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View south of beaded drainage, indicative of ice-rich permafrost, in Anaktuvuk River
drift, south-central Sagavanirktok B-4 Quadrangle  (photograph taken 7/03/2008 by
T.D. Hubbard)

View southeast across Sagavanirktok River, showing active retrogressive thaw slump on
eastern bank, west-central Sagavanirktok B-3 Quadrangle (photograph taken
6/20/2008 by T.D. Hubbard).
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G LACIAL DEP O S IT S
Itkillik Glaciation

DRIFT O FIT KILLIKP HAS EIIG LACIAT IO N (25–11ka,Hamilton,2003)— P oorly-sorted,nonstratified boulder-and pebble-cobble
g ravel w ith a matrixofsiltand sand;deposited by ice ofyoung erItkillik advance and locally rew orked by meltw aterand
mass-movementprocesses;depositscontain abundantrounded tosubang ularclaststh atmay be striated and polyh edral;
locallyincludesmoderately-w ell-sorted sand and g ravel;surfacesslig h tlyw eath ered w ith oxidationtodepth sof0.3m;sh arp,
multicrested moraine ridg esh ave steepflanking slopesth atare g enerally devoid ofloessand solifluctioncover(W alkerand
oth ers,2009;Hamilton,1978,1994,2003);erratic bouldersare more varied lith olog ically th an on oldersurfacesand may
protrude upto80cm (32in)(Hamilton,1994,2003);surface morph olog yisreflective ofice stag nation,w ith knob-and-kettle
topog raph ymoreprominentth anonItkillikIdrift(Qg di1);deep,steep-sided kettle lakesare commonlyisolated from streams
and h ave ang ulartosubang ularmorph olog y and islandsorpeninsulas(Hamilton,1994,2003;W alkerand oth ers,2009);
depositsmayform first-g enerationice-w edg e polyg ons(Hamilton,1978,2003);veg etation g enerallyconsistsofdiscontinuous
coverofDryas h eath ,blueberries,lich ens,and Labradortea w ith dw arfbirch and dw arfw illow presentinth e deepestsw ales
(Hamilton,2003;P inney,2000);streams are typically small and poorly integ rated,forming arcsaround moraine marg ins
(Hamilton,1978,1986);surfacesare g enerallymore irreg ular,steeper,stonier,and lessveg etated th anItkillik Idrift(Ham-
ilton,1994)
DRIFT O FIT KILLIKP HAS EIG LACIAT IO N (>53ka,Hamilton,2003)— P oorly-sorted,nonstratified boulder-and pebble-cobble
g ravelw ith a matrixofsiltand sand,deposited by g lacialice ofolderItkillik advance;surfacesoxidized todepth sof1.2m and
ch aracterized byslig h tlyflattened,concentricmoraine crestsapproximately 5–10m w ide w ith flanking slopesofapproximately
20–25deg rees(Hamilton,1978,1994,2003);low ermorainalslopesaremodified byg elifluctionbutg enerallylack th ick accum-
ulationsofice-rich silttypicalofolderdeposits(Hamilton,2003);erratic bouldersprotrude upto50cm above a siltcoveras
th ick as100cm,and are more w idespread,lith olog ically diverse,and lessw eath ered th an inolderdriftdeposits(Hamilton,
1994,2003);veg etation,including Dryas h eath ,blueberries,lich en,and Labradortea,isinterspersed w ith areasofbare g ravel
and islesscontinuousand more variable th anonolderdriftsurfaces;frostboils,asw ellassecondaryand tertiaryice-w edg e
polyg ons,are common(Hamilton,2003);primary g lacialmorph olog yofdepositsisw ellpreserved;kettle lakestypically h ave
g rassyflanksand marsh ysh oresand are more rounded th anonItkillik II(Qg di2)driftasa resultofpartialinfilling bymass-
movementprocessesonsurrounding side slopes;smallstreamscommonlyconnectlakes,reflecting th e beg inning sofdrainag e
integ rationfollow ing deg laciation(W alkerand oth ers,2009;Hamilton,1994,2003);depositsmaybeinsetbyoutw ash terraces
ofItkillik II (Qg fi2)ag e(Hamilton,1978)

Sagavanirktok River Glaciation
DRIFT O FS AG AV AN IRKT O KRIV ERG LACIAT IO N ,U N DIFFEREN T IAT ED(780–125ka,Middle P leistocene;Hamilton,1994,2003)—
P oorly-sorted,nonstratified boulder-and pebble-cobble g ravelw ith a matrixofsiltand sand,containing abundantrounded to
subang ularclaststh atmaybe striated and polyh edral;locallyincludesmoderately-w ell-sorted sand and g ravel;includesdrift
young erth anAnaktuvukRiverdrift(Qg da)butolderth anItkillik drift(Qg di)th atcannotberelated toa specificS ag avanirktok
advance;veg etationistypicallytussock tundra (Hamilton,2003)
DRIFT O FS AG AV AN IRKT O KRIV ERG LACIAT IO N ,LAT EADV AN CE(Middle P leistocene;Hamilton,1994)— P oorly-sorted,nonstrati-
fied boulder-and pebble-cobble g ravelw ith a matrixofsiltand sand,containing abundantrounded tosubang ularclaststh at
maybe striated and polyh edral;locallyincludesmoderately-w ell-sorted sand and g ravel
P rimary g lacial morph olog y isw idelyrecog nizable w ith h ummockytopog raph y locally preserved;moraine crestsare locally
devoid ofloessand g enerally lessmodified bysolifluctionth anolderS ag avanirktok deposits(Qg ds1)(Hamilton,1978,2003);
kettle lakesaremorecommonth anonolderdriftsurfaces;stream ch annelsth roug h ice-rich sediments(silts)h ave beaded drain-
ag e patterns;sandstone cobblesand bouldersofKanayutFormationmayprotrude asmuch as1m above th e surface(Hamilton,
1978,2003;Kreig and Reg er,1982)

EXPLANATION
T h ismapsh ow sth e distributionofunconsolidated depositsand undifferentiated bedrock exposed atth e surface inth e S ag a-
vanirktokA-3, A-4,B-3,B-4,and portionsofth e S ag avanirktokA-5and B-5quadrang les.U nitsw ere mapped byinterpretation
ofstereopairsof~1:65,000-scale false-colorinfrared aerialph otog raph stakeninJune and Aug ust1978,asw ellas2.5-m-and
10-m-resolution S P O T imag erycollected in2009and 2010.Fieldw ork w ascompleted in2008.
Mapunitsare identified byth e symbolsdescribed below.T h ose symbolssh ow n in parenth eses,such as(Qcf),indicate com-
bined mapunitsconsisting ofbedrock overlain byth inordiscontinuousdepositsofth e mapunit.Mapunitsw ith a question
mark,such as (Qus?),indicate anuncertainidentification.

DESCRIPTION OF SURFICIAL-GEOLOGIC MAP UNITS
Unconsolidated Deposits
ALLU V IAL DEP O S IT S

U N DIFFEREN T IAT EDALLU V IU M— G enerallyw ell-sorted tolocallypoorly-sorted,rounded tosubang ularpolymictic g ravelsw ith
fine silttocoarse sand comprising ch anneland overbank depositsofg enerallysmallorunderfitstreamsw h ere th e frequency
and timing ofdepositionisuncertain;permafrostg enerallyabsent
ACT IV E-FLO O DP LAIN ALLU V IU M— G enerallyw ell-sorted tolocallypoorly-sorted,w ell-stratified silttocoarse sand and rounded
tosubang ularpolymictic g ravel comprising active stream ch annels,stream banks,point-bardeposits,and low floodplains
frequentlyinundated bystreams;floodplain depositsare more extensive in areasofseasonalstream icing sw h ere riversare
braided,inpartbecauseth e th ick stream icing scause stream flow during breakuptobe diverted ontoadjacentfloodplainand
terrace surfaces(Hardenand oth ers,1977);surfaceslack loessorice-rich siltand areunveg etated orh ave sparse,opensh rub
veg etation;permafrostisabsent;mapped distributionofdepositsreflectsextentatth e time airph otosand satellite imag ery
w ere collected and may ch ang e sig nificantly asth e active stream ch annel evolvesand th e extentand nature ofstream icing
ch ang es
ABAN DO N ED-FLO O DP LAIN ALLU V IU M— P oorly-sorted tow ell-sorted silttocoarse sand and rounded tosubang ularpolymictic
g ravel;surfacesare formeractive floodplainssubjecttoinundationonlyduring rare,h ig h -mag nitude floods;mayinclude mul-
tiple surfacesatdifferentlevels;surfacestypically h ave a th inorg anicmatand loesscoverw ith numerousabandoned stream
ch annels(Kreig and Reg er,1982)th atare often atleastpartiallyinfilled and commonly h ave numerousdisconnected linear
orarcuate lakes,especiallyinth e T oolikRivervalley;lakesonoldersurfacestend tocoalesce and h ave a more irreg ularmorph -
olog y asa resultofth ermoerosionalprocesses;permafrostfeaturesare g enerally absent,exceptonoldersurfacesw h ere ice-
rich siltand th aw pondsmaybepresent;colluvium (QT c)and g elifluctiondeposits(QT cs)maybepresentalong marg insofaban-
doned-floodplain deposits,especially w h ere surfacesabutsteeperslopes;differentiated from inactive floodplains(Qai)based
onth e presence ofnumerousinfilled formerstream ch annelsw ith disconnected lakes,and a more dense veg etative coverof
w illow sand alders
ALLU V IAL-FAN DEP O S IT S —Fan-sh aped depositsofunsorted tow ell-sorted g ravel,sand,and siltw ith numerouscobblesand
boulders;clastsare locally derived from streamsfeeding th e fan;typically formed atth e mouth sofsmall valleysand g ullies
atth e basesofslopesw h ere streamsdepositmaterialdue todecreased stream g radient;maybe mixed w ith debris-flow (Qcd)
and g elifluctiondeposits (QT cs),particularlyinfanapex zones
IN ACT IV E-FLO O DP LAIN ALLU V IU M— P oorly-sorted tow ell-sorted sand and rounded tosubang ularpolymictic g ravel deposited
byperiodicstream flooding ;mayinclude surfacesatmore th anone level;includesalluvial depositsin areasofstream icing s
th atarenotpartofth e active floodplain;abandoned ch annelsarenumerousand g enerallyconnected,w ith few lakes;surfaces
lack siltcover,permafrostfeaturesare absent,and th e org anic matisth in toabsent;surface ch aracterized by low,sh rubby
veg etationth atincludesw illow sand alders;differentiated from abandoned floodplains(Qab)byth e presence ofmorenumerous
abandoned ch annelsth ath ave notbeeninfilled w ith sediment,few erlakes,and a lessdense veg etative cover
S T REAM-T ERRACEALLU V IU M— O rg anicsandysiltand siltysand overlying poorly-sorted tow ell-sorted claytocoarse sand,and
rounded tosubang ularpolymictic g ravel;surfacesare nolong ersubjecttoinundationbyth e streamsth atdeposited th e allu-
vium and mayincludeseverallevels(Kreig and Reg er,1982);outw ash maybe incorporated inth e h ig h estterraces;abandoned
ch annelsare typicallyfilled w ith ice-rich org anicsilt(Kreig and Reg er,1982);th aw lakesare morenumerousand larg erth an
onabandoned-floodplain (Qab)surfacesand typically h ave rounded sh orelines(W eberand P éw é,1961;P éw é,1970);colluvial
processesmaybe active atth aw-lake marg insand onterrace marg insw h ere materialisbeing sh ed ontoth e terrace tread

CO LLU V IALDEP O S IT S
DEBRIS -FLO W DEP O S IT S — T ong uesofch ieflypoorly-sorted,matrix-supported pebble-cobble g ravelw ith some bouldersdeposited
onslopesbyflow ing slurriesofmud,sand,rock debris,and g ravel;depositsmayresultfrom th aw ing permafrost,snow melt,
spring flooding ,orintense summerrains
U N DIFFEREN T IAT EDCO LLU V IU M—Heterog eneousblankets,aprons,cones,and fansofang ulartosubang ularrock frag ments,
g ravel,sand,and siltformed by complex,g ravity-driven massmovementsinvolving sliding ,flow ing ,g elifluction,and frost
creep;commonatth e marg insofalluvialand g laciofluvialdeposits,ondriftofS ag avanirktokRiverand olderg laciations,and
onlow erbedrock slopes
MIXEDCO LLU V IU M AN DALLU V IU M—Elong ate depositsoforg anic-rich siltmixed w ith minorrounded tosubang ularpebble-
cobble g ravel;colluvialprocesses>fluvialprocesses;mayrepresenta transitionalph ase betw eenth e developmentofth ermo-
karstlakesand more-integ rated stream drainag es;depositsmay developinpartasa consequence ofth e th aw ing ofice-rich
permafrost;commononS ag avanirktokRiver-ag e and oldersurfaces,w h ere depositsmaybe complexlymixed w ith g elifluction
(QT cs)and mobilized ice-rich siltdeposits (QT usx);g enerallynotpresentonItkillik and young ersurfaces
G ELIFLU CT IO N DEP O S IT S — P oorly-sorted,nonstratified tow eaklystratified,g enerallymatrix-supported,silt-rich ,boulder-and
pebble-cobble g ravel;formslobesonmoderate tosteepslopesand older,low-reliefsurfacesw h ere colluvialprocessesare very
active;includesmodified g lacialdriftand g laciofluvialdepositsofS ag avanirktokRiver,AnaktuvukRiver,and G unsig h tMoun-
tain g laciationsw h ere primary driftmorph olog y h asbeen nearly orcompletely obliterated by slope processes;may include
some modified depositsofItkillik Ig laciation,butg enerallyabsentonyoung ersurfaces

CO MP LEX DEP O S IT S
T HERMO KARS T LAKEAN DBAS IN DEP O S IT S —Depositsofice-rich ,org anicsiltinclosed depressionsorbasin complexesformed in
poorly-drained low areas,areasofundifferentiated frozensilt(Qusx),and low-reliefdepositsofS ag avanirktok ag e and older;
w idespread north ofth e Arcticfooth ills;polyg onal g round iscommonand depositsmaybe modified bycolluvialprocesses
U N DIFFEREN T IAT EDFRO ZEN S ILT DEP O S IT S —Ice-rich ,w ell-sorted,massive-tofinely-bedded siltw ith sand forming a blanketover
much ofth e broad,low-g radientnorth ern map,w h ere syng enetic permafrostisw idespread;depositsmay h ave asmuch as
50–75percentice by volume(Kreig and Reg er,1982);ch aracterized by landformstypicalofyedoma,including flath illsw ith
g entleslopespenetrated bydeepth aw lakesand th aw-lake basinsth atare divided byerosionalvalleys(Kanevskiyand oth ers,
2011);depositscommonlymantle h ig h -level,terrace-like featuresth atmayberemnantsofolderoutw ash (S tevensand oth ers,
2003);complexly mixed w ith undifferentiated colluvium (QT c),g elifluction deposits(QT cs),and olderdrift,especially w h ere
depositsth intoth e south along th e marg insofth eArcticfooth ills
FRO ZEN S ILT AN DAN AKT U V U KRIV ERDRIFT — G enerallyice-rich silt,ofunknow nth ickness,covering broad,low-reliefsurfaces
h ig h lymodified byfreezing and th aw ing and g ravitydrivenprocesses;syng eneticpermafrostisw idespread;depositsg enerally
form slig h tly h ig h ersurfaces surrounded by low-lying areas of more extensive permafrostdeg radation and th ermokarst
development;S tream bank exposuresalong th e T oolik Riverinclude poorly-sorted,clast-supported,silty,polymictic sandy
pebble-cobble g ravel w ith rounded tosubang ularclastsbeneath th e ice-rich loess;depositsare identified byterrace surface
morph olog y,position~45–55m above majorstream drainag es,and relationstoAnaktuvukRivermoraines(Hamilton,1986);
ping osmaybepresentinnorth ernmaparea inice-rich siltorth aw-lake basindeposits,th ermokarstfeaturesare w idespread,
and yedoma developmentisextensive(Kanevskiyand oth ers,2011)
FRO ZEN S ILT AN D P RE-S AG AV AN IRKT O K DRIFT — G enerally ice-rich siltof unknow n th ickness,covering broad,low-relief
surfacesh ig h lymodified byfreezing and th aw ing and g ravitydrivenprocesses;syng eneticpermafrostisw idespread;deposits
g enerally form slig h tly h ig h er surfaces surrounded by low-lying areas of more extensive permafrostdeg radation and
th ermokarstdevelopment;may include pebble-cobble g ravel atdepth ;identification isbased on terrace surface morph olog y
and position≥45–55m above majorstream drainag es(Hamilton,1986);depositsare likelyremnantsofoutw ash ordriftth at
cannotbe associated definitively w ith eith erG unsig h tMountain orAnaktuvuk Riverg laciations(Hamilton,1986);ping os
maybe present,th ermokarstfeaturesare w idespread,and yedoma developmentisextensive(Kanevskiyand oth ers,2011)

DRIFT O F S AG AV AN IRKT O K RIV ER G LACIAT IO N ,EARLY ADV AN CE (Middle P leistocene;Hamilton,1994)— P oorly-sorted,
nonstratified boulder-and pebble-cobble g ravel w ith a matrixofsiltand sand,comprisesabundantrounded tosubang ular
claststh atmaybe striated and polyh edral;locallyincludesmoderately-w ell-sorted sand and g ravel
Driftsurfaces are ~15–20m above modern floodplains and are oxidized to depth s >8m (Hamilton,1994);deposits are
ch aracterized by g enerally continuous,completely veg etated,smooth ,broad moraine crests ~100–200m w ide w ith slope
ang lesof~2.5–3.0deg rees(Hamilton,1978,1994);org anic-rich loessand silt,≤5m th ick covermorainal crestsand upper
slopesw ith sandstone cobblesand bouldersofKanayutFormation locallyprotruding ≤1m (Hamilton,1978,2003;Kreig and
Reg er,1982);surfaces are g enerally modified by colluvial processes w ith depressions and low erslopes h aving th ick loess
accumulations,retransported by g elifluction;kettle lakesuncommon(Hamilton,2003)
P rimary g lacialmorph olog yisw idelyrecog nizable,buth ummockytopog raph yisrarelypreserved;stream ch annelsth roug h
ice-rich sediments(silts)h ave beaded drainag e patterns;small th aw pondsh ave developed in some low areasasa resultof
th ermalerosionofpermafrost;compound th aw lakes,patterned g round,and secondarydrainag e developmentare common
V eg etationistypicallyw ell-establish ed cottong rasstussocksw ith some w illow and abundantmoss(Hamilton,2003;P inney,
2000)

Anaktuvuk River Glaciation
DRIFT O FAN AKT U V U KRIV ERG LACIAT IO N (EarlyP leistocene;Hamilton,1994,2003)— P oorly-sorted,nonstratified boulder-and
pebble-cobble g ravel w ith a matrixofsiltand sand;comprisesabundantrounded tosubang ularclaststh atmay be striated
and polyh edral;depositsconsistofdiscontinuous,broad moraine crestsw ith g entlyflanking slopesof<2deg rees(Hamilton,
1994);surfacesmay be oxidized todepth s>30m and are continuously covered byorg anic siltth atmay be >15m th ick w ith
only a few w idely-scattered,h ig h ly-w eath ered cobblesand bouldersofth e KanayutFormation protruding (Hamilton,1978,
1994)
G elifluctiondepositsare extensive,and g enerallyobscureprimaryg lacialmorph olog y;depositsare dissected byw ell-integ rated
majorand minorstream systemsand are g enerallyfound>50m abovemodernstream floodplainsofmajorstreams(Hamilton,
1978);fens,strang moor,bog g y areas,th aw lakes,and drained th aw -lake basinsfilled w ith loessand slopew ash depositsare
common;inupland areas,patch y depositson bedrock often form h illsw ith morph olog y distinctly differentth an th e g eneral
east–w estbedrock structuresinth e reg ion

G LACIO FLU V IALDEP O S IT S
U N DIFFEREN T IAT EDO U T W AS HO FIT KILLIKG LACIAT IO N — Moderately-tow ell-sorted,clast-supported,massive tow eaklystrat-
ified,polymictic,sandy,pebble-cobble g ravel w ith rounded tosubang ularclasts,deposited by g lacial meltw aterstreamsof
Itkillik ag e;includeslocally-derived materialsasw ellasclaststransported from sourcesinth eBrooksRang e;formscontinu-
oustodiscontinuousterraces~5–25m above modernstreams,and valley-bottom depositsw ith underfitstreams;depositscan
be traced upvalley tomoraine frontsofItkillik ag e;Qg fidrainag e systemsdissectsurfacesof S ag avanirktok ag e;deposits
commonlycontainsmall,rounded kettle lakesand maybe blanketed bya th inveneerofice-rich silt(Hamilton,1978;P inney,
2000);Itkillik outw ash depositsare commonalong th e S ag avanirktokRiverand intributaryvalleystoth e east,butaremuch
lessextensive inth e T oolik Riverdrainag e
O U T W AS HO FIT KILLIK P HAS EIIG LACIAT IO N — P olymicticsandypebble-cobble g ravel,asdescribed above,th atformsg enerally
continuousterrace surfaces~5–15m above th e levelofmodernstreams(Hamilton,1978);depositscan be traced upvalleyto
Itkillik P h aseIImoraines(Qg di2);surfacesh ave a th in(≤0.3m)loesscoverand areonlyslig h tlymodified bycolluvialprocesses
O U T W AS HO FIT KILLIKP HAS EIG LACIAT IO N — P olymicticsandypebble-cobble g ravel,asdescribed above,th atformsdiscontin-
uoussurfaces~15–25m abovemodernstreamsand canbetraced upvalleytoolderItkillik P h aseImoraines(Hamilton,1978);
surfacesare covered bya th in(~0.1–3m)blanketofice-rich siltand maybe slig h tlymodified bycolluvialprocesses;terraces
are commonlyinsetintoolderoutw ash ordriftdepositsand may be dissected byyoung erItkillik outw ash (Qg fi2)ormodern
streams (Qaa,Qai)
O U T W AS HO FS AG AV AN IRKT O KG LACIAT IO N — Moderately-tow ell-sorted,clast-supported,massivetow eaklystratified,polymictic
sandypebble-cobble g ravelw ith rounded tosubang ularclasts,deposited bymeltw aterstreamsofS ag avanirktok ag e;g ravels
include locallyderived materialsasw ellasclaststransported from sourcesinth eBrooksRang e;depositsaretypicallyirreg ular,
h ig h lydissected,discontinuousterrace surfacesextensivelymodified bysolifluctionand th ermokarstprocesses;surfacesare
~8–20m above modernstream bottoms,and are commonlyblanketed by~1–3m of ice-rich siltw ith numerousclosed,kettle-
like basinscontaining th aw lakes(Hamilton,1986,1994);depositsare oxidized toa depth of~1.5m (Hamilton,1986)

O T HER DEP O S IT S
ART IFICIALFILL—Mixed coarse and fine material emplaced by h uman activityduring land development;airstripsand areas
along th e trans-Alaska oilpipeline consistoffillmaterial,much ofw h ich islocallyderived

BEDRO CK DEP O S IT S
U N DIFFEREN T IAT EDBEDRO CK— O utcropsofsedimentaryrock w ith essentiallynocover;ridg esg enerallytrend east–w estpar-
alleltolocal g eolog icstructure
T HIN LY-CO V EREDBEDRO CK— S ubcrops<0.9m covered w ith a th in veneerofunconsolidated material;bedrock structure com-
monlyvisible

EXPLANATION OF MAP SYMBOLS
ERRAT ICBO U LDERS —Bouldersand cobblesconsisting ofrock typesforeig ntoth e areasw h ere found;protrude from surface of
unconsolidated deposits;mayormaynotbe associated w ith recog nizable driftbutprovide evidence forformerg lacialextents
Erratic boulderth atprotrudes 0–20cm above th e surface
Erratic boulderth atprotrudes21–40cm above th e surface
Erratic boulderth atprotrudes41–60cm above th e surface
Erratic boulderth atprotrudes61–80cm above th e surface
Erratic boulderth atprotrudes81–100cm above th e surface
Erratic boulderth atprotrudesmore th an101cm above th e surface

P IN G O S —Conical-sh aped,ice-cored h ills;somemaybeclosed-system ping os,w h ich resultfrom expulsionofporew aterbeneath
th e freezing bottomsofdrained th aw lakes(French ,2007);g enerallyfound innorth ernmaparea inice-rich siltorth aw-lake
basindeposits
P HO T O IN T ERP RET EDCO N T ACT —Allboundariesare inferred orapproximatelylocated
MO RAIN ECRES T S —Crestsofend and lateralmorainesofg lacialdeposits;identified from imag eryand field observation
FIELDS T AT IO N LO CALIT Y
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