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Abstract  

Profiles of bedrock andice surface along severalroutesin the Shirase Glac主er basin were  
deteminedbytbeground－basedradio嶋eCbosoundings，Tberoutescomsistedoftbe恥wlineoftbe  
ShiraseGiacier，the2200mcontourlinebetweenMizuho Stationand Yamato Mountains，andthe  
routinetraverscroutebetweenSyowaStationandMizuhoStation，alloveradistanceofabout1200  
km．Tberadio－eCbosotlrlderwasofa60MHzdesigneda11dco11或ructedbytbeNationalInstituteof  
Polar Research to be carried on an oversnow vehicle．Results of measurements＄bow that the  
elevationofbedrockisapproximate里yatsea－ievelfromthecoastnearSyowaStationtotheiniand  
nearMizlihoStaもion，WhiletbaもintheupstreamareaoftbeSbiraseGiacierisgra血allyincreasing  
up to about1500m at a point400kminland，Where theice thickness reaches2000肌 A deep  
SubglacialtrenchwasfoundneartheoutletoftheShiraseGracierinthemeasurementsalongthe2000  
mcontol汀rOl止e．Comparisor10fprofiユesoftbebedrockandtbeicesur払cea重ongtbeSh壬raseGlacier  
flowiine revealed that stlrface undulations correspond toirreguまar features ofthe bedroek．To  
SuPpiementthedataforthedepthofbe（王rockinsorneregionswherenoradio－eChoobtainedfromthe  
bed，meaSurementSOf洩egravitya†10malyⅥrereuSedtodeterm主netheicethick王1eSS，  

AIso giVenin the paperis thebedrock topo許apby  
estimatedbygravimetricmethodinsomeareaswhere  
no radio－eCho were obtai‡ied たom the bed，More  
exte捕ivereportsontheicethicknesswiilbeprepared  
for the folio seriesto be publi血ed as anintegrated  
reportofprogrammeinEastQueerlMaudLand．  

1．Introduction  

A5仙yearprOjectong王ac主oiogy，namedglacioiogト  
Calprogrammei‡1EastQl妃enMatldLand，Startedin  
1982and hasbeen carried out to obtain more exten－  
siveinformationsfortheicedynamicsirltheShirase  
Glacier drai‡lage basin，and to recoverice cores at  
Mizuho Stationt Itisneededto know theice thick－  
nessa椚dve主ocityoverawideareaofag！acierbasin  
forthedynamicaistudy．Forobtaininginfomations  
oficethicknessinthearca，botha60MIiz ground・  
based rad壬0－eCIlO SOurlder and a179M‡iz airborne  
radio－eChosounderweredesignedandconstructedat  
the Na〔ionat‡nstitute of Polar Research（Wada and  
Mae，ユ981）．Althougわaninte‡lSivelo閏g－termS11rVeyS  
were ear・ried out on theice thickness by the use of  
theseradioMeChosounderssince1982，this paperpre・  
sents a preliminary resuits of払eice thickrleS Ob－  
tainedbythe60MHzgro11nd－basedradio・eChoso  
derin tbe Shirase G呈ac室er basiniIl1982 and1983．  

2．Echo soundingequipment  

The60MHzground－basedradio▲eChosouderwas  
designeda11dconstrljCtedattheNatiorlalInstitlユteOf  
PolarResearch．Theinstrumentconsistedofatrans－  
mitter，areCeiverwitbanoscil王oscopeasanindicator  
andapairof3止helementYagianterlnaS．Si王1Cedetails  
Of旺soriginalformwasalreadyreportedbyWadaand  
others（1981），Only a brief summary of the major  
tec‡1nicalcbaracとeristicsarepresentedinTablel．   
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3．Surveyroutesofradio－eChosoundingandopera・  
tions  

Figurelshows a map oftheEast QueenMaud  
Landw′itba11thesurveyroutesof払eground－ba父d  
radio－eCbo sotlndiIlg COmpleted toぬte，Tbe solid  
linesindi（：atetheroutesonwhichcorltinuoilSreCOrds  
were obtained on theice thickness from arunning  
oversnow vehicle of the 23rd Japanese Antarctic 
ResearchExpedition（JARE23）in1982－1983．The  
dotted lines are those on which the sounding was 
carriedoutateverypoints2…20km主ntervais．Ope－  
rations of the radio－eCho sounder were made on the  
movlngOVerSnOWVehicleforthe continuousrecord．  
The antennas were set up on a sledge facing each  
other at a distance ofabout2．5m．Reflected waves  
weredisplayedonanoscilloscope，eXhibitingatime－  
intensitycurve（Å－∝Ope），Wわichisphotograp†ledatl  
kmintervals．Continuousrecordson35－mmfilms（z－  
SCOpe）were also obtained on the running oversnow  
vehicle．  
The totaldistance of the survey routes of the  

ヰ（ア∈  

Tablel．Technicalcharacteristics of60MHz ground－based  
radio－eCho sounderin1982．  

1．Transmitter   
Carrierfrequency   
Pulse energy duration 
Risetime   
Peakpower   
Fulse repetition interval 
Totalpowercon＄umption   
RF gain 

2．Receiver   
Cerlけal育equency   
Bandw壬dth   
Noise figwe   
Receiver sensitivity 
lnput attenuation 

3．Aerials   
3－elementYagiantenna   
Abs（〉毎tepowergaln  

4．Indicator  

6（〉MHz  
O．3メS  
O．15＃S  
lkll’  
1kHz  
DC24V，4A  
39d王主  

緑1h11lヱ  
5＼1tlz  
3dB  
－102dBm  
Oto70dBinlOdBsteps  

さdiミ  

Oscilloscopeand35鰍mmCOntinuotlSreCOrdingcamera  

2♂∈  きがE  ヰ○■∈  さ00∈   

Fig．1．Su∫VeyrOut岱forground－basedradio・eCもosoⅥndinginEastQⅥeenMaud  
Land，1982r1987．Solidlinesindicateroutes onwhichcontinuousrecordsofice  
thicknesswereobtainedatevery2－20km．   



Nishiしl（イ（ヱ／．  35  

soundingisabout5000km，butclearrecordswerenot  
nece＄arilyobtai11edonalitherotlteS，  5．Results  

ごラ．了．J【、（、∫J′巾t、t、（〃H7みぃJJ川・ん♪れ所／（1∫  
Verticalsectiom profii鴇Ofice＄urfaceandbed・  

rock along various routes as showminFig．lare  
Shownin FigtlreS2M6．Fig．5shows alongitudinal  
profile from the upper part of t王Ie down或ream of  
ShiraseGlaciertotheupstream alongtheestimated  
main flいWline of the由l⊂ier．A deep subglaeial  
trenchexistsintheo11tletofShiraseGlacier（Maeand  
Yoshida，1986）and the elevation ofbedrockis ap－  
proximatelyatsea－levelupto70kminlandfromthe  
COaSt．Tbenfur払eri‡liand，apprOXimately育oml亜  
km，thebedrockelevationgradua11yincreasesupto  
150Om abし）ヽでSea・leveland thビiぐLL thi（・kness rea（二hes  
about20（）Om．  

Aprofiletothedirectionintherightanglestothe  
ShiraseGlacier恥wiine，istbeonebetⅥFeenMizuho  
StationandMassif－AinYamatoMountainsshownin  
Fig．4．Theeievati（〉nOficesurfaceisuniformly at  
about黒潮1m．and the・bedrock profile shows neaT・ly  
flat feature at about several hundreds meters above 
seaJevelfor more than 200km from Mizuho with  
SOme Sl11all・SCaleirre勘IlこIrities．Howe＼▼er．the bed・  
rockelevationgradua11yrisesinanareaapproximate－  
‡y50km育om也emassif－AintbeYamatoMolユntains．  
Ålo喝tberoutebetweenSyowaandMizuboStatioIIS，  
theelevationofbedrockisatsea－1evelupto100km  
along the route andit arises to severalhundreds  

4．Reduction rnethod  

Profilesoftheicesurface，thebedrockelevation  
andtbeicetbicknessalongeacIltraVerSerOuteWere  
constru（：tedfromtbeicethicknessdataobtainedfrom  
the film T－ビCOrds taken atlkminteT・Vals．with refe－  
rencetothesurfaceelevationmeasuredby satellite  
dopplerpositioningsystem（JMR4A）andbarometers．  
To caiculateice thickne＄S from readings of ecbo  
times，a或andard electroma宮netic vave ve王ocity of  
propagationof169m／〆SWaSadopted（Robinどょαg．，  
1郎馴．1tsh（1uldbeTlいtedthatcorrectionsforahighel－  
Velocityinthesurface firn aremostrelevantin the  
thiniceas，forexample，intheareadownstreamofthe  
ShiraseGlacierandintbecoastreglOrl，  
Positionandelevationofthemeasl汀IngSitesof  

radioecbosoundingatapproximatelylkmdistance  
Weredeterminedmainlybythenavigationaldata；tbe  
distanceandazimuthbetweenneighbouringsiteswith  
OCCaSionaloperationsofadopplerpositioningsystem，  
andbyt‡leu茫Ofbarometricaltimeter＄．A11thedata  
obtainedin traverse operationsin1982岬1983 are  
Summarizdin a］ARE datこIrepOrt（Nishio（t（L／‥  
1986），  
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Fig．2．王cesurfaceandbedrockprofilesbetweenSyowaStationandMizuhoStati楯．  
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玩rtberinlandarea，however，血ebedrockexbibitsa  
highpiateauwbic壬IreaChestoapproximately1500m  
in elevation   
Anotherremarkablefeatureappearedinthepro－  

file ofice surface and bedrock topographyis close  
COrrelationsbetweentheicesurfacedepressionsand  
thebedrockirregularities．InFig，7，Wbicbisarepro－  
dtlCtion of Fig，5with a exaggerated scale of the   

meters wbich seem to continue to tbe viciTlity of  
Mizu‡10StationasshoⅥlinFigs．2and3．   

β．2．⑳gc由Jカα血柁S  
Themostremarkablelarge・SCale feature ofthe  

bedrockintheShiraseGlacierbasin，isthecomparati－  
Veiy重aとandlowlevelpiateaubeiow父Veralhundred  
meters，WhichextendstlptOthelatitude720S．lnthe  

0  10  20  80  40  
D椅TAI疇¢E（km）   

Fig．3．‡こeSudaceandbdrockpr（〉fil銭betv改nMizuhoStationandGユ．  
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ぎig－4．Icesl】rねceandbedrockprofilesもe乞WeenMizuboStationandMassiぞ－A主ntbe  
YamatoMountains，WhichcrosstheShiraseGiacierstreamlineatabotlt220Omin  
surface contour．  



Nishi（＝イ′J／．  37  

O 2さ ＄0 7与  

7＄  餅rガ㈹裾鵬  ア巧  
鳩8  1鮨  

†  丁8●s  

Fig■5・Ice＄uTねceandbedrockproぎiles缶・Om洩euppergo一宮eof也eSbiraseGracier  
tothefurtherinlandalongflowiine（400E）．ThebedrockprofilebelowG20fthe  
ShiraseGlacierisconstruCted from the airborneradio－eCho sounding（Wada and  
Mae，1981），  
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Fig・6・Icesurfaceandbedrockprofilesfrom融ationofSS235toG7throughstation  
OfSS150alongthelongitudeof37．5¢E．  

elevation，itissぬown tIlat Variations ofthestlrねce  
Slopearere】atedtothebedrockfeature，inparticular，  
thatthesteepsurfaceslopestendtooccuroverlocal  
peaksontbebeかockt   

lう∴才．鉦〟れ）‘tん（イ川7′んけJ〃hブナ灯l・‘ノ カp〃JgⅢJイノ肛／ノブ（、  
〃れ－仙川7   

InFig．2，Webaveiackofdataofbedrockecbos  
On SOme distance along the route between Syowa  
Station and Mizuho Station．In order to obtain the  
bedrockelevationinsucbare宮10‡10fれOradio－eCbo  
WeuSedresultsofthefreeairgravityano王nalymea－  
Suredsimt11taneolユSiyontheroute，Forthispurpose，  
therelationshipbetweenthefreeairgravityanomaly   

andthebedrocke壬evationisadoptedくBentley，1964〉，  
In actualpractice，Wehave plotted data offree air  
gravityanomalyofthebedrockelevationobtainedby  
radio－eCbo sound主調g between Syowa Station and  
MiztlhoStation．Thebestlinearfitbyleast－Square  
anaiysisgivesaslopeof8．6m／mgalasshowninFig．  
8，andwecandeducethefollowingforconvertingthe  
gravityanomaliestotbebedrockelevation，  

h－㍉X＝8．6・△g。榊104（m）  
Where his the elevation ofice surface，Ⅹtheice  
thicknessa王1d△g。払e鉦eeairgravityar10maiy，Tbe  
Standard deviatiorlOf observed bedrock elevation  
fromthefittedlineinFig．8is70m．Now，thebed－  
rock elevation is interporated among the radio-echo 
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Fig．7．Datailedicesurねceandbedrockprofi！esalo喝洩eSbiraseslopestendto  
OCCuTOnlocalpeaksof払ebedrock，   
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血eroutebe極詑nSyowaandMiz油ostations，b；theetevat主onoficesuぬ喝Ⅹ；ice  
thickness，△g。；打eeairanomaly・   
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ぎig．9．王ce sl汀face andl）edrock profi璽e＄もe乞Wee11Syowa alld Mizubo Sねtion＄，  
obtained both by radio－eCho sounding（indicated by R）and by free air gravity  
anomaly（G），  
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datausingt壬iegraVitydataas血0ⅥrninFi那re9．A  
strikingresuitisthatthereisadepressionoftheseav  
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onthearealprofileofthebedrockelevation，theice  
thicknes＄and theice surface elevationwillbe pub－  
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