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Abstract  

GravitymeasurementswerecarriedoutfromOctobertoDecember19850nSolerGlacier，NefGiacierandover  
theicefield，includinga30kmlongeast－WeSttraVer＄etOSanQuintinGlacierintheNorthernPatagoniaIcefield．  
Intotai132stationswereoccup主ed，99（）nice．Bougueranornalieswereco‡Ⅵputedal王owi一重gforstarldardcorrec－  
tions，andresidualanomalieswereobtainedbysubtractinganestimatedregionalgradient・Talwani’s（1959）2  
dimensionalmethodwasappliedtoseventransverseprofilesresultfnginmaximum童cethicknessvaluesof575士  
85mforSolerGlacier，1000±250mforNefGlacierandl嶺60士500mon仇ewestpartof払eice重eld．For  
stations notbelonging to transverse profiles anice thickness was calculatedby extrapolating gravity factors  
ObtainedbyTaiwarli’smethod．  

easモーWeSttraVerSeOVertbeicefield．Inadditiorl，the  
locatian of ice divides between these glaciers were 
estimated．  

Thegravitymethodtoestimateicethicknesswas  
firstusedbyMartin（1949）intheGreeniandicesheet，  
andlaterappliedtoavalleygiacierinNorway（Bull  
and Hardy，1956）．This methodis convellient to  
detcrminethegeneralreliefofthebedrock，because  
theobservedgravityrepresents ameanvalueinthe  
areaaroundthestation，thussmoothingthesubglaciai  
profile．Itwasusedextensivelyint‡le1960’s，tOgetb－  
er，and sometimesin combinat壬on with the mo  
preeise but cumbersome scismic reflection method．  
Bo軌tbesemethodshavebeenreplacedbyradioecho  
SOundhg，introducedin thelate1960’s，andwidely  
usedinpolar圭cesheets，Whic‡lhasthegreatadvarltage  
ofobtainingacontinuousprofileofthebed．Asfor  
accuracies of these three methods，the fo1lowing fi－  
gureshavebeensuggested forAntarctica：3％for  
seismic shooting（Bentley，1964and Drewry，1975）：  
1．5％forradioechosoundings（Drewry，1975）and7  
－10％forgravityresults（Tsukernik，1962；Kapitsa  
and Sorokhtin，1963）．As pointed out byI）reⅥ7ry  
（1975）tIle errOr女）㌻欝・avimetric tbickness mayi‡1…  
creaseto15p20％inareasofirregularbedrockrelief  
with pooriy determined stlrねce aititudes arld big   

1．－ntroduction  

Referring to the Northern Patagonia Icefield 
（NPI），Brtiggen（1950）ⅥTOte：くてTheice fillsa great  
longitudinalvailey which separates the reはtively  
smailmountairlS On tbe coast wi払a raTlge Of very  
bighpeaks，tbehigbestbeirlgSanValentin．”More－  
0Ver，within theicefield，SeVeralnunataks emerge，  
formiロg父COndarymountainrangesandlongitudinal  
Valleyscoveredwithice．  
TbebedrocktopograpbyaIldicet王1icknessofboth  

theotlとietglaciersandtheice貞eldisbasicinねrmation  
neededtotmderstandthecharacteristicsofthe PataN  
gorぬnIcefields，Wheretodatenomeasurementsofice  
thicknesshavebeencaT・riedout．Onlyanestimation  
oftheもedrocktopograpbyatSolerGlacierbyextra－  
polating both sides of the glacier valley had been  
madebefore（AniyaandNaruse，1985）．  

From October to December，1985，graV毒ty mea－  
surements combined with prccise triangulation of  
stationcoordinates（Naruse，1987）werecarriedoutin  
tbeabla貢onareaofSolerGlacier；arldinNovember／  
December a preiillliriary graVity survey w主沈  
altimetricreadingswasmadeontheablationareaof  
NefGlacier and theicefield（accumulation areas of  
Nef，Soler and San Quintln glaciers），including an  
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var・iationsitlSubglacialrock density．But，On the  
other hand，iTiareaS Of very、rough surface arld／or  
subsljrねcetopography，aStbeYamatomolユntainsin  
eastAntarctica（NagaoandYoshida，1984）andthin  
valley glaciers such as Fox Glacier in Canada 
（CrossleyandClarke，1970），boththeseismicandradio  
echosoundingmethodshavefailedduetomultトreflecr  
tionsandechos＿ Thus，thegravitysurveyissti11a  
veryappropriatepreliminarymetI10dtoestimateice  
thicknesses，and has the advantage of very simple  
field workinvoIved．  

Smallin the previous measuremcnts．These erro－  
neousmeastlrementSWereeaSilyreco鮮1izedandelimi－  
nated，Forgiaciologicalpurposes，Only reiativedif－  
ferencesofgravityweremeasured，aVeragingingen州  
eralseveralobservationsbetweenstations．AIso，nO  
absolutependulumgravitystationsexistinthearea．  

ま g．艮）ゐr Gおごおγ  
Åtotalof38stationswereoccupied，Ofwbic壬115  

werelocated off the glacier．From October23to  
November19，1985，graVitywasrepeatedlymeasured  
inthreetransverseprofiles：LinesI，T andG，anda  
longitudinaltraverse along the centerline（Fig．1）．  
Eacbstationwasocclユpiedatleastthreetimes，andtbe  
gravity differences betⅥ℃en neighbour主ng sねtions  
WereaVeraged，theerrorbeingsmallerthanO．3mgal．  
Naruse（1987），by precise triangulation from control  
points，meaSured the coordinates of allthe gravity  
stations＿ Thesestationscoincided withiceflow sta－  
tions，tbeelevationerrorbeingabolユtO．1m．  

ニュ1rイ（ごんJ（・ん－＝川／ノん、（：／hイ‘／  
On NefGlacier onetransverselinein the middle  

SeCtiorlWaSeStablished，plusalongitudinallineto a  
point4km from tIle SnOut（Fig．2）．Each gravity  

2．Gravity measurementS  

The gravity measurements Ⅵ7ere made Ⅵrith  
Worden Prospector Gravimeter N▲ 816（geodetic  
model）whichwasonloanfromtheInstitutoAnt孟rtico  
Chileno，Santiago．The calibration value of O．0951  
mgal／division stlPplied by the manufacturers was  
Cbecke（iirlSantiago，betweenInterIlationalGravity  
StandardizationNet1971（‡GSN71）absolutegravity  
pointsreformedby Nakagawa eial．（1983），yielding  
nosignificativedifference．Nevertheless，inthefield  
tareofseveralmiligalsoccurredafewtimesbetween  
Closestations，Wherethegravitydifferencewasqulte  

O  1  2  3  

◆rOCk station  
◎outwash stqtion  
ieQ stationonn ちkm  

Fig．1．Gravitystations，tranSVerSelinesandBougueranomaiies（mgal）onSolerGlacier，ablationarea，   
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F壬g・2・GravitystationsandBotlgueranOmalies（mgal）onNefGlacier，abiationarea（drawnfromIGMl：50ナ000  
map）．  

SurveytraVerSeWaSClosedonthewaybackandboth  
thetransverseandlongitudina＝ineslinkedtoge払er．  
Thee汀OrOfgravitymeastlre†nerltisestimatedasO．4  
mgal．ElevationsweremeasuredwithtwoThommen  
2000altimeters，WithanaverageerroroflOm．The  
horizontal position was estimated by compass 
bearingstoneighboring鱒aks，Withamaximumerror  
Of25（〉m＿Intota119statiorlSWeremeaStlredt〉etWeerl  
November8aridlO，fo11rOfthemorlrOCk＿  
From November23to December4alight ex・  

pedition was madeinto theicefield（Fig．3and aト  
tached Map2，foldedin）．A vcry convenient route  
from R壬o Soler was followed，already exploredin  
1983／84，At that time－beginrling ofJa11uary，1984】－  
thesnowliTleWaSlocatedatanelevationof1250m，  
estimatingtheequilibriumlinetobeat1350m；this  
timeNovember／December1985肌thesnowlinewas  
lower，atabout1150m－ Fromahighcamp6kmeast  
OftheicefaliofSolerGlacier，SeVeraltraverselines  
WeremadeorlSkisduringalongspel王ofgoodⅥrea・  
ther・Intotal，60statiorlSOnicewereoccupied，in・  
Cludinga30kmlongeast－WeStline（LineJ）accrossthe  
icefieldtoarockpoint（Ⅹ7）onthewesternedge（Map  
2）・Findingoutcropswasingencralaproblem，neVer－  
thelesseightstationsorlrOCkweremeastired，mOStOn  
れunaはks－ Eievation and position of stations were  
determinedinthesamewayasonNefGlacierandthe  
maximum errors are estimated as15m and500m  
respectively，eXCCptforthemiddlestationsofLineJ，   

Where positionalerror canincrease tol．5km．All  
gravity surVey traverses had at least one common 
sモatio11ⅦOtherthanthebasestationandmoststations  
Were OCCupied twice．This way，the average ob－  
ServedgravityerrorisestimatedaslessthanO．5mgal＿  

3．1cedividesurvey  

Tohelplocateicedivides，Carefulaltimetricread－  
ings were made，aS Wellas observation of general  
topographyandcrevassepatterns．Bymeansofcom－  
passbearingsthesedividesweredrawnontheIGMl：  
50，080mapくFig，3）．Tbe divides were very clear  
betweenSolerand San RafaelGlaciers（followinga  
distinctive ridge），and between Soler and Le6n Sur  
Glaciers．Butin the region from Soler and Nef  
GlacierstoSanQuintfnGlaciertheicefieldwasvery  
fiatforseveralkm，requlrlngCarefulobservationsto  
determirle tbe divide．North of LirleJan approxi－  
mateicedividebetweenSanRafaelandSanQuint壬n  
Glacierswasdrawn（Map2），joiningnunataksandice  
ridgesobservedfromadistance．  

4．Reduction of gravity data  

To compare gravity data，Standard reductions  
Were made－ Gravity values（GOES）are r・efel－red to   
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Fig．鼠 Gravitystations，tranSVerSe壬inesandieedividesontheaccumuiationarea＄OfSarlQuintfn，NefandSoler  
（1；lこ汀kl、ゞl（1Tこ川llfl【いrr11し；ト1l二試用刷1rl＝l））．   
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an arbitrary datum of980，770mgalat Base Camp  
stationM4，neartheterminusofSolerGlacier．  

J．J．几－（J／仙l人1‘〃H／／（、t・（んリJ∫J／ん－∫  
The Patagonian Batholith，first described by  

Br蛍ggen（1934），eXとe†ldsno血and sol止b ofNPI，CO－  
Veringanareaof64tolOOkmⅥride．Eventboughto  
datenocompletegeologicalsurveyhasbeenmadeon  
HPN，rOCks belonging to the Patagonian Batholith  
have been found allaroundits periphery（Br噸gcn，  
1950；Yosbida，1981）．  

D11ringtbepresentgravitySlユryey，graniticintru－  
Sive rocksⅥrere fo11nd at alirock stations，eXCept  
StationsIR，C3and C40nthe ablationarea of Soler  
Glacier，Wheremetamorphicrockswerefound．Ac－  
COrdingto Yoshida（1981），these rocksbelong to the  
Metamorphic Basement，the oldest rock11nit of the  
region（upper Paleozoic），Wbicb wasirltruded by a  
batholithin the Cretaceous，developing a TedlユCed  
aureola of contact metamorphism some hundred  
metersthick．Agraniticrockdensityof2．67Mg／m3  
WaSadoptedforallcomputationsandanicedensityof  
O．9Mg7m3，theco戒rastbeingl．77Mgプm3．   

J．ユ rJl・t－（7／J・l、…・Jl∵／／り〃J「R、J  
Allgravity values were reduced to sealevel，  

usingthefactorO．3081mgal／m，Obtainedbyconsider・  
ing：  

Giacier arld t王Ieicefieid，Wbere only altimetric data  
exist（erroroflOto15m），itwaslarge：2and3mgal  
respectively．   

・J．▲J．J一‘J／／／J什ム、（、（けJ・l、（、／／り〃∫r山「J  
For eacb station GRS67formⅥ1a vas applied，  

Subtracting the datum value of Base Camp．This  
COrreCtionincreasesnorthwardatarateofO．8mgal／  
kmin the area；thus the errorinvoIvcd on Soler  
Glacierisnegligible，butatNefGlacieritisO．2mgal  
andontheice貞eldO，4mgal．OnLineJ，amaXimum  
エC errorofl．2mgalwasobtai王1ed，   

4．曳 二柁m才乃COmCめ那「m  
Dueto very steepva11eywalls at SoIcr Glacier，  

the7℃becomes one oftheleastcertain additionsto  
gravityreadings．OnNefGlacierandtheicefieldthe  
topography near tbe staも主ons was not so rough．  
Hammer’smethod（1939）wasused，inwhichthearea  
aroundthestationisdividcdingraticules（zonesand  
COmpartmentS），eaChwithaknowngravityeffectper  
meterofaverageelevationdifferencewiththestation．  
Meanelevationsofgraticulesaroundeachstationup  
tozoneM（about22km fromthestatiorl）wereesti－  
matedfromlGMl：50，000maps，Whichcoveredallof  
thestudyarea．Ontheicefield，COntOurlineshadto  
be inferred and sometimes big differences existed 
between altimetric readings and map elevations．  
Rockdensity（2月7Mg／m3）wasu父dforallgraticules＿  
This approximationis rlOt SO gOOd on theicefieid，  
Where most graticuleslie on the glacier，but on the  
Other hand topographyis quite flat，Kanasewich  
（1963）andCrossleyandClarke（1970）consideredboth  
rockandicedensitiesfor7℃，butthisprocedureneeds  
an estimatio王T Of theiceぬickrleSSI Terrain correc－  
tionsrangedtlptO34．4mgaiforstationI寮on Soier  
Glacier，andrepeatedcomputationsof7℃wereaccu－  
ratetowithinlmgalforthisstation，AtNefGlacier  
and theicefield，the7℃error was estimated as O＿5  
mgal．Thegravitye独ctofotlterZOneM二acco11nted  
OnanaVerageforabotltlO％oftbetota17「C 7℃  
COrreCtionforthetopographymorethan22kmaway  
should be small and very similar between nearby 
Stations．Nevertheless，thiseffectcanberemovedas  
partofaregionalgravitygradientterm，aSdescribed  
below．  

■J．（i．β明々〝けー川り〃／†小けl－1J  
Here we define thr? Bouguer anomaly as the 

Observed gravity valueminus the free air，Bouguer，   

2ギ．，ナノ   
〟  R、  

曲（theoreticalgravity at sealevel）is obtained  
fromtheGeodetic ReferenceSystemformulaof1967  
（GRS67）：  
曲二978，031．85（1＋0．005278895sin2p十0．000023462sin4  
β）  

β：1atitudeofBaseCampgravity station（46¢54′  
55′′）  

TheEarth’sradius（R）forBaseCampstationwas  
estimatedusingthevaluesofGRS67fortheelipsoid，  
Whicbresultsin忍＝6，366，753m．  
Eievations（ガ）arebased orlBaseCampstatiolュ  

M4（277m），detcrminedbyaveragingaltimetricread－  
ingsfromLakePlomo（201monIGMl：50，000map）．  

4．3．励喝■〟gγCβ昭C≠ゐ乃S（βq  
The effect of a‡1inf主nite plate of2．67Mg／m3  

betweenとhe statio11and seaievelwas subtracted：  
0．1119mgal／m．For Soler Glacier，Where precise  
elevationdataexist，thecombined FC andBC error  
WaS O．02mgal（i．e．negligible）．Instead，for Nef  
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latitudeandterraincorrections．Thisanomalyindi－  
CateSaCOmbinationoft‡lefolioⅥ貢ngfotlrefねcts：1）  
largescalereglOnalgravitygradientduetovariations  
in crustalstructure，2）localdensity variations of  
underlyingmaterial，3）terrain effects of arcasmore  
distantthanzoneM，and4）massdeficiencyeffectof  
theglacier’．Thepurposeofthegravitymethodisto  
eiiminatet‡1efirst血reeeだectsくgroupedtogetberi王Ia  
regionalgravitygradient termガG）alュdestimateice  
thicknessesfromnet，OrreSidualanomalies（RA）．  

Thus， 斤4＝且4一点G   
Inthefielditwasnotpossibletomeasuregravity  

Tal）1el．Grav亘tyvalues，SoierGlacier，al）1ationarea，  

farenoughfromtheglaciersoastoneglecttheeffect  
Of tbe giacier’s mass deficiency，t‡1uS nOne Of tbe  
Stations was free from this ef短ct．Tile regional  
gravityonrockpoints，unbiasedwithr’especttoice，  
hadtobeeithercalculatedontransverseprofiles，Or  
estimatedroughlyatotherstations．  

CoIISideringthecombinedeffectofobservedgra－  
Vitya‡ldtbeco汀eCtions，the王naXimlユmβAerrorvFaS  
estimatedasl．3mgalforSolerGla（：ier，3．1mgalfor  
NefGlacier，4Amgalfortheicefieldand5．2mgalfor  
LineJ．InFig．1andTablelthe及4valuesofSoler  
Glacierarepresented．  

DIST．distancealongthetraverseline  
H elevation  
GOBS observed gravity 
LC iat主ttl（iecorrection  
TC terrain correction  
FC   かeeaircorrectiく〉n  
BC Bouguercorrection  

BA Bouguer anomaly 
RG regional gradient 
RA residual anomaly 
BED bedrock elevation  
T    亘cethickReSS  
GF gravityねctor  

RAvalueswereroundedofftoatwoTdigitsignificantnumber，becausetheerrorisgreaterthanlmgal（seetext6・）・  
ThevaluesofBED，TandGFwerenotroundedoff，thcerrorbeingindicatedinthetext（6・）andTable4・  
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Tablei．（colてtinued）  
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 body at any station can be computed based on the  

coordir】ateSOfthecrossscctionpoints．Bysuccessive  
iterations a best fit is found between KA and the 
anomaliescalc11latedbyTalwarli’smeぬod．In pro－  
grammingthemethod，aCOrreCtedandmorestlitable  
formula（Tsutsui，1981）was used．Theinput of the  
methodisthepolygonizedcrosssectionoftheglacier，  
whiletheoutputisthecalculatedTalwani’sanomaly  
（了辺）．7沌vaiuesarethencomparedto RA andthe  
di挽rence（ガ藍乙7盟ラm111tipliedbyafactorbetween18  
and30to form a new cross section，Whichin tllrn  
COnStitutes the newlnput tO the program，For the  
firstiteration，aninitialcross section had to be as－  
sumed．Convergencewasquitefast，needingingen－  
eraltwentyiterations before attaining a finaicross  
sectionwithanaverageかだ乙7竣oflesst‡lar10，1mgal．  

5．］nterpretationoftheanomalies  

Supposingweobtainresiduaianomalies（＆4ラ，tbe  
PrOblemis then to estimate anice body shape and  
Calculateitsgravityeffecttofitsuchanomalies．The  
easiestapproachisconvertinglinearlytheanomalics  
intodepthsbyusingthefactorforaninfiniteslabof  
ice（about13m／mgal）．Fori（：e CapS Witb smooth  
Slibglacialtopography stにh asÅnversIsland，Ån－  
tarctic Peninst11a，thisis a good approximation（Ca・  
SaSSa，1984），butinvalleyglaciersthispremisetendsto  
makeglacierdcpthstooshallow，becauseitdoesnot  
account for bedrock rise toward the margins．As  
pointedoutby Corbatるく1965），Subseq11ent b（）rehoies  
bave con重rmed tbis，aSⅥrelias comparison ofice  
thicknesses calculated by more precise analytical  
methods（namely Talwani’s mcthod，1959）and the  
infinite slab formula，（e．g．Moribayashi，1978），  
Bentley（1964），bycomparingseismicicethicknesses  
WithgravityanomaiiesinATlねrctica，fotlndalarger  
empiricalねctor of20m／mgal，Valid forice s‡1eet  
areaswithroughglacierbedtopography．  

Precise analyticalmethodshavebeendeveloped  
by Talwaniet al，（1959）and Talwaniand Ewing  
（1960），tOeStimatethegravityanomalyoftwodimen－  
Sionalandthreedimensionali汀e酢ユiarbodies，reSpeC－  
tively．‡nthepresentstudy，atWOdimensional（x，Z）  
approach was adopted because ol lack of complete 
gravitycoverageonglaciersandsimpleglaciershapes  
invoIvedingeneral．Zistheverticalcoordinateand  
X the horizontal．The glacier’s cross sectionlies  
Witi血the（ち之）planeaIldispoiygo‡1ized．Tbetkird  
dimensionwassupposedtobeinfinitealonganaxis  
perpendicular to the cross section，parallelto the  
directionofthenow．Theanomaliesproducedbythe  

6．Bedrocktopography   

a j．ふ〉姦γG由cおァ  
From Fig．1itis seen that Soler G王acieris a  

Simpleshapedglaciertongueofaboutl．5kmwideand  
7kmlong．Talwani’s method was applied at three  
transverselines（LinesI，G and T）．At first two  
dimensionalparabolas with verticaisymmetry axis  
WerefittedtotheBot喝ueranOmalies（Corl）at6，196姐  
thlユSObtainingaf主rstapproximationofbothicedepths  
andgravity effect ofthcglacier atits edges．This  
Way，the regionalgradient（RG）was estimated by  
leastsquarefittingofathirddegreepolynomial，and  
residualanomalies（RA）werefound．Bysubseqtlent－  
1yappiyingTa重野aTli’smetho（】andrecalctllatingだG，a  
goodfitwasfoundwithaDEL7遁meansquareerror  
OflessthanO．1mgal．InFig．4thefinalcrosssection  
andgravityanomaliesareshown（凡4and7n）．On   



5∂  BulletinofGlacier Research  

CeSWhichfeedSolerGlacier：Mount Hyadesonthe  
王eftandtheicefieldontheright．AniyaandNaruse  
（1985）estimatedmax主mumicethicknessesfromva重1ey  
Waiis extrapolations at Soler’s upper（1．inel）and  
middle（LineG）sectionstobe290and240m，Smalier  

山  t払nourvaluesof575and330mrespectively・Inthe  
Z text，rOundedvaiues ofice thickness are presented，  
＿J wbereas origi†はIly calculated values are shownin  

Tabまesl，2and3．Estimatederrorsarepresentedin  
Tab】e4．  

To estimateiccthicknessatstationsoutsidetraL  
VerSelines，a graVity factor（GF）from Talwani’s  
thicknesses（T）wascalculated，aS T／RA（m／mgal）  
and extrapolated to neighboring stations（Tablel）一  
Suc壬1factorsranged打om7．8m／mgalt（）23．6m／mgal，  
Withanaverageof16．5m／mgai，aVaiuebetwee‡1the  
infirlite slabiceねctor and Bentley’s（1964）value．  
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A large rise of the bedrock can be observed 
downstreamfromstationA2，prObablyduetounder▲  
iyingoutwasbmateriai．BycomparingBouguera†10－  
maiies betⅥ7ee†lMl，M4，M5and neigbboring rock  
Stationsonthevalleymargins，agraVitydeficiencyof  
43mgalis observed，We wiu suppose that this  
gravity contrast is due to tbe effect of less dense 
OutWaSh‡naterialvh主ch fiils払e valley downstrea汀1  
fromSolerGlacier．Anaveragerockdensityof2T75  
Mg／m3wasadopted，becauseofthepresenceofdenser  
metamorphic rocks on theleft bank of the valley．  
Estimating a density of2．O Mg／m3for the outwash  
material，a density contrast of O．75Mg／mS results．  
Byusing汰einfiniteslabformula，anOlユもwas壬Ithick－  
ness of140mⅥデaS eStimated for tわe area near tbe   
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F童g．4．Tr点訳sver父prO重1esofdeptbくm）andgrav毎anomaly  
そmgal）a10ngthreelin飴OnSolerGlacier，abla如narea．In洩e  
lowerhaifofthefiguresbothぬeobtairledres重血は1anomai主鶴  
（RA）andthecalculatedTaiwani’sanomalies（㌻4）areplotted  
with a continuous and dottedline respectively．These two  
CurVeSOVerlap．indicatingagoodfit．   

the three cross sections two distinctive subglacial  
trolユghs appea∫ Close to the margins，preSlimably  
CO汀eSpOndingtodrainaき鰐SeCtio‡1SfromtiletWOSOur－  
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Table2．Graviとyvalues，NefGlacier，ablationarea．ForcolumnheadingsandexplanatioIIS，SeeTablel 

ST． D‡ST． H GOBS ‡ノC TC FC BC BA RG RÅ  BED T  
m  m mgal mgal mgal mgal mgal  mgal mgal mgal m  m  

LINE N  
NL  O   849  －75．9 脚3l．9  
N1   5（10   688  －51＿1 欄32、3  
N2   675   712  －64．6 鵬32．4  
N3   950   733  －74．6 鵬32，5  
N4  1600   765  －85．9 －仙→32．9  
N5   2000   761 －82．9 叩33．1  
N6   245P   793  －80．4 Ⅶ“33．4  
N7   3075   772  65▲6 叩33．8  
NR   3130   767  60．7 m33．9  
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Table3．Gravityvaluesヤicef言eまd‘Forcoium‡lheadingsandexpianat吉ons，SeeTablel．  

ST． DIST． ‡‡  GOBS LC TC FC BC   モきA RG RÅ  BEt）  
m  IⅥ  mgal mgal mgal mgal mgal mgai m卵】 mgal m  

LINE U  
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Tabk3．（continued）  
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giacierfro‡lt．0vertbegiacier，thegravityeffectof  
thisunderlyingoutwashmaterialshouldbesubtracted  
fromtheresidualanomalies（足4）．Ifweconsiderthe  
bedrockunderlyingthcoutwashmaterialtohave an  
upstream constant slope andintersect thislinewith  
thelongitudinalbedrockprofileoftheglacier，WeCan  
estimate roughly the outwash thickness under the  
glacier asbeing70m for station Bland negligible  
near’1ine T．Thus，the gravity effect of outwash  
materialis only cons主deredimporねnt at sとation Bl，  

Table4．】ce t‡li（・kness error．  

AREA   GRAVITYSURVEY  ESTIMATED  
TRAVERSELINES  ERROR（％）   

SolerGlacier   Ⅰ，G，T   15   
SolerGlacier   Otherstations   25   
NefGlacier   N   25   
NefGlacier   L   35   
jcefie】d   U   27   
icefield   Q   30   
icefield   35   
icefield   Ot主IerStations   40  」  estimatingitas2．2mgaユusingtheiilfiniteslabformu－   
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Figs．6and7。  

6．3．血頑張  
Talwani’smethodwasappliedattransverseLines  

UonSolerGlacierandQonSanQuintinGlacier（Fig．  
3），and east－WeSt tranSVerSe LineJon theicefield  
くMap2）IEventhol唱h on Linetr norigbtmargin  
existed，therightmargmwassetatapo呈nt400meast  
OfU2，OVeraSteepiceslopewheretheicethickness  
WaSStlppOSedtobe small．For thiscrosssection a  
twodime‡1Sionaiapproachisqtliteaccurate．Notso  
for Line Q where t壬1e giacier narrows remarkably  
flowingtothewestthroughagapbetweennunataks  
（Mt・TorrecillaandMt．Largo）．Here，theleftmargin  
WaSSet Onicecoveredslopes，includingunsurveyed  
StationQ9intheprofile．Thefinalprofilewascalcu・  
1atedinthesamewayasbefore．Theglaciereffect  
OnrOCkstationsoutsidetheseprofilesⅥraSeStilⅥated  
usingaformuiaforahalft‡iininfiniteslab（Dobrilュ，  
1976）・A third degreeleast square poly110miaiwas  
fitted to the regionalvaiues off the glacier，1a曙e  
error＄being expected due to few rock data and  
unprecise glacier effeet estimation．Resutts are  
presente（まinFig．8andTabie3．OnLineU avery  
SmOOth profile resulted，With a maximumieethick－  
nessof600matstationU4belowtheicedivide．On  
Line Q a roughbedrock profile resulted，With a  
nlaXimumof840monstationQ7．  
Finaliy，OntranSVerSeLineJaneasトwestprofile  

WaSCbosen，joiningrockstationX6toJ4ar主dallthe  
Staと込ns wesとOfJ4to rock point X7．This cross  
SeCtio－1is supposed to extelldinfinitely toward the  
northaTldsou也：agOOdapproximationforthecenter  
Ofthetraverselinebutnotsogoodnear琉eedges，  
TberegionalgradientbetweenX6and X7vassup－  
posedtobelinear．From residualanomalies，a re－  
gionalgradientof＋1，6mgal／kmgoingawayfromthe  
mountainrangeresults，Similarto thevalue of十1．5  
mgal／kmforisostaticallyadjustedmountainslikethe  
Alps（Marangunie，197礼 As seenin Fig．8，the  
VeSterrlpartOftileprOfileshowedroughsubglacial  
topographyナpartly beiow seaieve王．Tbere are tvo  
Clearsubgiacialtrougbs，tbebiggeronehavingaiarge  
Valueof1460m oficethickness．ContrastingIy，On  
theeasterれf）art，bedrocktopographyissmooth and  
risesconstantiytotわeeast．Tbemean許aVityねctor  
（GF）vaiueobtainedforTaiwani’stransverseprofiles  
Ontheicefieldwas15m／mgal（seeTable3），Smaller  
than Bentley’s empiricalfactor for Antarctica but  
largerthantheinfiniteplatefactor．   

la．ThecorrectedresidualanomalyatBlbecomes6  
mgal，equivalentto80mofice（seeFig．5），   

丘2．財Gぬcねγ  
As seen from Fig．2，Nef Glacierinits middle  

SeCtionbendssharplytotbesoutb，narrOⅥringtoⅥrard  
thesnout．Duetolackofstations，athreedimension－  
alcalculatiorlCOuidnotbemade，SOatranSVerSeLine  
NwasdrawnperpendiculartotheglaciermargiilSand  
Talwani’s two dimensionalmethod was applied．  
Regionaigra（iient（ガG）wassubtractedli†1eariyorlice  
Stationsbetweenbothglaciermargins（rock stations  
NLandNR），bycalculatingtheicegravityeffectat  
boththesestationsinsubsequentiterations．  
Averylargeicethickness（T）oflOOOmresulted  

atcrosssectionpointN5，repreSentlngadeepsubgla－  
Cialtroug壬l．On both marginsless pronounced  
trot唱bscaIlbeobserved．ForiongitudinalLineLice  
thicknesses were coInputed免－Om reSidualanor11alies  
bylユSi‡唱a graVity factor of14m／mgal，Simiiar to  
Talwani’s factor obtained at the middie statior10f  
Li‡le N（N礼 Resu托s are presentedin Table2and  

Z
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Z
コ
 
 

O 1 2 3 ヰ  

DISTANCE，km  
Fig、6．Transverseprofileofdepth（m）andgravityanomaly  
（mgal）alonglineN，ablationareaofNefGlacier．RAisplotted  
with continuousline and 7nwith dottedline；both curves  
OVerlapexceptom払eleftmar酢n・  
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8  1  エ  コ  ん  T  

O】STAN（：≡．丸田  

Fig．7．Longitudinaldepth profile on Nef Glacier，ablation  
area．  
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transverseprofiles．Thus，aCOmpietewest－eaStprO－  
fiまe jOlnlng抜e圭cefield witb Soler Gねcier－ablatiorl  
area，WaSmade（Fig．9）－ Thebedprofileisqlユiとe幻at  
east oftheice divide between San Quint‡n and Nef  
glaciers，andreachesathresholdelevationof1260m  
at stations K2and K8close to theicefallof Soler  
Glacier．Finally，in Fig，10alongitudinalprofile of  
SoierGiacierisshown，たomtheicedividewithLeるn  
StlrGlacierto t‡leSnOtlt．  
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7，Accuracy ofthe results  

Re裏onalgravitygradienterrorsvereestimated  
to be O憫3，0．6andl．O mgaiねr So重er Giacier，Nef  
Glacier and theicefield，reSpeCtively．Considering  
theBougueranomalyerroralreadydescribedin3鼠，  
WeObtainthefollowingerrorsintheresidualanomaly  
（RA）：1．6mgalfor SolerGlacier，3．7mgalfor Nef  
Giacier，5．4mgalfortbeicefieldand6．2mga重ねrLine  
J．TileSe errOrS repre紀nt maXimtlm eXpeCted忍A  
errors between stations．To estimate theice thick－  
nesserror，differentsetsof風4valueswithintheerror  
describedwereinpl虎ineverytransverselir把tO7、aト  
Warli’sprogramandbyiteratiorlaIleⅥricethickness  
lVaSObtained．ThemaximumdifferencebetⅥreenthis  
newice thickness and the originalice thickness ob～  
tained for eachlir）e WaS COnSidered to be the error．  
Byaveragmgthiserroralongeachline，amaXimum  
icethicknesserrorexpressedin％wasobtained．For  
StatioilSl10tbelongirlgtOtrarlSVerSelinesalO％error  
VaS added，due to gravityねctorindetermination．  
Tbeseerr（〉rS（shoⅥrninTable4）representanestima－  
tion of the maximumice thickness errors to be ex〟  
pecteくま，  
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8．Conc仙dingremarks  

The gravity survey was found to glVe a那）Od  
preliminaryestimationoficethicknesse＄，SpeCiallyby  
using Talwarli’s（1959）method＿ Talwani，s two di廿  
mensiona王metねodwasappliedto7trarlSVerSeiiIleSOn  
SolerG王acier，NefGlacierandtbeicefield＿ Forsta～  
tionsnotbelonglngtOthesetransverselines，icethickM  
nesswasestimatedbyapplyingagravityfactortothe  
residua王anomalies．  

On S（）lerg】acier，tWOSubgiacialtroughswi班a  
maximumice払icknessof575±85mwere払undon  
threecrosssections alongthe glacierand areinter－   

7  1ヰ  21  28  

DISTANCE，km  
Fig．8．Transverseprofilesofdepthandgravityanomalyalong  
three】i‡1eSOn班eice京eid．＆4ispiottedwithcorltinuotlSl…nea11d  
7泊Ⅴ托hdottedi手口e，Botb朗a一三dア沌cl】rV鴇0Verlap，eXCeptOn  
tbeglaciermar裏ns．OnlineQonlyorlegraViもymeasl汀ement  
Wa＄madeon洩e王e托halfoftbeglacier（stationQ軋  

To estimateice thickr主eSSeS On tわe resとOf払e  
icefieldstations，払emeanGぎof15‡Ⅵgal／mwasused，  
asshowninTable3，eXCeptforfewstationsnearto  
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l）Tleted toぐOl▲rビSPOnd to dt・ain；lgビSeCtiいnS from thp  
t、…icesourccLSOftheglaeier．OIINefGtaciビradet・P  
Subglacialtt’Ough hこIVinganice th主cktlぐSSOfl州0 十  
：！5O m w；lS foutld．Onlheict†field，gぐneralbtLdrock  
PrOfi重e on a‡1eaSt－WeS七重ineⅥraSVery rOu宮h onとhe  
WeSt，SOmeti汀主eS eXtending be‡ow sea蔓eveまw重盗a  
rmlXi111um thickness（lflj即± 500nl．The bedrock  
ri父SSmOOthly totheeast，Wheretheicedivi（ヨesare  
located．uptoathrビSt101dele＼7；ltionoflごt；OIllし）VLlrtllビ  
SolerGまaciericeね1ま，W主払an主ce洩icknessof320士  
130m．As pointed…1t b〉▼Al巾▼こ1and NaI・し】Sビ（l財制．   

鮎sthreぬ0はeievationlargeiycontroisぬe吉cespi王ト  
ingtoou鮎tg】ac量ers．   

lrltllt：ruturt）．ilⅥr削11d bビヽrer〉▼interesting to  
eontinuビ mOre（ktailedil二e thkkness m（ナ；lSur亡・tlletltS  
OVer alarger area of軌eicefie主d．The grav喜好  
method proved＼・ビry adtゝquatC・forthビfieldcondili川1S  
OぞPatagorぬ，eVenぬougbiimitationsarerecognized  
Onitsaccuracy，SpeCiailyifpreciseeieva如ndataare  
11Ot；lVailabk．ThビⅠ；1rgtlビ＼tPnt t）f thei（：efiぐIdin  
nun；ltこ1k－freeこIrビaS Shいuldl）ermit the use of more  
PreCist：radioぐCho soundings．ビVen thouゞllmultil）Ie   
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L（Fig．2）．Posteriormenteserealiz6unaexpedici6n  
liviana alcampo de hielo，realizando observaciones  
gravimさtricasentresl知eastransversa！eselliazona  
de acumulaci6n：L富nea U enまos Giaciares Soler y  
Nef；yuneaSQyJenelGlaciarSanQuintin（Fig．3）．  
LauneaJform6partedeunatravesfaeste－OeStede  
30kmquecubri6hastaelborderocosodelalengua  
delGlaciarSanQuintfn（verMapa2anexo）．Adem孟s  
semidi6enotras23estacionesenelcampodehielo．  
TantoenelGlaciarNefcomoenelcampodehieloel  
estudio gravim6trico tiene tln Car畠cter preliminar，  
dadoquelascotassonaltimさtricas．  
Seobtuvolasanomal壬asdeBouguerapartirdela  

gravedadobservada，SOmetida alascorreccionesde  
airel呈bre，Bouguer，とopografia ylatittld．Las ano－  
mal壬asresidualesdebidassolamentealhieioseobtuq  
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lasanomal‡asdeBouguer（Tablasl，2y3）．Seaplic6  
elm6todobidimensionaldeTalwani（1959）alossiete  
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Resumen  

Espesor de hie10deducido a partir de anomalias  
gravim6tricas en10S Glaciares So［er y Nef y eL  
CamPOdehie10，Hie10Patag6nico Norte（HPN）  

Desde Octubre a Diciembre de 1985 se featizii 
medicionesgravim6tricasenelまreadeablaci6ndelos  
glaciaresSoleryNefyelcampodehielo，HPN．Enel  
GlaciarSolersemidi6entresl‡neastransversalesen  
lasecci6nalta，mediaybaja：L了neasI，GyTrespec－  
dvamenteye11nt把VeOtraSeStaCioned（Fig．1）．Aqui  
existen datos precisos por triangulaei6n de cotas y  
posicionesdeestaciones．EnelGlaciarNefsemidi6  
enunalineatransversalNyenunal壬nealongitudinal  


