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Abstract  

Thc foliation patternisdescribed；llong a transver・StlprOfilビOn the ablation arビa Of Tynda11  
Glacier，theSouthernPatagoniaIce蔦eld．Onetothreesetsoffoliationplanesareobservedateach  
Site ontheicesurface．Foliation consists ofalternatinglayers ofrelatively bubbleイreeice and  
bubblyice・Foliationisgenerallyfoldedandsometimesfaulted，Whichindicatesacomplexstrain  
regime・AtthemedialmorainethefoliationisstrorlgeSt andonlyone setoffoliation planesis  
Observed・ThisfoliationatthemedialmorainビisparallビItoglこICjer n州；lndist：learlysビゼIlfronl  
aerialphotographs，SuggeSting a similar origin to封ow stripesobserved on sateiliteimagery of  
Antarcticglaciers．  

1．Introdu亡tion  

FoiiatiomisdefiTledbyPaterson（1981，p．218）as  
’’aplanarorlayeredstrut：tllrethatdevel叩Sinゞ1acier  
icedl汀ing蔦ow”，‡tist‡lereforea secondarystruc－  
tt．redeveloptdb〉Tdef（1rmation ofprcLCXistingstruc－  
turessu（：hassedimentarylayers，CreVaSSeS，icelenses  
anddebrisbands．1tisn（一mlall〉・foundilltheabl；ltion  
areaofbo汰もemperatea涌coldglaciers．  

Foliationlayersdifferinicetexture．Ållenggα乙  
（1960）foundforatemperateglacierthatthetextures  
WereCOarSe叫bubbly，COarSe・ⅥClear（blueice），andfine－  
bubbly（whiteice）．Thecolorcontrastofthefoliation  
layers makes them cleariy seen on tbeice surねce，  
SOmetimes even from aerialphotographs．l†1the  
lowerablationarea ofaglacierthefoliationplanes  
areusuallyarcNShapedwithaconvexcurvaturedown－  
Stream，knownasttnestedspoons”．  

Foliatio‡lisdeterminedbytbec11mtllativestrain  
thattheicehasexperiencedratherthancontemporary  
Strainrate oftheice．Milnes and Hambrey（1976）  
foundagoodcorrelationbetweenthefoliationpattern  
OnaSwissglacierwithtotalstrainestimatedsemi－  
gTaphieall）▼fronlthe veloc恒▼field．Hudleston alld  
Hooke（198（〉）usedanumericalmodeloficeflowand  
Wereabletoexplainmanycharacteristicsofthefolia－  
tiorlpatternOnaglacier．   

2・Measurementandf01iation pattern  

Thestrikeanddipof払重iation‡ayersweremea－  
SuredwitbacompassatstationsTltoTlla王0王Igthe  
transverse profile ofTyndailGlacier（Fig．1）．Dis－  
tances，elevationsandvelocitiesoftbesestationswere  
SurveyedbyKadotaetal．（1992）．Aprofileoftheice  
thicknessis洩ownin a separate report（Casassa，  
1992），   
In generalthree sets of foliation planes were  

Observedateachsite，aSWellasonesetofcrevasses．  
Foliationplanesweresometimesfoldedandfaulted．  
The two most prominent foliation planes and the  
CreVa＄eSWereplottedinぎig．1，aSWellasicevelocY  
ities．Fromvi＄ualinspection，thetexもureoftheice  
WaSfoundtoconsistofinterleavedlayersofblueand  
WhiteiceasdescribedbyA11eneial．（1960）．Closeto  
theglaciermarglnand al＄OatStationT8coarseice  
With few bubblビS WaS found to beintビrleaved with  
fine－bubblyice．  

Foliation wasweak atthe margln and became  
StrOngertOWard thecenter oftheglacier．Thepri－  
mlary（乙g．mostpromi11erlt）foliationfo1lowedclosely  
theger妃ral恥wdirectionoftbeglacierandbadan  
up－glacierdip．  
At tbe medialmoraine the secorldary foliation  

disappeared．Here the prlmary foliation was very   
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Fig、i，Schematic diagram of foliation and crevasses on TyndallGiacier．The   
Wigglylin6repre紀nt folde（】f（〉王iatio王t pianes．Tbe numbersi11dicate dipi11  
degrees．Vertica重dipisindicaとedbyacro肇atTlO，Tbea汀OWSindicateice   
Velocity，Wbicbwas†ⅥeaSuredbyKadota g≠£ま（1992）なomstationsTlt（〉T6．   
BeyondstationT6也evelocityv∝tOrSCO汀eSpOndtothosemeasuredin1985by  
Naruseeial．（1987）．Ve！ocityincreasesfromaboutOlm／datTltol，9m／dat  
Tll．Thelengthofthevector＄isnotproportionaltothevelocitymagnitude．  

Strainontheglacier．Thecomplexityofthecumula・  
tivestrainisalsosuggestedbythefoldingandfaulting  
Ofmanyofthefoliationplanes．Theabsenceofthe  
arc一三血apedfoliatior10nthispartofTyndallGla（：ier  
migbtbeduetoabsenceoftran野erSeCreVaSSlrlglれ  
the upstt’eal11ZOne．11ambreLr Ll！LZ［．（1980）believe  
that the arc－Shaped foliation on alpine giaciers de－  
Velopsascrevassetraces．  

Thepatternoftheprlmaryfoliationagreeswith  
thepatternmappedbyNaruSeetal．（1987）fromaerial  
photographs．However，NaruSeetal．couldnotmap  
any foliationfrom stations T2to T8because ofthe  
limitedresolution oftheaerialphotographs．Merg－  
ingboththegroundandaerialphotographdatasets  
providesthebestrepresentationoftheglacierstruc傭  
tl王re．  

Thepromi11eIltSinglefoliationfou11datthemedト  
almoraine suggestsa simiiar originto員ow或ripes   

prominent and continuous．The dip at the medial  
morainewasverticalandthewidthrangedfromO．1m  
to3m．SecondaryfoliationappearedagalnateaCh  
sideofthemedialmoraine．  
Creva∬eSbadavidthofO．2tolmandwerequite  

re卯1ariyspacedfromTltoT8．Nocreva∬eSWere  
払undattbecenteroftheglacier，WhicbisexpectediIl  
theablationareaofaglacier．However，thecrevasse  
patternfromTltoT8becomesperpendiculartoward  
thecenteroftheglacier，Whichsuggestsshearstress  
andextendingflow．Thispattern，Whichistypicalof  
theaccumulationareaofaglaciersuggestsalongitu－  
dinallyconvexbedinthispartofTyndallGlacier．   

3．Discussion  

Tbeoccu汀enCe Oftbreesetsoffoliationplanes  
S11ggeStSdifferent origi11S and a compiex pattern of  



77  Casassa  

Reterences  

l．A11en，C胤，Kamb，W・B．，Meier，M．F．and Sharp，RP．   
（1960）：StructureofthelowerBlueGlacier，Washington．   
JournalofGeology，68，601－625．  

2．Anderton，P・Wl（1973）：Structuralglaciologyofaglacier   
COnfluence，Kaskawu】shGlacier，YukonTerritory，Canada．  
Report No．26，InstituteofPolar Studies，TheOhio State  
University．  

3．Casas＄a，G・（1992）：Radio－∝hosoundingofTyndallGlacier，  
SOlユthαnPatago11h．Bu王】etinofGlacierResearch，10，69－  
74．  

4．Ca鑓SSa，G▲，Jezek，K．C．，Tl汀れer，J．andⅥもillans，Ⅰ．M．   
（1991）：Relict幻owstripes（〉ntlleRossIceSbelf．Annalsof  
Glaciology，1S，131－13乱  

5．Crabtree，RD．and Doake，C．S．M．（1980）：Flowline＄On  
Antarcticiceshelves．PolarRecord，20，124，31M37．  

6．Hambrey，M．J．，Milnes，A．G．and Siegenthaler，H．（1980）：  
Dynamics and structure of Griesgletscher，Switzerland．   
JournalofGlaciology，25，92，215－228．  

7．Hudleston，P．J．and Hooke，RL．（1980）：Cumulativedefor－  
mationin the BamesIce Cap andimplicatiorlS for the   
developmentoffoliation．Teetonophysics，66，127M146，  

8．Kadota，T．，Narlj蛍，R．，Skvarca，P．andAniya，M．（1992）：   
王ce flow and sl】rfaceloⅥFerirlg Of TyndallGlac主er，Pata一  
宮onia．Bu】ieti！10fGlacierRe詑arCb，10，63仙68，  

9．Miin鴇，Åぶ．andHambrey，M．J．（1野6）：Ametbodofe或i－  
mati王1g aPprOXi汀Iate Cumlllative strainsin glacierice．  
Tectonopbysics，34，T23－T27．  

1（〉．Naruse，R．，Pe触，HリAniya，M．andInoue，J．（1987）：Flow  
and surface structure of TyndallGlacier，the Southern   
Patagonialcefield．Bulletin ofGlacier Research，4，133－  
140，  

11．Paterson，W．S．B．（1981）：ThePhysicsofGlaciers，2nded．  
PergamonPress，380p．   

thatappearonsate11iteimageryofÅntarcticglaciers  
（Crabtree and Doake，1980；Casassa et al．，1991）．  
Flow stripes extend for severalhundreds of kilo－  
metersinAntarcticaandgenera11ycoincidewithflow  
lines．ThelongitudinalfoliationplarleS Onthe con－  
fluenceareaofval1eyglaciersarebelievedtooccurby  
transversecompre＄ion（Anderton，1973）．  

AtstationT9，WhichisIocatedclosetothemedial  
moraine，tbe primary foliation directionis roughly  
parallfLltotheiee＼で1oeit〉・（Fig．1l．Atstation Tll．  
also closeto tbe medialmoraine，tbeice velocityis  
nearly parallelto tbe foliation．Theice velocity  
intersectstheprimaryfoliationathighanglesat au  
Other stationsin this two－dimensionaldiagram．At  
Station T7the secondary foliationis paralleltoice  
Velocity，butthisisregardedasfortuitous．Thecon－  
Clusionisthatfoliationparalle）sicevelocity around  
themedialmoraine．  
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