicesheet   
iceabovethebasaiiceare洩ownatlO，3and3plots，reSpeCtively，Nwritten   
un8ereacbplotsindicatestbemeasured－－ぴ‡lもersoficecけSとalsinatbins∝tion・   
TheSchmidtpiotsarerepre父ntedtもattbecenteroftbeplot魂owsvertical   
directioncomparedtothe洩insection，   
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bottompartsoftheicecoresinAntarCtica，andsug・  
gestedthatagreatmajorityoftheadjoiningcrystals  
maさrbeinatl＼・inningrelation．Jat：kaandLiJu11（20OO）  
SuggeStedfromexperimentsofuniaxialcompression  
thatsma11circlepattern，Whichisverysimilartothe  
multiplemaximumpattern，isformedbyrecrystalliza・  
tion athighertemperature andstressfrom a single  
maximumpattern．AbasalpartoftheS8yadrainage  
isconsideredtobeacircumstanceofrelativelyhigher  
temperature close to melting point ofice，because  
someoficelayersinthe Hamnabasalicewerefor－  
medbyregelationprocess（Iizuka et al．，2001a）．The  
fabrics of the Hamna basalice are homogeneousき  
besidesboth ofthebubbleLfreeandbubbl〉Tiビelayers  
inthe alternativelayers have a pattern of multipie  
maximumfabrics（Figs．2and3）．Thishomogeneousis  
suggestedthataphysicalprocess，Whichformedthe  
multiplemaximumpattern，hadaffectedtheentireof  
the壬iamna basalice after formation of the aiterna－  
tivelayers．Recrystallizationisone oftheplausible  
physicalprocesstoaffectcrystalfabricafterformか  
tion of the alternativelayers．Matsuda and Waka－  
hama（1978）showed that cTaXis orientationsin a  
polycrysta11ineglacierice followedbyrecrystalliza・  
tionbavesingulara喝Iesof22．50and67．5¢compared  
to the center of fabric，if the fabricis measured  
paralleltoshearplane．Fig．4showsanglesofc－aXis  
orientationsintheHamnabasalicecomparedtothe  
direction ofthe alternativelaYerS Whichareconsid－  
eredtoparalleltosbearplane．Mostanglesofc－aXis  
orientationsinthe Hamnabasaiice agreewiththat  
given by Fig．4in Matsuda and Wakahama（1978）。  
Fromtheseconsiderations，areCrySta11izationprocess  
is probably suited for the formation of the crystal  
fabric observedin the Hamna basalice．Thelarge  
CryStalsまzesCOnSistiI唱Of7－20millimeters11ppOrt  
theconsiderationthatarecrystallizationhasworked  
to the Hamna basalice．  

nebl血1e一打eeicel叩e柑（2plot＄）  
2．50m  
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2．55m  2．60m   

N＝24  N＝34   

Fig．3，Crystalfabricsofthepartic111aralternativelayers  
intheupperpartoftheHamnaBasalIce．Schmidtplots  
ofthecaXisorientationsofthebubble－freeandbubbly   
icelayersareshownat2and6plots，reSpeCtively・N  
writt印undereac‡lplotsi11dicatesthemeastlrednum－  
bersoficecrystalinat壬Iinsection．   

bubble－free andbubblyicelayersinthe alternative  
layers have a pattern of multiple maximum fabric，  
and can not be observed the difference of fabric  
patternbetweentbetwo．Tbisresuitindicatestbattbe  
fabrics of the Hamna basalice are homogeneous  
withoutdependenceonthestratigraphyofbubbles．   

4．Discussions  

Azuma（1994）theoretically shoved tbe fabric  
developmentbysimulationbasedonlatticerotation  
andpredictedthefabricdevelopmentoftheicesheet．  
Hesuggestedthatthecrystalfabricofthebasalpart  
of theice sheet shows an single maximum pattern  
wbosecenterisplottedattbecenterontbeScbmidt  
plotduetosufferingofsimpleshear，ifthethinsection  
oficeismeasuredforparalleltotheshearplane．The  
Hamnabasaliceisconsideredtobealsosufferedby  
simpleshearandhasbeenshownthesinglemaximum  
pattern，becausesimpleshearisatypicalmechanism  
ofthebasalandmarginalpartoftheicesheet（e．g．  
Fujitaetal．，1999）．ThecrystalfabricsoftheHamna  
basalice，however，Showthemultiplemaximumpat－  
tern．The multiple maximumpattemindicates that  
the Hamna basalice hasbeen sufferedby not only  
simpleshearbtltalsootherphysicalprocesses．   
Watanabe and8ura（1968）showed experimen－  

tallythat anice fabric offour（multiple）maximum  
patternisformedbysuffering of uniaxialcompres－  
siorl．Matsuda and Wakahama（1978）observedice  
ねbric of fotlrくmuitipie）maximum patterIlat the  
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Fig．4．HistogramoftheanglebetweenthecMaXisorienta・   
tionandthealternativelayersoftheHamnabasalice・  
Thedottedlineindicatesthepreferredarlgleshownin  
Matsudaalldl野akabama（1978）．   
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Theice sheeticeisconsideredtobe  
also sufferedby recrystallization，because  
theice sheetice consist of a multiple  
maximum fabric（the upper3poltsin  
Fig．2）．The slanting of the center of  
multiple maximum pattern observed in 
theice sheeticeis probably caused by  
difference of directions between measured  
planeofthinsectionsandshearplane．  

Figure5shows schematic diagrams  
Ofexpectedhistoriesoftheicefabricin  
thebasalpartoftheS6yadrainage．The  
fabrics of the Hamna basal ice and the 
ice sheet ice are considered to have 
Shownthesinglemaximum pattern due  
tosimpleshearatthelowerpart ofthe  
icesheet（（∋inFig．5）．Hudleston（1976）  
SuggeStedthatafabricoficesufferedby  
folding becomes two maxima pattern．  
The fabric of the alternating layers 
mighthaveshownthetwomaximapat－  
tern（（診inFig．5）．JackaandLiJun（2000）  
SuggeSted that the smallcircle pattern   

Anareaforformationof  
alternativelayersbyfo1ding  

Anareafbr  
recrystal1ization  n¢Ha刀乱nareglOn  （血em訂ghdpa叫  

Fig．5．SchematicdiagramsofexpectedfabricsinthebasalpartoftheS6ya  
drainage．①：AnareawherethebasalpartoftheS6yadrainagesufferedby  
Simple shear；②：An area where the alternativelayers were formed by  
folding；③：Anareawheretheshearedand／orfoldedlayersweresuffered  
byrecrystallization．Threeplotsareconsiderablefabricsineacharea．The  
dottedrangesintheeachplotsindicatetheconcentratedareaofthecaXis  
orientations．  

formed by recrystallization process is 
independent of preliminary fabric pattern of ice 
before the recrystallization．The Hamna basalice  
Which preliminarily had shown single or two maxi－  
mumfabrics，isconsideredtobesufferedbyrecrystal－  
1izationasafinalphysicalprocessbeforethearrival  
attheHamnaIcefall（③inFig．5）．   

5．Conclusion  

Wehavediscussedcrystalfabricsinthe Hamna  
basalice．ThecrystalfabricsoftheHamnabasalice  
have a multiple maximum pattern whose center is 
plotted at the center on the Schmidt plot，and are  
homogeneouswithoutdependenceonthestratigraphy  
Ofbubbles．Themultiplemaximumpatternissuggest・  
ed to be formed by recrystallization process．Itis  
COnSidered that the Hamna basaliceis suffered by  
recrystallization as a finalphysicalprocess before  
arrivalat the HamnaIcefall．  
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