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Abstract  
Groundiceformsanimportantcomponentofperenniallyfrozengroundwhereitssignificance  

relatestoboththeevolutionofnaturallandscapesandproblemsassociatedwithengineeringactiv－  
ities．Theinterpretationoftheoriginofgroundicebodies，theirphysicalcharacteristicsandtheir  
distributionisanessentialcomponentofnortherndevelopmentinCanada．InthewesternCanadian  
ArcticthegreatestemphasisingroundiceresearchhasfocuseduponiceWedgeandmassivesegregat－  
edice．Untilvery recently，buried surfaceice has beengivenlittle consideration．This paper  
documentstherangeinstratigraphicandpetrographicnatureoficebodiesformedbytheburialof  
snowbankslocatedinthe Klondike area ofnorth－CentralYukon and theYukonCoastalPlain．  

1．Lntroduction  

Groundiceisanimportantcomponentoffrozen  
groundandcontributesslgnificantlytotheevolution  
and modification of periglaciallandscapes（Harry，  
1988）．Itisalsoasignificantfactorinfluencingengiー  
neeringdesignandconstructioninareasunderlainby  
permafrost（French and Po11ard，1986）．The term  
ground たeis used to describe alltypes of frozen  
moistureoccurringbeneaththegroundsurface（Mack－  
ay，1972）．However，maSSive gYVund むe refers to  
bodies oficewith a gravimetric moisture content  
greater than250％（percent sample dry weight）．It  
displaysacomplexityofformswitheachtypedistinT  
guishedbyunlquemOrphologlC，StruCturalandpetro－  
graphiccharacteristics．  

A genetic groundice classification proposedby  
Mackay（1972），Which modifiedearlier Soviet classi－  
ficatons（e．g．ShumskiiandVtyurin，1966；Shumskii，  
1964），has gained widespread acceptancein North  
America．The absence of buried surfaceice（i．e．  
glacier，Sea，river，1ake，icingandsnowbankice）isthe  
majordifferencebetweenthisclassificationandsimi－  
1arSovietclassifications．Inarecentarticleconcern－  
edwiththefieldidentificationofgroundice，Mackay  
（1989）divides massive groundiceinto two general  
CategOries，including：（1）buriediceand，（2）insiiuice．  

1n situiceisfurther defined as either epigenetic or  
Syngenetic，dependingonwhethericeformationpost  
－dates oris synchronouswith sedimentation．Itin－  
CludesiceLWedgeice，intrusiveice，aggradationalice  
andarangeofsegregatediceforms．Buriediceisa  
generic category encompassing any form of surface 
iceoccurringinpermafrostthathasbeeneitherburied  
inplaceortransported，depositedaspartofadeposi－  
tionalsequenceandpreservedasthepermafrosttable  
aggradedupwardintothenewmaterials．Theburial  
Ofsurfaceiceisquitecommon，butitspreservationis  
SOmeWhatproblematic．  
Previously，buriedglacierice occurringinice  

－COredmoraines（Ostrem，1963）wasthe onlywidely  
acceptedexampleofburiediceintheNorthAmerican  
Arctic．Suggestionsofburiedsuperimposediceinthe  
Tuktoyaktuk area（Fujino et al．，1983）and buried  
glacierice on VictoriaIsland（Lorrain and Demeur，  
1985）havebeenmetwithcontroversy，althoughboth  
present strong supporting arguments．However，1n  
theSovietUnionburiedglaciericeiswidelyrecogniz－  
ed as a possible source of massive groundicein  
permafrost（e．g．AstakhovandIsayeva，1988）andis  
includedinearlySovietgroundiceclassifications（e．g．  
ShumskiiandVtyurin，1966）．  
Todate，mOStgrOundiceresearchinCanadahas  

been concernedwith the origin and distribution of   
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variousformsofepigeneticgroundice，aSrefiectedby  
Mackay’s（1972）groundiceclassifi（：ation．Thetenta－  
tiveidentificationofburiedglaciericeinpermafrost  
ina number ofrecent studies（ぐ．g．Po11ard．i11PreSSl  
alld the p慄料ble widespread occurrenee of buried  
snowbarlkiceくg．＆PollardandDallimore，1987）raises  
Seriousql妃Stionsconcerningtbesigpifica‡1CeOfbtlried  
surfaceicein groundice studies．This paper de－  
scribesthestratigraphicandpetrographiccharacter－  
istics of groundice formed by the burialof snowT  
banks．Examplesaretaken鉦omtbeKlondikePlat－  
eau near Dawson City and血reeiocatio‡1S On tbe  
YukonCoastaH）lain（F短．1）．Thesitesselectedin－  
亡Iudebothglaciate・dand11tlglaciatedlalldscapes．  

Theaimofthispaperistodescribetherangein  
stratigraphic and petrographic characteristics of  
groundicederivedfromtheburialandpreservationof  
snowbanksintheKlondike andYukonCoastalPlain  
areas，andtodemonstratehowpetrographicandcryo－  
stratigraphic analyses provide an effective tooi in 
reconstruction of paleogeomorphic processes. 

2．Studyarea  

Tb壬sstudyisconcemedwithma岱ivegroundice  
in紬OareaSi†1也eY11korlTerritory，Ca11ada；（l）偽e  
loⅥrerHunkerCreekareaofぬeKlondike‡）lateau，10  
kmeastofDawson′City，and（2）theYukonCoastal  
PlainatSabineI｝oint，KingPoiI戒andHerschel‡sland  
（Fi払1）．  
∬わ乃d勉戌柁α－ごg乃わ協g y据ゎ邦ご  

DawsonCity（64003′N；139025′1Ⅳ）iswithintbe  
ZOneOf＼＼・idespreaddisぐOntinuouspermafrost．h；Iaxi－  
nlum depth of pelrllafrostis approximatelr 6いIll  
（Judge，1973）．Tbemeanannualairtemperatureat  
Dawsonairportis鵬4．7OC．Theareaischaracterized  
by a subarctic continentalclimatewith very cold  
wintersandwarmSummerS，meandailyJanuaryand  
July temperatures are…28．6qC and＋15．50C respec・  
tively．Throughout the Quaternary，the Klondike  
PlateauremaitledunglaciatedaIldperTnafrostag許ad－  
ed to depths that are much gT・eater than considered  
possil）ielindercu汀entClimaticconditions（ぎrencband  
He如1bot短m，198乳 N一皿erolユSfaunalremainspre－  
SerVedwithinthepermafrostindicatethat thisarea  
WaSpartOfthesoutheasternBeringrefugium（NaldL  
rett，1錮l）．Although the KIorldike reTllaiIled Llnglil－  
CiatedduringQuaterTlar〉▼time．pre－Reidglacialactiv－  
ity in the Ogiivie Mountains provided materials for 
the KIondike gravt）ls；111d windbtown silt thatlatビr  
becameincorporatedintoicewrichmuckdepositscov－  
erlngVa11eysidesandfloors．Groundicei＄aCOm－  
monconstituentoffrozenmuckdeposits，thisisevi－  
dentinplacermineoperationslikethet－MayesClaim”  
OnthelowerpartofHunkerCreek（Fig．コ）．  
†■rJ如〃C（）／J5山／Jヤ（JJJ7－机）〃J打〃Jl1†如JJ．・  
Th〔ゝYukonCoastalPlain formsanaTrOWbandof  

dissectedandbillytundrabetween払eBeau払沈Sea  
andtheBarn／BritishMountains．Itislocasedwithin  
thezoneofcontinuouspermafrostwhichisatleast300  
mdeep（Rampton，1979）．Themeananuualairtem・  
peratureisapproximately M11．00C，Whilemeandaily  
JanuaryandJulytemperarturesare－29．OOCand十7，  
20Crespectively．Mostofthecoastalplai†leaStOfthe  
Firth River wasgla亡iated b）・the Mackenziel（1be of  
the Laurentideice sheビt aSit†11OVed west from the  
Mackenzまe Valley d11ring theモミuckland Gla（：i離ion  
（earlyWisconsin）．HerschelIslandisinterpreted as  
anice－tbrustmoraine formed asthe Mackenzie王obe  
impinged on tbe Yukon coast．W■est of the F汀tb  
RiverthecoastalplainremaiIlビdunglat：iこIt亡Ld．During   

Fig，1．MapofthecentralandnorthernportionsoftheYtlkon   
Territoryshowingthelocationofthestudysites；（1）Mayes   
Claim，（2）Sabine Point，（3）King point aIld（4）Herscbei  
tsland．  
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Fig．2．Photos showing the position and nature of massive   
groundiceattheMayesClaimintheKlondikearea・  

deglaciationamajorstillstandorreadvance，termed  
the Sabine Phase，COnStruCted a moraine－OutWaSh  
complex parallelto the coast．Bodies of massive  
groundiceandlargeicewedgesarecommoninfine  
－grainedmoraine sediments correspondingwith the  
Buckland and Sabinelimits．Massive groundice  
outcropsinseverallocationsalongtheYukonshore－  
1ine，including：SabinePoint，KingPoint，KayPoint，  
StokesPointandHerschelIsland（Fig．3）．   

3．Cryostratigraphy  

One approach to the study ofgroundiceis the  
analysisofcryostratigraphic and petrographic char－  
acteristics（e．g．Fujino，1988；Gell，1978；Kinosita，  
1978；PollardandDallimore，1988；Pollard，inpress）．  
Thisapproachassumesthatthepatternofpermafrost   

Fig．3．Photosofgroundicesectionsat（a）SabinePoint，（b）  
KingPointand（c）HerschelIslandontheYukonCoast・  

andgroundiceaggradationisrelatedto：（1）therange  
inglacialandpost－glacialgeomorphicprocessesand  
depositionalenvironments，（2）itsthermalhistory，and  
（3）the source and mechanisms of water movement  
duringiceformation（FrenchandPollard，1986）．The  
combinationofpetrographicanalyseswithcryostrati－  
graphicobservationscanprovidethebasisfordeduc－  
tionsaboutthenatureandor・iginofgroundicebodies  
（e．g．FrenchandPollard，1986；Harryetal．，1988）・   



BulletinofGlacier Research  J  

tactsareabruptandirre詳1iar，andinplacesblocksor  
stringersofsedimentandpeatareincorporatedinto  
theupperpartoftheice．Largegasinclusionstrun－  
catedbytheuppercontactaresedimentfi11ed．Sedi－  
mentcontentintheiceaverageslessthanl％；how－  
ever，COnCentrationsasIlighas7％occllrirltbeupper  
18－15cm oftbeice body．TbeloⅥFer COntaCtS are  
alsoabruptandunconformablebutaregenerallymore  
regularinnature．Sedimentinclusioncontentislow－  
estnearthelowercontact．Thesnowbankiceunitis  
underlainbyO．4．2．Omofmudflowdepositswhichare  
sometim鴇underlain by thick massive groundice．  
Radiocarbondatesforpeata11ddetritalvoodbeneath  
the snowbankice at King Point datelOOM120years  
BP．Thisevidencesuggeststhatactivethermokarst  
of massive segregatedice approximatelylOO years  
ago was responsible for the burial of a series of 
snowbankssituatedeitherat払ebaseoftぬebeadwa1l  
oronthefloorofretrogressivethaws‡tlmpS．They  
wereburiedbyasufficientvolumeOfpeatandsedi－  
mentthatpermafrostaggradedupwardintothenew  
deposit thus preservlngit．The absence of distinct  
layering or sediment bands suggest that these are  
probabl）・110t perennialsnowballks btlt a Single seaL  
sonsaccumulation．  

4．Snowbankice characteristics  

Massive groundice formed by也e bl汀ialand  
re育既Zingofsnovbanksとendtoappearasi汀e卯1arly  
Shaped，horizontal1y¶foliated bodies orlayers of  
OpaqueWhiteorpale－brownice（Fig．4）．Thelayered  
appearanceistheresultofalternatingbandsofbubble  
イich and clearice，aS Wellasthe presence ofthin  
SediTllビntlayers．TlleLice fromlhltlker Creek cし｝ll－  
tainsafinesuspensionofrandomlydistributedorgan－  
icandsiltparticles．SnowbankicefromKayPoint  
contains fragments of arcticwi1low and smallamL  
OuntSOfpollen．Theinternallayeringisparallelto  
thelowercontact．Theshapeandextentoftheice  
massseemstoberelatedtotiletOpO≦汀apbicsetting  
controllingtheoriginalsnowbank accurnulationand  
the subsequent burialprocess．The unconformable  
natureofupperandlowercontactsreflectazone of  
meltingandrefreezlng．Thelowercontactsobserved  
in both the Klondike and Yukon CoastalPlain dip  
upvardhtotheiceねceatangiesfrom70tollOa王1d  
arebelievedtorefiectthesidevalleyslopeortheslope  
Ofthethawslumpfloor．   

〟／（り〃7砧－′JJl、（J．・  
NearHunkerCreek，buriedsnowbankiceoccurs  

approximately10－15m below the ground surface  
（FrenchandPollard，1986）．Verticalsectionsproduc－  
edbyhydraulic placer mining oflow－1evelterraces  
かequently exposeice－rich m11Ck and fllユ扇algravel  
紀quenCeS OVeriying veathered bedrock，Åt tbe  
MayesClaim（Fig．2A），a30msectionconsistsofa  
basalbedrockunitoverlainby2M3mofcoarsefluvial  
sandandgraveland4－5m oficy silt anddirtyice．  
Thisunitisoverlainby2－3mofbrowntomi1kywhite  
massiveice（Fig．2B）wbicbisiれte叩retedasl）uried  
snowbankice．Theicy silt and dirtyice grades  
upwardintothemassiveiceunit．Theremainderof  
theexposureconsistsofmuckdepositslOr15mthick  
and a surface unit ofinterbedded sand，graVeland  
peat．Icewedgesoccurinan11ppermuCkunit．   
In洩issection，b11riedsnovbaIlkicerepresentsa  

thickperennialsnowbankthatoccurredatthebaseof  
steepvalleyslopesandwassubsesquentlyburiedby  
slumpingmuckdepisits．Alongperiod ofcolluvial  
activitycoveredtheicewithseveralmetresofmuck  
containinglarge blocksofpeat andfaunalremains  
tbatdategreatertわan40，008yearsBP，Duringblユrial  
climaticconditionsweresufficientlycoldtoallowthe  
development ofice wedges．Theice wedges are  
high1y deformed and elongated，pOSSibly reflecting  
creep based deformation or syngenetic growth．  
Their burialunder severalmetres of muck clearly  
indicatestbeirreiictnature．  

i匂血）乃CoαSねJ飽言ゎご  
TheburiedsnowbankicebodiesatSabinePoint，  

KingPointandHerschelIsland（showninFig・3A，3B  
and3Crespectively）occurwi払instabilizedretrogres－  
sivethawsitmp＄buriedbeneathmlユdflowjdiamicton  
depositsuptol．5m thick．The King Point siteis  
describedin Po11ard and Dallimore（1988）．In each  
case，it occurs as alayer ofopaque whitish to pale  
－browniceト2mthi（：kexposedintheheadwa1lofa  
polycyclic retrogressive thaw sltlmp．Theice tlnit  
usual1yoccurshighinthestratigraphicsectionandis  
alwaysassociatedwithdiamictonormudflowdepos－  
its．Theiceisunconformablyoverlainbyl－1．5mof  
finegraineddiamictonandpeat．Theoverlyingsedト  
mentsbaveicecontentsrangingbetween37aIld129％  
onadryⅥ㌢eightbasis．Tbehigbesticecontentsarein  
sedimentsimmediately overlying theice body and  
occurasthindiscontinuousicelensesorientedroughly  
paralleltotheice－Sedimentcontact．Theupper（：OnA  
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Fig．5．Thinsectionsofburiedsnowbankicefromthe（a）the   
MayesClaim，KlondikeDistrict and（b）HerschelIsland，  
YukonCoastalPlain．  

SabinePointiscomposedofsmallcrystalsaveraging  
l－3 mmlongwith maximumlengths of3－5 mm．  
Crystals are slightly elongated（L：W ratios range  
betweenl．2 andl．8）in a verticalto subVertical  
direction．Thisreflectstheinfluenceofheatflowand  
percolation ofwaterduringrecrystal1ization．Crys－  
talshapes are predominantly euhedralto subhedral  
with short straight boundaries．Crystalsizeis con－  
Stantthroughtheiceunitwithlittlechangeateither  
COntaCtOratSedimentbands（i．e．nochillzonecharac－  
teristic of massive segregated orintrusiveice）．A  
thinlayerofsuperimposediceoccursinseveralplaces  
at the upper contact．Gas and sedimentinclusions  
are predominantlyintercrystalline（＞82％）．Gasin－  
Clusionsrangefromsmallsphericalandflatbubbles  
（＜1mmindiameter）tothin，VerticallyOrientedtubu－  
1arandirregularlyAShapedbubblesupto25mmlong．  
Thelongaxes ofthese bubbles are aligned rough1y  
normaltosedimentlayerlng．   

ノh∵／iJわ／ゾ（、∫  
Fabricdiagramsofc－aXisorientationsarebased   

Fig．4．Orientedblocksamplesfrom（a）theMayesClaimand   
（b）KingPoint．  

5．Petrography   

T再・／J′Jl、  
The stratigraphic position of theice，tOgether  

withtheageoftheenclosingsediments，indicatethat  
the buried snowbandice along the Yukon coastis  
considerably younger than snowbank ice from the 
Hunker Creekin the Dawson City area．Klondike  
snowbankiceis composed of vertically－elongated  
crystals（L：Wratiosofl．5to3．0）averaging25mm  
long oriented rough1y perpendicular to the steeply  
dippinginternallayering．Crystalsizeandshapeare  
COnStantthroughtheiceunit．Gasinclusionsform2  
distinctpatterns：（1）smallsphericalbubbles（＜10mm  
indiameter）dispersedrandomlythroughtheicebody  
with slightly higher concentrations near sediment  
bands，and（2）long（upto15mm），VerticallyOriented  
tubular bubbles that cut across the steeply dipping  
sediment bands．Sedimentinclusions occur as thin  
discontinuousbandsoffinesilt－Sizedorganicmaterial  
andasafinesuspensionofsiltthroughtheentireunit．  

Bycomparison，SnOWbankiceat KingPoint and  
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OnSta11darduni＼でrSalstagetechlliquesandanal）TSisof  
Verticalthinsections．FabricpatternsforKlondike  
SnOWbankieedisplayヽ・erticaltosteeplydippingpoint  
maximaandasecondarymaximllmねmlngaloose  
girdleinelined封ト3（1さtothehorizontal（Fig．6AaTldB）．  

ForieefromtheYukoncoastIheprimaryfabric  
ischaracterizedbyarandompatternofcNaXeS（Fig．  
6F）w氾IWeak secondary maxima（6－7％）or主ented  
normaltotheinternal1ayering（Fig．6C，D，andE）． 

Tbesetexturesandねbri（：Sarebelievedtoprlmar－  
ilyreflectthecrystallinecharacteristicsoftheorigi・  
nalsIlOWbank．The horizontalla〉Tering．suspended  
Sediment，OCCaSiorlalleafortwigfragmentandcon－  

tactcbaracteristicsiilustratetIledepositiorまaまnature  
ofthe snowbank and the accumulationofwindblown  
detritus．Theverticこ11】〉TLOrientedbubblesa11dseL：On・  
daryc－aXismaximasuggestposトdepositionaimodifト  
catiorl，匹ObablydtletOCOmpaCtionandrecrysta11iza－  
tion．  

6．Discussion  

The buried ＄nOWbankice documentedin this  
Studyoccursasirr曙ularlyshapedbodiesofhorizon山  
tally鵬1ayered white to pale－brown bubble鵬richice．  
The upper a涙＝ower contacts of theice body are  
abrupt and uncon払rmable．Thelower contact re－  
flectstheslopeuponwhichthesnowbankswerede・  
posited．IntわeHunkerCreekareat壬Ieyformednear  
thebaseofvalleysides．AtKingandSabinePoints  
血esliOWbanksweredepositedat払ebaseofretreaト  
ing headwallsin retrogressive thaw slumps．The  
uppercontactre幻ectstbebliriaまprocessa王1daperiod  
ofmelting．Theiceiscomposed ofmediumto fine  
－gra主nedeqlユigranularslぬbedraitoel血edraicry或als．  
However，01deranddeepericebodiesintheKlondike  
tend to containlarger a王感vertica壬1y elo‡1gatedice  
crystals．TheyalsodisplaystressinducedstruCtureS  
inc王udingcurvedcrystalboundaries，botlndarydislo－  
cations and vertically¶Oriented tubular bubbles．  
Yourlgerice b℃ldies are fi‡1e酢aiTledⅥritb di或inct  
banding．Crystalc¶aXisorientationsrangefromran－  
dom or weak verticaiiy…Oriented girdlesirlyOung  
snowbankice to stronger verticalto submvertical  
maxima for older bodies．Thelatter also develop  
SeCOndarymaximaprobablyassociatedwiththermal  
or stress histories．Buried snowbanksmay provide  
usefulpaleoenvironmentalinformation andif wide4  
spread，mayberecognizedascryostratigraph呈cmarkY  
erS．  

Based on fie王d studiesiilCe‡1traland northern  
Yukon，tbefolloⅥrlngCOnClllSionscanbemade．   
（1）Snowbanki（：eisadistinctandcommoncomv  

po11e鵬Ofice¶rich permafrostまn areas wbereeitber  
thermokarstormasswastingprocesseshaverapidly  
buriedseasonalorperennialsnovbarlksbyaまayerof  
sedimentequalto，Orgreaterthan，thedepthofsea・  
s川Ialtlla＼＼▼．   

（2）Thepetrographictextureandfabricofsnow・  
bankicec重earlyre蔦鑑もSthecrysねIline王1atureOf血e  
Orlglnalsnowbank．The degree of metamorphism  
andrecrystaiiizatiorlisafunctionofdeptbandtimeof  
buriai．   

Fig．6．Fabric diagrams based on analysis of verticalthin  
SeCtionsoficefrom（〉rientedblock＄amp】esobもained育0汀1   
theMayesClaim，KlondikeDistrict（AandB），KingPoint   
（C），SabinePoint（D），andHer∝bel王＄1and（E鼠pdF〉onthe   
Yukoncoast∴鋸ondikeicesamplesgenerallydisplayweak  
pointmaximawhilesamplesfromtheYukoncoastdisplay   
disper璧da王1drandompatter‡lSW独訳COlldarypo如tmaxi－  
ma．（Fabricdiagramsarefromverticalthinsectionsand   
arep如tedaslower壬1emispberepr（〉jecとiorlSOnaScbmjdt   
eqlユalarea r把t Wi血2，5andlO％C（）ntOtユrS，fp－foliation  
plain．l  
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（3）The petrographic and stratigraphic study of  
buriedsnowbanks，tOgetherwithanalysisoficechem－  
istry，enVironmentalisotopesandincludedmaterials  
（pol‡elland macrofossil）may provide a usefuiap－  
proachtoreconstruc如nofpastpermafrostenviron－  
ments．   

（4）Buriedsuだaceiceshotildbeincludedina叩  
SubsequentNorthAmericangroundiceclassification・   
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