
G LACIO FLU V IALDEP O S IT S
EXP AN S IO N -FAN DEP O S IT S — Alluvium,de brisflows,and laharde positsof large e xpan-
sion fan built in the Chakachatna–McArthurEmbaym e nt bybre akout floodscause d by
bre aching of massive de brisavalanche that blocke d Chakachatna Rive rduring mid-
Holoce ne (W aythomas,2001),bre aching of smalle rlate Holoce ne lahars(Me ye rand T ra-
bant,1995),and e pisodic outburstsof Chakachamna Lake ,whichwasdamm e d byad-
vance sof Barrie rG lacie r;include sthe large Be luga e xpansion fan de posite d byBe luga
Rive rjökulhlaupslate in the Kille ystade .
DELT ADEP O S IT S — Fine-graine d prograding de lta apronof Chakachatna–McArthurRive r
drainage ;inorganicsilt and clay
O U T W AS HDEP O S IT S — O utwashof Alaskan glaciation of Holoce ne age ;massive towe ll-
sorte d,polymictic pe bble grave lwithsom e sand;scatte re d tonum e roussubrounde d to
subangularcobble and boulde rsproximalto form e rice limits;in Chakachatna Rive r
valle yinclude sclay-richlaharde positsre late d tomassive de brisavalanche re sulting
from mid-Holoce ne se ctorcollapse of Mt.S purr(W aythomas,2007)

LACU S T RIN E DEP O S IT S
LAKEDEP O S IT S — Lake se dim e nts;impounde d by massive Chakachatna Rive rde bris
avalanche and Holoce ne advance of S traight Cre e kglacie r

MARIN E DEP O S IT S
G LACIO ES T U ARIN EDEP O S IT S — G lacioe stuarine se dim e ntsin G ranite P oint are a se di-
m e nts(Kaloa se dim e ntsof S chmolland othe rs,1984)corre late d withthe Bootle gge r
Cove Formation(Re ge r,2009)
BEACHDEP O S IT S — Cobble -pe bble grave lsand sand
BEACH-RIDG EDEP O S IT S — Comple xof grave lridge sse parate d byfine -graine d troughfills
T IDALDEP O S IT S — T idal-flat se dim e nts;mostlyflocculate d clays

P ALU DALDEP O S IT S
S W AMP DEP O S IT S — O rganicswampde posits;fibrousand locallywoodype at inte rlaye re d
withthin be dsof organic silt,sand,and te phrasde posite d in lowlands;unde rlain by
Bootle gge r Cove Formationbe ne athcoastalplainbe twe e n Be luga Rive rand T yone k

V O LCAN IC DEP O S IT S
V O LCAN ICFLO W DEP O S IT — Fragm e ntalvolcanic de posit produce d byrock avalanche s
from Crate rP e ak(C.W aythomas,5/22/2015writte n commun.)
V O LCAN ICAV ALAN CHEDEP O S IT S — De bris-avalanche de posit catastrophicallye mplace d
during majormid-Holoce ne se ctorcollapse on southe rn flank of Mount S purrvolcanic
comple x;fourre cognize d facie sinclude (1)blocks,rubble schlie re n,and coarse,angular
avalanche de bris;(2)alte re d blockswithlittle inte rstitialmatrixand outcrop-scale block-
against-blockte xture;(3)a mixe d facie sof block-core d hummockssurrounde d bygranu-
larmatrixse dim e nts,and (4)poorlysorte d,granular,matrix-supporte d volcanicde bris,
sand,silt,and claythat grade downvalle yintoa clay-richlaharde posit (W aythomas,
2001,2007).
U N DIFFEREN T IAT ED V O LCAN ICDEP O S IT S — U ndiffe re ntiate d volcanic de positsand rock
of Quate rnaryage
U N DIFFEREN T IAT EDEO LIAN DEP O S IT S — Mixe d primary and re worke d e oliansand and silt
of volcanic compositionswiththin te phras;surface thought tobe channe le d byglacial
m e ltwate rorsnow m e lt (C.W aythomas,5/22/2015writte n commun.)
V O LCAN ICLAS T ICP LAT EAU DEP O S IT S — V olcaniclastic complexof volcanicplate au consist-
ing of crude lybe dde d conglom e ratic tosandytomuddyvolcanoge nic de brisand hype r-
conce ntrate d flows(He rriott and othe rs,2014);uppe r1–6m compose d of ve rycoarse
sand de rive d from volcanic cinde rsre worke d bywind,localm e ltwate r,and spring flows
and ove rlainbyupto2m of loe sscompose d primarilyof Holoce ne te phras
V O LCAN ICLAS T IC P LAT EAU DEP O S IT S O V ERRIDDEN BY ICE— V olcaniclastic comple xof
Quate rnaryvolcanicplate au that hasbe e nove rridde nbyglacialice

Bedrock Deposits
U N DIFFEREN T IAT EDBEDRO CK— Expose d undiffe re ntiate d be drock
T HIN LY CO V EREDBEDRO CK— U ndiffe re ntiate d be drockove rlainbythin,probablydiscon-
tinuouscove rof colluvium and glacialdrift

EXPLANATION OF MAP SYMBOLS
CO N T ACT — Ide ntityand e xiste nce ce rtain;locationapproximate
FAU LT — Ide ntityand e xiste nce ce rtain;locationapproximate
RADIO CARBO N AG E DAT E S AMP LE LO CALIT Y— S howing sample ide ntification
(table 3)
BO REHO LELO CALIT Y— S howingstationide ntification
G LACIAL ERRAT IC
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SURFICIAL-GEOLOGIC MAP OF THE TYONEK AREA, COOK INLET, ALASKA
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CORRELATION OF MAP UNITS
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EXPLANATION
T hismap showsthe distribution of unconsolidate d de positsand undiffe re ntiate d be d-
rock e xpose d at the surface in portionsof the T yone kA-4,A-5,A-6,B-4,B-5,and B-6
quadrangle s.U nitswe re mappe d byinte rpre tation of ~1:65,000-scale false -colorinfra-
re d ae rialphotographstake ninAugust 1978.Composite LandS at im age rycolle cte d be -
twe e n 1999and 2003wasuse d toupdate glacie re xte nts.Fie ldworkwasconducte d in
2009and 2010.
Mapunitsshownwitha que stionmark(?),suchas“Qcl?”,indicate a que stionable ide n-
tification.

DESCRIPTIONS OF MAP UNITS
Unconsolidated Deposits

ALLU V IAL DEP O S IT S
ABAN DO N ED-FLO O DP LAIN ALLU V IU M— Alluvium of abandone d floodplainof Chakachatna
Rive r
ABAN DO N ED-CHAN N ELALLU V IU M— U ndiffe re ntiate d late P le istoce ne toHoloce ne aban-
done d-channe lde posits;include ssand and grave lde posite d in channe ls form e d by
dive rsion of the Be luga Rive ralong marginsof T hre e mile Cre e k moraine de posite d by
massive glacie rlobe from lowe rS usitna Rive rvalle yand ice -marginaland proglacial
outwashre late d to730lake and N ikolailate raland te rminalmoraine sduring Kille y
stade ,granularoutwashde rive d from the De nslow Lake te rminalmoraine during the
S kilakstade ,and sand and grave lde ltasde posite d inslackwate rsof Be luga Rive rjökul-
hlaupsin lowe rvalle ysof S carp and Bishop cre e ks;ove rlie svarve d claysne arconflu-
e nce of Bishopand S carpcre e kswith Be luga Rive r
U N DIFFEREN T IAT EDALLU V IU M— Alluvium of active,inactive ,and abandone d floodplains;
we ll-sorte d and we ll-stratifie d polymicticpe bble grave l,sand,and silt comprising chan-
ne land ove rbankde positsof majordrainage s;include slaharde positsin uppe rChaka-
chatna Rive rdrainage
S T REAM-T ERRACEALLU V IU M— Alluvium of stre am te rrace s;massive towe ll-sorte d,poly-
mictic pe bble grave lwithsom e sand and scatte re d tonum e roussubrounde d tosub-
angularcobble sand boulde rs;nolonge rsubje ct toflooding;include slaharde positsand
alluvium of jökulhlaupsin uppe rChakachatna Rive rdrainage and jökulhlaupde posits
in Be luga Rive rdrainage
FAN G RAV ELS — G ranularfansof Kille yand S kilakstade sne arT yone k and lowe rBe l-
uga Rive rthat are pitte d bynum e rouske ttle lake sre sulting from fan de position ove r
stagnant ice re late d toT hre e mile Cre e kmoraine ;T yone koutwashfan compose d chie fly
of sandype bble grave lwithscatte re d thin cobble be dsove rlying diamicton withscat-
te re d cobble and boulde rdropstone s;ke ttle fillingsup to4.7m thickof thin tomassive
pe at inte rlaye re d withthinbe dsof silt,sand,and te phras;rive rbluff throughproximal
zone of Be luga e xpansion fan e xpose sboulde rsove rlying glacialdiamicton
LAHARDEP O S IT S — Laharde positsof middle tolate Holoce ne age ,including poorlysorte d,
nonstratifie d,boulde rygrave lwithsand and silt matrixand volcanic blocksupto10m
diam e te rproximaltoMt.S purrvolcanic comple x;transform e d intofine -graine d lahar-
runout de positsalongChakachatna Rive rand S traight Cre e k(Me ye rand T rabant,1995;
W aythomas,2001,2007;W aythomasand N ye ,2002)

CO LLU V IALDEP O S IT S
U N DIFFEREN T IAT EDCO LLU V IU M— Blanke ts,aprons,cone s,and fansof he te roge ne ously
mixe d angulartosubangularrock fragm e nts,grave l,sand,and silt de posite d bycom-
plex,gravity-drive nmassmove m e ntsinvolvingsliding,flowing,and frost cre e pof we ath-
e re d be drockand modifie d glacialdrift;cobble sand boulde rsare scatte re d tonum e rous;
onlowe rhe adwallsof cirque sand uppe rwallsof glaciate d valle ysinclude staluscone s,
incipie nt rockglacie rs,and ste e p fansbuilt byrockfallsand snow avalanche s
MIXEDCO LLU V IU M AN DALLU V IU M— P rimarilyfan-shape d ore longate ,massive topoorly
stratifie d,ge ne rally inorganic silt mixe d withsandy,angular to subangularpe bble
grave lsde rive d from we athe ring of T e rtiarybe drock and laid down byde bris-flow de -
positsand torre ntialwate rflowsduring brie f,inte nse storms;colluviation>alluviation
LAN DS LIDEDEP O S IT S — Massive,exte nsive slide sand flowsproduce d bywide spre ad,re tro-
gre ssive failure sof T e rtiaryse dim e ntarybe drock;compose d of large blocksof T yone k
Formation mixe d withglacialand colluvialdiamictons;surface fe ature sinclude sag
ponds,promine nt marginalscarps,wrinkle ridge s,rotate d slumpblocksand sharp,multi-
lobate toe sassociate d withte rminalbulge s

EO LIAN  DEP O S IT S
DU N ES AN D— Dune sand onlow te rrace of McArthur Rive r

G LACIAL DEP O S IT S
Undifferentiated

U N DIFFEREN T IAT ED G LACIALDRIFT — He te roge ne ous,nonstratifie d,polymictic pe bble -
cobble grave lwithsom e sand and silt and fe w tonum e roussubangulartosubrounde d
boulde rsde posite d byglacialice and locallyre worke d bym e ltwate rwashing and associ-
ate d mass-move m e nt proce sse s;formsthickde positsonlowe rbe drockwallsof glaciate d
valle ys;ke ttle fillingsof inte rlaye re d pe at,sand,and silt maybe se ve ralm e te rsthick

Alaskan Glaciation
MO DERN DRIFT — Drift of ve ryre ce nt age ;mappe d inare aswhe re sate llite image ryshows
that glacie rice hasre tre ate d since 1978ae rialphotography
HO LO CEN EDRIFT — Drift of Alaskan glaciation,including 430lake ,Chichantna Rive r,
353lake ,and S traight Cre e kmoraine s;showse vide nce of pre se nce orform e rpre se nce
of glacie rice ,suchasice -stagnation te rrain withke ttle lake sand ice -core d moraine s;
typicallyburie d byorincorporate sde bris-avalanche de positsand laharsne arMt.S purr;
include srockfalland snow-avalanche de positsinste e pte rrain

Naptowne Glaciation
DRIFT O F N AP T O W N E G LACIAT IO N — U ndiffe re ntiate d morainalde positsof N aptowne
glaciationof late W isconsin(MIS 2)age
DRIFT O FELMEN DO RFS T ADE— Morainalde positsof Elm e ndorf stade of N aptowne gla-
ciation,including CarlsonLake moraine (table 1)
DRIFT O FS KILAK S T ADE— Morainalde positsof S kilak stade of N aptowne glaciation,
including Congahbuna Lake and De nslow Lake moraine sof S chmolland Y e hle (1987)
(table  1)
DRIFT O FKILLEY S T ADE— Morainalde positsof Kille ystade of N aptowne glaciation,in-
cluding N ikolai,730lake ,and T hre e mile Cre e k moraine sof S chmolland Y e hle (1987)
(table  1)
DRIFT O FMO O S EHO RN S T ADE— Morainalde positsof Moosehorn stade of N aptowne
glaciation,including1405and 810lake smoraine sof S chmolland Y e hle  (1987)(table  1)

Pre-Naptowne Glaciations
P RE-N AP T O W N EDRIFT — De positsof pre -N aptowne glaciations;morainalre mnantsand
drumlin-like drift ridge smodifie d byslope proce sse sand stre am e rosion;de tailsof mor-
ainaltopographyoblite rate d and morainalridge shave round crossprofile s;onpe nulti-
mate U ppe rChuitna (MIS 4)moraine s(QdpII)de posite d byice from the CappsG lacie r
corridor,granitic e rraticsare ge ne rallysmoothand little we athe re d;onpre-pe nultimate
moraine sde posite d byice from Chakachatna–McArthurEmbaym e nt,granitic e rratics
are roughsurface d withfe ldsparcrystalsand aplite dike sstanding 2–5mm in re lie f,
have rounde d joint junctions,and num e rousgranitic e rraticsare broke n;nomorainal
topographyre mainson pre -pe nultimate (MIS 6?)Blue be rryHilldrift she e t (QdpI)in
Lone Ridge are a;onLone Ridge,Blue be rryHillde positsform ve rythinand discontinu-
ouscove rove rbe drock[b'(QdpI)](table  1)
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