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ABSTR \.eT. \ ' itus Lake, th e ice-m a rgina l bas in a t th e so utheas tern ed ge of 
Bcr in g Gl ac ie r. Al as ka, U .S.A. , is a sit e o f m od e rn. ra pid , g lacia l-m a rin e 
sedim enta tion, R a th er th a n be ing a fres h-wa te r la ke, \ ' itll s La ke is a tid a ll \' 
influenced , m a rin e to brac ki sh emba \' l11 ent conn ec ted to the Pac ifi c O cea n b\' a n 
inl e t, th e Sea l Ri\ "C J". \ ' itus L a ke co nsists o f fi \ 'e d ee p bedrock bas ins, sepa ra tc~1 by 
interbas in a l hi g hs, G lac ia l eros ion has cut th ese bas ins as much as 250 m below sea 
IC\"C I. H ig h- resoluti on se ismi c re fl ec t ion su rveys conduc ted in 199 1 a nd 1993 o f"rcJLlr o r 
\ ' itus L a ke's bas ins rC\'ea l a complex. \'a r ia b le three-compo nel1l aco usti c stra tig ra phy. 
Al tho ug h no t full y sa mpled , th e stra ti g ra ph y is in fC rred to be prima ril y g lacia l-m a rin e 
units of ( I ) basa l conto rted a nd d efo rmed g lac ia l-marine a nd g lacia l sediments 
d eposited by basa l ice-contac t proccsses a nd submarine m ass-was ting; (2 ) aco ustica ll y 
we ll-stra tifi ed g lac ia l-ma rin e sedimenl. \\ 'hi ch un conform a bh- O\'e rli es th e basa l unit 
a nd \\'hi ch g rad es up\\'a rd into (3 ) aco usti ca ll y tra nspa rent o r nea rl y tra nspa rent 
g lac ia l-m ar in e sedim ent. ~ [ ax i mum th ickn esses o f co nfo rm a ble g lac ia l-m ar in e 
sedim ent cxceed 100 m . A ll o f" th e aco ustica ll y tra nsparent and stra t ifi cd d epos its in 
Vi rus L a ke a re m od crn in age . ha \'ing acc umu la ted be t\\'ee n 196 7 a nd 1993 . The 
basins \\·he re th ese three-pa rt sequences of " present-d a \'" g lac ia l- m a rin e sediment a rc 
<tec um ula rin g a re th ell1 seh'es cu t i nLO o ld er seC] uences o f Slra rifi ed g lac ia l and g lacial
m a rin e d e pos its, Th esc old er un its o utcro p on thc island s in \ ' itu s L a ke. 

In 1967 , as th c res ult ora m a jo r su rge, g lae icr ice compl e tcly fill ed a ll fi ve bas ins. 
S ubsequent terminus re treat. \\" hi ch co ntinued thro ug h ,-\ug ust 1993. cx posed th ese 
basi ns. pro\ 'icli ng nc\\" loca li o ns fo r g lac ia I-m <l rin e sed i m en t acc um ul a ti o n. :\ 
co rre la ti on o f" sedim ent th ickn esses meas ured from se ismic pro fi les a t spec ifi c loca ti ons 
\\'ithin th e basins. \\ 'ith th e \,ea r th a t eac h loca ti on becam e ice-free, shows th a t th e 
sedim ent acc umu la ti on a t so'm e loca ti ons exceeds 10 m yea r I . 

INTRODUCTION 

Vitus La ke is a 24 km long b\' 8 km \\·id e. sediment 
acc umul a tin g. m a rin e [Q brac ki sh embaym ent . loca ted a t 
th e so u theaste rn ma rg in 01' 19 1 km lo ng Be ring Gl ac ie r , 
th c la rges t and longest g lac ier in conlin enta l i\' o rth 

,\ m eri ca , Vitus La ke lies just no rth of th e G ulf o f ,\ Iaska 

a nd ex tends so u th to nea rh' 60" :'\ (Fig . I ) , Th e eas tern 

pa rr o f" Bc rin g Glac ie r , whi ch bo rd e rs V itu s L ake , 
cxper ienecs m a jo r surges with a 25 30 >'ea r cycle. 

in \ ' itu .· La ke fo r sed im enta ti on, d oc umenting ice-m a rg in 

retrea t and ch anges in te rm inus positi on , d esc r ibing 

ba th ym etry a nd bas in m orph o logy a nd charac teri zing 
sedim cn t thi ckn ess a nd sediment distr ibution, Subsequ ent 
to our d a ta co llenio n, th e 1993- 95 surge co\Tred mos t o f 
lhe stud y a rea. 

Th e purpose of" this stud y is to d escribe the g lacia l
m a rin e scdimenta ti on histo ry of Berin g Gl acie r a nd V itus 

L a ke fo r th e 26 yea r peri od be t\\'een th e las t twO m aj o r 

surges, onc \\'hi ch ended in 1967 a nd one \\'hi ch bega n in 

1993 , Long-term obser\" a ti o ns a nd monito rin g of th e 
g lac ie r a nd embay m ent du ri ng th is pcr iod prO\'id e a 
d e ta iled da ta base fo r d oc um ent ing th e o penin g 01' bas ins 

In sp ite ofa ll ea5 t fi \"C p05 t-1900 surges. Bering Gl ac ier 

has bee n thinning a nd re trea ting fo r much of this century 

(?\ loln ia and Pos t, 1995 ). Cont inu ing re treat has res ult ed 
in th e em erge ncc of V i tu s L a ke a nd th e cxpos ure of fi\ 'e 
la rge, d ee p, icc-m a rg ina l basins (Fig , I ) w hi ch ha \'c bee n 
fi llcd a t difre rent tim es by \'arying mixtures o f brac ki sh 

a nd sa line wa ter (Gray a nd o th e rs, 1994) , D eta il ed 

ba th~ 'm e tri c sLlr\'Cys o f th e la ke fro m 1990 to 1993 

( ~I o l ni a a nd o th e rs, 199 1; Tra ba nt a nd o th crs, 199 1) 
and two hi g h-reso lut ion se ism ic re fl ec ti o n sunTys ol' \ ' itus 
L a kc, in 199 1 (Ca rlson a nd o th ers, 1993a ) a nd 1993 
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fllolllia and otliers: Glacial-marine sedimentat ioll in ['it1ls Lake 

Bering Glacler 
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Fig, 1. ,lJajJ of the ['itlls Lake area showing bat/l)'metl)" location oj the glacier margin ill 1993, 1987, 1984, 198/ and 
1967; locatioll oj tbejive bedrock basins (labelI'd A, B, C, D and T as /wlicli Arm); and tlte locatioll oj geographic jeatllres 
described ill the lext, Batil)'mell) is ill melers , O/Jell cOll tollrs ill Tas/w/icli Arm alld basill .4 result ji-om dellse icebelg 
COlleelltmtiollS /Jln1ellling com/Jletioll of Sllrve)'S, orji-om tIle locatioll oJ the la margill allhe lime of t/ie survey, The dee/Jest 
/Jart oJ basin B is a/JjJ)"oximateLy I km sOll tileast ~f Lelter B, while tIle dee/Jest /Jar! oJ basin C is ap/no" imateljl 2 km west oJ 
Letter C, 

(presented here) re\"Ca l a complex basin morpho logy \I·ith 
basins cut more th a n 2S0 m below sea level a nd max imum 
mod ern glac ia l-marin e sedim ent th ickn esses of mo rc th a n 
LOO m. The thi ckes t sedim ent found in th e se ismic sun'eys 

is located in four d eep basins, info rmall y te rm ed bas ins A , 

B, C a nd D (Fig . I), with ma ximum \\ a tcr d epths 0 [' ]65, 

130 , 130 and 60 m, res pective ly (Carlson a nd o th ers, 
1993b ). i n bo th 199 1 a nd 1993, d ense ly packed iccbergs 
pre\'entcd se ismi c sun'cys o r th e firth bas in , T as halich 
Arm. There, rathom etcr sUJ"\ 'eys in 199 1 a nd 1992 showed 
max imum wa ter d ept hs of g rea tcr th an 180 m (Fig. 1). 

SEISMIC STRA TIGRAPHY OF VITUS LAKE 

In Jul y 1993, a pproxim a tel y SOO km of hig h-reso luti o n 
seism ic refl ec tion profil es werc co ll ected in Vitus La ke. 

Trac k-lin es, spaced 50~200 m apart, were loca ted using 

global pos ition ing sys tem (GPS) navigat ion a nd \'isua l 
reference points. As d ifIerential GPS was not a lways used , 
positio na l errors may be as much as 30~SO m. Se ismi c 
data were obtained using a Geop ul se high-resoluti on sub
bottom profi ling sys tem , opera ted a t a 0.5 s firin g rate a nd 

a power of 350~500 J. Aco usti c returns were recei\'ed with 

a Ben thos 15 /30 h ydrophone sys tem and recorded on a n 
EPC 4800 se ism ic reco rd er a t a O.S s sweep ra te. All 
returns were 1l1tered be twec n 300 a nd 1000 H z. 

Th e res ulting se ismic proll les re\'eal a nea rl y complete 
picture of sediment distributi on , sediment thickn ess a nd 

bedrock morph ology in Vitus Lake. Profil es of bas ins A~D 
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and th eir recent sediment fill a nd th e adj ace nt inte r
bas in a l a reas reveal a \'a ri ab le thrce-phasc, aco usti c 
g lac ia l-m a rin e stl-a ti grap hy consistin g or basa l, con toned 
a nd jumbled g lacia l-marine a nd o th er glac ia l sedimenL, 
unconform a bly ove rl a in by well-stratifi ed g lac ia l-marine 

sedim ent , which is confo rm ab ly o\'e rl a in by or gradin g 

into aco usti ca ll y tra nspa rent to near-tra nspa rent glac ia l
ma rin e sediment. 

l\ Jax imum thi ckn esses of th e upper two conforma ble 
g lac ia l-m a rine sed im ent units excccd 100 m. All sed iment 
thi cknesses presentcd in this stud y a re based on measure

mcnts from seismi c profi les ass uming a seismic veloc ity in 

glac ia l-m a rin e sedim ent o f 1500 m s 1. Based on seismi c 
profiles a nd sediment sa mples obtained from the Gulf' of 
A las ka and o th er Alas ka n fj o rd s (M olnia a nd Carbon, 
1978), we in terpret th e individ ua l uni ts of th c Vi tus L a ke 
stratigraph y as fo ll ows: 

( I) The basal unit , composed of broken , contorted a nd 
jumbled aco usti c reflect ion , ma y have form ed throug h a 
combin a ti o n of seve ra l d ifferent sedim cn ta ti on proccsses. 
a ll or l\'hi ch wou ld produce acousti call y simila r refl ectors. 
In one sce na ri o, pre-ex isting basin fill may ha ve been 

overridd cn by ice of th e 1 965~67 surge a nd disturbed , 

d eformed a nd di splaced. In a second scenario , sediment 
may ha ,T acc umul ated contemporaneo usly in contac t 
with th c surg in g g lac ie r m a rg in , a nd have bce n 
subsequ entl y d eCo rm ed by t he glac ier . In a th ird 
scena ri o, during a nd a fte r g lacia l re trea t, sedim ent may 

have accumul ated through subma rin e slumping a nd 
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m ass -was tin g fr o m th e d eg lac ie ri zed wa ll s o f th e 
subma rin e bas in adj ace nt to th e g lacie r m a rg in a nd 

elsew here a long th e entire leng th of th e b as in_ 

(2 ) U nconform a bl y m -e rl ying th e ba -a luni t is th e middl e 

unit, interpre ted as aco usti call y well-strat ifi ed glac ia l
m a rin e sedim ent. T he sedim ent in this unit fo rm ed in a n 
" ice-prox im a l" d epositiona l environment a nd probably 
has a sig nifi ca nt wa ter -born e sand a nd silt component _ As 

d epos ition was , -ery close to th e g lacie r m a rg in , th e ro le of 

ice berg-ra fting was prob a bly sig nifi cant , hence th e re m ay 

a lso be a signifi cant coarse-sand a nd g ra , -e l component. 
O verburden pressure has res ulted in compac tio n a nd 
d ewa tering , inc reasing aco usti c reOec ti,-ity_ This unit is 
un conform a bl y o , -erl a in by o r g rad es into th e up per unit. 

(3) Th e upper, aco usti call y tra nspa rent to nea r-tra nspar

ent g lac ia l-m a rin e sedim ent unit represe nts " di sta l" 

d epos ition , extending up to seve ra l kilo m e ters from th e 
g lacie r m a rg in _ It is composed o f, -e ry rece n t ly d epos ited , 
fi n e-g ra ined , hi g h -wa ter-co n te n t, roe k-O o u r-ri c h si It , 
d ep osited pred omin a ntl y by se ttling-o ut o f th e wa ter 
column_ Sedim ent g ravity Oows m ay redistribute so m e 

sedim ent into d ee per p a rts o f th e basins_ Sa mples show 

th a t ice berg-ra fted sand a nd g ravel a re no t a sig nifi ca nt 
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ilIolllia and a/hers: Glacial-marine sedimentation in r-i/us Lake 

component o f [h e uppe r pa rt o f thi s unit , but th eir 
pe rce lllage proba bl y inc reases with d epth , res ultin g ill a n 

inc rease in aco usti c reOec ti, -it y_ The d ec rease in pe rce n

tage of ice berg-ra fted sedim ent likelv correla tes ,,-ith th e 

d epositiona l sites being progressi" ely fa rth e r from th e 
retrea tin g g lac ia l m a rg lll_ 

Basin A 

T en-kil om eter-l ong bas in A , loca ted on th e ,,-est side of 

Yitus L a ke, conta ins th e thi ckes t glacia l-m a rin e sedim ent. 

Four profiles o f th e bas in (Fi g _ 2a- d ), with loca ti ons 
shown in Fig ure I , a re p rese lllecl to cha racte ri ze th e 
basin- s g lac ia l-ma rin e fill _ They sho\\- a 60- 95 m thi ck 
tra nsp a rent uni t conform ab ly o\-erl ying a 5- 15 m thi ck, 

fa intl y reOec ti \-e unit. Th ese sediments m -e rli e a nd g rade 

d o \\-n into a hig hl y reOec ti\T 10-25 m th ick basal unit 

ch a racte ri zed b y conto rted a nd disto rted reOec ti o ns_ 
The loca ti o ns of lines 33a (Fig _ 2a ), 33 b (Fi g_ 2b ) . 33d 

(Fi g_ 2c ) a nd 33e (Fig . 2cl ) _ a ll (i-o lll th e ce n tra l pa rt of 
basin A (Fig _ I ) , were [i-ee from th e g lac ie r by 1977 _ Th e 

m aximum thi ckn ess o f tra nspa rent sediment (unit 3) 

m easured o n eac h of th e profiles is 60, 70. 85 a nd 90 m , 

res pec tive ly_ \\'here sa mpled , th e surface sedim ent in 
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Fig_ 2_ Four high-resolulioll seismic prcifiles across basin A: ( a) easl-wes l alollg line 33a: ( b) felsl u'esl a{ong line 33b: 
(e) easl- wesL along line 33d; and ( d) wesl- easl along lille 331'_ In all cases. l('aler dejJ/lt _ ill meters. is sltozl'n 011 lite 

leJ/hand side, alld distance, ill kilomelers, is shown across the 10/) _ 
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iliolllia and olizfr.\' : Glacial-marine sedimenlalion in Vilus Lake 

bas in A is a g ray-green mud. No samples of th e two lovver 37.._---._-=--,>l:-:---=--,.+:---;----:----1~---~ 

units have been coll ec ted fro m bas in A. 

Basin B 

Fi ve-kilometer-I ong basin B, loca ted on th e eas t sid e of 
Berin gia N O\'aya, th e la rges t isla nd in Vitus La ke, 

conta ins a more hig hl y reOec ti\ 'e g lac ia l-ma rine sediment 
sectio n th a n th a t o f bas in A . Three profi les of bas in B 
(Fig . 3a- c) a re presented lO cha rac teri ze its g lacial
ma rine fill. Th e pro fil es show a 20- 30 m thi ck unit with 
increasing re fl ec ti\ 'ity a t depth , ove rl ying a 5- 30 m thi ck 
hig hl y re fl ec ti ve basa l unit cha rac terized by con to rted 
a nd disto rted reOec ti o ns. Th e loca ti ons of lines 2ge (Fig . 
3a ) a nd 29 h (Fig . 3b), a pprox ima tely I km a pa rt , both 
from the so uth-centra l pa rt of bas in B, were cove red by 
th e g lac ier unt il th e ea rl y 1980s . 

Th e \I'alls a nd 0 00 1' of the bas in depi cted on lines 2ge 

a nd 29h a re composed of a n older sequence of dipping, 

bedd ed sedim ent composed o f glac ia l outwas h, g lacia l
lac ustrine a nd glacia l-ma rine deposi ts. Th ese deposits, 
II'hi ch crop out o n se\'e ra l of the isla nds within Vitus 
La ke. a re of H olocene age a nd ma y be seve ra l thousa nd 
yea rs o ld (M olni a a nd Pos t, 1995 ) . Simil a r o ld er 
stra ti g ra phi c units fo rm the basin walls a nd Ooors in 

many Vitus Lake profil es . 
Fig ure 3c shows a n enl a rged sec ti o n of th e stra ti gra 

ph y on line 28d , loca ted seve ra l hundred meters no rth of 
li ne 29 h. H ere the com plex cha rac ter of th e bas in B fill 
can be mo re c!ca rl y see n. All bas in B profil es arc more 
refl ect ive th a n the bas in A p ro fil es. This may be a 

functi on of grain-size, com paction, wa ter content or a 

combin a ti on of th e three. Where sampl ed , the surface 
sedim ent in bas in B is a g ray-g reen mud. No sampl es of 
th e two lowe r units have been co ll ec ted fi 'om basin B. 

Basin C 

Fi\'e-kil ometer-Iong bas in C is loca ted between th e eas t 
sides o f \\ 'ha leback a nd Pointed Isla nds and the so uth eas t 
shore line of Vitus L a ke. T wo pro fil es of the bas in (Fig. 4a 
a nd b) a re presellled to cha rac teri ze the g lacia l-ma rine 
fi ll of bas in C. Th ey cl ea rl y show th e three-pa rt 

stra tigra ph y, a 15- 20 m thick pa ra llel to sub-pa rallel 

reOec ti\'e unit o\'C rl ying a 5- 25 m thi ck, more reOec ti ve 
un it, o\"erl ying a thinner, hig hl y refl ec ti\'e basa l unit 
charac teri zed by con to rt ed a nd d istorted reOec ti ons. The 
locations of lin es 29g (Fig . 4a) a nd 30e (Fig . 4 b), spaced 
a bo u t 500 m a pa rt , bo th from the een tra l pa rt of bas in C , 

became free from th e g lacier by 1977 . 
Fig ure 5, a profil e a lo ng line 30d whi ch crosses both 

bas ins B a nd C, shows th e much mo re reOec ti\ 'e charac tel
o f basin C sediment. All basin C p ro fil es a re mo re 
re fl ec ti ve th a n nea rby basin B pro fil es . This may be a 

fun cti on of coa rser gra in-size, compaction, wa ter content 

or a combin a ti on o f the three. Where sa mpled , th e surface 
sedim ent in basin C is a gray-g reen sa nd y mud with a 
grea ter sand content th a n in bas ins A a nci B. No samples 
ha\'e been co ll ec ted of' th e deepe r sedim ent fill in bas in C. 

Basin D 

Four-kilo meter-di a meter bas in D , loca ted on the eas tern 
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Fig. 3. T wo high-resolutioll seismic jJl'ojiles across basin 
B : (a) east-wesl along line 2ge and (b) west-easl alollg 
lil/e 29h. in bolh rases, waleI' depth. i ll meters . is shown all 
Ihe L~f!hand side. al/d dislal/ee, ill kiLomelers. is shown 
across Ihe tal) . (c) Close-ull oJ Ihe seismic slraligraplljl 011 

line 28d, a northwest- soutizeast proJile across basin B. 

From liji to right , the JJrOJile covers a distance oj about 
2 km . Hori:;.ontal depth lilies are sl)aced 37.5111 alJarl. 
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{{ero;,;, basill C alollg lille;, 2915 ( {{ ) alld 301' ( b) . III bOlh 
rases. u'aler dejJlh, illll1elers. is sholt' lI 011 Ihe /~fil{({lId side, 
alld dislance . ill kiLomelers. is 51101( '11 acro;,j' tile 10jJ . 

sid e or \'itus L a ke , is th e sha ll owes t o r th e bas ins. lI'ith a 
II'a ter d epth o r a bout 50 111 . It is a lso th e " yo un ges t" 
bas in , ha l 'ing bee n g lac iat ed until a rt er 1980. H ere, 

m ax imum a \'e rage a nnua l d e pos iti on ra tes, ca lcul a ted by 

di\'iding sediment thi ckn esses measured from aco usti c 

1l1 . '--+----------::;o~---------____,. 

11 1. 5 -+--"""'~ 

115 _ BASIN B 
LINE 30d 

IlASIN C 
LINE JOd 

Fig . 5. II 'esl easl, high-re.;ollllioll .Ieislllic /H(ijile across 
basills C ([lid f) aLollg lille 30d. II 'aler de/Jlh . S1101l'lI 011 lite 
lefi/wlld side, is ill meler;, . It,ltile dis/allcc, ill kilolllelns, is 
showlI across lite IO/J . 

.Ilolllia alld olher;, : Glacial-marine sedimenlalion ill /'illl;' Lake 

records by th e number or yea rs th a t th ose loca ti o ns ha \ 'C 

bee n ice-free . exceecl 10 m . Basin D a lso cont a ins a three

component g lacial-m a rin e sedim ent sect ion , simil a r 10 

th a t in bas in .\. Three pro files o rth e bas in Fig . 6a- c ) a rc 
presented to cha rac teri ze the g lac ia l- ma rin e fill or bas in 
D. Th el' ShOII' th e \ 'a ri a bilit y th a t typili es th e three-pa rt 

s tra ti gra ph y he re a nd cl se\I'he re Ilithin \ ' itus Lake. Lin e 

39b Fig. 63 . th e sO lllhernmos t line. ShO\I'5 3 30 m thi ck 

unit. charac teri zecl by pa ra ll e l re l1ec ti ons. o\'e rh-in g a 
stee pl y dipping. much m ore refl ec ti ye unit. This unit 
o \'(' rli es a rc fl ec til 'c basa l unit cha rac teri zed b\' co n to rt ed 
and di stortecl rc ll ect ions. Lin e'S 3+c (fi g . 6 b ) a nd 3+(' (Fig . 

6c ), loca ted a bo ut 1 km a pa rr , bot h [1'0111 th e centra l pa rt 

o f bas in D , sholl' a 75 100 111 thi ck tra nsp a rent unit 

a 

b 

c 

75 

150 __ --- -

~ 
-- ~ -----

BASIN D 
LINE 39b 

~ .. ... .. ~.,...- . ~. -. - . 

.. ........ ' ~ ' .~ ', . 

. ' :~;~~::.?~; ':. ~ :'~ ~:. ~.:' .~'.~ r· .-

Fig. 6. II 'esl e(lsl. higlz-rr'.lOllIlioll ;,ei.l'lII ic /Juijile aeros.1 
basill f) ({Iollg lille 39b ( (( ) : alld Ill'O sOlllh 1I0rllt . //Iglt 
resolulioll ((collslic .lei.I /Ili{ profiles (((),OS.I baJill D alollg 
lille 3-1-c ( b) alld lille 3</-e ((). Frail! left la right . lite 
/))'ojiles {Ol'{'/',1 a disl([lI{(, ~/ abolll 2 km. !-fori::,olllal de/Jilt 
IilleJ are .I /){/ced 37.5111 a/Jarl . 
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overl ying more reflect ive and contorted sedim ent. Both 
lin es are from part of th e basin th a t was ice-covered until 
a fter 1984. Sedim ent samples have not been coll ected 
from basin D. 

SUMMARY 

Between surges which end ed in 1967 and began in 1993, 
Vitus La ke, the ice-ma rginal bas in which fronts the 
southeas tern ma rgin of Bering Glacier, was the site of 

modern , rapid, glacia l-m arine sedimenta tion. A high
resolution seismic refl ection survey, conducted in 1993 in 
four of Vitus Lake's deeper bas ins, revealed a complex 
three-component strat igraphy, inferred to cons ist of 
deformed glacia l-m a rine and o th er glacial d eposits, 
unconforma bly ove rl ain by aco ustically well-stratified 

glacia l-m arine sediment, which is conform ably ove rla in 
by, and grades in to, transparent glacial-ma rine sediment. 
M aximum th icknesses of conformab le g lacia l-m a rine 
sedim ent fill exceed 100 m. As the tra nspa ren t and 
stra tified d eposits have accumula ted since 1967, average 

maximum sedimenta tion rates a t some locations, based on 

210 

sediment thi cknesses measured on seismi c profiles, exceed 
10 m year I . 
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