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Abstract  

The surねce andbedrock topography of an abolユtlOO kiiometer square area around Mizl血o  
StationandalongroutesSZandY，inwhichoneofthetributariesoftheShiraseGlacierislocated  
inEastQueenMaudLand，EastAntarctica，WaSObtainedbyanoversnowtraverseusingaradioecho  
＄Ounderandabarometricaltimeter．Bedrocktopographyalongtheroutesshowedanelevationof  
almostsealevelwith an undulationofseveralhundreds ofmeters．  
Themapofthesl汀faceandbedrocktopographyaroundMizuhoStationshowsthatthestation  

islocatedontbeslopeofabroa（iridgethattrelldstonortb－WeSt－WeStくNWW），andtbatisplaced  
betweentwohillsofbedrockinthenorthwardandthesouthwarddirectionthatareseveralhundreds  
metershigherthansurroundingbed．Astorelationbetweenthesurfaceandbedrocktopography，the  
directionoficeflowaroundMizuhoStationisestimatedtobebetweenNWWandNW．Comparison  
Ofthisiceflowwiththatofotherpolarglaciersrevealedthatitisanicestreamthatisinfluencedby  
localもedrocktopography．  

ice atMizuho Stationwassofterthanthatoftheice  
Obtained at Byrd Station and that of the Northcrn  
hemisphereicecaps（NartlSeetal．1987）．Theageof  
icesheetatMizuhoStationwillbealsostudiedbya  
封owmodelbasedup（）ntherheoiogicalpropertyof汰e  
ice．Themodelwi11bemadeusingbasicinformation  
Obtainedontheicethicknessalonga flowline．  

Thepresentpaperdiscussesthesurfaceandbed－  
rocktopographyalongtheflowlinepassingthrough  
Mizuho Station and presents a precise map of the  
surfaceandbedrocktopographyaroundthestationin  
ordertomakeaflowmodel．Furthermoreafterthe  
relation between ice flow and surface topography 
relatedto bedrock topography was determined，the  
directio110fice幻ow around Mizubo Station was  
estimated．   

2．Methods of observation  

Surface elevation and thickness measurements  
wereca汀iedoutin1986aiong8surveylineswhich  
wereaboutlOOkilo汀1eterSintoとaliengtlュ．Tbearea   

l．lntroduction  

Since1982theJapaneseAntarctic ResearchEx－  
peditioIlbasbeenengagedinaglaciologicalprojectto  
Study沈e幻owofanicesheetandtbecムaracteristics  
Of snow andiceina drainage area of the Shirase  
GlacierlocatedintheareaofEastQueenMaudLand，  
EastAntarctica，Datafromtheprojecthasrevealed  
tbefeaturesofflowandt‡lebedrocktopographyofa  
largepartoftheareaexaminedth11Sfar（Nishiogまβま  
1984，Ni血io gfαg．1986，Nakawo and Narita1984，  
Fujiig才αJ．19朗，Ageta ggαJ．1987）．  
Oneofgoalsoftheprojectwastoconduct700m  

deep drilling at Mizuho Station（70b42′S，47017′E），  
fromwhicha700－mlerlgthcorewasbroughttoJapan，  
andseveralanalysesofphysicalandcわemicalcllaraC－  
teristicsofcoreweremadewiththegoaltodeter・mine  
itsageinthefuture．  
Afterthedrilling，theclosurerateofthedrilling  

holeandtheicetemperatureatcertaindepthswere  
measuTedandiceflowatMiztlhoStationwassttldied▲  
Theresuitsshoved払attber壬IeOlo由calpro搾れy of  
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Data on a A－SCOpe，Whichisthetimerdominated  
data on an oscilloscope，Were COntinuously recorded  
byavideotaperecorder．Thosedataweretransfer－  
redtothedataoficethicknessbyusing169m／JLSeCOf  
radio velocity withinice sheet（Ohmae et al．1984，  
Robinet al．1969）．Bedrockelevationalongthesur－  
veylinewascompiledbysubtractingtheicethickness  
from the value ofsurface elevation．   

In addition，meaSurementS Of the surface eleva－  
tionandicethicknessalongroutesSZ（MizuhoStation  
togeodeticstationG16，Whichissituatednorth，eaSt  
ofMizuhoStation，70023’S，42QO6′E）andY（togeode－  
ticstationG15，SOuth－WeSt OfMizuhoStation，7lOll′  
S，45058′E）werecarriedoutasfollows（Fig．1）：Sur－  
faceelevationwasmeasuredbyaPaulinaltimeterat  
everylkmandicethicknesswasrecordedbytaking  
photographsofA－SCOpeateVerylkm．Alldatawere  
COnneCtedtothesurfaceelevationofMizuhoStation，  
whichwasusedasthereferencepoint．  

SurVeyedaroundMizuhoStation，Whichisthecenter  
Of the area，WaS aboutlOO kilometers square．The  
Observation point was positioned by measuring the  
distanceindicated on the distance meter of an over－  
SnOW Vehicle along the surveyedlines and by mea－  
suring the magnetic direction from the observation 
point to the30m meteorologlCaltower of Mizuho  
Station・SurfaceelevationwasmeasuredbyaPaulin  
barometricaltimeteratevery500malongthesurvey－  
edlines，andbarometric changeswerecorrectedby  
CloslngthemeasurlngloopatMizuhoStation．These  
elevationdatawerecompiledwiththoseobtainedat  
MizuhoStation，Whereasatellitepositioningwasused  
asthereferencepolnt．   

Ice thickness was measured continuousiy along 
thesurveylinesby a radio echo sounder，Which was  
equippedin a oversnow vehicle with two3－element  
Yagiantennas for aerials on a sledge．The radio  
echosounderweremainlyoperatedatafrequencyof  
60MHz（Wada et al．1980），  

3．Resu］ts of measurernents  

αわナ材和〟ねs SZ（‡乃d y  
Thefigureofthecrosssectionobtainedalongthe  

routesis shownin Fig．2．Surface elevation of the  
downstream of G16was drawn by uslng the data  
digitized from the surface elevation of the Shirase  
Glacierdrainagebasincompiledby Moriwakiofthe  
N．IP．R” And the dashedline of bedrock elevation  
shows the area where no data of ice thickness were 
availablebyradioechosounding．  

Surfaceelevationincreasedgraduallyfromabout  
1800m at G16to about2600m at G15．While the  
surface elevation of the down stream of the flow  
decreasedsteeplytotheoutletoftheShiraseGlacier．  
But the height ofbedrock elevation wasalmost the  
samenearsealevelalongtheroutes，withanundula－  
tionofsomehundredsofmeters，eSpeCiallynearG16．   

仏町W〃〟．1J／こJ′／れl∫んJ／／（りJ  

Mapsoftheicesheetsurfaceandbedrocktopog－  
raphyaroundMizuhoStationareshowninFig．3a，b．  
Thecharacteristicfeaturesofthesurfacetopography  
around Mizuho Stationis a broad ridge，Which runs  
from the south－eaSt tO the north－WeSt Of Mizuho  
Station，andaslightlyshallowhollow，Whichisfound  
eastofthestation．Thestationisthuslocatedonthe  
Slopeofthebroadridge．  

Comparingtheabovefeaturewiththoseshownin   

0 0  
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Fig．1．Mapofthesurveyedarea．ThicklinethroughMizuho  
StationshowsroutesSZandY．Thickdashedlineshowsroute  
SS，WhichisaroutealongthemainflowlineofShiraseGlacier．  
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Fig．2．Surfaceandbedrockprofileofi（：eSheetalongrotlteSSZ  
andY．Trianglesshowthepositionofthegeodeticstationand  
arrowsindicate thelocation  
profile（seeintext） 

themapmadein1972（YoshirnuraandKimura，1975），  
it wasnoted that the shallow hollow did not existin  
1972butthestationwassituatedplacedontheslopeof  
heightexistingatwestofthestation．Inthedetailed  
mapof1978（Ftljii，1979），Whichinciudeda11areaOf2  
kmx2kmaroundMizuboStation，thebillwasiocated  
WeStOftbestationmeastlredabotltlOmhigh．   

Itisconsideredthat theh汀トwasconstructedby  
SnOW drifting for many objects of Mizuho Station．  
Thus，the surface elevation of the windward of  
MizuhoStationisshownlowerthantheleewardofthe  
Station．  

Bedrocktopographyshowsthevariousvariations  
of bedrock reliefs．One characteristic feature of  
topographyistwohills：OnepOSitionsinthenorthof  
MizuhoStationandtheothersolユthwestofthestation．  
A section of the bedrock topograpbyin tlle nOrth－  
WeStern area Of Miztlbo StatiorlWaS Sbown by a  
dashedli王Iebecauseno bedrockecboesofradioecbo  
SOlユndingcouldbeobtained．Thismeansthattheice  
Ofthisareaisthickandbedrockelevationmaybelow，  
Thetopographyresemblingaval）eywasfoundfrom  
WeSt tO eaSt under Mizuho Station．The height of  
bedrockintheva11eydecreasedgraduallytowardthe  
WeSternpart；therefore，nObedechoescouldbemea－  
Sured．Baseduponthebedrocktopography，Mizuho  
Stationlocatedinthevalleybetwcentwohills．  

Ofthe steep slope of the surface  

Mizuho Station as the reference point．This refer－  
encesurfaceelevationofMizuhoStationwasusedthe  
ValuedecidedbytheNavyNavigationSatelliteSys－  
tenl（N．N．S．S．）、Astheellipsoidofthesatellite（WGS  
－72）isdi恥rentたomtbatinthemap（Besselreference  
el‡ipsoid）inFig．1，払evalueoft壬IealtittユdeatMizuho  
Statまonis differe‡lt鉦om tⅥrO COOrdinates of t王1e eト   
1ipsoid．AtSyowaStationthediffere王1CeWaSrepOrt－  
edas31m±2m（ShibuyaandIto，1983）．Ifthediffer－  
enceatMizuhoStationisthesameasthatatSyowa  
Station，allthe values of the surface and bedrock  
elevationwi11decrease by about30m，andthus the  
authorsadopted2260mheightasthesurfaceelevation  
Of Mizuho Station．But considering the difference  
betweenthetwo ellipsoids，the elevation of Mizuho  
Station becomes2230m above sealevel，‡iowever，  
atpresenttheexactdifferenceisnotknoⅥrn．Tbere－  
forein tbe present paper，al王data refererlCe tO the  
Sl甘faceelevationofMizubo Station，2260m，decided  
byN．N．S、S‥  
AsthebedrockelevationalongroutesSZandY  

maybelowerbyabout30mforthesamereason，the  
bedrockelevationalongtheseroutesisconsideredto  
be about sealevel．The elevationislower than the  
averagevalueofthebedrockelevationintheareaof  
themainflowlineofShiraseGlacier．Althoughno  
data ontheicethicknessacrosstheroutesSZandY  
COuldbeobtained，itwasexpectedthattheroutespass  
tllrOughthevaiieytopography．So，払oughnodivide   
islocatedinasurねceandbedrocktopograpby，tbese   
lower eievation ofbedrockis considered toi‡1dicate  
thatthelinealongtheseroutesisthe“tributary”of  
theShiraseGlacier．Therefore，thisflowlinegoing   

4．Discussions  

In the present paper，the surface and bedrock  
elevations wereconnectedto thesurfaceelevationof  
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alongroutesSZandYpassingthroughMizuho Sta・  
tionisaimportantflowlinethatcanbeusedtodecide  
theageoftheiceatMiz血oStation．   

／（・り7州・tイJ（JハJ（イl・J・ふ／んT  

Asalreadymentioned，MiztlhoStationissituated  
in an area containing a tributary of the Shirase  
Glacierandrestsontheflowlineofanicesheetfora  
lOOkmordcr．Inthissection，thelocalflowoftheice  
sheetaroundMizuhoStationforasmallscale，SuChas  
alOkmorder，WaSCOnSidered．Theloca‖low，based  
on the らurface and bedrock topography around  
Mizuho Station already shownin Fig．3，WaS also  
discussedinordertocomparethetwotopographies，a  
three－dimensionalperspectivedisplayaroundMizuho  
StatioriWaSmadeくFig．舅．  
BasedonFigs．3and4，thereistbeわiilofsurねce  

topographyonther10rth－WeStOfthestation．Thishill  
corresponds almost exactly to the hill of bedrock 
topographylocatedin a up－Stream．In the south－  
WeSternareaOfMizuhoStation，thereistheheightof  
bedrock andnosurfacehilllocatescorrespondingto  
the bedrock hill but a lower area of surface topog- 
raphy situated．These correspondings expect the  
relationsh主pbetweenthesurfaceandbedrocktopo㌢  
raphy．王n Fig．2，arrOⅥ㌻S S壬10勺y tbe positio†lS Of tbe  
SteepS主opeoftIleS11rfacetopographyaiorlgrOuteSZ  
a‡1dY，Thesesとeepslopescorrespondto tbetlillof  
bedrock．Thesurfacetopographyaiorlgtheice幻ow  
has been reported to be provided by the bedrock  
topographyintheglaciersandicestreams of Marie  
ByrdLand，WestAntarctica（McIntyre，1985）．Based  
On these results，the slope of the southwest area of  
Mizuho Stationisconsideredto correspond toloca・  
tingabedrockhillofaup－Stream．Thoughwehave  
nodataoftheicethicknessinaup－Streamarea，itis  
expected thereis the玩drock bi‡lof tbe up・或ream  
COrreSpOnding to払e slope of the souttトWeSt are乱  
So，itisconsidered tbat theice fiow dire（：tStOVard  
NlⅣ．T‡lisdirectionagreeswiththedirectionofthe  
icefloⅥ㌢，NⅦ，alongroutes SZ arld Yねr alOO】km  
Order－ Butthebroadridgeofthesurfacetopography  
near Mizuho Station runs toward NWW．Thus，it  
can be noted that the flow direction around Mizuho  
StationisbetweenNWWandNW．Thisresultagre・  
eswiththeflowdirection（303degreesoftruedirec－  
tion）decidedbyN．N．S．S．．  
Thedirectionoficeflowaro1111dMizuboStation  

isbetweenNWar王dNWW，andtbeflowlinethrougb  
MizuilOStatiorlSbowsanal王nOStNl好directiorl．T王1is  

F主g．3．Compiiedmapsofthesllrfaceandbedrocktopography  
arouⅥdMizuho Statio11．  
a）S11rfacetopograpby  
Vaiuesi11dicatethee！evatior10Ver2200m，eXCept225¢m（min  
unit）．  
b）Bedrocktopography  
Valuesindicate the elevation ofbedrock．Open circle shows  
thepositionofMizuhoStationinbothfigures．Arrowindicates  
thedirectionoficeflowby N．N．S．S‖  

differencewasconsideredtobecausedbytheval1ey  
ofbedrocktopography．Inotherwords，thecharac－  
teristics ofice flow areinfluencedby alarge scale  
topograpわy，Whic‡1vistbe“triblぬry”oftile Shirase  
Giacier，alldinadditiont（〉tbelargescaletopo許aphy  
theeffectoflocaitopograpbyinfll妃nCeSthecbarac－  
teristics of ice flow as a factor of a smaIier scale 
topography．Therefore，thedirectionoficeflowof  
Mizuho Stationis slightly westward by thelocal  
topography，1ike the valley of bedrock topography  
towar・dNWW．Furthermore，althoughthedirection  
oficeflowis303degrees（truedirection）onthesurv  
face，itisspeculatedthattheiceflowswestwardinthe  
basallayeroftheicesheetalongavaliey．   

Itvasquestiolュedwil銃hertherewasanyeffectof  
localtopograpbyorltbeslまだacevelocityofice幻ow，   



Ohmae and Nishio 3J  

2200 m Dlane 

Fig．4．Three－dimensionalperspeCtivedisplayofthe（a）；Surfaceand（b）；  
bedrocktopographyaroundMizuhoStationr Thickdashedlinesshown  
dataof呈cetbicknessavailablebyradioecbosoundil唱．  

thatmovesdown－Stream Ofto a placenear Mizuho  
Station．Thischaracteristicoficeflowiscausedby  
thevalleyofbcdrock，becauseiceisstreamingalong  
avalley．Consideringtheflownearthebasallayer，it  
Wiilbeimporta11ttO110tetilattbelocaltopograpby  
Withawidthoftheva11eytopographyisbecomingto  
narrow from upper area of Mizuho Station to the  
lower area．Inthesteadystate，inwhichicethick・  
nessdoesnotchange，ifweconsidertheflowvelocity  
Ofthebasallayerwhichmeanstheicemassnearthe  
icesbeetbed，thevelocitymayt〉elargertbanintbe  
basallayerwithoutvalieytopographybecausealarge  
icemassiscenteredinto avalleywith thewidth of  
flow volume being narrow．In the case of the flat  
planewithoutavalley，thewidthofflowisconstant  
andthevelocityoficeisalsoconstant．Ontheother  
hand，intbesballow－dep払1ayerwhic‡lmeanSitisllOt  
thebasallayer，theeffectofalocalbedrock topog，  
raphyissmallanditsconditionofflowischaracter－  
izedbyalargescaleoficesheet，andthusthevelocity  
is almost constantwith a depth．Furthermore，a  
largershearmayexistbetweenthebasallayerarldthe  
Surねcelayer，Wberet王Ielaminarsheetflowisdomi－   

SuChasonthedirectionoficefiow．Fig．5illustrates  
the relationship between a driving strcss（ち＝Pgh  
sinα，α；Surfaceinclination，h；ice thickness，P；ice  
density，g；graVitationalacceleration）andthevalueof  
SurfacevelocitYbyN．N．S．S．dividedbyicethickness  
atgeodeticpointsonroutesSS，SZ，Yin Fig．1and  
around Mizuho Station．The values around Mizuho  
Station（hatched part）disperse，because only one  
value ofsurfacevelocity andmany values ofb are  
tlSedinthecalculation．Fig．5comparesthedataof  
thepresellt或udyandtbevaluescaiculatedalongByrd  
Glacier，West Antarctica（McIntyre，1985）and the  
regressionlineofmanydatacompiledonapolarice  
Sheet（Budd and Smith，1981）．Although the values  
scatteredthecharacteristicsoficeflowintheareaof  
theShiraseGlacierdrainagenattlrailyfa11underthe  
CategOry Of a polarice dleet．In comparison with  
Mc王ntyre’s data，theice flow characteristics at the  
geodeticpointG16andaroundMizuhoStation，Where  
theiceflowisfasterthaninthesurroundingarea，and  
thoseintheareaofgeodeticpointG15suggestanice  
dome，Whereiceflowsslowly，Tbereforet王Iistribtト  
taryoftheShiraseGla（：ierappearstobeanicestrearn  
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Fig．5．Relationbetweendrivingstressandsurfacevelocity  
7ice thick苅eSS．Hatched area sbovs tbe calculat感valⅥeS  
ar。undMizuboStatio11，anddarken感circlesindicatetbevaiues  
atgeodeticpointsontheroutesSS，SZandYshowninFig・1・  
Opencirclesandopentrianglesindicatethevaluescorrespond・  
ingtotheareaoficestreamandoftheaccumulationareaofthe  
up－StreamOfByrdGlacier，reSPeCtively（afterMcIntyre，1985）・  
Thicklineshowstheregres＄ionlineofmany valuesfor the  
polarice sbeeとexamind by Budd and Sm毒血（1981）（after   
McIntyre，1985ラ．   

nant．Butin the non－Steady state，aS theice mass  
flowmorethanthesteadystateaslikeasasurging  
glacier，thechangeoftheicethickness oficesheet  
mayalsooccuraround MiztlhoStation，SuChasthe  
condiぬnofthinningoccu汀1ngi王Itbedrainageareaof  
theShiraseGlacier，aSdiscussedbyMae（1979）．  
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