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‘- " ABSTRACT

Marvin "l;eninsula,“northernrnost Ellesmere lsland, lies adjacent to |
the Arctic Ocean- Basin and is bounded by Disraeli Fiord and M'élintoc/lc
Inlet Ward Hunt Island (ca 13 km’) h'es at the mouth' of straelr
Fiord. The/glacral and relative sea level record of the f 1eld area is -
dpmmate'd by features related to the last glacratron At this ice limit \‘
glacters occupted most of the major valleys on Marvin Pemnsula while ,

the l‘rordg were occupred by the ull glacral sea, Ice buxld -up involved

both the‘expansron of exrstmg cxrque and outlet glaciers, and.

v

accumujatjon on plateau _and lowland areas that are presently ice-free.

Five AMS dates of 11.3 to 31 .3 ka BP on redeposrted br‘yophytes mdrcate

that many ice- free areas were brologrcally productive throughout the

last glacratron. Retreat from this ice limit had begun by 9.6 ka BP,

although rapid”ret’reat did not start until ca. 8.1 k‘a BP. An

‘ _anorpalously small amount of e ergence observed in inner Drsraelr Fiord

suggests that neotectomcs may represent one component of postglacxal
emergence.

At many sites meltwater channels mc:sed mto deeply weathered
bedrock occur above the last ice xlrmrt On the north coast of Marvin
Peninsula these channels relate to marine shorelines, up to 117 m asl
which have been AMS dated at 27 to 32 ka BP. These dates likely
represent a mrmmum age estimate of this glac:al advance an;)d assocrated
sea levels. Sparse high elevation erratics are believed to relate to a

former extensive glaciation of the region. Errati_c shell fragments

found up to 234 m asl on Ward Hunt Island may relate to thxs proposed"

.event, the age of which is unknown.



Six cores up to 280 cnwlong wex’e recovered from Disraeli Fiord.
v Deélacial(?) sediments relate to the retreat of tqmborate tidewater .

glaciers, reflecting a pronounced climatic amelibration in the early

. v . *
Holocene. In.the latter pag e Holocene mear sedimentation rates

- . e . )
have been 0.05 to 0.1 /ka, indicating a low energy depositional

environﬁment,‘ev‘en in ice-proximal sites.
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I. INTRODUCTION L e
The glacial record of the Queen Elizabeth Islands has been the sub'ject
of controversy for the past two decades. The primary focus of this debate
congerns the style and timing of the last glaciation. Alternative models
» .
proposed for this interval include: i) a pervasive ice cover on the Arctic

Ocean and high arctic Islands (Hugheset al. 1977; Mayewski eral 1981

Denton and Hughes 1981); ii) an extensive regional ice sheet, termed the
;

Innuitian Ice Sheet, covering the Queen Elizabeth Islands (Blake 1970,

1975), and iiP a ngncontiguous ice cover in the high arctic, termed the

Franklm Ice Complex, with many of the major sounds and fiords ()gcupled .

@

by a full glacial sea rather than glacners (England 1976, 1983).
On northern Ellesmere Island (Fig. L.1) several geomorphologic and
stratigraphic studies have demonstrated that the ice cover was limited

during the last glaciation (England 1978, 1983, 1986a; England and Bradley

1978; England ¢t al. 1978, 1981; Bednarski 1986; Retelle 1986; Evans 1988).

At this time glaciers advanced 5 - 40 km beyond their present margins,

terminating rapidly upon contact with the full glacial sea (England 1983).

.

Decreased temperatures during_ this interval were probably associated with
extensive, multi-y;,ar. landfast sea-ice and the growth of sea-ice ice
sheives (England 1983, 1987a). These conditions are analbg'ous to th;)se
which characterize the‘ northernmost coast of Ellesmere Island today,
where outlet élaciers terminate as floating tongues within many of th:A

fiords, and the sea-ice ice shelves at the fiord mouths are unique within

the northern hemisphere. Comparison of contemporary- and paleo-

glaciation levels indicates that the present climate of the northernmost

coast is more severe than that which characterised the area $South of the

4
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" and Stewart (1988) also of the Department of Geography, Umversrty ol

/

°

Grant Land Mountams (Frg 1.1) during the last glaciation (England l986b)
Freld work along Clements Markham Inlet (Fig. L1) by Bednnrskr (1984)
Alberta represents the fll'St detarled rnvestrgatton ot the Quaternary
hrstory of the north. coast regron

" This thesxs deals with- the glacral and sea level hrstory of Marvin '
Penmsula and Ward Hunt Island (Frg I I). Prevrous research from this
area concluded that a glacrer frlled Drsraelr Ftord durxng the last

glacratron, overtoppmg Ward Hunt Island and extendrng out onto the :

B contmefttal shelf (Lyons and Mtelke l973) Hrgh elevatron strtae and

errattcs, as &ll as proposed morames on the contlnental shelf, have been

' cned as ev:dence of extensrve glacxatron in thrs area (Hattersley Smrth et

E "complements ongomg Quaternary research to’ the west and sputhwest on

l955 Crary 1956 Hattersley Smrth l96l Lyons and Leavitt l96l

\Chrrstte 1967). It was felt that detailed research on the Quaternary
history of this area was warranted to help frll a large gap in.the regronal
glacrotsostatrc data base (cf England and Bednarskr 1986), and to }ést the
model of the f ull glacxal sea Furthermore thrs area lS characte |zed by
the most severe chmate in the northern hemrsphere and prov"v es the :
’opportumty to. evaluate the relatronshtp between glacral style and the -
paleochmatrc role of the A.rctrc Ocean Basm 'I'hts rese rch represents an
extensron of the work of Bednarskt (1984) and Stewa (1988) and
‘Ellesmere Island (England M 1987)
| The mam objectrves in thrs research weri to:

= defme the lrmrt of the "ast" glacratrcn and the nature of relative

, sea level adjustments 'Y the freld area and to provrde a o

chronologrc f ramework for ice advance and retreat

A

ya
P
/

¢
I'4
I
;o
/
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2 - . evaloate the eyidence t’or older glaclatibns and sea level
f lttctuatidns" svithih the f ield‘ ‘area" and: |
3 - , recover and analyze deep water sedrments from the adjacent
frords, WhICh would provide a continuous deposmonal record of
paleoenvrronmental change as well. as msxghts mto the
contemporary processes 9f sedr_mentanon in thxs unique
glaciomarine- environment. -° , . A-
Thxs thesrs is presented in a paper format and each of the three papers
(chapters II III and IV) relates specifically to one of these ‘main
' o-bjectrves Effort has been made to restrict these chapters to a length -

whrch is reallstrc for fmal pubhcatlon Highly. detarled srte\descnptrons

\
are kept to a mrmmum, w:th the papers approached t’rom a thema,trc

. 1,51‘«/

rather than spatlal perspectrve

: the apparent conflrcts between the mterpretatrons of LyOns and Mrelke R

| E (1973) and the regtonal model of lrmxted rce cover prowded by England '

‘ (1976,-‘_198_3). The methodology employed combines the mapping of -

vy

) surflcral geology ‘with data collected regardmg the rate and pattern of: .
‘ postglacxal emergence (e 8. Dyke 1983) Freld work prrmarrly rnvolves t&g'
‘stratrgraphrc rnvesngatron of glacial and rarsed marine deposrts the
= collectlon of marme ‘shells from these deposrts and “the surveymg of rarsed
marine shorelmes The radxocarbon datrng of marine shells, dnf twood and -
terrestrral orgamcs provrdes chronologrc control for- the study Many :
f aspects of the last glacratron ‘of this regron remain poorly understood

-

. These rnclude r) the onset of ice advance .and attainment-of the last- rce



llmlt ii) the timing of rnmal deglaciation and its apparent regional
“”‘”ﬂil‘f‘erences, which suggest spatral vanabrhty l? the glacrochmatlc regrme ‘

(England and Bednarskl 1986); and iii) the exxstence of biologically

productrve refugxa throughout the last glaciation (Leech 1966; Brassard

vl97l Stewart and England 1986)

+While controversy surrounds drscussrons of the Jrast—glrztcmtron in the

hrgh arctxé little+i 1s known about earlrer glacnatxons Deposrts bel;eved to :
\vbe of mterglacml age have been reported f rom only two ‘sites in the Queen
'Elxzabeth Islands (Blhke 1974 Blake and Matthews 1979) and exnmples ot
____s_tg mterstadral d posrts have not been found (cf Blake 1982). The

. only well document d record of multrple glacral and sea Jevel e:/ents comes
from northeast Ellesmere Island (England and Bradley 1978 Engl‘and et al, .

1978, 1981 Retelle 1986) A regtonal perspectrve of all glacial events is
critical to our ﬁnderstandtng of -the evolutron of the hrgh arctic landscape
(cf. England 1987b), and in assessing thé role of the Arctic‘Ocean asa

control of glaciation.

tivk 3: Fior im n
‘ The frords along the north coast of Ellesmer'e Island represent a
’ unique glacromarme envrronment in which the processes and products of '
e \eedxmentatron remam matters of speculatron (Powell '1984; Syvuskl 1986).
kThe study of deep water sedrment\s from these fiords is of direct
relevance to the other obJectxves of thrs study for two reasons: 1) The 3

conditions’ whxch. characterize these frords at present (f loatmg glacrer

‘tongues; multi-year, landfast sea-xce, and sea-ice ice shelves) are similar to
: ‘ Y

3



\ | RS

: ‘those belneved to\‘/prf y many hlgh arctic, fxords c&urmg the last glacxatxon

(cf England 1983). Understandmg the processes and products of

contempbrary sbdrmentatxon in these fiords may help m the i terpretatron

ﬁ

of rarsed marine sequences present throughout the hlgh arctx LI If
' -sedrmentatron rates within the fiords are suffxcxently ‘L’w, it sh
possible to obtam sednments of full glacial age through cormg 'If ‘ )
sedrments -of "this age are solely of marine orrgm, it would provide

’ unequnvocal evidence in support of England’s (1983) model of lxmxth ice

‘ 'extent and the full glacnal sea.
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II. THE LAST GLAGIATION OF MARVIN PENINSULA AND

WARD HUNT ISLAND, N.W.T.
Introduction
!

Previous research concerning the style and timing of glaciation

valo‘xig the northern coast of Ellesmere Island, bordering the Arctic Ocean

Basin, has largely been of a réconnaissance nature (Ee.g. Hattersley-

Smith et al. ,1955; Christie 1957, 1967; Lyons ar;d Mielke 1973)..

réé’ént detailgd study of Clements Ma;kham Iﬁlet (Fig. II.1) Bednarski

‘ (1986) concluc;ed that the last ice 'ihnzt w? tvs‘triqted to the head of

the inlet and major valley systems,’ with élaciers terminat{ng shortly

_ after contatt with the sea. From a iegional perspectiye’ E‘édnarski’s ‘ #

findings support the modek of a limited ic.e cover duuring the last

glaciation (England 1976), with mos.t of tigé major fiords and channels

being occupieé by “the full glacial sea" (England 1983) rather than by

« glacier ice, Co\i‘l"\ectively, these studies reject the model of a

pervasive regional ice c'over, the Innuitian Ice Sheet, ‘o?'ginally

proposed by Blake (1970) and subsequently accepted by others (e.g. Lyons

and Mxelke 1973 Hughes g;_al 1977; Mayewskx et'al. 1981). , | .
Presen;ed m two compamon papers (Chapters Il and III) are the

glacial geomorphology ahd stratiéraphy, as well\ as the relative sea

level history, of Marvin Pe‘ninsula anc; Wara Hunt Island (Fig. IL.1). %

These areas constityte the largest ice-free terréigj along the north’

coast ;vest of élements Markham Inlet. The field area includes many

sites discussed in previous reconnaissance studies. The primary

10 ‘ o5
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ob;ecuve in thls study is to expand the\present data base concerning
regional stratngraphy and postglacial smergence, wnth emphasis placed\

upon glacial style and deglacnal chrondlogy This paper is focussed \

upon the last glacnatxon wherqas the second paper concerns the ojder "'\‘
glacial and sea level record.

The term "last glaciation" has been used'iﬁfoi-m‘ally by' numerous
workers to refer to the last major ice . bunlq up in the ares, 'v \
sbbsequemly recorded by retreat from moraines contactmg dateable ‘ \
raised marine shorelines (e.g. England 1978,. 1983, 1985, Hodgson 1985;

Bedﬁarski 1986; Retelle 1986; England et al. 1987). Data concerning

1

initiation bf the ice advancp- associated with the last glaciation are .
sparse (cf. Blake 1982). “Last glaciation” does not -necessarily 'imply b
the entire period since the last interglaciation, evid’e;xce for which has )
not yet been observed in the terr;estrial stratigraphy ofv horthem
Ellesmere Island. It is debatable whethér the terms "Glacial" and
"Iffterglacjal® have any useful application in this extreme high arctic PR
envirqnment. espe;:ially givv) the dominance of precipitation changes A &:

oVer temperature for the build-up of ice (Bradley and England 1978).

Study area

Marvin Pemnsula borders the Arctic (?ean and is bounded\y

Disraeli Fxord annd M'Clintock Inlet to the east and west, respectlvel;b

~ both ca. 60 km in length (Fig. II.2L A major trough, termed Central

Valley, extends NE to SW across the peninsula with a divide at <300 m



NEW RADIOCARBON DATES FROM MARVIN PENINSULA
(No. at left refers to location map)

Sample Related
No. lab No. Material Date  Elev.(m) Sealevel
M'CLINTOCK INLET ' -
1 TO-499 marine shells 8140490 73 <22
2 T0-267 marine shells 8870+110 84 >84<120
3 T0-262 - marine shells 7770+70 36 ?
4 TO-498 subfossil bryophytes 14,730+120 98 >985122
5 T0-497 subfossil - 15,7104180 89 >89<120
6 TO-263 marine ghells 7800490 46 “81
7 TO-265 marine shells .= 7320490 32 >68 -
NORTH COAST
8 TO-861 marine shells 8630+70 42 <67
. 9a TO-863 . driftwood 5800+50 0.5 ?
9b TO-864 . driftwood 5730+60 0.5 ?
9c GSC-4559 driftwood 850480 0.5 ?
10a TO-488 marine shells 9560470 3 . ?
10b TO-487 marine shells 9080+110 36 ?
10c TO-489 subfossil b 23,3404430 41 ”?
11 TO-490 marine 1s. B630+100 46 <4
OUTER DISRAELI FIORD
12a TO-862 '\ marine shells 9250+80 62 78
12b TO-857 »  sandy peat 11,340+70 62 - 78
CENTRAL VALLEY EAST : ‘
13 ToO-269 marine shells 8150460 < 45 <92
14 TO-270 mar. shalls 8860+60 46 <97
TO-500 shell 30,440+330 81 ?
TO-261 dry 6510+70 19 >19
TO-268 - marine shells 5450+90 7 .
TO-264 marine shells 4920+70 15 <40
TO-266 marine shells 4080+60 3 <59
INNER DISRAELI FIORD
15a TO—-496 marine shells 8150+80 64 75
15b*TO~519 ., marine shells 7950460 64 75
15C*T0-520 marine shells W 64 75
15d*TO-521 marine shells 10,850+70 64 75
16 TO-493 subfossil 7730£70 . 39 268
17 TO-491 marine- 8010+100 31 268
TO-494 marine shells 7260+80 33 <68
*T0-525 -~ marine shells 7110460 32 <68
18 TO—492 subfossil bmxu- 31,360+400 72 lacustrine
19 TO-495 dri : 6030+70 27 ?

* daﬁ-s‘cxnrtesy of M. Tushingham, Department of Physics,
University of Toronto, unpublished data

-



o

Figure I1.2. Marvin Peninsula and Ward Hunt Island. Glaciers and ice
rises are outlined by fine dashes. Names in quotations are unofficial.
Numbers refer to locations of radiocarbon dated samples listed at left.
All "TO" sample numbers refer to AMS dates run by Isotrace Laboratory,
University of Toronto. Shell samples received a 30 to 50% preleach.
Dates are corrected to a base }3C = O%. . The errors represent one
standard deviation (68.3% conf id‘ence limits).
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asl.. To the south the Grant Land Mountains and ‘icefields reach 2500‘1\-(

asl with ice thrcknesses of 700 m. (I-Iattersley Smxth e_t_gj_ 1969 Narod

_9_t_a1 I9§8) Transectron glacxers drscharge f rom these 1cef1elds mto

the f IOl‘d heads,-\formmg small glacxal xce shelves. North'of Central |

. -
Valley, tsolated summrts reachmg IIOO m asl support small ice caps and

- ¢irque glacxers Ward I-Iunt Island (83°05’ N) lres at the mouth of
Dnsraelr Fxord 6 km north of Marvm Penmsula The 1sland is
'surrounded by the Ward Hunt Ice Shelf whrch extends westward from Cape

“Albert Edwa:d to Cape Dtscovery, covermg ca 800 km2 (Frg II I) Ice

el rtses, whtch constltute sea Ievel glacrers are f'ormed where the 1ce

" ,'the north coast ott‘ Marvm Penmsula (Frg IL 3) G

shelf bec0mes grounded along Ward Hunt Island the Marvm Islands and

5

¢
Northern Ellesmere IsIand is-a polar desert wrt.h Iow precrpxtatron

and an annual water balance close to 26ro (Bovrs and Barry 1974)

precxpxtatxon whereas the short summers are’ charactenzed by f requent ‘

' temperature mvers:ons mcreased precrprtauon owmg to greater v
ot
cyclomc actrvnty, and coastal fog assocxated w1th runoff and breakup of % M

N

the pack Ice (MaxweT 1982) ’I‘he ‘mean annual air temperature at Alert

B (180 km east of - Marvm Pemnsula) IS —18°C and mean summer temperatures
. (J J, A) are. ca. +2°C w1th hxgh mter-anpual varxablhty (Bradley and
/
o England 1978) Westerly wmds are dommant through most of the year

- although easterly Wmds tend to be assocrated wrth the greatest wmd

speeds especrally in summer (Maxwell I982) A steep clrmanc gradrent
‘ - :

= charactenzes the northernmost coast demonstratmg the locahzed

'Wmters are characterlzed by extreme cold (commonly 35°C) and. m:mmal 5

. ”’
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influence of the Arctrc Ocean on the glacioclimatic Gondttrons of the
f ield area,’ As one moves inland thedocal glacratron level mcreases
f rom-aboutsea level around th_e Wardw Hunt Ice Shelf to > llOO‘m asl over

the Grant Land Mountains (Miller et al. 1975; Bednarski 1984).

wGeologrcally, the study area .is one of the most complex regrons in
‘the Arcttc Islands (Trettm l98l) A comprehensrve synthesrs of the .
-regronal geological evolutron 1s presented by Trettm (l9&7) The area .
is prrmarrl'y composed of Precambrlan to Upper Srlurran lrthologres whrch
*-include; volcamcs mtrusxve and metamorphrcﬁ-qcks as well asa wrde
range of sedrmentary rocks,_from bou.lder conglome tes to carbonates
(Christie 1964; Trettin 1969, 1981; Frisch ‘1974) Up'per'ﬁPaleozoic L
‘ sedrmentary rocks (undrfferentrated) and minor outcrops of Ternary
¢onglomerate have also been mapped (Trettm 1981) Smce the Ordovician
the region has been af?cted by at least four maJor orogenies, the most
: recent bemg the Eurekan Orogeny of latest Cretaceous to Ohgocene trme
(Trettrn. 1987) Grven the structural and lrthologrcal complexrty of the
field area, it is difficult to rdentrf‘yrglacral erratrcsathat

de't‘init_lvely record past ice flow directions. . MR

Much of the early freld work in the regron focussed upon the ,
hrstory and structure of” the Ward Hunt Ice Shelf (cf Ommanney 1982
\ Jeffnes 1987) Nonetheless, hrgh elevatron erratlcs and other glacral
features on Ward Hunt Island and northern Marvm Pemnsula apparently

demonstrate extensive glamatron of unknown age (Hattersley-Smlth et al.

16



1955, Lyons and Leavitt l96l Chrrstxe 1967; Lyons and Mlell\e l973l S
North of Ward Hu’nt Island sparse bathymetrrc datu were rnterpreted as .
indicating large moraines on the continental shelf (Crary 1956).
Furthermore, the presence of fiords and the drscordant relationships

: between tnbutary and trunk valleys have all been attributed to-

i glacratxon (Crary 1956 Hattersley Smrth 1961; Christie l967) Lyons-

and Mielke (1973) usmg theoretrcal ice sheet proflles predicated upon
therr acceptance of an Innuman Ice Sheet (Blake 1970), concluded that

at least 600. m of ice filled Drsraell Fiord during the last glaciation

and extended 16 km to the north of Ward Hunt fsland (see England l974)

,Vy‘

Radlocarbon dates‘dn marine shells (72001200 BP L248A, Crary 1960; and
7755+lSO BP, SI-718, »Lyogi\ and Mlelke 1973) collected l‘rom a promnner/tt
beach at 38 m' asl on Ward Hunt Island provrded est;mates of mrtlal ice
retreat and postglacral emergence Prror to thrs Lstudy, marine shells
'dated 8I30:l:120 BP (GSC- 1850 Blake l987) provrded ‘the oldest date
‘assocxated with the last glacratron of the field area. A complete list

of radlocarbon dates from the freld area is’ contamed in Appendix L

Glacial geomorphology’

‘ Although fi‘eld IWOrk concentrated on“ coastal sites, .the mapping of
su_rficial geology l’rom air photographs‘ covered the enti}re field area
‘(Fxg 1.4, Appendrx II) In generaf’é;nall scale glacial\erosional
features are not commonly preserved. Glacrally molded bedrock is most

) evxdent along the west shore of inner Disraeli Fiord. Striae, while

COmmon on erratlc boulders are less frequently found on bedrock except

i Y . 1
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Figure 11.4. Prominent glacial and marine features on Marvin Peninsula .-
and Ward Hunt Island. Elevations were determined using a Wallace and
Teiran altimeter and believed accurate to £1.5 m. Unless noted,

elevations are based upon more than three independent readings from sea
level. E :
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where protected by overlymg drxft "{here found, striations rndncate ' |
ice flow parallel to the major valley systqms (cf. Christie 1967).

. Meitwater channels, usually mcrsed in bedrock provide the most
wxdespread record ot' former ice margins, Most glacigenic sediments are
confmed to the main valley systems, and rarely exceed a thickness of
one metre. Morai‘ne Systems record a prominent icelimlt in three of
these valleys: both ends of Central Valley; Ootah Bay and Disraeli Creek
(Fig. 11.4). Elsewhere .ice limits are inferred from the distribution ot‘ ‘

i

“glacial dramrctons, lateral meltwater channels ice- contact deltas,
proglacial fluv_ral deposits and relatiye weathering of bedrock. W'
Moraines along the north an“ of Central Valley (Figs. I1.4 - 11.6)

record a former ice flow parallel to the main axis of the valles'. The
glacier which occupied the trough had a rouéhly symmetrical NE-SW
profile, with a divide located just east of the”present. drainage divide
(<300 m asl), At both,ends of the v-alley the maximum elevation of_the
outermost lateral moraines is ca 205 m asl. The mor:rines consist of

silty diamicton with coarse clasts which are generally rounded. At the
‘east end of Central Valley these morames form a terminal loop marked by
a thick wedge of glacxomarme dtamxcton This landform is mterpreted

as a moramal bank deposxt (Powell 1981) marking the grounding line of a
txdewater glacrer in Disraeli Fxord Shell fragments collected from the
diamicton dated 30 ,440£300 BP (TO-500). The termmal posmon of ice
flowmg southwest towards the west end of Central Valley 8 not as - .
clearly recorded At its maxrmum extent this glacier contacted a second
lobe of 'lce blocking the mouth of the valley which, in ‘turn, terminated °

¥ [N

in M'Clintock Inlet. e
%
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Inland of‘ C;otah Bay (Fig. 11.4), prominent moraines occur about 10
km up valley. Distal to these méraines isa discon‘tinuous g‘aciof luvial
terrace which grades to ca. 90 m asl in t.he lower valley. Inactive
alluvial fan surfaces, relateg to this major terrace, are present at the
mouths of all tributary valleys.

. lce-contact‘ ‘deltas are another iinpoztant ice margiﬁal indicator,
particularly,at the east end of Central Valley and along the west cc;ast
of outer Disraeli Fiord. Au of these deltas are felated,to local |
valley glaciers which formerly contacted the fiord. A prominent kame
terrace at ca. 83 m asl along the north coast of Marvin Penins;xla
.relates to the flow of ipe oyt of the Camp Creek Valley (Figs. fI.Z and
I1.4). This terrace, initia)z described by Lyons and Mielke (1973), is
éomposed predominz;xtlf{ of glaciofluvial boulders. j‘

Overstep sequerices of glacial marine Silt abruptly overlying till
prov:de stratxgraphxc evxdence of glacxers grounded below sea level and
the transgressnon of the sea upbn ice retreat (Bednarski 1988).

Sediments exposed in outer Sentinel Valley. and Snowbound Valley (Fig.
I1.2) show such a relationship. Elsewhere, ~s;ratigraphic sections
containing till are rare, with the most common sequence observed
consisting of marine or fluvial sediments directly overlying bedrock.

Above the uppermost extent of Qignificant glacigenic deposits, the
surficial rriaterial_ is dominated by‘ bedrock,i colluvium and geliflucting
residuum. Tors are common, and are found <3 m above the rﬁarine limit at
the east eﬁd of Central Valley. North.. of Ootah Bay tors' >6 m in height
are found in volcanic flow rocks on a sum;nit ca. 800 m asl. Although

some summits sl_xow no evidence of glaciation, sparse erratics are found

at almost every elevation in the field area. Meltwater channels occur

22
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up to elevations of ca. 400 m asl, with the higher channels incised
within highly weathered bedrock. On Ward Hunt Island, weathering and

slope processes make the recognition of glacigenic deposits difficult,

However, highly weathered erratics are common and occur within 2 m of

the,surpq&it of the island (415 m asl), while tiny shell fragments

(probably glacially transported, Chapter III) occur up to 234 m asl.

” | -

Glacial marine sediments
\

Like elsewhere in the high arctic the mouths of most of the major
valléys on Marvin Penins% afe‘occupied by glaciomarine deltas which
record progradation along coasttthes that have emerged following
deglaciation. The ipcal marine limit, which usually coincides with the
highest delta, ranges from 122 m asl in inner M'Clintock Inlet to
roughly 62 m aSl on Ward Hunt Is[l;;nd (l:-‘ig. IL.4). However, many smali
valleys which drain directly into the fiérds did n;t pro&dce sufficient
sedime';if»dixrin‘g deglaciation to prograde deltés tp the marine limit
(England 1982, 1983; Bednarski 1988). At these sites, the highest
marine features are beaches or washmg limits at elevations somew hat

‘

below the marine limit recorded by deltas in adjacent valle/ys The
problem of recognizing the marine limit :?pamcularly ev:dent on Ward
Hunt Island, where marine sediments, beaches and washing limits are
rare. At many localities fine-grained, fossiliferous, marine sediments

‘are common below the marin\hmw but it can be problematic relating

these to a specific former sea lével. Vast expanses of dissected marine

a
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silt as described elsev&here on northern Ellesmere Island (cf. Christie
1967, Bednarski 1986), are only found at the east end of “Céntral Valtey.

The élevation of marine limit descends frem Central Valley (122 m
asl at ;veSt enc{. 97%m asl at east end) to the north coast, .where it
reaches itg lowest elevation of ca. 62 m asl on Ward Hunt Island (Fig.
11.4). Souti). of Centra{w‘Valley, along Disraeli Fiord, marine limit
descends to ca. 86 m an’d shows no systematic gradient southwérd to the
fiord. head At Th‘:ﬁes Rxm,, w!nch drains to the inner west shore of
Disraeli Fiord (Fig. II 2). sect:ons feature foreset beds extending to
the surface of the marine lxmnt delta at 68 m asl. Because the topset
beds bave been ’removed by erosion, this surface must represent a minimum
estimate of the local marine limit. It is also possible that fluvial
incision has remoyed‘s‘édiments recording the true ‘marine limit in other
confined valley Systems.

Promment deltas were surveyed in 18 dnfferent valleys while
beaches and washmg hmnts were. surveyed at. more than 15 other,
mtervemng localities. Together with 34 new accelerator mass

spectrometry (AMS) radiocarbon dates, these data record the pattern of

postglacial emergence and relative sea level changes in the field area.

:
o

-

Relative sea level history
This section presents a discussion of the evidence for, and ages
of, former sea levels. A site-specific approach is taken, proceeding in
a clockwise circuit from the head of M’Clintock Inlet northward to Ward -

Hunt lsland and then mland to the head of straeh Fiord.

24
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M Cltack nts L

At the northwest extremity of Central Valley, a prominent delta ut.
122 m asl records..af;arine limit near the head of M‘Ci}ntock Inlet (Figs.
II-4, 11-6). This delta was comstructed when the mouth of Central
Valley was blocked by the larvg;e. outlet glacier which enters the valley
from the ‘south (Fig. IL6). Ad\;ance of this glacier c‘liverted‘meltwater |
through a small cross—Volley leading to M'Clintock Inlet. A distinct
break in slope occuﬁ's. between ca. 100 and lls\m asl along the north side
of outer Central Valley and records glaciomarine deposition beyond the
;etreating ice margin. A seco_nd large deita was constructed when
relative sea level fell to 115 m asl, at which time drainnge through the
cross-valley was abandoned. Distal to the 122 m dolta whole valves of

Hiatella Arctica were collected and dated at. 8140£90 BP (TO-499) whereas

- a second sample, between the 122 and 115 m deltas, dated 8870%110 BP

(TO-267, sites 1 and 2, Fig. 1I-2). The 'date ot‘ 8870 -BP provides a
minimum age estimate on both deglaciation and the 122 m sea level. A’
third date of 7770470 BP (TO-262) was obtained on whole valves of
Hiatella arctica within sandy marine silt 5300 m beyond the present ice
margin (site 3, Fig. II-2).

East of Ootah Bay, along central M’Clintock lnlet (Fig. IL.2), the

_ marine limit was not observed within the main valley. Even small

-

tributary valleys did not generate sufficient sediment during
deglaciation to produce well defined deposxts at marine hmnt Deltas
at the mouths of these valleys have a cone-like morphology The

highest marine features in the valley, measured at five different sites,

" are wave-washed surfaces at 90+2 m asl (Fig. I1.4). Marine shells are

sSparse, but they record the transgression of the sea at least 3.5 km up-
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Qalley. Two shell sAmples from foreset beds of different deltas we;g"'
dated (TO;263 and TO-265; sites 6 arid 7 respectively, Fig. [1.2). The
oldest of these dates (780090 BP) is related to a former .sea level at
81 m asl, and provides é minin:um estimate on ice retreat within the

tributary basins.

North “—2?# \ | ‘\
Aldng the north coast, between Lake A.and the Cape Discovery Ice

[y

Rise (Fig. I1.2), a series of pror\xinent beaches that terminate at ca. 68
m asl are considered to mark the rpaximum height of the sea during the
Holocéne (Fig. IL.4). A minimum age estimate on this sea levei of
8630170 is pfovided by paired bivalves coll\éc&ed from marine silts
behind the eastern margin of the ice rise (TO-861; site 8, Fig. 11.4).
In outer Sentinel River Valley, the local marine limit is defined by
wave-washed surfaces which 'extend to ca. 117 m asl. However, associated
radiocarbon dates demonstrate that this higher shoreline predate the\
last glaciation (Chapter III). Two km up-valley}of this high sea level,
from an .élevation qf <40 m asl, marine silt agx:ibtly overlies glacial
diamic\ton. Complete bivalves of Portlandia arctica from these silts
.da‘ted 9560170 BP (TO-488) and 9080:710 BP (T6—487), providing excellent
control on the tirﬁing of initial deglaciation within the valley (site
10, Fig. 11.2). h

Immediately east of Lake A, at the mouth of Rainbow Creek, a large
delta at 73 m asl records the local marine limit (Fig. I1.4), Shells ‘
assdciated with marine limit were not found at this site, and afe rarely

observed along the northernmost coast, Four km further east'a small

cone of foreset bedded sands abuts the eastern end of a kame terrace.
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The outer lip of this delta has an elevation of 75 m asl (Fig. 11.4).

Shells were not found at this site, however, threes km up-valley, along
the east sidé of Camp Creek, whole bivalves of Hj ugm.n
collected at 46 m asl dated 8630110 BP (T ) (fite 11, Fig. 11.2).
This date provides a minimum estimate for the ‘age of the marine !imit
recorded at the mouth of the valley. This sample is from the same
general ‘location as shells dated 7045+190 BP (SI-72§) from about 30 m

asl reported by Lyons and Mielke (1973).

Ward Hunt Island :

, o .

The steep slopes and small drainage basins of Ward Hunt Island make

recognition of the marine limit difficult. A prominent beach berm on )
the north shore of the island at 38 - 42 m asi has been described by
numerous authors. Marine shells are abund;nt on this beach, howeve:\
dates of 7200+200 BP (L248A, Crary 1960) :;nd 7755¢150 BP (SI-720, Lyons
and Mielke l973);ﬁggest tha(ﬁey represent a mix of different aged
bivélves that were not restricted to this sea level. Wave-washed
benches along the south’;shore of the island extend to 62 m asl (Fig.
I1.4), representing a minimum estimate of the marine limit. Large
fragments of marine shells rth‘at predate the last glaciation were

£

collected from between 52 and 115 m asi (Chapter III).

Outer Disraeli Fiord

°

Along outer Disraeli Fiord the marine limit is well defined by a
series of deltas and intervening beaches (Fig. I1.4). Im ~'ediately north

of Disraeli Creek a large délta complex at 81 m asl profides the best



' estlmate of the local manne limit, Thxs delta is unrelated to any

" signifi 1cant dralnage basm, but meltwater channels mclsed mto bedrock

‘.mdlcate that it once recexved meltwater t'rom rce occupymg a plateagx
o N
'rmmedxately to the west. thhm Disraeli Creek proper the hrgheaﬁ, delta

- occurs at 70 m aslx To the south _in ‘the basm between Dtsraeh agd Ice

‘ "Shelf Creeks, a large deita océurs at ca. 77 m asl (Fig. IL4). A B

>

0
ad coarse gramed outwash plam mdxcates that thls delta recexved
meltwater pnmarrly from ice occupymg Dlsraelr Creek Abundant
bivalves ot‘ Egr_tlg_n_q_a grcttgg collected f rom a large subaqueous

‘ channel deposrt 1mmed1ately d1stal to the. 77 m delta, dated 9250+80 BP.

"(TO 862 site 12, Fxg 1L 2)

N !

Between Ice Shell‘ Qgeek and Central Valley the‘marme lrmrt is

B

recorded by dtscontmuous beaches, whereas small deltas related to minor

| 'dramage basins’ usually are not graded to marme llmlt Immedlately
south of Ice Shelf Creek the hrghest prorﬁment beach occurs at 77 m asl

whereas ca. 2.5 km further south beaches extend to 83 m asl (Fig. II.4),

Meltwater channels and ice-contact deposxts mdrcate that -at some |

. g ‘-“‘:_...

sntes local ice from these small valleys tern\mated ll‘l the sea

S : ..‘(,

i ‘;’Unfortunately most of thts area was not traversed.

The 1 manne hmxt along Dlsraeln Flord attams a maxxmum elevatlon ‘

‘¢

at, the northern margm of Central Valley Here a wave washed terrace

' at 97 m asl occurs drstal to the outermost morames m the lower valley,

and records the penetratlon of the sea in a narrow stnp between the
-mountam slope and former glac:er margm (Fxgs 1L 4, ,II 5) Followmg

' PR
retreat of the 1ce an 1ce -contact. delta was constructed at: 92 'm asl i

<
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) _%n_am am datmg 8860160 BP (TO -270) were collected from marine.

)

1

igle th9 moraines. ’ Complete‘ bivalves of Mva truncata from clayey-

silt ﬁlstal to, and apparently undérlying, thls delta dated 8150+60 BP

(TO 269 s:te 13, Frg Il 2) On the south snde of the. valley

,,@;lts.overlymg glacral ‘dramrcton»(srte l4 xeg 11.2)." This dats’

provxdes a minimum estxmate on the establrshment of the 97 m marine

llmlt as well as the trmmg of initial ice retreat. Ice-contact deltas

at 87 and 85 m sl within Snowbound Valiey record continued retreat of

ice up-valley (ths IL.4, I11.5).
R
R

Inngr [25 aeli Fiord"
 Two large deltas located 10 and 14 km south of Central Valley
record local marine limits of ca. 86 and 80 m asl respecttvely. wrthm' DS

large valley systems (Fig 11.4). These sites have not been radtOcarbon

~ dated. Further up-fi 1ord, the' marine limit becom)es., less well def ined,

despite the ';%sence of ‘manysmall deltas. At Collision Delta (Fig.

1L 2) sxlt underlymg colluvrum extends up to a promment break in slope

L at 86 m asl, markmg a minimum- elevatron of the local marme limit,

Sandy deltalc sedtments related to the retreat of a local cxrque ' g |
glacxer and POt a trunk glac:er in Dls£elt Fiord, are inset agatnst '

the mdurate{i srlt at 75 m asl _g__s___m bxvalves of ﬂ_lg_t_eua am

from the gravelly sand foresets of this delta dated 8150:80 BP (TO -496) -
(srte 15 /P/g II. 2) Three othe: dates are . also avarlable on thxs 75 m
delta from a sample of ﬂ.&t_t_a_a_s_t_ga collected by a second

researcher The dates are; 7800+60 BP (TO 520), 7950160 BP (TO 519) and

kS

10 090+70 BP (TO 521 ‘M. Tushmgham ‘personal commumcatton é988)

Grven that all of the dated shells’ were found mg and collected f rom

4
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the same bed, and Vrndeed wrthm centrmetres of each other, the 10,090 BP
' date is anomalous On the basis .of the reasonable consrstency of the
other Holocege dates m thrs area the date of 10,090 BPis re Jected |

At the head of Drsraelr Fl)«dﬂ!o/ng’the south side of the Thores
Rlver (Frg II 2), a large delta at 68 m asl provrdes a minimum estrmate
on the helght of the local marine hmrt (Fig. I1.4). A date of 773070
BP (TO-493) was obtamed on bryophytes which had been redepOSrte‘d in
bedded sand beneath the marine llmxt/ delta (site l6 Frg I1.2). A date
of 80101100 BP (TO-491) was obtamed on Egr_ﬂ_a_g_g_g a_r_g_tlga collected
if rom contorted srlt and clay at 31 m asl on the north side of the valley ,'
(s:te l7 Fig. I1.2). However the stratigraphic relatlonshxp between
thrs sample and the marine limit is not clear The ca. 8000 BP
'/ sedlments %ere likely deposrted wrthm metres of the groundmg line of
the Disraeli Glacrer and perhaps were ovemd!len by the fluctuating ice

margm The marine lrmtt delta, on the other hand clearly relates to

sedrmentatron from wrthm Thores Valley and was prograded at a slightly
younger date, followmg retreaﬁt of the Disraeli Glacrer across the mouth
of th? valley. B I

Two km upvalley (west) of the marine hmrs delta in Thores Valley,
»45 m thxck sectrons of bedded sand and gravel extends ‘ca. llQ m asl.
These sediments are consxdered to record deposmon ina lake dammed by
‘ the Drsraelr Glacier when it was grounded across the mouth of the valley 2
,:(Matxshak and Lemmen l987) ThlS mterpretancgr is based upon the
absence of marme ﬁ‘auna in ‘the- s@ents and the abundant ice- rafted
'debns at the base ot‘ the se/c&rons nearest Drstaelr Fiord. A pre- :

_ Holocene radrocarbon date ‘was obtamed on redeposrted terrestrxal

organxcs found wrthm these ?dlments (see next section).: Small pockets



of glaciolacustrine sediment occur at least 2 km further west along the i

_ north - valley wall, at an estimated height of l50 m asl.

Pre-Holocene organics

Five samples of subfossil ‘bryophytes which predate the Holocene
were found/within waterlain sediments on Marvin Peninsula. The oldest

of these samples, dating 31,360£400 BP (TO-492), was found within the

ice-dammed lake sediments in the lower Thores River valley (site 18,

Fié." IhI.2”). The bryophytes were oispersed- within horizo'ntally bedded,
medium sand, and overlain by ca. 20 m of coarsemng upwards sedlmenrs |
_ that record the mt‘lllmg of the lake. Part of a bird feather, as.yet

unidentified, was found along with the bryophytes. o
. ‘ , . ] ‘ ‘ 3‘:
A sample of subfossil bryophytes from marine sediments within the

.Sentinel"‘Bivef"Valley provided a date of 23,3401430 BP (TO-489; site 10,

VoL

'2-5 m abave the silt containing marme shells dated
B oﬁu %
(TO-487 and TO- 488) Srmxlar look%g orgamcs are common within sand
/
exposed in numerous sections along the e_ast river bank. A similar,

Fig.,II.2). These organics were obtained fromv horiz y bedded _,san;:l ‘
00 to 9500 BP

,,anomalouslyoold date has been obtained ofi the basal sediments of a small "
lake in the Sentinel Rlver Valley (M. Retelle, personal commumcatxon

. 1987) o

Radlocarbon dates of 14 7301:120 BP (TO- 498) and 15,710£180 BP (TO-
~ 497) were obtamed from bryophytes mcorporated within marine sand near
the head of M’Clmtock Inlet (srtes 4 and 5, Flg, 11.2). The 14 730 BP
sample was collected from a small secuon exposed along a gully/at 98 m '

asl.’ The 1 uppermost sand of this sectron contam symmetncal bedforms

N
P
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Figure I1.7-Subfossil bryophytes contained within
cross-laminated marine sands. Sample from this site |
(location 5, Fig. I1.2) at'89 m asl. was dated
15,710£180 BP (TO-497). Scale = 17 cm.,
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provisionally interpret?d as wave ripblés. There xs no signil‘it:ant
mantne deposition found above 100 m nslA .at this site, although the Jocal
marine limit is 115 tn 120 m asl (Fig. IL.4). The 15,710 BP snmple wns
‘found at 89 m asl within coarse to medxum sand dommnted by current
ripples and climbing‘». ripples (F_ig. IL.7). Paleocurrent directions
indicate flow paraliel to the contemporary slope. . Thé section fines
upward into silt which is laterally equivalent to that ‘dated 8870 BP
(TO-267, site 2,‘ Fi‘g. II‘.2'). Analysis_nf this sample reveals eight
Bryop‘hyte species (Appendix III), with very gobd preservation. - All of
the species are extant on northern Ellesmere Island, and are
characteristic of a hxgh arctlc wet meadow commumty (Brassard l97l
LaFarge-England, 1988). : | y ’

The youngest of the fxve dates 11,340£70. BP (TO-857), was obt:uned

on dlspersed orgamcs deposited in sandy snlt distal to th-e marine limit
delta of Ice Shelf Creek (site 12, Fnai. I1.2). Marine sh,ells from the
_ samé be‘d as the oréanics dated 9250130 BP (TO-V862).
e

~ Driftwood '

~ e

—

Prevxous studies concernxng dnftwood penetratnan w:thm the field \
arsa have concentrated on low elevation samples which may be related to
the formanon of the Ward Hunt Ice Shelf (Cra;y 1960; Hattersley Smith
1973; Stewart and England 1983; Blake 1987). Previously "dated‘Holocene
wood from this area ranges from 3000:200 (L254p; ,Ciary 1960): to 6280+140
BP (SI-568, Mielke and Long 1969; Appendix D). Six other samples have
yielded "greater than" radiocarbon dates (Miélke and Long ,1.969;/ Blake

- 1987). All driftwood above ca. 3 m asl found during this study had
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clearly been moved downslopd subsequent to its originél deposition.

Along iheJ 'ﬁorth coast of Marvin Peninsula, about- 3 km east of _the Cape
Discovery Ice Rise, mof@ than  twenty pieq‘es, of .wood were found between,‘
04 and I m asl, .Dates on three of these sémples were 8850:50 BP (GSC;
4559), 5800+50 BP (TO-863), and 573060 BP (TO 864; site 9, Fxg I1.2).."
From inner Dnsraeh Fxord a sample found at 27 m asl along the southern
margin of the: Thords Rlver delta was dated at 6030:t70 BP (TO 266; site
19, Fig. II. 2) This site xs ll km inside the margin of the floatmg

glacier: blockmg the inner fnord and therefore ice was upvalley of 1ts

/
presen posmon ca. 6000 BP.

Interpretation

The widespread presence of sparse erratics at all elevations in the
field area indicates that most, if not all, of Marvin Peninsula was B
subjeqt td extensive glaciation z_;\t some unknown time in the past.
._.However, it is possible‘ that' some of the highest peaks in centr_al Marvin
Peninsula remained unglaciated. For the last glaciation 0}18 cannot |
udgquivdcally def ine the limit of ice baséd on morf)hologicale e\'/ider;ce
: alod)e. For exaimple, at the east end of Cen{:l Valley a prominent
de ositional break correspondmg to a mappable ice margin has been.

xdennfned Immediately upsiope are meltwater channels incised into
nediately upsiope a; 1n

weath’d bedrock, markmg ice margms parallel to’ those

morames in the lower valley Thxs deposmonal break may have temporal" - \~ |

\ ' ":\I’.

sxgmf:caqce or may relate to the dynamic characteristics of the ’ /‘\ \_\

\



glacier, reflet:ting changes in basal thermal regime or distribution of

- The limit oX the last glaciation at any site must be defined ‘
collectively on the b of 1) glecial geomorphology, ii)relatjve sea
level history, fmd iii) absolute chronology By utnhzmg all these

¢
crlterra for the east end of Central Valley it is suggested that the |
outermost morame closely corresponds to the last ice. llmlt as deplcted
on a paleogeographnc map for 9500 BP (Fig, I1.8). A dlscontmuous
moraine that ‘loops into the lower valley is def ined by three segments
~ with maximum elevations of ca. 105, 103 and. 91 r.n asl over czt ‘l km,‘
mdrcatmg that the ice had a gentle surface slope near its termm‘us
The glacxer lxkely terminated in a tidewater front as the grounding
bank extends to ca. 91 m asl, whereas the local marine limit is 97 m
.asl. Dnstal to the moraine a thlck wedge of glaciomarine diamicton
contains shelil fragments dated 30,440 BP, prov:dmg a' ' maximum date for
attainment of the ice limit (Fig. I1.8). Similar sequences of
glac:omarme sediments are not f'ound elsewhere in the valley, lnsxde
the moraine loop the local marme lxmlt is an ice-contact delta at 92 m
asl deposned ina basm formed behind the moraine with retreat of the
glacier. The date of._8_8>60_:6‘0 BP (TO-270) overlying glacral diamicton
‘on thesouth sl‘de of the \lelley provides a minimum estimateé of ‘im'tial
ice retreat. Although thls date relates to the retreat of a tongue of
ice occupymg Snowbout{d Valley, her-than Central Valley. the two "/'
, glacxers were likely eoa'lescent in the lower valley prior to this
- transgression (Fig: ‘H §) |

The ca. 8900 BP date demonstrates that we are dealmg thh an ice

margin related to‘gjthe last glacratlon and there is no evidence to
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suggest that this\posmon represents a recession from a more extensive
limit in outer Disraeli Fiord (beyond the limit shown in Fig. 11.8), If
this were the case. one would expect to find equally ‘nbundnnt

glaciomarine sediments and 1ce-contact deposits datmg >8900 BP distal

y') /‘ o——

fr

to this ice margin. However, these were not observed. Addrtlonnlly. the

abrupt decline in local marine limit observed on the proximal side of

- the moraine at th’@ east end of Central Valley should also be found out

Disraeli Fiord if a more extensive trunk glacier had retreated to the

: i
/ 1y
1A A1

moraine, ,allowing successively younger and lower transgressions to

follow it (df Andrews 1970). To the contrary, the marine limit north
: ‘/ }7’
of Central Valley is- genernlly smoothly mclmed suggestmg that it

represents a shorelme undisrupted by retreatmg ice. Wlth respect to

te‘rr_esmal deposits, erratics found above the limit of the oute’rmost
6 '

moraines in Central Valley have considerably enhanced micro-relief

compared with the same lithologies inside the moraines.” As, no

quantitative studies of weatheringrates hawve been conducted in this

area I am reluctant to use this as a criteria for defining a temporal
boundary. 'However, the relétionship is supportive of the other evidence

bl

arguing agains‘t a more extensive ice limit. Finally, the idea that the

outermost moraines at the east end of Central Valley record the last ice
»

lmht is remforced by the extent of moraines at the west end of the

valley, which mdreate a symmetncal advance of ice from a common
booe ’
dispersal centre. : 3

i

: Appﬁcat_ion of,?:the same criteria throughout the study area produces

a

A L
a pattern of ice limits'with glaciers terminating near the mouths of the

present valleye (Fig. H."9-),_ In many of the major valleys, ice
contacting the sea is reéordefd by marine limits lower than those from

\:\\\ L~

i
I}
¢

\
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klometres

Figure 11.9. Provisional map of the last ice limit in the field area.
Arrows note direction and relative magnitude of ice flow. Elevations (m
asl) contrast the marine limit inside (open circle) and outside (black
circle) this ice limit. Asterisk denotes marine limit which predates
the last glaciation. Dashed lines show the present glaciers and ice

caps. - -
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adjacent sites. For example, the marine limit in Dlsraell and  Ice Shelt
creeks are 70 and 77 ‘m asl, respectlvely, whereas a delta 2 km further
no.rth occurs at 81 m asl. This suggests that the moraines presenf along
Disraeli Creek record recessional ice positions. Along the north soast,
in the lower Sentinel. Valley, the preservation of tnarine sediments (up
to 117 m asl) which predate the last glaciation (Chapter 1II)
unequivocally demonstrates that the last ice limit lay upvalley o‘f this
site (Fig. IL9), o*

For both inner Disraeli FlOl‘d and M'Clintock Inlet the last ice
limit _1s uncertain. Geomorphnc evndence of ice extent is sparse,
largely due to the steep and active fiord walls. Nonetheless. the
decline of »the marine limlt in Disraeli Fiord, south t)f Central anleyéﬂ.
suggests that the major tributary valleys were deglaciated later than

those Mer north (cf. Andrews 1970) It is not clear however,

whether this relates to retreat of a trunk glacner occupying the fiord

or simply local ice debouching from side valleys. The best ev.idence for

A

a trunk glacier in the fiord is provnded by lake sediments in the lower -
Thores River Valley as well as striations and glacially molded bedrock
along the west shore of the ivnner fiord. Unfortunately, for much of
'this area chronological control is unavailable. .*Where dates are

‘

available there is evidence of marine fauna in the innermost fiord by

8100 BP, associated with relative sea levels of <85 m. This presents

" presently possible due to the sparse chronological control, particularly
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below marine limit. This is a result of two factors: i) the absence of
an adequate sediment supply to the fiords since déglaciation, precluding
- the deposition of younger deltas; and ii) the general scarcity of
driftwood, and complete'absence of wood dating <3000 BP. Radiocarbon
dates on driftwood are commonly used as control points for constructing
emergence curves 'ih arctic regions (cf. Blake 1975). Despite these
~ limitations it is possible to 'recbnstruct emergence patterns given t"wo

\ ' ‘
assu&ptions; i) that no sigr(if‘icant emergence occurred prior to ca.
' lO.dOO BP; and ii) that the elevation of the sea_prior to initial
emergence (the full glaciél sea, England 1983) is recorded by the marine
limit at sites lyipg beyond the last ice margin. The first assumption .
is supported by raciiocarbon dates on.mariné shells from—inside this ice
margin, the oldest of which is 9560+70 (TO¥4:8}.).‘ ThZ:: nd assumption
is supported by the fact that the marine limit decline/sr’abruhide
tt}xe last ice limit, y

Given these assumptions, provisional isobasés can be drawn on the
10,000 BP shoreline. Control points are provided-’at/numero‘us" sites
north of Central Valley. Usihg t};‘ 9751 m‘a‘fme limit distal to moraines
at the east end of Central Valley as a starting point, it is cle:;r that “
this isobase must run south of Ootah Bay (90 m ml) and north of west
Central Valley (122 m.:ml). Assumi'ng a linead dient between these
po,ints, the ”resultant btrend of the isobase is rouéhly pe'rpendicular to
thé axis of Disraeli Fiord. When extrapolated on a regional scale (Fig.

I.10a), isobases drawn on the 10,000 BP shoreliné are consistent with

patterns observed further east (England and Bednarski 1986).

E
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Figure I1.10. Regional isobases on the 10.000 BP (A) and 8000 BP (B and
C) shorelines. Data east of the field area are from England and
Bednarski (1986). See text for discussion of B and C.
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Along /outer Disraeli Fiord 'the 10, 000 ‘BP shoreline is observed to
-

rise upftord at roughly 1.0 m km'1 South of Central Valley, where
glacrers dtSplaced the 10, 000 BP- shorelme at many sxtes the pattern of

tsobases for lhts mterval is unclear Extrapolatlon of the gradtent ,

0 41

' found in the outer fiord: mdxcates a 10 000 BP sea: level for Thores -

. River at ca. 127 m asl This value is a conservatlve esttmate because RS

\

the profrle of any shorelme wrll be curv;lmear toward the centre of
“the former ice load“(ﬁndrews 1970) ‘v o o T

Data are avatlable regardmg the hetght of the 8000 BP shorelme
wrthm mner Drsraeh Flord At Thores Rlver the marine hmlt of >68 m '

L]

asl dates 8010t100 BP (TO 491) whereas 5 km f urther north at Collision “ ,"\.

iR

‘Delta, four dates on a. 75 m delta range from 7800+60 BP (TO 520) to

‘8150180 BP (TO 496 Frg II 2) The 1mplrcatxon here is that both the
“ 80 and lOO m 1sobases on the 8000 BP sho elme must be located south of
r‘AVThores Rlver (Frg II lOb) Elsewhere m the fneld area strong o
' vstratxgraphrc control for the 8000 BP shorelme is unavallable Shells
-dated 8-150160 (TO 269) are belreved to relate to a 92 m delta msrde the -
'.last tce llmlt at the east end of Central Valley To the west near v
‘“Ootah Bay, shells dated 7800:90 BP (TO 263) are mterpreted as datmg a

delta at 81 m asl These dates suggest that the 80 m 1sobase on the :

N

y 8000 BP shorelme should he north of both of these 51tes trendmg WSW S

(Frg ll lOc), roughly parallel to the 1sobases drawn prevrously for the . o ST

‘ 10 000 BP shorehne A thtrd relevant date 8140+90 (TO 499) on shells
'b at 73 m asl at the west end- of Central Valley, provrdes a- mmlmum
‘elevatrqn for the. ca. 8000 BP shorehne at that srte and 1s consrstent
'o‘wtth the data frem Ootah Bay and the east of Central Valley It 1s

rmpossnble to resolve all the avaxlable fobservauons mto one srmple e



, 1sobase dragram On a regnonal scale nsobases on the 8000 BP shoreline
from the east (England and Bednarskt 1986) contorm readlly to the t.a 90
‘ m sea level at the east end of Central Valley at thxs tlme (Flg k
II lOc) However, the ca 8000 BP dates l‘rom the inner fi tord would
‘. (requxre that the tsobases bend sharply to the south (Flg 1I. lOb) ThlS B
‘ resultmg pattern 1s mcgnsrstent ‘with the reguonal mtegratton ot a

glacmtsostatrc load gtven a normal flexural parameter of ca. 180 km
153 .

(cf Walcott 1970), and ‘does not seem plnustble

Compared to the rest of the field area, there appears to be a

dlsproportxonately small amount of emergence smce 8000 BP in mner , "

4

straell Fxord ThlS is’ dxfflcult to account for i m terms of the

glacxal htstory It mxght be suggested that the shells whxch date *ca
8000 BP at Thores Rtver and. Colltslon Delta relate to htgher relatlve
sea levels ‘which. ‘were not recogmzed in the t' leld.. For example England
(l982b) dtscusses the: occu»&nce of shells of full glacnal age havmg
lxved beneath former l:;e shelves These shells relate to'a sea level

‘ about 35 m hlgher than the local marme llmlt Wthh was formed after

f.
theh breakup of the ice shelf England does ~however, fmd evxdence ol‘

the hxgher sea level in areas whxch remamed ice-free adj _;acent to the
/ '1butary valleys where the shells were collected However “in the case
of Drsraelt F:ord there lS no geomorphrc evrdence to suggest that an ice

shelf may have occupted the fxord head (cf England g[ g 1978 Sugden

n( 4

n

,apdwCIapDE";@“ 1981; Lemmen and Evans 1987) Alternatlvely, it could be

-‘ g argued- that the stratxgraphy of the 8000 BP: samples/ts correct and that

thetr assocratxon w1th much lower sea'lev/els ref lects a precedmg

/_/_/_

vmterval of sxgmflcant ,,'nergence (at least 50 m) pnor to ca, 8000 BP, - '

.
A

occasxoned by the retreat of grounded tce up Dlsraeh Fl%:d.‘ A_l:th_ough_- ‘

»
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emergence prror to 8150 BP. Because the stratrgraphrc interpretation of

0

% '
. o
\
0 -+

_initial emergence rates of up to 100 m/ 1000 yrs have been propohed for

Greenland (Washburn and Stuiver 1962 Clafk 1976), Bednarski (l986)

reports less than 15 m of emergence prior to 8000 BP m inner Clements

_Markham Inlet (Fig. II.,l). Similarly, data from the north coast of the‘

. ° .
field area show only limited em'ergence prior to 8600 BP, while dates

from the -east end of Central Valley suggest as little as S m of

‘the ca. 8000 BP dates l‘rom inner Disraeli Fiord appears correct, and

because there is no evrdence of sxgmfxcant glacioisostatic unloadmg

prior to thrs time elsewhere m the fxeld area, it may be’-necesSary to

'conclude that the observed pattern ot‘ postglacxal emergence is. not

' srmply a product of glacxal xsostasy Neotectomcs may also be an

| rmportant factor (cf. England l987a)

Glacial stvle and leggg]img" e\

During the last glacratron exrstmg glacrers advanced up to 20 km,
O 9

whrle presently,empty c1rques and ice= f ree plateaus were occupred by ice

_m response to the lowermg of* the local glaciation- level Based upon

, ‘the maxrmum elevation of lateral moraines at either end of gentral

i ) L
Valley, the paleoequilibrium line altitude (paleor«ELA) in this area was

= about 205 m asl, whxch rppresents a lowermg of 300 to 400 m from

» present ELA S (cf Mrller et al 1975) Thxs would put the paleo ELA

¢

: <100 m above f ull glacral sea level, suchf as occurs along the

‘ northernmost,coast today In gen,trvaalley, where the present drvrde

" lies: 4600 ist and there xs only a hmxted hlghland component to the

L e er‘

- dramage basxns thns low 'paleo ELA allowed accumulatron of ice within

thej valley xtself ‘ = o . | % o

Ly



-~ at low elevattons aqg

represented a rain-shadow m the lee of the peaks to the northwest, the S }*

v ‘ ' ¥ L gmuﬂ
\ ‘ . , ' v “ xﬁ:\& ‘.5
. Despite the substantial lowering of the regional glaciation level
-during the last glaciation. ice extent on ‘Marvin Peninsula remained
limited. This indicates that aridity.was as great or greater. than it '
s at present (cf England 1986) Given these constramts of low
* temperatures and severe aridity, several meteorological factors
operating in the area today probably combmed to control the last ice
limit. These includey’ 1) wmd dnftmg ot‘ snow - whlch enhances
accumulatron m,p otected mes* n) l‘og which reduces summer ablatton e
- k} M '
3Mer temperature inversions - which

: '; l‘l &
d:mrmsh ablatxon at low' elevatxons In addmon to these general

I

factors ‘the phystogr phy of Marvm Penmsula ntself produces chmatlc N

L

constramts on ICB e

nt. /Iyr example the large ice- t‘ree area Wthh

exxsted mland fron{ Ootah Bay throughout the last glacxatnon likely

hrghest terrain ( 1100 m asl) north ‘of Central Valley Although the
extent of 'ice in the uplands between Ootah, Bay and the west end of

Central Valley 1s unknown it may have constrtuted a srmrlar ram

L)
»

7{adow In contrast the development ot‘ extensrve nce wrthm Camp

/Creek Dlsraeh Creek and Central Valley (Frg II 9) reflects favorable

o/ . . : : :
/ “exposure to precrpntatxon from the northeast. This does not infer a BN

k4

sxgmftcant change from present weather patterns (Maxwell 1982), but

does 1mply that summer precipitation occurred pnmanly as” snow

-

’ il

1 'il-4“t 2

}

Few data are avarlable regardmg the onset of the last glacxatton.
The date of 30 4401-330 BP (TO -500) on marme shell f ragments WIthln

glacxomarme dramtcton at the east end\f Central Valley provndes 3

LS



'mterpreted to be Tertiary, has been

ey
; ;‘;’»« '«“"\.

(1

maximum age for establishment of . thh leq- margm assummg that this

represents an accurate, finite date (cf Chapter III). Redeposxted

terrestnalvoraamcs dated 31.360:400 BP (TO-492), found in a section = ™ .

along the Thores.River,‘ were probably also transported by a glacier, and

deposited in a.high energy glaciolacustrine eh(ronment. Finally, ‘

organics dated 23,340:430 BP (TO-489) in.the Sentinel River valley have

i also been redeposxted at a much younger date, as they overlie marine
silts dated 9080:1 10 BP (TO 487) These dates on redeposrted organics

‘mdxcate that plants grew in the study area at these times and, assuming

that thi“y have been glacially transported, the ice advance must have " -

occurred subsequently, Therefore “it is hkely t;hat the last glacial

maxirhum was attamed <25 000 BP _ |
It is also lrkely that some vegetatron persisted beyond the ice

lxmrt throughout the last gla(.‘iaqon This is evidenced by the tyvo

samples from the west end pt‘ C,entral Valley dated 14,730£120 BP (TO-498)

f“t £
and 15 ,7102£180 BP (TO 497) and the sample from Ice Shelf Creek dated

provrdmg rngrmte dates commonly
q,:' Do
along Disraeli Fiord (Mielke ;ﬂ

ll 340:l:70 BP (TO -857). Aithough wo

and Long l969;'Blake 1987), it is unlikely that the organic dates in

this study have been contammated by mclusron of such older matenal

as only clean, subfossrl bryophytes were submrtted The oldest of these
samples (15,710 BP) was found wrthm sand which stratrgraphxcally
underhes marme silt dated 8870 BP, and therefore the date on the

orgamcs 1s a reasonable estxmate of the txme “of deposmon of these

. sedrments The 11,340 BP orgamcs& were collected 16 m below the marine

¥

hmlt at’ Ice Shelf Creek a.nd were assocrated wrth marine shells dated

9250 BP. Because these shells»are in situ and the organics are

cl
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allocthanous the dates are consistent and mdxcate that nonvuscular
vegetanon was present m the draubage basm at least 2000 years betore
local deglacxatron. There is noev:dence' of si‘gn‘ificant ice retreat

pnor to ca. 9500 BP in the study area, and therefore it is unreasonable
to suggest that these plants mrgrated into the site following regronal
deglacratxon Therefore, it is concluded that ‘bryophytes existed

locally in_ice-free areas Lhmghgm the last glacxatxon It is

noteworthy that the species composition of the bryophytes samples
mdxcates a climate not radlcally dxf ferent from that of the present (C
LaFarge -England,’ personal commun&catxon 1988), an observatxon consrstent
w1th the conclusrons regardmg full glacial chmaté presented above,

| The oldest date recording the onset of deglac{ation in the field
area is 9560t70 BP (TO-488) from Sentinel River. ('F'ig" I1.2). Elsewhere
dates on mrtral ice retreat range from 9250 BP (Ice Shelf Creek) to
8000 BP (Thores Rrver) Ice retreat may have occurred in .response to: -
1) a climatic amehoratron and/or it)-a rise in reﬁtxve sea level

whrch would destablhze the marine component of glaciers (cf. Thomas .
1979), Evrdence of an early Holocene chmatrc amelroratron mcludes i)-
| sea-lce push features and well developed beaches throughout the fi reld
area at or near marine lrmrt u) driftwood dated 8850+50 BP (GSC-4559)
alopg the north coast; and iii) marine. shells dated 8630470 (TO-861)
“inland of the Cape Dlscovery Ic,e Rxse all of which reflect more open
water durmg initial. deglacxatxon and preclude the existence of an ice

shelf along the north coast at that time. In contrast, there is no
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evidence of a marine transgressioh at sites which lay beyond the last
ice hlmrt. o .o
It appears that initial glacioisostatic unloading, a function of

ice thmnmg and retreat, was slow. This is /reflected in the amount of

emergence recorded by the marine limit on either side of dated ice

margins. Such data are available from three sites: i) Ice Shelf Creek

where 5 m of emergence occurred prior to 9250 BP, ii) the west end of

Central Valley, where 7 m of emergence occurred prior to 8870 BP; and

iii) the east end of Central Valley, where only § m of emergence is

evident prior to 8150 BP. Although emergence at the east end of Central

Valley is anomalously low, these amounts demonstrate very slow rates of

initial emergence untrl ca. 8000 *BP. Subsequently, ice retre,, ‘was’

apparently rapid. Dates on marine shells collected near the margins of

glaciers indicate that ice had- retreated upvalley of present positions

R

by.7770£70 BP (TO-262) in the west end of Central Valley and by 7200+250

BP (L-248B, Cfary 1960; Christlé 1967) -along outer M’Clintock_ 'Inlet.
Driftwood dates demonstrate that the head of Disraeli Fiord was free of

glaciers by t‘SOOE)ABP. Glaciers at the fiord head have since readvanced

beyond the site of this driftwood sample (Fig. I1.2).
Dlscussion

The style of the last glaciation on Marvin Peninsula parallels the
conditions reported from other localitiss on northern Ellesmere Island

(England l978 l983 England et al. 19'!3: Bednarski 1986 Retelle 1986

Evans l988) Limited ice coverage is ev: iz{nced by glacial




~4

-geomorphology, relative sea level history, preservation of sea levels
__whlch pre-date the last glacxanon. and radiocarbon dates of full
glacial age on terrestnal orgamcs Durrng the last glaciation, ice

adyanced <5 kmrbeyond present margins here it presently terminates m

or near the sea. Where ice presently te mmates well mlnnd glncrers

advanced up to 20 km beyond present margins. Ice grthh mvolv?d not

"\only the expansion of existing glacrers, but also accumulatron m“

N p\latEau and lowland areas that are presently 1ce l‘ ree. For examplﬁe\

' glacxers completely filled the 30 km length of t‘entral Valley, with much
of the accumulation occurrmg within the valley on a site that is ice-

free today. These observati'ons suggest a similar style of glaciation to

that proposéd for west-central Ellesmere Island by Hodgson (1985, mbdel'

C).

At all localities ice terminated rapidly upon contact the with sea,
as evidenced_ by abundant glactornarme sediments at the mouths of most
valleys but not elseWhe;e. atong the fiords. Stewart (1988) concludes
that such extensrve rarsed marine sedxments are reliable indicators of
the last ice limit in the f 1ords of the high arc:ic. These ice-free

- fiords were occupxed by the full glacral sea (England 1983),- but lt

. should be noted that unequrvocal dates of full glacral age on marine
fauna outside the last rce limit were not found in this study. ThlS is
a p;oblem whrch persxsts at the regional scale (England 1987¢c). Calving

“te

was likely an important ablatlon process within the f ull glacial sea
_‘_f':’especxally if the activity mdex of the glacxers was similar to the low
‘ -values of the present glacroclxmatrc regrme.' &'
F_ield evidence indica'te“s,y that Disraeli Fiord and M’Clintock Inlet

were not filled with grounded ice during the last glaciation.“ in
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addition, there is 'no evidence of non- local ice on Ward Hunt Island

_\dy?n/g\thrs tifke, Thus the local model of ice coverage proposed by

Lyons and Mielke (1973) is rejected, as are regional models of pervasive

ice cover (\glake 1970; Hughes gt_al. l977 Mayewskx et al. 1981) Lyons 5

—and--Mietke—(1973) cite undatable erratxcs and strratxons s’ evrdence for
extensive glaciation are and ascribe these features to the last
glaciation based upon their acceptance o_t_‘ Blake’s (1970) proposal for an
lnnuitiart Ice Sheet. Thelir I,o'hservationslyare, however, consistent with a
model of more extensive g}laciation of the field area prior to the last
‘g'la'ciation (Chapter I1). The rebouhd curve bul)lished for Ward Hunt
Island by Lyons and Mielke (1973) is meaningless because of the ack of
;tratigraphic control for the dated samples (England 1974).
Unfortunately, the same problems were encountered in this st;‘udytand
therefore a reliable emergence curve remains uhavailable.

' Non-geomorphological studies also -suggest that glaciers_were"
limited in extent on northern Ellesmere Island during the last
glaciation. Ice cores from the Agassiz lce Cap on rlortheast‘ Ellesmere \
Island indicate that ice <cap divides were. no miore than 200 m thicker
than- today's during the last glaciation (Koerner et al. 1987),
precludingv a pervasive regional ice "sheet. Fﬁrthermore, preliminery
interpretations of Quaternar'y‘_sediments recovered'from the continental
shelf bordering northwest Axel Hieberg Island do not stxpport the con'cep.t
of grounded glaciers m that area during the last glaciation (Mudie et
al. l988).' The hypothesis that ice-free areas on Ellesmere Island
served as biological refugia throughout the last glacratron has been
previously discussed by l.eech (1966) and Brassard (1971), and supported
by- the subsequent mapping of the last ‘ice limit (Errgland l978, 1983;
, o o !

i
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Bednarski l986l. Further support for a biological refugia is provided
by a date of 8415+135 BP (5-2501) on a caribou antler from Clements

Markham Inlet (Stewart and England - 1986). ’l/‘his date shows that caribou

were at the northern limit of their range at the onset of local

|

: deglaciation, when thevll.aurentide Ice Sheet still occupied northern _

mainland Canada (Dylce and Prest l987). Furthermore, it is'suggeste’d '
that four ‘radiocarbon dates between ca. 10,000 and 25, 060 ‘BP presented
by Volk (l980) from northwest Ellesmere Island also likely record the
exrstencé of blologtcal refugra In thrs study five dates, ranging l‘rom
ca. 11 000 to 32 000 BP, on subfossxl bryophytes are presented These
- provide stratigraphic and chronologic evidence that strongly support the
ref‘ugi'um hypothesis, a}_d_/lt is therefore concluded that northern
Ellesmere Island was Blologically viable throughout.‘, the last glaciation.

Evrdence ggesented in this paper suggests that the last glacial -0

" maximum was locﬁy attained after 25,000 BP .in the study area.

[y

\

Elsewhere on northern Ellesmere Island organic dates from beneath
glacial diamicton of 30,250+1100 BP (5-2650, Bednarski 1987) andv‘
39,2701640 BP (TO-485, Evans 1987) have been obtained. Dates on
detrital organics within marine sediments ‘of 28,100£380 BP (GSC 1656,
England 1978), 25,300+580 D'(H 5622-5164, Volk 1980) and 23,850+850 .BP (5S¢
2140 Bednarski 1988) have also been presented. These dates suggest
that glacrers on northern Ellesmere Island attamed their last ice limit '
during stage 2 of the marine isotope record Thrs chronology of  ice
advance places constraints on the . possibility of attaining

glacioisostatic equilibrium prior to deglaciation, as has been suggested
by England (1983, 1985) for northeast Ellesmere lsland -and northwest

Greenland The growing data base on past ice margms and related sea
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levels froﬁl northern Ellesmere Island provides an interesting framework
for testing the appligability of existipg geophysical models to this
area. ‘

Deglaciat;on of Marvin Peninsula had begun by 9560+70 BP (TO-488;.
This is very similar to the chronology reported from Clements Markham
Inlet by Bednarski (1986), wheie the oldest date on the last ice limit
is 9845 BP. Bednar‘ski (1986) suggested that rapid pdstglacial emergence
did not start,in'C;ements Marklrm Inlet until ca. 8000 BP, while a date
of 8150260 BP (TO-269) from the east end .bf Central Valley sugges\t; that
a similar pattern of emergence occurred on Marvin Peninsula. Isobases
along the north coast of Ellesmere Island show a regionally consistent
- pattern of emergence for ca. 10,000 BP. ‘However, data for 8000 BP from
inher\*gisraeli Fiord do not fit int;) this re;gional pattern. This
apparent anomaly may be a product of neotectonics (England 1987a).
Finally, it must be recognized that éll reconstructions of postglacial
emergence are constrained by the reliability of the chronologic control,
and may reflect t}_\e limitations of rad‘iocarbon dating as much as
geophysical pro;esses.

“ T’hére' is strong evidence for a marked climatic amelioration during
deglaciation of the north coast, where driftwood dating 8850 BP (GSC-
4559) was collected inland of the Ward Hunt Ice Shelf. This is about -
the-same age as the oldest Holoceng driftwood found p,revious_lyv in the
Canadian high arctic, 8915%115 BPV(S-221 1), which was collected near the
head of 'Cler‘nent.s Markbgm Inléi (Stewart.and England 1983). Stewa"rt
(1988) concludes:-that dé‘glacial sedimentatio_n in_Clements Markham Inlet

was dominated by processes characteristic of temperate tidewater

glaciers which produced large volumes of sediment-laden subglacial

]
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- 3

meltwater, in contrast to the present cold-based (subpolar) glaciers, A

preliminary investigation of deep water sediments within Disraeli Fiord

suggests that the same processes were dominant there during deglaciation {&'}9

o,

(Chapter IV). Based upon geomorphic_ data, Evans and Lemmen (1987)
suggested that the Holocene climatic optimum a.lon'g the north coast
occurred ca. 7000 - 9000 BP. Preliminary i‘nterpre‘tations of ice core
records from northern Ellesmere also suggest a significant climatic
amelioration' beginning ca. 10,000 BP (R.M. Koerner.'p'ersonal
communication, 1987). Thq fact that rapid ice retreat’di;d not begin
.until ca. 8000 BP is consistent with a lag time in the glacial systemlof
- about 2500 years, as suggested by England and Bednarski  1986).
Phese observations dgmo;xstrate a consistent pattern in the timing 4
and extent of major glacial events along jmuch of the ‘north coast of
Ellesmere I§land: They also serve tb emphasize an apparently pronounced
djfference in*the timing of deglaciation between the north and south |
sides of ‘the .Grant Land ‘Mountains (England and Bednarski 1986). On
northeast Ellesmere Island, England (1983) found no evidence of"
emergence until ca. 8000 BP, withvsignific’:axit ice retreat not beginning
until ca. 6200 BP. As both areas recei‘ved iée flowing out of the Grant
Land Mountains, the observed differences cannot simply be a product of
climate, but mlfsi also, be a function of ice dynamics and topographic

controls.
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Inr. MULTIPLE G‘LACI[ATIONS AND RELATED SEA LEVEL

ADJUSTMENTS NORTHERNMOST ELLESMERE ISLAND, N.W, T.

Introduction
l Desprte consrderable research over- the past 15 years on the
tmry history of northern Ellesmere Tsland (Frg III.1) httle is -
known about- the chronology of “glacial events prior to the last

glacratron1 The best record of multiple glamatlons and related sea

level adj Justments comes. from the northeast coast borderrng Nares Strait W

. \(Frg. V‘III.l,.ig land aﬂd Bradley 1978; England et al. 1978 1981;

g
ngland 1987) Elsewhere extensrve glacmtron(s) is

"Retelle 19
recorde&' by hrgh elevation erratrcs meltwater channels and strrae
(Chnstre 1967, Hattersley Smrth 1969; Lyons and Mtell’l973 England
l9,78 Hodgson 1985 Bednarskr 1986; Chapter II) Because the last -
glacrauon in. thrs area was of limited. extent, these high elevatron :
feal} res ‘must relate to an, older gfaeral event(s) (England 1976 l978

, 1983 l985 l987 Bednarskr l986 Retelle 1986; Englande_t_l 1987;
Evans 1988 Chapter ID). However ‘stratigraphic evidence of this older
o glat'ratxon(s) is l‘argely ‘absent'.i_:(cf. England l987).

4

R

1 The’term "last glacratron" is used to refer to the last major icé’ .
burld -up .in the area, subsequehtly recorded by retreat from dated ice-
contact deposits and the start of glacioisostatic emergence during the
Ho’locene (cf. England 1978, ,:1983 ‘Hodgson 1985; Bednarski 1986). The -
‘tetm does not embrace- the ‘entire - perrod since the last interglacial
(Ghapter I1). Furthermore raised marine features associated with the '
older, more extensive, glaciation(s), which should be preserved beyond

' th° last rce limit, have not been recogmzed in most areas. :

N o, . .
a o ) _ . “
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Thxs paper dxscusses glacial and sea level events recorded along

the north coast of Ellesmere Island whnch predate the last glacratxon n
«,

| (dt§r\ussed pter ll) “The present study prov1des further o _/,,__.*w
evaluatnon %as presented by England (1987) regardmg ;h/role of .
;/ glacxatxon m th\e geomorphic evolutxon of the hxgh arctrc, as well as
the relattonshxp between glacial style, tectonics and sea level changes ’
through time, Furthermore, it provides new field evidence regarding
glacial history immediately adjacent to the Arcfic chan Basin. This is o ) )
of 'particular interest given ‘previous at‘tempts to correlate‘- the glacial
recofd with Al‘Cth Ocean sed:ment cores (Clark e_t__aj_\f§84 Dalr)gnple

and Maas 1987)

3

Study area

T\he‘;north coast of Ellesmere Island is‘ a rugged flord landscape
bordering the 'Arctic Ocean B‘asin‘ (Fig. II1.1). Climatically, the region
is a_polar desert wnth annual precxpxtatlon rangmg from 2.51t0 13 cm
al, and a net annual water balance close to zero (Bovns and Barry 1974
Maxwell 1982) The mean annual air temperature at Alert QFxg II1.1) is

-18°C. A steep cllmatlc gradrent characterizés the northernmost coast
Q.
2 w1th the local glaciation level mcreasmg from about sea level along

W
il the Arctxc Ocean to > 1100 miover the Grant Land Mountams to the south

et
-

(Mxller m‘1975) | o ' L

Field, work it‘er thxs study was conducted on. Marvm Penmsula and

Yoa

Ward Hunt Island (an III 2) B%p.n Penmsula (ca '2700 km?) is

bounded by~ Disraeh Fnord and M’Clmtock Inlet to the east and west

...1,

respecuvely, whnch extend ca."60 ﬁn ﬁtland f’r@\ the Arctnc Ocean A T

Py s ,‘.» :
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Fxgure IIL2. Marvin Peninsula and Ward Hunt [sland. le"ac'iei*s and ice
‘rises are outlined: by fine dashes. Names in quotations are .unofﬁcxal
Numbers refer to sites discussed in text. ’
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ma‘jdr trough terrhed Central Valley, crosses the peninsula from NE to SW
(Fig. TI1.2). South of Central Vaﬂey, the Granf Land Mountains and
icefields reach 2500 m asl wnth nce thxcknesses of 700 m (Hattersley-

Smith et a]. l969 Narod ﬂ_al 1988) Large outlet glaciers descend

/

from the rcefxelds into the f 1ord Heads, where they termmate as small

e S _"_‘7___‘“

glacial ice shelves1 North of Central Valley summits up to 1100 m
support small ice eaps a‘nd cirque glacrers The investigation of local
Quaternary‘hrstory focuesed upon the numerous large'valleys which
radiate from the mduntaindus“té}yr;iﬂn of Marvin Peninsula and terminate

at the sea (Chap.ter In.

unt Island whxch lies at the mouth of Disraeli Fiord, has an

" area of ca. 13 km2 A low elevation valley trending NNE - SSW through

the mxddle of the, 1sland separates Walker Hill (415 m asl) to the west

_ and three lower summits (<250 m asl')’ to the east. The island is

o surrounded by the Ward Hunt Ice Shelf, which is grounded along its W and

- NW coast as well as offshore to the north (Fig. III 2)

re- |

A synthesis: of the geological evolution of northern Ellesmere

. "'l§land 1s presented by Trettin (1987a). The fleld area xs composed of

e three maJor geolognc units: i) Pearya whrch in turn may be d1v1ded into

m) the Qverdrup Basm (an I11.3). The dxstrxbutlon of these units

“; dnStmctrve lxthologxes which may serve as dxagnostxc erratxcs

: four successnons (Trettm 1987a); u) the Frankhman Moblle Belt; and

'p0rtant with regard to Quaternary history, as some contain - ié@ :

rﬁi

: The oldest rocks whxch outcrop in the fleld area are froﬁ‘
: ‘J

successxon I of Pearya (Upper Proterozoxc to Lower Ordovician). Most

A

Jo
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of Marvin P‘eninsdla is cor;lposed of succession IV (Pegrya),' Middle
Ordovician to Upper Silurian s‘edimentary\ and volcanic rocks (Fig. I{l,3,
Trettin 1987a, 1987b), The only int;usive lithologies found on the
peninsula are two small bodies of ultramafic to granitic rocks
associated with succession III (Pearya). * The youngest rocks which
comprise a significant ,part of thé f@d area are Upper Paleozoic.

. ,These ‘sedimentary rocks represent -part of the Sverdrup Basin, which was
uplifted and deformed during the Eurekan Orbgeny (Late Cretaceous to
. Early Tertiary; Thorsteinsson and Tozer 1970). Small outcrops of

: Terti_ary conglomerates occur on ridgetops west and south of the head of

‘M'Clintock Inlet, and are believed to represent syntectonic deposition
associated with the Eurekan Orogeny (U. Mayr, personal corhmunication,

1988). Late Tertiary rocks which may be correlative with tife Beaufort

Formation '(_Tozer 1956, Thorsteinsson and Tozer | 70) have not been

i

observed in the field area.

rv_history - previ investigation
Evidence for regional ;laciation- at some unknown time was ;eported

by investigators conducfing reconnaissance studies along the north coast
of Ellesmere Island (Hattersley-S.mith et al. §1955; Crary 19561;
Hattersley-Smith 1961; Lyons and Leavitt 1961; Christie 1967; Lyons and
Mielke 1973). Based upon large-scale geomorphic features (U-shaped ‘
valleys, truncated spurs and hanging valleys), Hattersley-,Smi'th (1961)

. suggested that the north coést fiords are ;he proc‘iuclt' of glacial over-

deepening of preglacial valleys. However, Christie (1967) noted that

although glacial striae and grooves tend to parallel major valley
3 ; A
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systems; the valley patterns reflect preglacial fluvial erosion with | o
relatively . minor glacial modification.
. Recent deta“iléd studies from Clements Markham Inlet (Bednarski

1986), ca. 100 km east of Marvin Pemnsula and Phxlhps lnlet (Evans
1988), ca. 200 km to the west (Fig. 111 3), demonstrated that the last
glac:atxon in those areas was of limited extent. Beyond the last jce
limit, striae and sparse erratics (‘both rocks and shgell fragments) are
evidence of an older, more extensive glaciatio“q in these areas.
However, neither study found evidence of sea levels which might be
attributed to the unloading of this larger ice cover; sea levels which
should occur above the Holocene marine limit | |

vadence of extensive ice cover within the field area was reported
by Hattersley Smith et al. (1955), who found erratics up to 335 m asl on
Ward Hunt Island and‘striae up to 760 m asl along the north coast of
Marvin Peninsula. Crary (1956) inter_preted shoals on the continentai
shelf, 15 to 20 km north of Ward Hunt islgnd, as moraines.  Christie
(1967) suggested that ice once flowed northward across the entire field
area, but did not speculate about the a;e of this event. Based"
uponacceptance oP‘Blake_’s (1970) model of an Innuitian Ice Sheet, Lyons
and Mielke (1973) concluded that DiSraeli' Fiord \;vas filled by a trunk
glacier during the last glaciation and that th-is ice extended at least
16 km north of Ward Hunt Island tp the vicinity of Crary's proposed
moraines. However, as shown m Chapter I, during thé last glaéiation .
ice was of limited ;xtent on Marvin Peninsuia, préc.lﬂ;éi;fng the éldvance of
glaciers onto Ward. Hunt Island from the mainiand dur‘i&hg'this interval. \

<



: Geomorphology

: l":r \

w

Meltwater channels‘are found up to 400 m asl above the last ice
limit on Marvm Pemnsula The most prqm?nt channels are found in
three localities: n) along the north wall ef Central Valley; ii) within
a tributary valley south of Ootah Bay; and iii) near the mouth of the
Sentinel River (Flg I11.2). These channels occur within_ highly
weathered&eﬂrock, diswt‘inguishing them from fresh channels which are
related to the last glaciation. Tllese younger meltwater channels
commonly occur parallel to, but downslope from, the older channels.
Erratics of chert and quartzite pebble .cc;nglomerate within the older
channels commo’rlly show su'rxface micro-relief of >10 mm due to tl:e
weathering of the fine-grained matrix. The same lithologies within
deposits from the last"glél:iation show littlg to no surface ’micro-
relief. Orientations of- all meltwater channels show that ice flow was

. topographically conil‘olled at the time they were formed.

The ‘s.tratigraphic record for multiple glaciations ln this area is
limited. However, given the scarcity of thick glaciéenic sediments
related to the last glaciation (Chapter II), this is perhaps not
surprising. A river bank section at ca. 65 m asl near \he eastern end
of Central Valley featllres ca. 2 m of interbedded sand and gravel
overlam by.1.3 m of massive diamicton, which is interpreted as till
(Flg 11L.4; JSite 1, Fig. IIL.2). The Qntire sectibn has been partially
'l_i't“hif-‘ied with & carbonate-rich matrix, These sediments underlie, and

' ;b‘order‘ "l'aterally, unconsplidated sands Similar sedxments are found at

the west-end of Central Valley up to 155 m asl (site 2, Fig. I11.2)..

Although th:;s,tratigraphy is not as clear at this site, it is apparent
wF N
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' represent dtagnost;c errattcs that n

. meltwater cha,nnels of outer Sentrnel Rtver at

‘, Drsraell Creek," and up to 230 m asl on

that both the bedded and massrve cemented umts predate the last

glacratlon as both occur commonly as erratrcs in surface tifl down ‘

ﬂvalley The relattonshtp£ of these valley tloor sedlments (predanng the

last glactanon) to the "old" meltwater channels, or to hrgh elevatlon 2

oo

» R :
NERS W,

errattcs, is unknown

Errattcs are- common beyond the last rc'

Ky 0 v

:trea They are usually hlghly weathered and frequently burred wrthrn ‘

«

felsenmeer Howgr owmg to the areas structural and ltthologrcal "

' dwersxty (cf Trettm 1981), as well as the reconnarssance nature of

the geologrcal mappmg, only a few hthologles are consrdered to

‘.»\.

be traced to known sounce areas

In general, erratlcs seem to mdncate a south to north drrectron ot‘

transport Fme-gramed quartzrte cobbles llkely from the Pearya

-

successron II rocks whtch outcrop south of the frord heads (HP
A

Trettm personal communrcatlon 1988), were found mthm the "old" :

00 m asl south of

'44asvsoc'iat'e'd wlth .Pearya successron IV (HP Trettm personal

COm_municathn, 1988) and whrch outcrop on nortl:;n/Marvm Penmsula

-are found up to 400 m asl on Ward Hunt Island site 6 Frg III 2)

\,

Greenschts/ whrch outcrops on southern Warcl Hun‘gl{land, is found as '

'mlt throughout the freld

Island (srtes 3, 4 and

Frg; III.2»). Sandstones,.conglomerates and volcamcs L

errattcs on the sedtmentary rocks whtch form the north half of the f

1sland Gramttc boulders oecur wrthm the old" meltwater channe'ls of

N - ;
J' s

“the adgacent hxllsrde It 1s unhkely that these gramtes relate to the

;

N

o small mtrusmns whtch occur on Marvm Penmsula (HP Trettm personal

\r

» outer Sentlnel Rrver, 'Valley, although they were not observed hrgher on %

l70
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commumcatron 1988) w;th a more lrkely source bemg B\e Cape Columbm

: Group whrch outcrops east ol‘ freld area !tlong ‘the . north const (Chrrstle 3

§

1964 Fnsch 1974) A small gramte pebble was also l‘ound on the
- surface- of a kame termce related to the last ice- limit. at the mouth ol
. Camp Creek near the elevatron ol‘ the local manne llmnt (srte 8 Frg

| mz) S R
| | ¢
, Ten summrts were ascended in the l‘reld area\ On the hrghest of .
' o L
these. (900 m. asl srte 8 Frg III 2) a. subrounded cobble of quartz- ' '

muscovrte schrst was found among the lrmestone l’elsenmeer On the .:'\

. =y northernmost peak (Walker Hill on Ward Hunt Island, 485’ m asl* Fr "*ﬁﬁ

)‘&
IR S ; ;o..’q,,.‘w
L. 2) numerous erratrcs mcludmg volcamcs quartzrte ‘Pebble o “ B

. conglomerate and greenschxst were found to w:thm 2 m ot‘ the summlt o \
¥ . ’ B " -
_However other summrts t'eature spectacular tors and shqw no evrdence ol RS

’ havmg ever been glacrated (Frg IIIS srte 9 Frg III 2) No " -

consrstent patte?n was observed to the uppeun,ost elevatron of errancs
o 't ¢

‘whrch mrght relate to'a former-rce profrle o ‘-‘ L

]

, record A !f .
’ * S
Generally, few shorelmes related to older glacxatrons have been , ’
- recogmzed on northern Ellesmere Island (England 1987) é(t the mouth of o ‘ﬁ ]
: .the Sentrnel Rx,vér Valley (sue lO Flg III 2) the maxrmum herght of

' / ' the Ho.locene’sea level is recorded by pro j inant beaches wrth well- o s

L ‘ ‘. \
preserved sea—rce push rrdges at ca 68 m _

‘lus elevatxorfra( ,f‘ N
v -
:Aconqrstent \mth t.hose of th“ hrghest deltas along the north coast of , k
N e i . .' L " R
AT Marvm Pemnsula where deglacratron be,gan >-950@ BP (Cihapter II) On a " o

b@drock controlled uptand (srll) west ofe, the lower rrver marme

PRd
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o

.

Figure 1ILS.- Tors eroded in the volcamc flow rocks of the

M'Clintack - Formation, at ca.. 750 m asl. Inset is of the same

‘tor; frdm a dxstance shawmg mature. penglaczal slope.

*. - Erratics were not found among felsenmeer at this site.
,Locatxon is' site, 9, Fig. IIIZ (’ S -

!

A
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» shorelmes extend to at least ll7 m asl. At ca. 93 m\tlsl u promment '

wave cut terrace extends laterally for. about 100" m; (th‘._mm‘ The

surface of this terrace, which is cut mto bedro ke ts lfighly oxxdxzed ‘ S

‘and boulders exhlbit well -developed w“eather'lh: v”s or* are hrghly trost.t_v. ’

| shattered Thermal contractron cracks have deieloped wrthnn the .bedmck
at thxs srte To the east and upvalley mf thts terrace are a number of .
gravel cones and ndges which overlxe frqer sedrments This - grnvel
surface extends to ca. 105 m asl and shell fragments collected l’rom a_ DR -
small rrdge at ca; 100 m asl dated 30 010:300 ‘BP (TO 486 site l an ‘ |
I11. 7) About 200 m west of thrs sxte tWo complete valves of Amrm " oy
‘m were found on, the surface ol‘ srlty sand at ll7 m asl A dnte ;‘ |

of 27 l70:210 BP (TO- 860 srte 2 Frg IL.7) was obtalned f'rom a s'ﬁgle
0 ) s

2 » . . L. .
~above this elevation~ahrywhere in. the valley,
. “ - ! .
Hrgh ele’atron surfaces of probable marrne origin are present at

other s!tee along thesnorth coast of Marvm Pemnsula Immedrately east ﬁ,&\ o
8 of Sentmel Valley the bedrock controlled rrdge north dl’ Lake A (snte
ll Frg I, 2) appears to - be wave washed to - its crest at 86 m asl. Two

large fragments of Hrgtg aar gt ga v«ire f'ound

the hrghest point on thr

3

esfde a bi.rd perchat o \

eavlly polyganized terrdin. N \ other shell

were observ d above 35 m asl Four km west of Sentmel

Valley ssrte 12- Frg IIIZ& a broad level plain’ cuts across the
geologrc structure ; ca. llO m asl. 'I’he surficial sedrment is =
v . N

dommantly fme gramed and features well -devetoped thermal contractron

cracm ,Local relxef ‘ ot' <lO/ cm over an area _of.“">100 m’,fsu'gges.ts‘-

3 > '
\'F"/‘? A e o / BT
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Figure IIL6.

Wave- cut ,terrace (arrow) at 93 m asl at the
mouth of the §

e‘gnnel River Valley*Photo o})scured by fog,
f "the northernmost coast '

which is typical

(o}

}

~
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°
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. . it . !
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fragments © . : i .~ !;
‘ : C Lot e
‘ - " UA-2456 0.122 0.021 :
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we fmmcn“ S » ' g ‘ ‘ e
mi’- . N ' ) . , . R
R. "6 whold'valve s UA-2483 NA 0.058
SR Histella arctica - ' .
7 shell o 1se . ¥ UA-2488 0179 0.084 :
: fragments 2 e A v
k3 [ .
' ' : ‘ ' -24604 - 0.184 0.038
8 ehal 180" 2 e UA-2480 o .
fragmaents , : S , . .
. _ . - o S )
o [T . T .o o . . ' 0467 & NA
9  shell ”’ “,9 o " . e ua n o _
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t ' V':.\“““-' - ‘ - . . ’ . - Y . . A ‘ ’ : ooss
T 9 shell b 234 o S . UA-z:n 1. 02107 086
; lrujmcnu; . ‘ RICER : . st i ! ) }
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10, whole valves . <« T0-490 | 8630:100  UA-2461 ” 0.367°° 0074
- mmu:_mm : e L _ o 'V |
11" whele valves P9 . TO-367 88702110 . UA-2402 0.112 A 0000
_ -oitt number tefers to accompanying map L X .
2 - all elevations determined using & Wallace lnd Tumm ulmmnr and based on -at least ’
three lndcpcndcnt readings from sea level. Values pclhvod sccurateto 1.5 m. o N
3 - all. AMS dates run by isotrace fubontory. Univouity of . ‘l‘ocontp, Al samples were - -
cmud to. & base of O“C = ox cqninknt toa mcrvoif correction of 410 Qnrl ; o '
*The:, cmn npnnnt xu.(a.sx conf dcnen Iimm) : All umplu ucept TO—“S and TO- B a :
486 ware given 2 30 to 50% pplnth : . b I &
4, < all glk/lh nﬂoc run- by the &mno Acid Racemisation L;Bontory, Univernty of - v -
‘ Albcru .. ' ) . S oL . . d ‘
‘NA - rltio not nvdhblc y ‘ L ) ¢ ey ,
L 35N ,unph waas ligely ancdrncuy labeled during Preparstion - . - ) N
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m III7 Sites Wthh provxde chronolognc control on glacnal and"
ed level. events which pre-date ther last glaciation. Numbers refer to -
table at’ qut ,Sites : ll /a{& Holocene and used as, comparison for

He/lle ahalysxs




76

planatron by wave actrvrty, but unequrvocal evidence of a manne -
' r

. envxronment is absen‘t

)

-On Ward Hunt Island steep slopes and small drainage basms make

rdentrfrcatron of marme surfaces above 45 m asl difficulk.- A mrmmum .

%

"estrmate ot the Holocene marine limit on the south shore-of t.he island ,,

"LCh&Dter ll) Large shell fragments of mgm_gm

| found wuﬁg;‘sm coﬁunum at 52 m osl dated 27,560:200 BP (TO-859;
¥ [} .

s v Other shell, fragnlents, found between 97 NS m asl )

F R
lalus “mmm nam’: of Walker Hill, dat?e 29,750£200
. ‘-s‘-
4 . Fig. IIL7). Tiny fragments o} marine shells, which,

may be er W d not related to sea level story, were observed up to

The followmg drscussron considers the evndence for multrple .

\‘ ‘ ‘ ‘. 5
g'ﬁcral and sea level e’yems in the freld sl‘rea in thr secuons i) the
'\'Né * [

4, Valley, and m) chrbnologrcal evrdence obtamed through radrocarbon o
Sl .

\le\

datrng and prehmmary ammo acid racemrzatron analysrs . /lh
o, - ’. . . » . .”..‘-,-'[.,

N . ; ‘ . l: . - . " .

Whrle errancs are ca@mon beyond the l :

je limit throughout the'
freld area few feature str-lanons or facetted edges whrch unequrvocally

demonstrate that they’ relate to glacxal transport In contrast’* most

high elevanon erratics whrch have not beelvlattered by frost processes : : £

tend to be subrounded in shape cobble-size and smaller with hﬁrly-
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. weathered surfaces. Where erratics are not foqnd in association vtith

_meltwater channels, striations, or other evidence of glaciation the .

possrbrlm:s that they a;e fluvxal rn origin cannot be discounted (cf.

Englana 1987). l‘-‘or ‘e'xample England (1974) mterpreﬁ the highest

ertattcs on the outer Hazen %teau, (Fig. IIL1) as being fluvigy in
, 'ﬁ - ¢ .

ortgrn. o , ¥ : , -

3

S,

Clearly the interpretatjon of erratics t'ound on

summits “"havmg a fluvral origin requxres that they were . trnnsported '

across a landscape which was totally unrelated to the present '
physrography. Ags little is known about the mid-Tertiary to Holoeenel
'teotonic evolution of t}g high arctic landscape (Engl'and 1987), “.
evaluation of the fluvial .alternative is difficult. Thxs is

» I B

partrcularly true on Marvin Penmsula where Syntecton{c sedrmentatron : :

Kl 4 O
related to thts interval has not been recognized. However one of the ‘
most curious physxographrc features of ‘Marvin Peninsula’ is behe'@ed to" -

‘rélate to the Tertiary drainage system in this area. Central Valle \ ,

with its pash at <300 m | i clearly related to a similar val
which, cuts ac sleranstone Peninsula to the east of Disrael}' Fior
- (Fig. IIL1), gengrally following-the con‘act“between the Ordovician

\

vokcanics and"Upper; Paleozoie sedimentar rocks. If Central Valley was
part of the Tertiary dramag system it is noteworthy that‘ the - valley o
,trends generally east-west, -and has been truncated by the northerly
ortented fiords. If the proposed source areas for many of the erraucs
are ‘correct and reflect a south to nort& transport across Central |
SR N
Valley, then for the erratics to be fluvral in origin they must predate ’
both the formatron of the fiord and, the earlier establishment of thns -~

Tertiary dramage system S X

>
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Evidence from the field area supportmg the mterpretatlon of

.

fluvial. transport. incltides: i) the oc_:currence of erratics at elevations

* higher than any unequivocal glacial features; ii) the presence of tors .
s,
v

and absence of glacial features on many summits; iii) the fact that the

uppermost elevatlon of erratics does not appear to relate to a former

2}

ice profrle w) the absence of high elevation morames and meltwater i '
channels similar to ~those found on NE Ellesmere Island wjrch are
' ':orelet‘ed to the nwh extensr‘ glacranon of that area (eg England

,1987), and v) the absence of shorelines or other marine deposits which

relate to the demise of a pervasive ice cover Again, these features

are well preserved on NE Ellesmere Island g

Q_[a'gh[_‘g_um. «;‘If"jthe erratics have bee_n glacially tran ) S
. . » % N - . ‘

» . .“ . - ' ‘. i N . A
their regional distribution prévides a recordl 'of ice extent and. flow

H

diregtion during a maximum glaciation. However, the redistribution of - ' “ee
these erratics by subsequent glacral advances limits their usefulness o .
for defrmrk the extent of specrfrc glacial advances Addmonally, it /

may be incorrect to use present topography when mterpretmg the ma)t.imum
dr.strnbutron of erratlcs, as the earliest glacratlons may predate major .,

tectomc modrfrcatnon Q‘ the hlgh'\arctxc landscape (England 1987). o <

" -
**  Field evrdence supportmg the interpretation of glacial transport

wdesy\) the-drstrrbum?xf errancs, which reflects south to north

'J

transpor‘ parallel to the fiprds and pe pendrcular to the proposed

Tertiary drainage system, ffrom a sJurce area 1n thg Grant Land
Mountanne ii) the absent!i of srgrnfrcant deposrts in the freld area
i

that’ represen_t sgectomc fluvial depgsrtron assocmted with the -
oy

Eurekan Orogegy Or- younger events m\the sparse o%ce of high



elevation erratics, which does seem consistent with fluvial trans;ort;
and iv) the presence of tihy shell l‘ragmentsz},up to 234 m asl on Ward
Hiint Island. TheSe fragments occur more than 100 m above the highest
shorelines observed anywhere afong the north coast of Ellesmere “lsland.
and are therefore interpreted as erratics which could only have been

transported by glaciers.

“

It is tentatxvely coneluded ‘that the high elevation erratncs

§
observed in the fxeld area, including those on Ward Hunt Island, are

primarily glacxal in origin. Although'meltwater channels were not
measured above 400 m asl, and l;ugh elevation striations were not
observed in this study, it should be noted that Hattersley-Smith etal
(1955) observed striations at 760 m as] along the north coast of Marvin
Peninsula. This is not inconsistent with the glacial tranSport of’
erratigs -to 900 m asl at the fiord heads and 415 m asl on Ward Hunt
Island. Erratics _ear the summit of Walker Hnll suggest thnt icegy

' s &

/ overtopped Ward Hunt Island and must have extended a consnderable ~ 4

¥

- distance onto the contme‘ntal shelf. ’NonetheleSs, it must Abe e‘fnphasized
l . .

I that moraines and meltivater channels related to this pefvasive ice cover

N

N L. 4 f ’
(England and Bradley 1978; England ;_t_ai.ﬂQSl; Rete

s
k]

“~ © Of all the erratics ob,ser've_d‘ in the“ field a‘reathe

examples observed occur below the marine limit (ca ll7 m asl) rec

within Sentmel Valley ll' these errattcs are denved* from the Cape
- Columbia Group it is most probable that they were raf ted by sea-ice o‘
: \' . )



V,
!

@

¢ not considered (Dawes 1987).

,,,,,,,,,,,,

N [ U
ncebergs to the north coast of Marvin Penlnsula Similar low elevation

erratics along the north coast of Greenland are considered to have been” = ' i‘

transported, by glacial ice' shelves l‘lowing' parallel to the coast. i , Q

However, the possibility that they ‘have been ice-rafted was apparently ‘ ’
i ad
4

S-W i s * \ |

‘ Sentmel Valley (Fig. IIIB) is the only srte in the fxeld area

' where the iatxonshlp between glacial - and sea level events can be
documemed*hut the absence of an associated stratlgraphnc record
hinders mterpretatlon Within the northwest part of Sentmel Valley,

lateral meltvﬂater ehannels, mcrsed up to 10 m m bedrock reoord the

oldp defx‘ble 1cg-margm These’ channels descefid.to ca. 95 m asl, “m

"s as a maxrmum estimate of relatrve sea level at that time. .

This sea level is consxstent w1th the greater isostatic load associated
L]

with an ice gover more extensive than that of the last glacxanon whose

-

highest relative sea’ level is’68 m asl. The topography of thg valley

.

r’equnreh that the glacxer responsible for ‘the meltwatetr channels was ’

inned over the sill at the mouth of the valley, and grounded below sea
-
level for a drstance of at least 5 km upvalley (an H1.9a). Itis  «

-

pqssnble that deltaxc sedrmentanon rglatetl to. dxscharge from these

1

v ( e ,,l W Lo ‘ . : "P;‘.
annels l§ marked by acuarsef__, gl&‘,)émged’ gravels whnch‘g‘descend to s' oo R
‘k " k ‘ : o
R sea level at the extreme NW comér ot" the valley
VN B

’

The b:ghést sea level recorded .in the Semxnel Valley occurs msrde ~

4he ice margm marked by t)he meltwater charfnels and therel‘ore it must

postdate the channels The l‘ossxleerous sedlments at ll7 m “asl_are

. v ” ‘ = ‘g H N
. . wC . . - - g 3 v
T S ’ o at TN B

- .
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Figure III.8. Qblique air photo of -outer Sentinel Valley ‘
showing gld" meltwater channels (mwe), ca. 105 m asl delta
surface (D, dashed line) and limit of Holocene beaches (H,
. dotted line). Meltwater channels related to the last
'glaciation-are’ not present on this side’ of the valley.

The wave-cut terrace 'in Fig. IIl.6 is just to the right

(west) of this photo.

. o e L Lo . .
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mtarpreted as ltttoral deposrts A bedrock knoll*rmmednarely upvalleyﬂ'

has protected thése sedlments l’rom subseQuent fluvral iros:on thhm

l

| ‘the mam valley the gravel cones and ridges e;ttendmg to- ca 105 m. asl

ecord an extens:ve ma-nne delta that has been severely altered by

. L ,.‘

AN ‘ . / !
SO \weathenng and slope processes The dlstmct surface morphology of this .

/.
delta IS sxmrlar to that of altered marme/terraces at the mouth of the

Seegloo Rwer northeast Ellesmere lsl/and wl’nch has been radrocarbon
dated at > 39 ka BP (seeLFrgs 5 and*6 in' England &t g[ l981)

/ ‘
Formanon of the 105 m delta hk”

ol urred when a /glacier
: ,t:‘ rt / L

, " abutted the southern edge of thje bedrock srll and was grounded below sea

‘. i v

L level w:thm the mam valley (Exg 1. 9b) The alternatrve tly the _v
‘ entrre valley Was fxlled wnth/deltarc sedtment to >105 m asl Whlch was
tl@'lrembved by subsequeht glaCxal and fluvxal actrvtty, is consrdered

B . unl:kely, Addmonally, the presu‘e of a srgmfrcant 1ce load allows

. : o
-lor 1505tat1c depressnon of” the crust’ Wthh, in the absence of tectomc o

r

v '_’upllft, is necessary/to account for the hlgh relative. sea level It is
. ': llkely that thxs de/lta was deposxted ‘durmg the retreat of: the glamer

o 'that prevrously produced the lateral meltwater channels Thrs
Voo necessltates a/manne transgressron of >20 m. between the t:me that the

'meltwater </:hannels were carved and the llttoral sedtments werq vdeposrted

Y
S »

-at-'ca. ll7/m asl. Thxs transgressron may represent a rise m eustatic

/
/

sea levell or srmply record an mcreasrng ice load. from the . Gran’ Land

L3

/u(or retreat, - L S e
N . R L

/

,f ) Wave cut terraces srmrlar to the one observed at-ca. 93 m asl in
‘ / Sentmel Valley do not occur elsewhere in the fxeld area, and are found '
! only rariy on northern Ellesmere Island The formatxon of this

7 Kt

Mou/talns at a tyme when the glacxer in Senftnel Valley was u dergomg -

‘83



K ‘ . . : 'r_"‘l'- o W84
,' .' platform would requrre a perrod of reduced sea-ice severltv (re less |

than at present), and preclude the presence of an rce shelt.nlong the  — s
\

‘n’orth coast It would also requrre a perrod of relattve se't level . ‘ "

stabrhty, although the len&th of. thre stable phase is unknOWn hngl.\nd )
. \ ' PRI

. (personal ‘cpmmumcajron 1988) has found wave cut terraces along Greely
Fiord (Frg 1L 1) assdcrated with the full glacml sea, whrch remained

stable for at least 2000 years (England 1983 1987) Agam the T S

v

elevatron “of the terrace requrres an increased glacrorsostatlc load

1 y_
compared o the present whrle prolonged sea -level stabrh’ty rmplres e

~ -

that a state"bf 1sostatrc equnlr&rum had been attamed The sea level g

°

. 'relatecy to. the terrace is unknown and if the platl‘orm isa product ol

wave erosron the associated sea level may be as much as 20’ m hrgher

(Farrbrrdge f968) Therefore it is possible’ _that this terrace. relate‘sb

XQ . . . - . ) . . " a f L ‘
.to the same .relative sea’ level as the 105 m delta. .~ o : . ~
. L, ——
ghrgng“lggy- ' .

" -Degree of . weathermg is useful for dnstrngurshmg between deposrts
_related to the last glacratron ‘and those of oIder glac:al events
. However; bpyond the last ice limit well defined weathering zones. such as

~~those descrrbed elsewhere in the arctrc (cf Pheasant and Andrews l973 | .

‘ England et al. 1981) were hot observed.\ The presence of hrgh tors 'md

thrck felsenmeér on some summits of Marvm Pemnsula mdrcates surtacc _

of consrderable antrquity
N

Of the forty radrocarbon dates on manne shells ‘and shell lragments

[

avarlable \from the freld area, 85% are <10 000 BP (Frg I11. lO) Five

dates all determrned usmg accelerator mass spectrometry (AMS) rangmg



Frequency
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Figure I11.10. M",H“i;;;gram of MC dates on marine shells from Marvin
Peninsula and Werd Hunt Island. Dates are plotted without standard
error. - -
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" from 27) Ot210 BP (TD 860) to 32 0101300 BP (TO 486) have nlso been

obtained (Fig. IlI 7) Interpretatron of these "old but hmte" e
1radrocarbon dates is crrtrcal to understandrng the trmmg and dynnmncs
of high latrtude g‘lacratron Owrng to problems assocmted wnth altered. .
carbonates the lrmrt for relrable radrocarbon dating of mgrme shells.
using conventronal methods M - countrng) is generally accepted to:fall
around 20 to 25 ka (Lowden 1985; Bradley l985) lt remams to be
demonstrated whether AMS dates beyond thrs age range are reliable: It
is clear t?rat AMS dates are vulnerable to’ modern contaminants, owing to
the small size of the sample used. The Geologrcal Survey of Canada
recommends that only samples antrcrpated to be younger than 30 - 35 ka’
be submrtted for AMS datmg (D. St-Onge, personal communrcatron, l988)
Three samples collected above the lrmrt of the Holocene sea were
dated by AMS in this study,~ and all fall within this zone of .
questionable authenticity. None of the shells were found in sity, and
only the whole valves collected at ll7 m-asl in Sentmel Valley |
(27 l70::2lO BP, TO -860) can be confrdently related to a relative sea
level Fragments collected from deltalc sedrments wrthm the same

valley and dated 32 ,010£300 BP (TO- 486), may have been redeposrted by

glacral Ice. Reworkmg of older marine shells has. been demonstrated

along Drsraelr Fiord, where shell f’ragments datmg 30, 4401330 BP (TO-
500 site 5 Fig. III 7) are found within a morainal bank deposrt which
records the last 1ce limit (Chapter 11).- The two dates of 27,560+200
(TO 859) and 29 790+200 (TO- 858) on shell fragments from Ward Hunt .
Island are not believed to have been glacmlly reworked based upon the
'size and abundance of fragments and- the fact that they occur below the
hrghest sea level recorded in Sentmel,Valley. Usmg the same criteria,

A
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"

o.the‘ti‘ny‘ shell l'ragrnents l'ound‘ b.etween 136 and .";34‘ m asl on Ward Hunt
Island are belreved to. represent erratrcs deposxted by a glacier. -

. If thesé old, frmte radxocarbon dates are accepted, then the date
vof ca' 27 ka BP in Sentmel Valley records a marine transgressmn to ll7 /

m asl associated with local ice retreat. The date of ca. 32 ka BPf rom

the same valley represents.shells, living during the transgression caused

A by thls advance, and wh;ch subsequently were reworked by the glacrer and

¥

redepdsrted in deltaic sedrments during ice retreat Dates from Ward
3

Hunt lsland lend addrtronal support to the: concept of a hxgh sea level

! at ca. 27 - 30 ka BP Corhbmed with the data regardmg the trmmg and

extent of the last glaciation, one would conclude that there were both
A

Mrddle and Late W15consman glacral advances 1in, the fleld area, the

..former being the more extensrve,-

Desplte the consistency of the AMS’dates, it is argued that the
‘datmg for the l'ollowmg\reasons
A - The relative weatherrng of ‘bedrock, erratics and marine surfaces

whrch predate the last glacratxon in comparlson to Holocene

' features suggest that they they have been exposed to weathermg

' processes for a consxderahle perrod of time. ‘Features which
.predate the last\ glac:anon are hrghly weathered and deeply
oxrdraed, while the same lithologies inside the last ice limit
appear fresh. The surface of. the delta at 105 m ‘in Sentinel Valley
has b,ee:’-hi’g;hly altered by weathering processes, in contrast to
Holocene_.deltas"and beaches which commonly feature well-preserved
sea-ice p,‘ush. features. As noted previously, the morphology of ;this |

delta is similar to altered marine terraces on. NE ‘Ellesmere Island

&7
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_previously dated > 39 ka BP. While no quantitative data'nre'

. «

" available regardmg rates ot‘ weathering in the area, it seems

)

unlikely that the marked: drl‘ferences observed could be attnbuted

-

eto only a ‘three-fold longer exposure to weathénng processes \

B - Ratxos of aﬂg-nsoleucme (alle) to tsoleucme (Ile) provnde an

mdependent relative datmg"techmque on shell samples (cl Miller

etal 1982 Rutter et al. 1985). Ten samples from this study were

. submitted for analysjs. with preliminary results now avarlable

(Fig. 11L.7). These datasshow that two samples f rom the Sentinel -

Valley, which relate to the ll7 m asl sea level, are of similar age ‘

to fragments collected bet\y%en 97 and 115 m asl _of Ward Hunt

* Island, and that“all 3 samples of these sar-ples are signil‘ icantly
by

older thah Holocene shells collected along the north coast. All

niles collected abpve 136 m asl on Ward Hunt Island have hngher
all

le ratios (both fractions) than the samples from the Sentmel

//v “

Valley, again reflecting -greater relatnve age However it is
imipossible to dxfferentxate populations of widely varying age in
the data, and hence it cannot be c'oncluded that a number of

drstmct sex level (or glacxal) events are recorded The fact that

~all pre Holocene samples collected in this study consnsted of

unidentified shell’ fragments adds considerable uncertainty to their

‘interpretation, as ratios are known to vary within individual

‘va’lyes and .by‘as much as 50% beiween shell species lJ. Brigham-

S

Grette, personal com'mu-nication, 1988). Ratios on fragments from
central Disraeli Fiord (Site 5, Fig. HIL.7). of 0.7"? (free

fraction) and 0.208 (total acid hydrolysate) appear highly
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anomolous. " Further clarification is not possible until additional

- ' ‘»
alle/lle analyses have been completed.

Discussjon .
: . “u .7 : ,
\Jiw ' @4 . _
Glacial geomorphology and sea level history" rd two

i A et

distinct glacial advﬁnceé in the field area. The most réc;n 'of :\ﬁcse.
the last glaéiation, occixpied most of the major valleys on Marvin
Peninsula but terminated rapidfy upqn contact with the sea. Abundant
geomorphic and chrOnologic evidence demonstrates that many areas
rerﬁained ice-free ‘throughout the last glaciation (Chapter II). In the
Sentingl \}glley van older and slightly more extensive glacial aglv‘énce is

recorded by "old" meltwater channels and associated high sea-levels.

AMS radiocarbon dates, if accepted as being accurate, place this advance

-

in the middle Wisconsinan, but relative weathering and preliminary
alle/Ite analysis suggest that it may be con'siderably older. A third
glacial advance, recbrded by high elevétion' eriatics, has also been -
proposed. Constructional lanciforms, eitﬁef g’laeial or mariné, which ‘may
're_lat.e to this proposed event have not been recognized in the field

area. However, erratic cobbles near the summit of Ward Hunt Island
L]

\

'sugéest that this oldest event involved a nearly pervasive ice cover.

The age of this proposed gklacial advance is unknown,;buf' alle/Ile ratios

_ -on high elevation erratic(?) shell fragments from Ward Hunt Island

indicate a greater relative age than the outermost glacial advance

recorded in the Sentinel Valley.

Al
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Evidence of multiple glacial and sea level events is available from
other sites in the region. Along northeastern Ellesmere Island three
discrp¢e glaciations have been defined. .The oldest of these ihvolyed
the advance of Greenland ice onto Ellesmere Island, which is recorded by
erratics, well-preserved moraines and abundant meltwater channels
(Englan& ‘a'nd Braciley 1978; England et g|. 1978,1981). Sub“sequent'
retreé? Bf the Greenland Ice was associatc}cr*wnh a relative sea level at
286 m asl (England 1985; Retelle 1986)." Alle/Ile ratios on shells
related to thi§ high sea level shgggst an age of 500 ka fo 1 Ma (England

1987). A subsequent advance of Ellesmere Island ice cross-cuts the

#Greenland erratics, and in places contacted the sea at elevations up to

175 m-asl. Radiocarbon dates on this sea level are >39 ka BP (England
and Bradley 1978; Er(gland etal !978, 1981), .Further ﬁorth along the‘
same coast,kRe_telle (1986) reports radiocarbon dates of* 31,3004£900 and
>32 ka on an indeterminant ~sq;a level between 90 and 286 m asl. Mean
alle/lle ratios from these samples are 0.218+0.03 (free) and 0.06?10'.011
(total‘), am/suggest that the radiocarbon dates should be viewed as
minimum age esfimates only (Retelle’ 1986). Elsewhere in the region,
Bednarski (11987) repo'rts multiple tills'above marine sediments dnted
30,250£1100 BP on western Ellesmere Island. Geomorphic evidence of sea
levels up to 170 m asl, and shell fragmen S to 280 m asl, are present
along eastern Nansen Sound (Fig. IIL1; B&inarski lj988).

Extensive figldwork has ciemonstraied that the style .of the last
glaciation was similar throughout northern Ellesmere’ Island (England ¢t
al. 1987), therefore, it would seem réasonable to assume that the timing

and extent of previous glacial events would also demonstrate regional

similarity. The most extensive ice limit recorded in Sentinel Vailey i8

[
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é('similar masn’itﬁde to the‘most extensive Ellesmere ice advaniid
ret;.}\rued on the 'northeagt coast (England and Bradley 1978’;"England et
al. I9‘78;‘I981). In Sentinél Valley thg 117 m sea-level lies ca. 50 m
above (iixg maximum'Hd"l'ocene Qhoreline whereas along northeastefp
Elleilfnere\\lsland the observed difference is ca. 55 m. Alle/lle ratios
may be interpret"ted as supporting correlation 6(‘ these events, although
further analy;\is is nee&ed. The ébsolute age of this advance remains

. \
unknown, A . « , a

The oldest élacial advance proposed in this study, inyolving the.
northward flow of a\ nearly pervasive ice cover_from the Grant Land
Mountains, is marked 'by high’ elevation erratics and possibly qrrafic
shell fragments on Ward Hunt Island. Moraings, mbftwater channels and
sea level- features ;ssociated with this prloposed ;dvance were not
ébserved. ' Nonetheless, similar conglusions have been made by Bgdn?rski
(1986) working along the east co#st of Clements Markham Inlet (Fig. .‘
I11.1), where a high elevation erratic is felt to record an gxtensive
. ice gover with flow parallel to, bl;t not diverted by, the inlet
(éednarski 1986). Reconstructive ice sheet modeling by Reeh*(1982,
1984) _indi;ates that even if ice were grounded offshbrg along the 600 m
isobath, the Grant Land Mountains would still serve as a major ice

.- divide. It is tempting to make a tentative correlation between the

advance of Greenland ice on northeastern Ellesmere Island and the

[

proposed pervasive glaciation of Marvin i’eninsula and Ward Hunt I[sland.

. 3 .
However, there are neither geomorphic nor chronologic data to justify

such a correlation. Clearly, given our’limited undérStanding of high
latitude glacial history and the dif ficulty in making correlations on a -

regional scale, attempts to correlate between the terrestrial record and

!
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sediment cores from the Arctic Ocean’ (Clark gt gl. 1984; Dalrymple and
Maas 1987) should be coﬁsidered premature.
~ Trettin (personal communication, 1988) considgrs the geological /
evol;ntidn of northern Ellesmere Island to have been largely passive
since the Oligocene. In contrast, England (1987) believes that ‘
considerable regional uplift, accompanied by crustal extension, has
occur[éd during the Late Tertiary/Quaternary. In a major departure from
previous discussions, England (1987) questions the significance of
" glaciation in the geomorphic evolution of the high arctic. He
introduces several concepts which provide a new perspective in
evaluating [the older glacial record in the région. These include; i)
that the major fiords and inter-island channels are a product of
tectonics and not glacial erosion, and that many have never been
occupied by glaciers; ii) that tectonics hna ‘noti climate has been the
major conttol on glacial style through time; and-iii) that it is
incorrect to use present topography when interpreting the maximum
distribution of erratics which, in turn, could be ofN Tertiary fluvial
origin. |
One important component of England's (1987) thesis is the
distribution of 'sh‘oreliné features thch pre-date the last glaciation.
He notes that shorelines assocxated with two older glac:atnons are wéll

preserved along Nares Strant but are not recogmzed within the adjacent

a

flords, despite extensive field traverses. It is also clear that many
of the fiords remained free of glaciers throughout the’ Ias,\_glacxanon,

and thus the absence of the "old" shorelines cannot be explained through



glacial erosion. Nor i; it. logical to suggest that they, would be
preferentially refnoved by weathering. England suggests that the ’orld
marine ;horclines were r;ever formed in these areas and that the
associated glacial events actually pre-date the formaiion of the fiords,
which are a product of tectonisnt. This study serves to support
England's observatioins. Pre-Holdcene marine shor'eline are observed
along the northern coast of Marvin Peninsula, but similar features are
not found along the cpastiines of Disraeli Fiord and M'Clin}o/ck Inlet.
Like Nares Strait, the north’coast of Marvin Peninsula f' Is along the
perimeter of Ellesmere Island and represents a coastal mar which
dates back to well iﬁtb .the Tertiary. In contrast, the age of fiords is
completely unknown. ! | |

Evaluation Bf the relative significance of tectonism versus
gl_acial/gﬁzciqisostatic processes in the field area is difficult. The-
most striking physiographic features, the fiords, have long been assumed
to be the product of glacial erosion (cf. Hattersley-Smith 1961).
However, the limited evidence found for a pervasiveA ice cover in the
area doés not include either large-scale erosional or -depositional
features which one would expect to be associate‘d with a highl;/ erosive
ice“sheet. Schei (1904) and Gregory (l9l3) first noted thls paradox of
fiords in a landscape with lxttle evidence of glaciation, and concluded
that the fiords must be of tectonic origin. Christie’s (1967)
observation that valleys along the north &oast show only minor glacial
modification is particulariy relevant. If Disraeli Fiord is a product
of selective linear erosion (cf. Sugden 1978), the presence of bedrock

islands in the central and outér fiord with adjacent water depths of

>400 m indicates that erosion was selective indeed!

93



\

|
\

presented by England (1987).
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Several observationd from this study are relevant to the ideas ,

If the shell fragments found n(high elevations on eastern Ward

Hunt Island are correctly interpreted as being erratics, they

~indicate that the glacier which reached the island had passed

through a marine channel. thlk this does not indicate that

Dlsraeh Fiord was either as deep or extensive as it is todny.

nenther‘does it necessitate that extensive glaciation occurred on a
landscape radically different from that of today.
L

Fluvial gravels and till which predate the last glaciation are

exposed along a river cut secion at 65 m asl in central Marvin

~Peninsula. This indicates that base level at the time these

sediments were deposited was below the elevation of this site.

The difference between the highest sea level and the Holocene
marine maximum recqrded in Sentinel Valley is roughly proportional
to the difference in ice load between the last glaciation and that
defined by older melt water channels. This suggests that tectonic

uplift between these two glacial events was minimal.

These observations neither unequivocally support or refute England's

(1987) hypothesis. Point B suggests that if recent regional uplift has

occurred, it has not been spatially uniform. Both A and C suggest that

tectonic factors do not need to be invoked in order to explain the old

glacial and sea level features observed in the field area. However, it

should be nbted that the pattern of postglacial emergence observed on

Marvin Peninsula cannot be accounted for by glacioisostatic factors

alone, and suggests that neotectonism has been active during the *
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Holocene ml‘luenclng the elevatxon‘?ol‘ the entlre sea level record .

.(Chapterll) i.‘ ‘. T

~

From the time_ of Ewmg and Donn (1956 also see Donn and Ewmg

, l966)ithe role of the Arcttc Ocean as a control of glacxatron has beent
. the. su Ject of consxderable controversy Among the most xmagxhatrve

rdeas are those whrch propose a glacxal ice cap on the Arctrc Ocean

981) Although thts is an mterestmg concept from a theorettcal
: perspectlve (see Hughes l986) there is snmply no fteld evrdence to
3 support that model

Durmg the last glacxatton the clrmate of northern Ellesmere Islahd
was charactertzed by mcreased cold and extreme arrdrty (Engrand 1976
: 1983 1986 England and Bradley 1978 Chapter II) The lrmxted ex.tent '
ol‘ glaciers at thrs time was largely a result of ltmtted prec;prtatton _

R as it.is today (Bradley and England 197&) Calvmg in the sea was

another 1mportant factor hmttmg ice extent durtng the last glactatton

SN
T (England 1987) lf glacrers were able to advance through major marme

o durmg full glaeml time (Mercer 1970 Broecker b975 Denton and Hughes

L

'fchannels m the past ‘as evxdenced by the advance of Greenland Ice ento v

;northeastern Ellesmere Island and the proposed advance of Ellesmere Ice

‘ onto Ward. Hunt lslanel then 1) the actxvrty mdex of those glacrers o |

T,

' must have been 51gml’1cantly hlgher than at present in ‘order to overcome

v

the el‘l'tCtency of calvmg as an. ablatxon process; and/or u) the

N

' "1 "topographv at that ttme was less. acoentuated than it is at present

Regardless extenswe regtonal glacxatton at some t1me m the past

necessrtated mcreased morsture avatlabrltty (Bradley and England 1978)

S . .
Vo N
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The stqbrlrty ot the sea rce'cover on the g\rctxc Oce'mL which wuuld

‘greatly mfluence 1ts et'fectlveness as a moisture source, h.\s been tho

v, ’

subject of consxderable controversy Clarl\e (198") 'lrgued lor a st’ll)lt‘

Y

.

sea- ice cover smce the mrddle Cenozonc whereas Hernnn and llopl\ms

P

(1980) belteved a, permanent rce cover was. not estabhshed until .tlter 1

Ma. Funder e g (1985) demonstrated the exrstenee of 1 forest tundm

en.vrrdnment on northern Greenland ca.

. ice- free Arcttc Ocean at that time.. Cal'ter et al. (1986), based upon .

effectrve dxaget'xetrc temperatures calculated from ammo ncul analysrs. (

consxdered the: perenmal sea-rce cover of the Arctrc Oce'm to have becn

establtshed in’ assocmtron with the trrst maJor glacratron ol the

P
nox:thern hemlsphere about 2.5 Ma. Smce that time they consrder the

~ice cover to have been contmuous except durmg ‘the ‘warmest mterglacn'tl

eptsodes Grven the unknown age of the' most extensive glacmtnon on

¥

northern Ellesmere Island it remams possrble that it was assocrated o/

wrth an: ice- free Arctrc Ocean The lesser extent of subsequent

glacratlons may reflect the establrshment of a-perennial lce -cover on' .

regron Whether or not the oldest glac:atron(s)?occurred on

\ srgmfrcantly dlfferent from that of the present (cl Eng

EREEA
‘ ‘ v )

remams a controversy

2 M4, and suppor'ted the idea of an -
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IV, A PRELIMINARY INVESTIGATION OF DEEP WATER SEDIMENTS

!

FROM DISRAELI FIORD, HIGH ARCTIC CANADA
/ | " Introduction

The fiords and channels of the high arctic contain a valuable record

of sedlmentation which remains uninvestigated (Syvitski 1986). These

sediments record deposmonal processes within a umque environment whxch

have only been speculated upon through rnductrve modelling (cf Powell
1984). Furthermore, most flords in the'Canadlan high arctic should'
contain a long deposmonal record because they remained t‘ree of glaciers

throughout the last glaciation (England 1983; England et al. 1987) Indeed,

+some fiords may contain sediments as old as their initial formatlon,

because they do not appear to have ever been occupled by trunk glaciers
(England 1987a). Integratron of the marine record with the more

acCessible, but incomplete, terrestrial record provides the opportunity’to

- increase our understanding of former ice extent and the natufe and timing

of climatic change during the Quaternary (cf. Blake 1970; England 1976,
1987a; Evans and Lemmen 1987). - Most previous inyestigations of fiords
and channels in the high arctic have concerned oceanography (Ford and

Hattersley-Snli‘th 1965; Hattersley-Smith and Serson 1966; Keys et al, 1969;

&

Lake and Walker 1973, 1976; Keys l978' Jeffries and Krouse 1984; Jeffries .

1985; Horne 1985 Jeffries et al. 1988) Sedrmentologrcal mvestxgauons of
glacromarme deposrts in this regron have concerned either; i) sedlments

that have been 1sostancally raised above present sea level (Retelle 1986;

Bednarsk1 1988 ‘Stewart 1988); or ii) cores from the Arctic Ocean Basin

and shelf areas, (e.g. Herman and Hopkins 1980; Clark Q.!:A.L 1980; Clark

BN
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N
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3qo Hansen l983;‘ Morris m_a_[ 1985; Mudie and Blasco 1’985; Dalrymple and
Mal‘ass 1987; Hein and Mudie 1987; Mudie et al. 1988).  Raised marine
depqnta are commonly dommat;d’ by large volumes of deglacial sedxments
frequently ice- proxlmal fac:es, which record a complex deposmonal
envrronment (Stewart 1988) The duration of thrs record is generally
;:restncted to Several hundred to a few thousand years. In contrast, cores
from the Arctrc Ocean Basin and shelf provrde an extensive record datmg
| back to > 5 Ma (Clark gt al, 1980). However, owing to their low
sedimentation rates they provide limited resolution when examining late
Quaternary even’ts. COnsequentl\y, fiords represent an important
ir:mrmediayte erxviromrnent recording fluctuatiyni in 'sediment ‘input from the
adjacent te:restrial environment. ( f} ;T :

In June, 1987, coring of Drsrae'li Fiord, northerrimost Ellesmere
Island (Fig. 1V.1), was conducted in conjunction 'with a d&tailed
investigation of the terrestrial Quaternary record of Marvin. Pemnsula
(Chapters IT and III). Previous mvestrgatxons have been made concerning
thedceanography of the fiord (Keys.et_aj_. 1969; Keys 1978; Jeffries and
Krouse 1984; feff ries 1985), but this is the first report on the deep water
sediments. This paper dxscusses the processes of physrcal sedimentation in
the f nord and how the observed sediments may relate to these processes
as well as to chmatlc change. Future analysis of the blologxeal component | .

of the sediment record will likely provide additional insights regarding

paleoenvironmental change.
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The north coast of Ellesmere Island features numerous fiords which
incise a mountainous landscape. To the south the Grant Land Mountams. .
rise to 2500 m asl and are occupied by extensive ice f 1elds above 1000 m
asl (an IV 1). Dlsraelr Fiord extends about 60 km from these mountains
" to the Arctic Ocean and is bounded by Marvin and Cranstone Penxnsplas'
to the west and east, respectively (Fig. IV, l) The average wxdth of the
fiord is about 5 km. Geologncally; the area is one of the most complex in

the arctic islandslﬁnd it encompasses a wide suite of volcanic,

»

metamorphic and sedimentary lithologies (Christie 1964; Trettin 1981, 1987).

Three glaciers contact the sea near the head of Disraeli Fiord.» Two
of these, Disraeli Glacier and Glacier "A", have filled th_e_i_r!nerm km of
the fiord with floating ice (Figs. IV.1 and IV.5). The Dfs?raeli Glacier is in
excess of 600 m thick 'within I5 km of its terminus (Hattersley-Smith g_:
al. 1969 Narod et al, 1988) The mouth of straeh Fiord is occupied by
Ward Hunt Ice Shelf, a sea-lce ice’ saelf (Lemmen gt al, in press) Which
formed ca. 3000 - 4500 BP (Crary 1960, Lyons and Mielke 1973). The ice

sholf obstructs the flow of surface water exiting the fiord, creatin'g a 44

-m cap of freshwater (Fig. IV.2) corresponding to the average thicknes$ of

the ice shelf (Keys g_;_a_!? 1969; Keys 1978: Jeffries and Krou .
Jeff ries_ 1985). Between the Waro Hunt Ice Shelf and the float ng'glaciers
Disraeli ‘Fiord is covered by multi-year, landfast sea-ice that had attained -
an equilibrium thickness of ca. 3 m (Keys g_t_a_L 196‘ ) Hattersley-Smi'th ‘
1973; Jeffnes 1985). These three features; floating! glac:ers multi- y/ar

landfast sea-ice and the enclosure by the Warh Hunt Ice Shelf;. combme to
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/ Figure IV.2. Temperature (T) ana salinity (S) profiles from Disraeli

Fiord (from Keys 1978). Note sharp pycnocline at 44 m depth marking the
base of the freshwater cap .impounded by the Ward Hunt Ice Shelf.
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create a glaciomarine environment uniqué to the north coast of. Ellesmgre
Island. ( o

Little is known about the bathymetry of the fiord. Conventional
eého-sounding of bathymetry is not possible owing to the permanent sea-
ice cover. Soundings made by various workers indicate' maximum depths of
>406 m néér the fiord mouth (Crary 1956; Keys ¢t al, 1969; Keys 1978;

Jeffries 1985). There is no evidence of a sil\l. although there are little

~ data avai'iabje regarding the bathymetry beneath the Ward Hunt Ice Shelf.

Speculation regarding the presence of large moraines negr\ﬂ:e mouth of
the fi<;rd (Crary 1956) is based .upon a few pbint soundings, and is not
supported by geomorphology on the adjacent land. The tidal range in the
fiord is less than | m.. ) ‘

~No data are available regardipg the input of sediment to any of the
fiorc& of ‘the high arctic. Numerou“’; tributary v;lleys contribute sec!iment

bt ) ¥

into Disraeli Fiord, but the two largest valleys near its centre are likely

the major points of sediment influx (Fig. IV.1). The reworking of glacial,

-

deltaic and marine deposits within these valleys provides most of the

sediments. Although sediment input from the glaciers occupying the fiord

head is u@%wn. it is important to note the differences between a

-

tidewater glac?er regime (incorrectly rgportéd for »Disraeli Fiordfy Syvitski
1976) and the floating glacier tongues which presently occupy the fiord

(cf. Powell 1984). For é;ample, englacial and basal meltwatqr, commonly
associated with tidewatér\ gl“aciers, is presumably absent in the cold-Based | -
ksubpolar) giaciers which \f'eed into the floating tongﬁes. Rather, thgir

-

meltwater is confined to meandering supraglacial streams that are incapable

~ of transporting large volumes of sediment owing to their gentle gradients

A3

and the presence of numerous‘small—am:j, which act as sediment traps.
~— ya :

g
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Quaterpary history

| Recent studies on the Quaternary history of Marvin Peninsula (Fig.
IV.1) have derrxonstrnted that glaciers underwent minor advances during
the last glaciation (Chapter il). Ice occupying major valloys*terminuted
rapidly upon contact with the sea, which reached 76 to 120 m asl, often
penetrating well inland of the present coastline. The former ice hmnt at

'
the fiord head is not well reubrded although the Dnsraeh Glacier did
advance beyond its present grounding line. Nonetheless, most of Disraeli
Fiord remained ice-free throughout the last glnéiation (Fig. 1V.3). This
reconstruction contradict; a previous report of a pervasive regional ice
cover during the last glaciation for this area (Lyons and Mielke l973).‘ Ice
retreat from the last glacial maximum had begun by 9560 BP (TO-488,
Chapter II). Sites near the fiord head became ice-free ca. 8000 BP, =
evidenced by numerous radiocarbon dates from Thores Ri\?r}(Fig. IvV.1).
Driftwood collected at Thores River dated 6030+70 g‘0~495) Kihdicnting
that Glacier "A" was less extensive at that time and that it has recently
readvanced into the fxord head (Chapter 1I). Raised marine deitas and
fine- gramed sediments record the influx of large volumes of deglacial
sediment into the fiord. There is no evidence for subsequent impulses of
sediment of similar magnitlrde (Chapter II). ¢
Well developed beachés and abundant sea—ic‘e push ridies at, or just

below, marine limit demonstrate the occurrence of significant open water
during the eérlyA Holocene. Driftwood datin:g 8850480 BP (GSC-4559) was
collected along the north coast of Marvin Peninsula and indicates that an
ice shelf was not pre;ent at this time (Chapter II). Evans and Lemmen

(1987) use this evidence to suggest an early Holocene climatic optimum in

this area\whereas other studies support a mid-Holocene climatic optimum

-
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-kilometres

' Figure [V, 3. Paleogeography of Dnsraeh Fiord ¢ ca: 10,000 BP showmg the
~ice-limit of the last glaciation. Arrows- indicate the direction of :

former. ice flow. No: field work has been conducted along the east coast

Aot the hord Present glacxers are indicated by black tone. - ... s A

N
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{(Lyons andelelk‘e 1973; Stewart-and. Er\gland '1983). ‘ "Formntion of t

Ward Hunt Ice Shelf is attributed to .a climatic deté?‘l'oration tlnt began
ca 4500 BP (Lyons and Mtelke l973¥§?eWart and England 1981 Jetfries
1985), and drrftwood younger than 3000@.00 BP (L“54D Cr'try l960) hn
not been collected within Dnsraeh Fiord. Theret‘ore this date ot 3000
- provxdes a maxrmum age for the blockaﬁe of Dlsrael%r Frord by the ice
.‘shelf Isotoprc analyms of the Ward, Hunt Ice Shelf provndes evidence of
. a subsequent c'liv"matic amelioration that'lasted a%out 400 to 900 years,
- termmatrng ca. 1600 BP (.leffrxes and Krouse 1984 .let fnes 1985)

Thxs record of late Quaternary clnmauc change provides the bas:c

framework for mterp{etatron of sedrment cores from Dlsraelt Frord é;;

most-of the frord remamed free of glacxers durrng the |9st glacnat i,

possmllrty exrsts, for the recovery of sediments of full glacial age.
Methods . & .

Fleld work was conducted from June lO to 23, 1987. At eight. srtes

<

(Frg IV4)a 20 cm dlameter hole was drllled through the sea<ice with a

= power auger. Ice thxcknesses ranged from 2.3 to-3.2° m. An Ekman grab

sampler was used to obtam an undlsturbed record of the- uppermost
sedtments. Cormg was conducted wrth a hand operated percussron corer
(Reasoner l986), whxch allowed f'or a max1mum core length of 3 m. A
total of elght samples (51x cores and two grab samples) were recovered
from four sites in the 1rrner frord where water depths ranged lrom 178 to
307 m (Frg IV.4)." Three of these sites were thhln | km of the floatmg

tongue of Glacxer "A" (Frgs lV 4 and v, 5) Only three of the samples

were >15 cm in length but the longest core, from site H6 was 280 cm.
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Figure IV.4. Coring sites on Disraeli Fiord. Black circles note sites

of successtul coring. No sediments were recovered from the other sites. .

Arrows denote points of inflow. Dashed lines show the margins of ice

‘shelves; glacial i

the fiord mouth.
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ce shelvks at the fiord head and sea-ice ice. shelf at



Figure IV 5. Oblique-air photo lookmg east across the head
of straeh Fiord, showing sites where cores were obtained.

/
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Ekman ‘grab samples were dried, split‘and photographed in the field.
- Cores-were returned to the laboratory in the core tube and stored at )
2°C. The.coreswere x-ray,ed, then split and.photographed. Half ~o'f each
core was left to dry and then was rephotographed when maxrmum contrast
"had been obtained. Samples for: tpartxcle -size analysis were taken at 10

cm intervals on the longest core (H6C2), and at 5 ¢m mtervals on the
'-shorter samples.‘- Unfortunately, deformation of the'. vsedirnent'dulr{ing , .

coringv precluded the sampli‘ngof “indivjdual’laminae, which in some‘cases 5 ;"“"'g

were attenuated@rnore than | m down the side of the core. Sarnples

containing’\a vsignificant sand component were wet-sieved'at 62 um. Theﬁl‘

.coarsel fraction was tnen dried and sieved at half Phi :intervals The low ' R

percentage of coarse srltfound in the sieved samples suggests that some

of this fraction was removed alonig with the sand, introducing addmonal

error to the statrstxcal analysxs The f me—gramed fraction was analyzed

with a Sedrgraph 5000D Partrcle Size Analyzer (cf. Stein 1985 Andrew<

l985), wrth the results cormdered to be accurate to within +1.5%.

Statistical parameters were calculated using the mcluswe graphic method

of Folk (l980) Orgamc carbon content. was calculated by subtracting the
"percentage of morgamc carbOn .determmed’ using the titrimetric method of :

‘ Bundy and Bremner (l972) from the percentage of total carbon, determmed

\
using a Leco Induction Furnace *

Core descriptions

Prror to splitting the cores, x- radiography showed the sedrments to

be npparently structureless It was also evident that. the sediments within



"o

“core H6C2 had been stretched (<lO cm?) wh}n the core tube was removed

from the fxord floor o ' ' k

My

Splitting of the cores revealed marked changes in sediment colour

and structure that were correlatxve between samples On the basis of

"s.

these cnterta three units are recogmzed (Fig. 1V.6). The uppermost
bsediments, unit A, are reddtsh gray in colour (SYR 5/2) and massive
Five of the samples contam only this umt ln the remamtng three cores
there is a gradational boundary between 15 and 17 cm depth to reddish
‘brown (5YR 5/4), massive to dtf,l’usely-lamm‘ated sediments which‘.defme
. unit B (Fig. lV.7). Both units A and B contain abundant evidence of |
bioturbation.. "l‘he two longest corevs, H6éé'and'H7C.l show a sharp ch’nnge
vat 42 and 31 cm depth, respectively, to gray- coloured (7. 5 YR 570)
mterlammated sediments (rhythmites) which charactertze umt C (Fig.
IV.8). This third unit contmues to the base of both cores. Most
" individual rhythmites within zone C are normally graded, although a few
‘:‘are massxve Very fine to fine sand, commonly only a few grains in
thickness, is present at ‘the base of some laminae. Rhythmttes range in
thickness from < 0.1 to 2 cm However: the significance of these
. measurements is questlonable gtven the severe attenuation ‘of individual
lammae Nevertheless the rhythmltes do appear to thicken and coarsen
with depth. Unequtvocal evidence of current flow (i.e. cross—lamination)u
was not.present in any of ‘th.e samples. |

Grainrsize analysis allows the recognition of two classes‘vo'f sedimentt
.(Fig. IV.9 Table IV.1; complete grain size data are presented in App'endix ‘
- IV.). The majority of the sediments. from all thrée units (91% of analyzed

.samples) are consxdered to be of type l: fine- gramed (mean 8.7a, clay

content 18 - 82%), and moderately to very poorly sorted. Comparison of
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Figure IV.7. Massive ¢
sediments of units Aa
is in centimetres.

- ice-rafted debris b

0 diff'ysely~lax(xinated

nd B, core H6C]. Scale
Arrow points to concentration
etween 6 and 9 cm depth.
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Figure IV.8. Rhythmites of unit C,
core H6C2. Inside scale is in inches,
outside in ¢m. Note the severe:
deformation of the laminations. Arrow
points t6 fine sand at the base of one

* rhythmite.
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Figure IV.9. Ternary plot for all grain-size samples analyzed. Points
plotted outside of the axes contain 0% sand.
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TABLE 1V.1
Summary Grain Size Statistics and Comparison With Other Studies

Sediment " Mean SD Skew. Kurt. %Sand %Silt %clay .
Class Subclass (Phi{ (Phi) (Phi) (Phi) .

Iype-l All samples °

Mean . 8.69. 195 0.23 1.18 0.5 40.8 58.7
Min. 7.25 0.75 -0.1! 0.83 0.0 82.0 18.0
Max, 9.70 2.44 0.35 2.11 4.0 18.0 82.0
n=5]| “‘ o
f
. i " ‘
Non-laminated '
Mean 8.55 1.82  0.23 1.25 0.0 44.5 55.5
Min. ' -7.25 0.35 Q.11 0.94 0.0 82.0 77.0
Max. - 9.6l 229 —0.35 2.1 0.0 23.0 18.0
n=24 ' - i '
l]!i IED'DNEJ :\’
Mean . 8.81 2.06 0.24 111 0.9 37.6 61.5
Min, 7.82 1.53 -0.03 0.83 0.0 18.0 42.0
Max, ‘ 9.70 2.44 0.33 1.33 4.0 57.0 82.0
n=27 . ' ,
’e
Mean 7.63 3.00 0.04 1.00 20.6 33.2 46.2
Min, 6.95 249 -0.06 0.73 11.0 21.0 67.0 -
Max. 9.11 3.39 0.19 1.36 34.0 54.0 35.0
ns=5 . .
Stewart (1988) B T N
Cyclopels U
Mean 7.7 -« 2.0 0.19 08 1.7 34.6 43.8
SD 0.8 0.2 0.15 0.1 33 12.4 13.1
Min, 5.9 1.6 -0.19 0.7 0.01 32.0 17.0
Max, 8.8 2.7 0.62 1.4 13.0 81.0 64.0
n=34 ' ‘

Mackiewicz et el, (1984)
Min. * 7.17 1.63 0.1
Max. - 865 3.5 11.2
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type | sediments from units A and B (non-laminated) to thse from unit C /
(xmerlammated) reveals that, although the units have a similar mean grain
size, the imerlaminated sediments show a lower degree of sorting and
commonly have a fine sand component (0 - 4%, Table IV.1). Type 2
sediments are characterized by: a relatively high sand content (11 - 34%,
Fig.IV.9), the presence of coarse and medium sand (<1%), and a strongly
bimodal grain-ﬂ{e distribution\(Fig. IV.10). These sediments occur only
rarely in fhe samples (n-S)*, an.d ;\te found in both units A and C. Two
short cores. from site H4 show loading of fine-grained sediments by a
surface unit of massive type 2‘sediments (Fié. [V.I1). Type 2 sediments
from near the base of H7C1 are nqrﬁally graded, and show a sharp basal’
contact,

Ice-rafted sdebris (IRD),' defiﬁed as clasts coarser than -1.0 o (ct.
-Mackiewicz gt al. 1984), was visually evident in most cores but not
present in any of the samples analyzed. A layér containing abundant
IRD, with clasts up to 3 cm in length (Fig. IV.12), was found in all thrree
cores from sites'H6 and H7. The layer occurs at 4 - 6.5 cm depth in core
H7Cl and at 6 - 9 cm depth-iﬁ the two cores from site H6. The
concentration of IRD is considerably higher in éore H6C1 than core H6C2.
Elsewhere, IRD is present only ;s isolated granul_és to small pebbles, and
overall is a ;urprisingly small component of the seydiments recovered. The

fine-grained fraction of IRD is not distinguishable (cf. Molnia 198'3).

Correlation between cores,

The correlation on the basis of colour and structure between core
H7C1 and cores from site H6 has already been noted (Fig. IV.6).

Evaluation of the lateral variability in grain size is posdible at site H6,
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/anure IV 12 1ce rafted debns (coarser than -le) from
6 -9 cm depth in core H6CI (see Flg 1v. 7)



G most of .the vanabrlrty observed between the coarsest nnd finest samples

transition in core H6C2.
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where two cores and two grab samples were recovered. The grain size

enveIOpe for the, surface sedrments of these four samples acgounts l’or Y |

L4

o,

(defm‘léd by mean grain sxze) analyzed in this study (Fig. 1V.13). Gnven .

thxs hrgh lateral vanabtlrty, ltttle srgmfxcance can be placed on etther the

down -core or between -core dxl‘ferences in grain size observed in Fig.’ 1V.6.

.

: Nonetheless, it is noteworthy that sediments from site H7 were ' v
: consrstently coarser than those from srte HG desptte the fact that H7 is.

‘located ca, ’500 m further dOanlOt'd (Flg IV 4) The mean grain snze lor/ v ' ‘

units A and B (non- lammated) sediments from -core H7Cl is' 8.40 (n=8), / ; o

) whereas for core H6C1 1t is 9. Oo (n=8) A similar pattern is observed in

‘ the type 1 sedlments of unrt C where mean grain srze is 8. 60) in core

H7C,1 (n=4) and 8.9@ over the same depth of H6C2 (n=2). Fme sand is

present at the base of lammatrons < l'cm below the u,'nt

B/C transmon in core H7Cl, yet not found untrl 65 cm below the same

' Interpretation
The interprétation of the sediment cores is hindered by a lack of

absolute dating control. Radibca"rbon dating of total organiC'content

-(TOC) was rej ted grven the very foonw orgamc carbon content of the

a .sedxment (mean 0 76% maximum l 00%, n=13). A TOC of at least 6% is:

) consrdered necessary to produce a meanmgf ul radlocarbon date (R.

McNeely, personal commumcatlon l988) Addmonally, the presence oﬁ

f-carbonate rocks. (Trettm l981) and Tertrary ('7) wood (Blake l987) in the

- dramage basm would make any TOC date from the f lOl’d quesuonable
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Other techni‘ques such as‘?1%b and ¥7Cs, which are applicable to -
sediments < ca. lSO‘years in age (Oldfield 197'7)' are unlikely to be useful
as, there is evxdence of extensxve bloturbatron in the upper sedrments The
f ollowmg mterpretatrons are based on the assumptlon that major. changes
«m colour and structure within the sedrment which are correlatrve between
cores, r‘eflect changes in the oceanography of the 'fiord and/or the rate of
- sediment input to the fiorq. The'se changes are ultinratelyicon‘trolled by
climate., |

'l'ype 2 sediments, those which contain >10% sand, occur only rarely
in‘the'.samples and are not correlative betwee‘n'cores Therefore they do
not concern the mterpretatton of umts A B and C However, these
sedrments do record mfrequent and apparently random deposmonal | ' ’

e , : s

processes. All type 2 sedrments are mterpreted as sediment grawty flow -
deposits. The massive surface sedrments, and assocxated load structures in

the underlymg fme -grained deposits, found in the cores t‘rom site H4 lrkely

represent the liquified or fluldrzed flow (Nardin e_t_gl l979

. deltalc sediments down the frord wall &’hlle dpposxts related to these

~same processes are commonly descrxbed t’ rom (:ther fi 1ords they generally

contain much less f%e—gramed sediment (e.g. Gilbert 1982).' The normally -
graded type 2 sediments near the base of core H7Cl likel); represent

: turbndrty current deposrts although unequxvocal evidence of current flow is

3 absent Grven the steep slopes whrch characterize Drsraelr Fnord :
'paquty of sedrment gravity flow deposits in the cores is'curious This
lrkely reflects the low sedxmentauon rates whnch presently characterrze the

- fiord (see Drscussron) However, ‘it should be noted that samples were not

obtamed from sites distal to major deltas, where sednment gravrty flows

would be most common.



) “l‘he massive to drf f usely lammated type 1 sediments of units jé‘and

B (Fig. lV 6) are the product of suspension settling. Such sediments had =

wbeen mtumvely proposed to dommate Disraeli Fxord by Syvitski (1986)

' Flocculatxon is, likely an 1mportant process in promotmg the deposmon of

these silt and clay partncle‘s (cf. Kranck 1975".' Syvitski and’ Murray 1981).
The absence of wmd mduced turbulence owing to the presence of
multi-year, landfast sea-—xce, and signifi 1cant tldal effects\eombme to
\

produce a very low-energy contemporary envxronment in Disraeli Fiord.

The blacking of freshwater drainage bythe Ward Hu_nt Ice Shelf has

L)

produced a strong 'density‘“stratil'ication in the upper 50 m of the fiord,

with the result that interflow is likely the dominant inflow process (cf.

Syvitski 1986). Undervflow is all but impossible in the absence of
subglacnal meltwater (cf. Powell 1980 lebert 1983; Mackrewwz et al,
1984), and overf low is also unlikely grven the Jlow temperature of the

surface water (<l%C Keys 1978). Pnor to the growth of the ice shelf

and development of a significant freshwater cap on the flord overflow

(or sha_llow mterf low) was undoubtedly the dominant mflow type.

“Unfortunately, the great depth of the fiord makes it impossible to g

distiﬁnguish,between deposits related to.oye'rf low and interflow. The

efficiency of bioturbation in creating an almost homogenous sediment'

ref lects l‘o‘wi sedimentation rates, @lespite the proximity'of -glacier .ice.
Ice raf ted debris is present in both units A and B and may have

’

been transported by sea ice and/or glacxer ice. Although neither of .these

3

‘process are signifi ncant at present, due to the landfast sea-rce IRD was

' lound at <1 c¢cm depth-in two samples. The only concentrations of IRD are
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found in unit A of cores frorh' sites H6 and H7. The textute and colout of
the fine-grained matrix withtn,this Llayer, which is 2.5 - 3 c¢m thick, is the
same as both the over and underlying sediments. All the clasts-are of -the
same lithelogy, a ‘weakly lithified siltstone which outcrobs near the t’io'rd

head. This suggeste that transport occurred by glacier ice. Given the

proximity of the cores it is possible that the IRD is related to a single ice

“berg dump (cf. Thomas and Congell 1985). However, it is equally likely

that thxs layer records an extended interval of more f requent ice rafting.

Interpretatlon of the colour change between units A (reddish gray)

‘and B (reddxsh brown) is dxffncult owing to the complex:ty of the

bxogeochemlcal env:ronment of fiords (cf Syvntsk: et g . 1986) The
sedxments of unit B arjpear to be more oxidized, and factors which may

account for thrs dxfference mclude changes in: i) sedxmentatlon rates, i) -

biological productlvnty, and iii) cxrculatxon within the fiord. Although ‘the

mixing of surface waters would have been reduced to zero as a result of

~ the growth of the Ward Hunt Ice Shelf and the estabhshment of a multl-'v

year, landfast m ice- cover, any attempt to explain these changes m

_ colour in terms of f 1ord circulation remains speculatlve

Unit C v
The ba;al unit ",’(uhi,t' 'C) of cores H6C2 and H7Cl is composed of
interlami_nat‘ed"tybe I sediment. The change from non-laminated to.

@ v

ihterléininated.sediments at the unit B/C‘ bouhdéry suggests that the

processes responsible for deposition of the interlaminated ""S,é,diments

(rhythmiteS) were no longer an i.;nl‘portant compori"’ent of fiord

v

sedimentation and/or sedimentation rates were considerably higher (or less

bioturbation) at the time the interlaminated sediments were deposited. The
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f presence of very fine sand at the bade of many of these normally graded

laminations suggests that they are not the product of "normal" suspensxon
settling. such as characterizes the fiord at present. Three alternative -
processes turbid plume -transport, turbidity currents, and wave transport,

o

\mll be considered to account, ftr the mterlammated sedrments S

I_ur_mg_p_mmm;m Deposits similar to those from the basal unit of

the Disraeli Fxord cores have been described wrthm contemporary

, glaciomarme sediments from SE Alaska. These contemporary sediments are

'mterpreted as having been transported by subglacral meltwater which,

upon entering the more dense marine waters, rises towards the surface"
with subsequent sediment transport occurring as ove'rf:l_ow, or interflow,
within turbid plumes (Fig. IV".14; Mackiewic‘z et al; 1984; Powell and

Cowan l987). Deposition of sediments transported within these turbid
X . .

- plumes occurs through suspension settling, producing normally graded

laminae termed cyclopels (Mackiewicz et al, 1984) In Alaska this

process is capable of transportmg fine sand up to 2.6 km beyond the

_glacrer margin (Powell and Cowan 1986) Stewart (1988) has identified /\

'

cyclopels ‘within deglacial raised marine sediments from Clements Markham

.Inlet, ca. 80 km east of Disraeli Fiord (Fig. 1V.1).

-If the rhythmites in unit C of the Disraeli Fiord cores are cyclopels
the apparent absence of other- deposits (such as homdgenous muds related

to "ndrma‘l" suspension settling) is curious. For example of 23 Ekman

_ samples ode by Powell andftowan (1987) from McBnde Inlet, Alaska

only one was found to be composed entirely of cyclopels Bergstone mud
and homogenous mud formed a sxgmficant component of the more distal -

samples from that area. In the Disraeli Fiord cores such muds are not -
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i;ientifiable within unit C. This may result from muds deposited through
"_normal" suspen'sion settling being indistinguishable from the f ine-grai‘n'e.d
componeni of graded laminae related to turbid plume transport, or it may
simply indicate the overwhelming dominance of turbid inflow in sediment *
transport. Grain size distributions of the interlaminated sediments in the
Disraeli Fiord cores overlap with, but are consistently finer than, those
feported for cyclopels within ice-p?oximal environments of SE Alaska
(Mackiewicz gt gl. 1984) and northern Ellesmere Isl‘éﬁd (Stewart 1988:
Table 1V.1). _
Turbidity currents, Individual graded laminae may represent thin-bedded
turbidites (cf. Nilsen et a]. 1980), but there is no unequivocal evidence of
current f lo;v (e.g. cross-laminations) in any of the laminae. Additionally,
the absence of deposits which could be a_ssociated with suspension settling,
. which must be assumed tb be an active process, makes this alternative less
likely. In order to account for all of the rhythmites present in unit C
vturbidity curr,ehts would have to be associated with essentially continuous
underflow, which is- extrémeiy unlikely in a mar'ine‘en'vironmenyt (cf. Gilbert‘
1984). However, as it is difficult to distinguish betweeﬁ cyclopels and L
thin-bedded turbidites sedimentologically (Stewart 1988), it is possible that
t(})xe unit C sedimg‘nts consist of interlaminated turbid plume and turbidity
current deposits vwhich have not been'differentiated.
'ngg'gg[ivny,, Wave erosion and transport are processes which are
presently-inactive within the fiord. However, they must have been more
important priqr td the establishment of its vlandfas_t sea-ice. Nevertheless,

pry

wave action alone is considered insufficient to explain deposition of the



suspensxon settlmg, contrasted with type 2 sediments which are the

productg of sedtment gravrty f lows.
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o
rhythmites because: i) the steép walls of the fiord expose very little area

7
to wave erosion; ii) the slopes of the inner fiord are dominated by coarse -

talus, with little fine grained sediment; and iii) waves are an unlikely

-

mechanism for transporting fine sand several kilometres from coastal areas

.

especially given the lofig ’a'nd narrow configuration of the fiord. . L

. /
It is therefore c8ncluded that the rhythmites within unit C of the

Disraeli Fiord coresr represent cyclopels, which by definition are the

product of turhxd plume transport and suspension settling (Mackiewicz et
f/ o

al. 1984). C};:tmal to this intgrpretation is the presence of very fine sand
7 )
at the base{of' many of the normally graded laminae. This is thought to

precludé the possibility that rhythmites represent cyclical variability in
/',,/ \ ‘ ‘ .
"normal” suspension settling processes. While the possibility that some

"

rhythmrtes represent thin-bedded turbidites cannot be discounted there is

"no unequtvocal evidence to support this mterpretatxon The cy(%lopel ‘ .

m(terpretatxon suggests that all type 1 sedrments are the product of

' Al}‘though turBid plumes are ohserved in fiords where glaciers do not
contact the sea (Burrell and Matthews 1974; Powell 1981 Gilbert 1982),
the pregence of sand within many of the cyclopels requnres the direct
inflow of subglacial meltwater and indicates that a glacier Jwas grounded
in the flOl‘d 'héad at the ﬁtxme these sediments were depositgd. The fact
that the cyclopels generally thin and fme upwards to thgjuhit C/B
boundary suggests that thz;"‘glecrer was retreatrng. However, the coarser

nature of the sediments at site H7 compared to the more proximal site H6

apparently contradicts this r’elationship between grain size and the -
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proi&imity of the glacier. As to why the H7 sediments are coarser
remains unexplained. The scarcity of-IRD within unit C sediments likely
reflects the relatively high sedimentation rates associated with turbid - ‘ | .
plume trnnsport. The abrupt cnange’from laminated to non-laminated
sediments at the boundary b;tween units‘C and B likely represents a
decrease in sedimentation rates (e.g. Lemmen et a]. 1988), which in turn
reflects changes in glacier extent and volume of meltwater discharge
'(Andrews 1987). Sedimentation rates could decrease sharply if the
continued retreat cf glaciers resulted in the formation of new sediment
tr:ibs up-fiord of thc core sites (cf. Andrews 1987), Alternativel;, the
change in structure at the unit C/B boundary may reflect a'decrease in
the volume and sediment concentration of glacial meltwater entering the
fiord, in response to chmatic cieterioration and decreased ablation.

.

Discussion

o l nd sedi ion r
The interpretation of the rhythmites in unit C of tlie sediment cores
as cyclopels provides indirect evidence regarding the age of the sediment.
The cyclopels are concluded to relate to the retreat of a glacrer grounded
in the fiord head, and there is no evrdence to suggest that such retreat
has occurred recently. Conversely, both the Disraeli Glacier and Glacier
"A" (Fig. IV.1) are presently advancing, as evidenced by ice-thrust
sediments along the grounded margin of the glacier tongues (Frg IV 15).

The absence of similar ice-thrust sediments beyond the present glacier -

~
»

margins suggests that these glaciers are at their maximum positions since

deglaciation. Therefore retreat of grounded %e in the fiord head has not
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margin of the actively advancing Glacier "A". Mark |

Figure IV.15. Ice-thrust sediments along the grounded
Tushingham is circled for sca:‘e.\]
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occurred since deglaciation from the Iastlglacial -ice limi_t. which began
locally about 8.000’ BP (Chaptér II). The cyclopels are be!ieved to have
been deposite&u;ing ‘this interval, .

Knowipg the date of the transition from the interlaminated to non-

laminated sediments (unit C/B boundary) would alloy for a first-order
estimation of recent sedimentation rates. If this boundary relates to the
retreat of ice out of thect;iord and formation of new sediment traps, a
conservative estimate of its age would be late deglaciation, ca. 7000 BP.
Alternatively, il\_this b:)undary relates to decreased sediment input in
associatibn with a c.limatic deterioration (colder and/or drier conditions), it
is reasonable to assume ghat this event would be recorded by‘ ogher proxy
' climati‘c; data from the region. Studies of the‘ Ward Hunt Ice Shelf and the
Holoceﬁe driftwood record from the north coast oflEHegsmew Island both
suggest a marked‘ regional clir'naticfdeteriorat_ion ca. 450‘0\ BP (Lyons and
Mielke 1973; Stewart and England 1983;-Jeffries 1985). This date is
tentatively believ,ed'to be a minimum éstimate bn the age of the runit C/B
boun’dary.'Assu ing that this provisional chronology is correct., and given
that the zone C/B\boundax;y occurs at a depth of 31 and 42 cm in coress =~ _
H7Cl1 and H6C2, respectively (Fig. IV.6), then mean sedimentation rates at
these sites since this boundary have been approximately 0.05 - 0.1 m/ka.
These estimates are the lowest repbrted f0{ a fiord enmment anywhere
in the world (see Eyles et al, 1985 Table 1). They are ~zyllso‘ the first |
reported from a f iorfi with landfast sea-ice and adjacent cold-based’
.glaciers. Sedimentation rates in the high lgtifude fiords of Spitzbergen,
which are seasonally ice-free and where both warm- and cold-based

glaciers are present, are as high as 1000 m/ka (Elverhoi 1984; Elverhoi et

al. 1983).
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E I . l I. . I I I.

Stewart's (1988) sedimentological investigation of deglacial raised
marine sediments at the head of .Clements Markham Inlet (Fig. [V.1)
documents a high energy, ice-proximal environment characterized b.y
several lithofacies. The abundance of subglacial outwash and turbid plume
de;:;osits (cyblopels and cyclopsams) led Stewart (1988) to conclude that

deglacial sedimentation was domiggted by. the inflow of sediment-laden
Lo [

subglacial meltwater from the_def§ ich basal ice of a tidewater glacier.

This contrasts sharply with th ed isubpolar) glaciers which
characterize the region at present ler 1976), whose meltwater is
restricted to lateral and supra’glacial streams. Similar cbld~bnsed
conditions are believed to have also characterized the regi;)n d*u:i\ng full
glacial times (cf. England 1986, 1987a). Therefore, Stewart (1988;
concluded that the processes of sedimentation recorded in the degl:;cial ‘
deposits reflected climatic conditions considerably warmer than those of
both the‘ full glacial and the present time.

The cyclopels m unit C of the Disraeli Fiord sediment cores record
a rather simple de;;ositional environment in comparison to the deglacial
sediments from Clements Markkam Inlet. This appérent simplicity
suggests that the’ Disraeli fiord cores failed to penetrate all of the '
deglacial sediments present. This is supported by the fact that the
cyclopels within u‘nit C are consistently finer grained than those
described by Stewart (1988), suggesti'ng that t’hey were deposited in a
more ice-distal envirorirx\nent than those from Clements Markham Inlet.

Certainly part of the difference between the two studies is dye to the

timited.spatial record which can be obtained through coring. Nonetheless,
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the paleoclrmatrc 1mplrcatrons of thrs study echo those of Stewart (1988)

Subglacral meltwater is belreved essentral to- account f'or the deposmon of
¢

the cyclOPels and such. meltwa.ter could only be generated in assacratron

_ wrth a marked clrmatrc amelroratron Such an amelroratron is evrdenced by ,

. u..

4,. .A

geomorphrc dataf1ndrcat+ng less severe sea -ice’ condttrons durmg
deglacratron (Evans and Lemmen J987 Chapter II), and is consrstent wrth

an eprsode ot' very raprd glac:er retreat after about ca 8000 ‘BP along the |

. north coast of ElleSmero Island (Bednarskr l986 Chapter II)

- The temporal srgmftcance of the cyclopels m umt C of the Drsraelr

Frord cores is unknown In SE Alaska it has been shown that lamxnatrons

are produced at a rate of greater than twrce a day, controlled prrmarrly by

RN

- temporal record ol‘ deposmon from htgh arctrc frords usmg srmple cormg

-~
.

o+

trdal actrvrty (Mackrewrcz et g 1984) Grven the small amplrtude of trdes

- wrthrn Drsraelr Frord (<l m)- thrs 1s unlrkely to_ be an 1mportant factor As -

i

drurnal varrabrlrty is: neglrgrble in thrs hrgh arctsc envrronlnent undoubtedly

IR »1’,.

i the mOSt pronounced cychcrty rn sedrment rnput to the f 1ord is annual

' Altho,ugh annual lammauons have~been 1dentrfged in glamomanne sedrments

¢

(e g Stevens l985 Jenmngs 1986), m the absence of absolute dating -ﬂ-ji,ﬁ

control it cannot be concluded that lammatrons in the Disraeli Frord 'f .

A "

sedrments are varves More lrkely, they represent mcursrons ol‘ subglaoral

meltwater whroh could have occurred at any pomt durmg the melt season

o

as controlled by synoptrc scale weather condrtrons * S

'

Q! g;nfgng fgr Qt_x_aternarv studres in the hrgh arctic o IR e

Thxs study has shown that it is possrble to. attam an extenswe

P

A

echmques Thrs record has not prevrously been uttlrzed desprte its . j?:“ ‘

complementary value to the terrestrlal record The low sedrment on',

e

.'4 N
WX
‘.,'
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ra'tes which have been suggested for tl’te'latter part ot‘ the Holocene within

Disraeli Fiord may also be typrcal of other ttords in the regron Thns low
.o 3

sedrmentatron rate means. that even relattvely short. cores (<l m) will hkelvi e L

\__.

penetrate deglacial sedrments AddmOnally, ‘the frdrd record does provtde’

LFY -

"higher resolutron on late Holoc¥ne clxmatxc changes than do cores f rom the

-]

Arctxc Ocean Basm . ‘ '
£

. . It is hkely that most of the hngh arctic frords are dommated by

deglacral sedrments ref lectmg sedrmentatxon rates two or more orders of’

&

magmtude greater than at present Deglacxal sedtmentatron rates of f the
" east coast of Baffm Island were srgmf:cantly hrgher than durmg the rest
of the Holocene (Andrews et_a_l 1985), in what Andrews (1987, p. ”36)

term‘s.."the. marme expressron of paraglaciation"’ As Sedimentat‘ion rates |

“tend to decrease raprdly away from the ice front m most glacral marme

envxronments (cf Powell 1981 91984) xt 1s poss:ble that a consxderable

3

,thxckness of deglacral sedrments perhaps many tens of metres are present

at,,srtes wh,rch bordered the last 1ce limit:- (cf. Stewart 1988) These

/"

ted wrth those recorded above p\resent sea level lnterpretattons ol

Clements Markham;,lnlet lead tq sxmxlar conclusrons, wnth the former

recordmg (r,elatrvely) rce drstal facnes whrch lrkely relate to ice- proxrmal

[ O VN

“exes defmed by StéVVart (1988) Both studles indicate that a pronounced
clrmanc amelroratron occurred durmg deglacratron a conclusron that |s "
supported by geomorphrc and dnf twood data f rom the ad Jacent terrestnal
envrronment (Evans and Lemmen 1987 Chapter Il) The s‘edr\ment record

and xts attendant glac:ologrcal argument favourmg warm- based glacrers,

rmpltes a magmtude of clrmatrc change that was prevrously unavarlable
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f l'rom these terrestrral records and strongly supporYs the 1dea of an early o
»Holocene climatic optlmum in the region (cf Evans and Lemmen 1987).
The model ‘of -the full glac:al sea (England 1983) suggests that many |
l’rords in the high arctic remained f re'é' of trunk glacrers throughout the
last glaciation. However, the 1dent1f1cat_1,on -of marine sediments that
- relate to full glacial conditions has been drljfrcult (England l987b, 1987¢).
If Disraeli Fiord is presently an appropriate‘analogue for-the full.glacial
s‘ea,j‘it is predicted that full g‘lacial sedimentation would be‘dominated by
‘massive silts and clays, possibly with extgnsive bidturbation. Potentially ‘
. most:diagnostic in the sedirnen't record would 'be.the_on-set of local
deglaciation,«characte_rized by higher sedimentation rates; preservation of
= sedimentary str‘uctu‘res‘and possibly an inl' lux of coa‘rserT sediments The-
cores f r&n Drsraelr Fnord clearly demonstrate that" the contemporary ice- |
shelf envrronment is not an appropnate analogue for the deglacral

envrronment at the same srte Therefore sedlmentologtcal drstmctron
0

g between full glacral and deglacral sednments should be possxble Cormg of

the fi 1ords at sites that he several km’ beyond the last ice hmlt may allow .
" access to sedlments of full glacial age Obtamlng such sedlments 3vould
9
provnde new lnsxghts into the paleoertyrronmental record of the hrgh arctlc

and-should become a key Ob_]_QC:_(lVJe of future studres.

- [ *

. i

. W
. ! -,

-
N !

Conclusions -

: LT : . ’5,* “: 'w,?:
Acce§s't“ ‘? marine record tn the arcttc contmues to present »
- techmcal drffrcultres and thlS 't:hallenge is’ only aggravated in the hrgh

arcttc where access bv ships 1s made dxff 1cult by severe sea ice -~ .,:» .

3 "t

condmons The SAFE pro;ect (see Syvrtskx and Schafer l985) Studvmg

‘_g



‘g

_Interpretation of the_‘sedx
: bathymetry‘ will 'remaln l

_ paleoenwronmental chayx/ge the fxords contam an 1mportant sediment record

| ‘are deglacral in age o A S ' . - \ g\;

. ,y !“"q“&'f

140

~the fiords of easte?n\foin Island,’ has greatly expanded our 'knowledge
' ~

~
of sedimentary processesin g\IaetKarme envrronments and made several

contrrbutrons 10 Quaternary studies (e.g. Gnlbert 1985 Hem 'lnd Longstnlle

1985; K%drews et_al 1985 1986). Projects of similar scale should be

'developed for some areas of the hrgh arctic (e 3. Greely and Archer l‘nords

vEngland l987a) However, the ice shelves and thxck pack 1ce olT the north’

coast of Ellesmere Is nd requu‘ that future studres here employ new -
%

: \«.;QM‘ L
approaches Priority SW&‘&W ona better underssnndmg of ‘the

'3, "
present environment, espegially’ wnth regqrd to sednment budgets

ent record without detalled mtormauon on

'gely speculatwe Regardmg glacral h:story and

+

whrch hkely predates the last glacnauon Clearly these sediments

represent an important complement to both the terrestrral and Arctrc LT

Ocean records

The followmg conclusxons can be made from thlS study, based upon .

L

_ the assumptron that the mterlamrnated sedrments of cores H6C2 and H7Cl .

A

~ \"l - aDlsraeh ‘Fiord 1s a very low energy deposmonal environment, even at

sxtes proxrmal to glacrers Sedrment enters the f iord by intert‘low and

s deposrted through suspensxon settlmg Ice ‘raftin‘g; 'is' precluded by

mult1 year landfast sea-ice, ’ b

~

2 - Sedrmentanon rates in the fiord s:nce deglacxatron have been about

0. 05 to 0.1 m/ka 'I'hese low rates are_the first reported from a
frord environment whrch features cold-based glacners
3 - Changes in sedrment structure through\ume are dominated by changes

_in the rate of sedrment rnput whrch in ‘turn reflect glacxochmanc

=



o”‘ |
changes. Although changes in fiord circulation have occurred during
the Holocene it is not clear how those changes are ref lected in the

sediment record.

..During deglac_iatioh sedimenta_tion r:t[s were many times greater

than’ at-present. Subglacial meltwater was the dominant source of

” nnt‘low ‘Sediment was transported by turbid plumes as over- or

S

mterf low, and deposited through suspensxon settlmg Thrs

' interpretation necessrtates that glaciers were warm based and implres

a pronaunced climatic amehoratron at thxs time (Stewart 1988)

It should be possnble to distmguish between deglacial.and full glacxalﬂ

,sediments wnthm cores. Such studres are important in testing the

v

W R
model of a full glacial" 's'ea ‘occupying many high arctic fiords and

, channels throughout the lastm,glaa’ation (England 1983) Sediments

, a

" spanning the last glacxation\’;would provrde new insights- concerning

L

paleoenvnronmental change&- in hrgh latitudes

v G,
& X n
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V. c})NcLUsIONs

Evidence cﬁ?:ted over the past decade in support of a limited ice ‘SX}
" cover, and the adjoining full glacial sea, during the last glaciation of
northern Ellesmere Island is overwhelming, In addition to

geomorphnc/stratrgraphrc data (e.g. England 1978, 1983, 1987; England gt_;u
1978 1981; Bednarskt 1986, Retelle 1986; Evans 1988), recent ice crore
studies (Koerner e_t_al 4987) and the offshore sediment record (Mudne et
?1. 1988) also support the concept of limited i ice extent throughout the .
Wisconsinan. Where models of more extensive ice cover are discussed
there. is a strong dependence upon undatable fleld evrdence such as ~N
erratrcs and striae, and/or the assumptroni that: i) ice extent can be
predxcted on the basis of postglacnal emergence, and ii) retreat of cold-
based glaciers can occur without leavmg any geomorphnc evidence of its
former presence (esg. Blake 1970,»1977; Lyons and Mielke 1973; Denton and
Hughes 1981; Hodgson 1985; Tushmgham and Peltier 1988). That these
assumptions are invalid in many cases has already been d‘emonstrated“(e.g. N
England 1976, 1987; Dyke 1983; Stewart 1988).

. During the last glaciation glaciers were largely restricted to the
major valleys on northernmost Ellesmere Island. The reconstructed ice
margins are)Zplicable f rom a climatic /meteorologic perspective which.
suggests that weather patterns were not significantly different than at
present, and that the Arctic Ocean did not serve as an ef f icient moisture
source. Of particulaf'importance are the ﬁradrocarbon dates on subfossil
bryophytes (ca. 11 - 15 ka BP) which demonstrate that xce free areas

x

remained biologically viable throughout the last glaciation, even adjacent

- to glaciers. .
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Much of the field evieenee used ‘by Lyons and Miefke (1973) tyf
sunport the concept of an extensive ice cover during the last glaciation o e
f\,_»h‘ﬁ‘s been shown to relate to older glacial events. Although chronological
data relating to these earlier events are.limitedﬁit is suggesf)ed tna: ithe
record fram the fiel& area shows regional correlations with northeastern
* Ellesmere Island (England et al. 1978 1981; Retelle 1986). AMS dates of

ca. 27 - 32 ka on marine shells associated with this dlder glaciation are
not considered to represent accurate, finite dates. To the contrary, sea <

S

levels and ice ~margins identified beyond the last ice limit may be pre-
. P

. . . ., '

Wisconsinan in age. While it is clear that features relating to the la‘st
glaciation dominate both the geomorphic.and stratigraphic record on .

northern Ellesmere Island the same is true for most arctic, and niany .

— I' v* :
temperate, regions. Despite the limited extent of the last glacxanon in the e
,,‘:'

"
”

area it is possiblee that if other glacial advadees occurréd durmg‘ the

\q‘

Wisconsinan, they were even less extensive. It is pamcularly appropmtte

K3

mthe apphcabxlxty of terms such as glaaal/mterglacna} and‘(' .

stadial/interstadial in high latitudes. "

, o -
It_is believed that pervasive glaciation of the field area ¢

"

more efficient moisture source. England (1987) has recently arguedht}

the changing extent a'nd style of glacxauon through time is a produgt
'

tectonic changes in the landscape rather than climate. Evidence to;~ 4y

directly support or reJect England's xdeas has not been found in th,

| study, although'it is thought tnat Pisraeli Fiord is .primarily tec?t

origin and not the product: of selective linear erosion. It is argug

the role of the Agctié Océan in controlling regipnal climate, ang
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'

glaciation, must also receive éonsideration in explaining changes in glacial
style through time. An impormnt test would be to demonstrate whether
the earliest glaciations occurred prior to the establishment of a permanent
sea-ice eover on the Arctic Ocean Basin. l

Finally, this study represerits the first attempt in the Queen

Elizabeth Islands to investiyate the valuable sediment record from the

-

deep fiords. This preliminary work has demonstrated that such studies

are both feasible and useful. It has been shown that the processes of
. . . e ‘ )

deglacial sednmentatu)q were unlike those of the contemporary

glaciomarine environment, and this work. supports Stewart's (1988)

conclusion of warmer climatic conditions and the presence of temperate

water glaciers at that time. Sedimentation rates within the fiords of

nortyern Ellesmere' Island “are likely lower than any in the world outside of -
ntarctica, and therefore the potential eg(jsts\ :t’;"o{obtain an exianégve "
temporal record of sedimehtation. Such in!or?hation could contribute

significantly to determining the age of the high arctic fiords. Using the
cohtemporary environment of Disfaeli Fiord as an analogue for full glacial
conditions it should be possible to distinguish between full-glacial~and

deglacial sediments‘on the basis of sedimentological analysis. Priority in

future Quaternary studies in the high arctic must be placed upon the

integration of the marine and terrestrial records.
~ .
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RADIOCARBON DATES FROM MARVIN PENINSULA‘
WARD HUNT ISLAND AND ICE SHELF

- ™ .
- number
- _ of dates .  page
HOLOCENE MARINE SHELLS _ c . R o »
- Ward Hunt Island e 3 155
North coast (east to west) - T -~ 155
M'Clintock Inlet (north to south) . b 156
Outer Disraeli Fiord : 1 | 157
- Disraeli Fiord - Central Valley . o .6 - N LY
Inner straeh Fxord (north to south) ‘ PR 12 : - 158
L C " total = 35 ‘ R
PRE- HOLOCENE MARINE SHELLS . ST
' Ward Hunt Island _ x:; 2 ’ - 1600
North coast - _ 2 o 160
‘Disraeli Fiord : : SOl R © 160
' : : total =5 T
ORGANICS
North- cogst . 1 161 ..
M’Clintock. Inlet ' ’ 2 T 161
Disraeli Fiord v ’ 3 161 - o
o : ' ~ total = 6 ' .
DRIFTWOOD _ y , ' - . e
North coast . o S 3 062 e
- Disraeli Fiord - ; ' L N 162 7 g
: o , total = 27 ol
WARD HUNT ICE SHELF S A 1662 *. .
LACUSTRINE G e 3 : L2 166 W
TOTAL NUMBER OF DATES = 83 - _ LA
9 - e
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RADIOCARBON1 DATES FROM MARVIN PENINSULA

L]

WARD HUNT lSLAND AND ICE SHELF ;-

SITE/LOCATION -~ '~ :
REFERENCE LAB NO. MATERIAL

9
-

. Ho@cmn MARINE SHELLS

WardHunt Isla . _ ,
M\: g »y BEN . « . .
e Ward xﬂ.’m , L248A ‘i Matine ,
 lsland - ‘ shells’
3 N side ) . ’
'?" (Crary 1980)
‘i Ward Hunt - SI-718 Ha”"e
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"°Nside ' quatella
(Lyonl and * o i
‘ yu.dk..191 o
,‘.’ ' B :J'
Ward Huf®  S1-720 Marine
Island - - shells,
E md. ' Hiatella
o (Lyom and CF
l anlko, 1973)
B ;151

. .N‘orzghigonlt ’('oul towest)®

~Cn'ﬁ3;‘b:Qreek SIS725 " Marine

?Lllda | s shells,
yons an P Hiatella
Mulkc. 1973) . !
- 7, Astarte)
; - Veraetus
o *
O Cmpp Creek TO-490 | ﬂaring o
. Esde ’ shells,
(Lcmmcn, this ltudy) : Hiatel la
\f‘:‘ﬂ ‘f.
e . H' g .
Calpp Creek | SI-723 v aripe )
Ce lee: R’ue - - shells,s

“Hiatella

_ SAMPLE
_ELEV.

155

" STRATI- (RELATED LAT. "LONG'.
AGE GRAPHY SEA LEVEL) (N) (W)

“ AN

72004200 - beach, 38 a (7)
_surface
sasple -

77554150 beach, 28 »
- surface (38 a7)
sample

&
i

59504155 beach? S

surface . (7).

s‘alpl e7 .

" 70454190 7+ 30

)

86304100 jlar‘ine 16 2
‘ stlts -~ (<75 w)

°

?

47752120 sur face 5.
saaple, (7
shells ¢

~vashiay out
beneath 1ce rise

8301 T4y

W

.



Sentinal

Paradise
- Loat - C.D.

SITE/LOCATION |
REFERENCE * LAB NO. MATERIAL = AGE.

.,

HOLOCENE MARINE SHELLS (cont,

R.‘im,bow
Dakts’
(Lyons and
Mialke; 1978)

SI-724

Sentinal TO-487 .

. River

Valley
(Lemmen, this study)

TO-488
River

Valley S
(Lemmen, this study)
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Ice Rise
(Lemmen, this study)

Harine
shellls,
’Hia ella

Haring
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Portlandia

Marine
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Portlandia

FHarine
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]

M'Clintock Inlet V(north to south)

M'Clintock  L-248B

Inlet - W

side, outer .

(Crary, 1960)

(Christie, 1967)

‘M'Clintock

Inlet -

Ootah Bay
mmen, this study) ,

TO-265

M'Clintock  TO-263
Inlet - .
Ootah Bay

(Lamgmen, this study)

M'Clintock” TO-499
Inlet -

Central Valley
(Lemmen, this study)

Harine
shells

Harine
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Harine
shells,
" Hiatella

B
Marine

shells,
Hiatella

57354110

2 ¢

90804110
9560470-

8630£70

72004250

7320490

1800490

8140490

s © 156 -

N (1]

SAMPLE

. ELEV. .
STRATI- (RELATED LAT. LONG.

_GRAPHY SEA LEVEL) (N) (W) -

” 100

'/ M o S
aarine 37

83'00' 75439’
diaaicton N. :

sarine © 39 9

83'00" 75439’
-§ilts 7 '
,silty-~ w2 a 8303 76008’

sand (67% a)

near 40t a
terminus . v

Cof . .
glacier

delta 328 827" 75%54
foresets (68 a?)
delta 46 a B2%46'¢ 7504

foresets (81 a7)

Vartne. 73w 82999 75%p’
st (123 )



157

o " SAMPLE
. ' ELEV.
SITE/LOCATION  ° STRATI- (RELATED LAT. “%’,’“ .
REFERENCE :LAB NO. MATERIAL . AGE GRAPHY SEALEVEL) ('"’ W) -
HOL Ame SHELLS (cont.) SR
M'cnntoch 'l'b 367 Marine 8870!119 sarine B4 82’3(’ 75'37' v
lolet s * shells, ‘ silt (<110 a) '
 Central Valley * Hiatella
{Lemmen, this study)
M'Clintock * TO-262  Marine TITONN0 silty- 36w 82038 756 ! |
'g‘h:‘uvm ; - shells, = ‘sand ” r
entr oy . ,
 (Lammen, thy stucy) Hiatella [[ )
_, | |
Outer Disraelj Fiord . ‘V
Disrseli  TO-862 Marine-  9250t80 aarine 620 BMST 742020 *
Fiord - Ice . shells, sand (718 0
Shelf Creek . .. " portlandia .
(Lemmen, this study) -
_Disrasli  .GSC-185¢  Marine 81308120  marine  5La 827" 7356
Fiord - 8 . shells, ' o clay, ‘ o <
Central Villey® Mya truncata -~ surface '
(B‘lkl. 1“7) ' . . ) Sa.ple . ’ . : T
Disrseli  To-z6s  Marine - - 5450090 warine T 82050 7342
Fiord - 8 : " shells, . silts %)) '
Central Valley . Hiatella S 3
(Lcmmon, thhl'“dy) - arctica X o
- . o :
. Disrseli  TO-270 Marine 8860160 ¢ sarine 46 & 828! 73051
g Hord -8 . shells, silts (85 - : _
Central Valley Portlandia - over 97487 ’
(Lcmmgn. this study) - diamicton
" Disrsali  TO-269"  Marine L BISONO  warine 45 829" 730541
;‘M-‘lvvm S shells, ‘ silts, - N8 L
entral . ok’ s . , S
. ' . Mya truncata © proximal
(I‘f'“'“’“' thisstudyl . © T, hottoasets. o
- Disralli To-'mf | MarifeTREWA920070  waring't (5 a0 820500 730 ”
Fiord - Cp o shells, iyl S T silks ) o
Cengral v"ﬂ” Lo Mya truntatde P 4
(L.mmcn‘ thu ltUd‘y)‘v- o "‘: L e

. - . “43., '1* & t,‘w;,»"( L . NI T R



Q) N N 158
o S SAMPLE
S ' Lo ELEV.
SITE/LOCATION . STRAT]- (RELATED LAT. LONG.
REFERENCE - LAB NO. MATERIAL ~~° AGE’ | GRAPHY SEA LEVEL) (N) W)

HOLOCENE MARINE SHELLS (cont.}

Diarsali  TO-268 - Karine 4080¢60 @ Wi 3aomer i
Fiord - . shells, * sandy~ -

enyral Valley . ot
m?“' thisstudy) 2 trum‘iﬁ' il
B, 3 |

- s
W ey
N Pt

Ipner Disraeli Fiord (north to south) ; L ¢
Diarseli . GSC-2637  Marine . 4390060 . (L 82%0" 72038
_’;:"dh:nw shells, . 4 e
side, inner W
(Blake, 1087) "V‘It.'f"'““ o
' ‘ e . _ .
Disrsali  TO-498  Marine'", 8150080 deltaic . 64 e 82999 72039
gﬁ:;i S shellg; : sands (85 w)
ollision : S : -
. (Lemmen, this study) . Hiatella ‘
Disraeli  TO-519  Marine 7950060 deltaic . 64w 82039 72039
Flord - . shells, ’ sands - . (85 )
Collision Delta © Hiat : ‘ | -
(Tushingham, unpublished) l" ella. (b
o . . " & "’i; -
Disraeli  TO-520 Mirine 7800160 © - deltarcii b4 a 820990 720390
. Fiord - _ shells,  sands ' (85 a)
Collision Delta k. Hiatella ' ' .
(Tushingham, urdpu )
Disraeli  TO-83i Marine 10,090470  deltarc. . 64.a 82'39" 72039"
Fiord - shells, N sands (85 w) _
Collisio Del " Hiatella ' Coh _
_ (Tushingham, unpublished) b ’.‘} Ay
MDisrasii 22 Marine B6060  marine 234y iR29 7235
Fiord - . shells, silts (N

Collision Delta  Hiatella w
(Tushingham, unpublished) ’

Disraeli.  TO-494 ‘Marine 1260480 sarine T

_ 120441
Fiord - ~ shells, silt (68 2y,
~ Thores River Hiatella : ;
(Lesiimen, this study) . :

et



SITE/LOCATION -~ - e

REFERENCE LAB NO. MATERIAL AGE

HOLOCENE MARINE SHELLS (cont,)”

Disrseli  TO-625 Marine . 7110460
Flord - shells, '
Thores Rlv,-r Hiatella
-(Tushingham, unpublished)
Disraeli  TO-491 Marine 80104100
" Flord - shells,
Thores River Portlandia
(Lemmen, this study)
Flord - shells,
Thores River Hiatella
(Tushingham, unpublished)
Disraeli TO-524 Marine 5680490
Flord = - ' shells,
Thores River Hiatella
" (Tushingham, unpubli,hod)
Disrseli  TO-525 Marine 1689060
" Fiord - shells,
Thores River Hiatella

(Tushingham, unpublished)

.

159

. SAMPLE ‘

»»»»» - - ELBVO - EE \ ‘/ . e "
STRATI- (RELATED LAT. LONG.
GRAPHY SEA LEVEL) ('N) (W)

aarine 28 82035 7244

it (€68 w) vy )

sarine 3 e B2°36' 7249

silts, (W) .
‘disturbed

deltaic 2 & B2'35" 72420
gravels (14 a7’

aarine 1 s 8235 7245
* silts M ‘

sarine 6 e B2036r 72942

silts (" ’

/



SITE/LOCATION

REPERENCE LAB NO. MATERIAL

i

S . sAMPLE

' 160

ELEV. _
v STRATI. (RELATED LAT. LONG.
AGE  GRAPHY SEA LEVEL) ('N) (W)

Pnn-ﬁQLo@NE MARINE SHELLS ° "

Ward Hunt - TO-888
Island - E Y

side Walker Hill '
.(Lommon,-thh study)

Ward Hunt  TO-860
Island - \"-'F

8. side

(’Lunmon, this study)

North coast

‘Sentinal  TO-486 |
River

Valley :
(Lcmmon, this ntudy)

Sentinel TO-860
River .
Valley

(Lemmaen, this study)

Disraeli Fiord

Disrseli. * TO-500
Fiord -

Central Valley
(Lemmen, this study)

Shell

fragaents -

Shell
!ragnhnts

s

Shell
fragsents

Harine
shells,
Astarte

Shell

frageents

.

29,739. 00 colluviuw 97 - 835" 74412 .

27,5604220 silty- 32 a 834! 74007
; : sand,  {62¢ a)
‘ surface

sample
¥

Ty
o

32,0104300 silty- 100 o B83%02' 7543’
sand, (3100 o)
surface
saaple

27,170!210 silty- {17 & 832" 75%g
sand (117+ a)

30,4402330 glaciomarine Bf a 82'50' 73%49'
diamicton
(grounding _
line deposit?)



SAMPLE
, A _ELEV. y
. SITE/LOCATION - STRATI- (RELATED LAT. LONG.
REFERENCE LAB NO. MATERIAL AGE  GRAPHY SEA LEVEL) (N) (W)
ORGANICS
North const _ ~
Sentinl  TO-489  Subfossil 23,2404430  aarine 412 830" 7539
River bryophytes sands ()
Valley .
(Lemman, this gtudy)

‘ ) ”
M'Clintock  TO-498  Subfossil  14,730120 sarine 980 82'38" 7538
Inlat - bryophytes ~ sand (98¢ a) :
Central Valley ' .

(Lemmen, this study)
M’Clintock  TO-497 "Sublossil 15,710¢180 aarine 89 » 82'38' 75037
Inlet - - bryophytes sand "
Ceniral Valley . :
(Lemmen, this study)
.
Disrasli Fiord
Disrsali  TO-857  Organics, 11,4040 ‘marine  £2a 82057 74902"
Fiord - lce sandy peat sand (78 )
Shelf Creek '

- (Lamimen, this study)’

Pel

Disrasli  TO-492 Subfossil 31,3608400  lacustrine 72 4 B2936' 54"

Piord - bryophytes silty sand, (NR)
Thores River R 1ce-danmed
. (Lemmen, this study) lake -

Disraaeli TO-493 organics, 7730!70} deltaic 39,8 63'36' 72445
Fiord - o sandy peat sands {68 a)

Thores River

(Lemmen, this study)



™~

SITE/LOCATION
REFERENCE LAB NO. MATERIAL

DRIFTWOOD
North comst

Paradise TO-863 Driftwood
Lost - C.D.
Ice Rise :
(Lemmen, this study)
Y

Paradise
Lost - C.D. TO-864 Driftwood

" Ice Rise

(Lemmen, this study)

Paradise  G3SC-4559 Driftwood
Lost - C.D. Picea

Ice Rise

(Lemmen, this study)

*

Risraali Fiord

Disraeli - L254A Driftwood

. Fiord - W

' (Crary, 1960) .

side, mouth
(Cnry. 1960)

Disraeli L264B Driftwood
Fiord - W
side, mouth

Disrasli L284C 'Driftwood
Fiord - W

side, mouth

(Crary, 1960)

Disrasli L264D Driftwood
Fiord - W

side, mouth

(Crary, 1960)

Py

Disraeli 31-868 Driftwood
Fiord - W Larix
side, mouth

(Mielke and

Long 1968)

*

AGE

3800450

3730£60

8850480

34004150

t4

57404200

6120£150

30004200

62804140

e
SAMPLE ,
BLEV. o
STRAT!- (RELATED LAT. LONG.
GRAPHY SEA LEVEL) (°N) (W)
beach 0.4 - 83%03 75'Se’
. bera 0.6 o
beach 0.4 - 8303 75'Se!
bera 0.6 a :
beach 0.4 - B33 7554
bera 0.6 s
(Ja 830" 7413
3 83%00' 7423
(3 a 83'00" 743"
G830 T3

f
!
|

ai 339907 7403’

162



SITE/LOCATION
REPERENCE  LAB NO. MATERIAL

DRIFTWOOD (cont.)

Disrsell  S81-568 Driftwood
Plord

(Mielke and

Long 1969)

Disrseli 81-887 Driftwood
Flord

(Mlelke and
Long 1969)

Lt

&

Disraall - G8C-2812 Driftwopd
Flord - E . Picea

. side, central
(Blake, 1087)

Disraell 8C-2228 Driftwood
Plord - B Larix

side, centr

(Blake, 1047)

Disraall G3C-3202 Driftwood
Flord - - .Picea

side, central

(Blake, 1987)

Disraeli GSC-2387 .Driftwood
Fiord - B ° - Pices

side, central

(Blake, 1987)

Disraali GSC-2898 Driftwood
Fiord - E Picea

side, central

(Biske, 1087)

' Disrsali  GSC-2738 Driftwood
Fiord - E - Larix
side, central
(Blake, 1987)

‘Disrssli  GSG-2784 Driftwood
Piord - E Larix

side, central

-(Blake, 1987)

AGE

)35, 000

)35, 000

4370470

4390460

v

3940160

%

3980460 ©

38304140

4350460

4680460 -

[

l . SAMPLE o

- ELEV. L 2N

STRATI- (RELATED LAT. LONG,
" 'GRAPHY SEA LEVEL) (N) (W)

0.5 - 820" 73%S’
I3 1.0.

(7w B2MS 7245

(Ta B2%5 72450

(Ta 8245 72%5

(.Ta 8245 7245

0.5- 82'50" 73015

0.3 - 82'S0" 7345
1.0 &



Ty

-~

Central Valley

- site/LocATioON N
REFERENGE LAB NO. MATERIAL - AGH
DRIFTWOOD (cont.)
Disrsell  GSC-1881 Driftwood ) 42,000
Flord - '
Central Valley
g  (Blake, 1087)
Disraali  ‘GSC-1888 Driftwood ) 42,000
Fiord - Pigea
Cantral Valley
(Blake, 1987)
Disrsali mc -1863 Driftwood ) 40,000
Cperdf | o
. Ccn«tr’l le
(Bl.ko, 1951)
s o%
Dhrull ’GSC"W Driftwood > 41,000
" Plord - T Lerx
{?} chtrq}’lecy /{»’ :
(m.? 1931) Y
s e ) v
‘ Dhruu, * GSC-1T94 Dri!tvood 5930460 .
~y Plord. - © Ledx
; Gentral Valley i '
(Buke, xgs‘f) X
» q . -t ““ﬁ i: .
. .. -
ay d’im.u Gsc-z‘ou Driftweod © 5300460
'“"'_ ngd- . Lanix o o
" Céntral ValIéy Lt s \;*
. E(an, 1987) Vi [
ST ,# ::’.. ,Q‘»‘ B v .
[ ﬁ ‘«e‘ I“‘ v :
T Dumli GSC -1828 Driftwood £220+80
“°kd Picea
:Ccnthl Vauoy o
. +(Blaks, 1987) YN
% Digrsall _GSC-1808 Drifiwood . 5180470
° Plord - . - Picea ,
. Cnntrsl Valley
 (Blake, 1987)
, Disraeli TO-261 Driftwood £510470
; Piord - 8

(Lemmen, this study)

Disrasli
Fiord -
Thores River

TO-498 Driftwood

Htw\‘i

(Lemmen, this study) .

: - 164
BLBV. | R
STRATI- (RBLATED .LAT. LONG.
GRAPHY SRALBVEL) (N) W)

]

0.3- 82050 1My i
0-3 . d !
‘ 7.
0.3 - B2S0' 73%Y
0.5
0.3 - . 82'30" 713%2
0.5 n *
0.3- 82950 73us!
1.0 a
‘230 B2%9 73N
‘ .
8 82449 1394y
0.3 - 82'S0r 13v4y
0.3 a
0.2\, 82050 73Mpr
0.‘5 ® . '
~ysurface 199 32%43 71%y
of 51’15;
delta e g g
surface (7



SITE/LOCATION :
:‘:REFERBNCE LAB NO

L

3

" corner Ward

" ‘Hunt lsland .

7, Mislke, 1973)°

. Yu Shalf-

", (Lyons and

' lea sh.u-sa s1-723 N

I Mislks, 19 ))

" Hunt Inlsnd k.

. WARD HUNT ICE’ SHELF

.L,-zu .
"Wendof Ward - -
 Hunt Island
" (Broécker
st al. 1968)

. .sponges

, Narine
shellsc

' lco Shall-SE GSC

* HuntIsland
_(Lpwdon and
Blaks, xovo) g

Carbonate, :
“calcilutite ..
saterial,
_siliceous ‘
:spdnges,": N

lco Sholl-SE 8_! 71M
' cormr Ward
Hunt hlnnd

Misike, 1973)

. b
Total :
_organjcs |
- in sponge
© debris

. led Bhnlf-SE 81—7193
corner Ward "

‘Hunt Jsland

" (Lyons and

Mielke, 1073

v

GH§r§¢e
_shells

5 Mmk., 1913)

Hifine e

corner Ward - shells..

- (Lyons and

Harxne
shells,
Astarte,

' '“'%-.lﬂ, si-7a1 ‘
1.8 km NNE of
NE tipof Ward -~

, (Lyon- and

-

AGE .

45104450

1’3’200*440

Shelf,

SAMPLE
‘ELEV. .,
STRATI- (RELATED LAT.

"s-emnv SEA LEVEL).CN). ('W)

-
O

‘o T

4002150

“lee
Shelf -

. SyP

lee o <ia o B3%05"
Shelf X0

e  a3v4r

" ice-thrust.

‘vh a

34004140

26454120

- Shelf -

structures ..

lce.

83004
Shelf - DR

e W g3

. basesent .

33904130

“ice
Pl et

83004

L Ice. /

Shelf .

. basement-

S dee

. EBISHIS0 |
- Junchon

e VE}IEtUS R . basesent 3

“leer
Shel f-

" ice vith
~.m0at ice

T4ns

s L

165 -

Long

R

73’52'

PR : -

2
3

o

- 74%5!

<X,

74005




v
-v

: ' : "-‘. . ELEV.
srrs/x.ocxrxou SN T

B Cape

i SAMPLE
’ Q.

166

< STRATI. (RELATED‘ LAT. *LONG, "

nsm&zucz LABND wvrnnuu. " AGE. 'GRAPHY SEA uvu.) Ny W)

~ WARD HUNT ICE srﬁsu‘ foont) -

» Ico Shalf- 91'737 : ,‘Hmne : ,5,80!106 R ({
Pe ' “shells, C o shelt
- Aleitandra . : Y L
(Lyonsand . - Hiatells, . ) - bas’egenF;
Mielke, 1973) Astarte S - ice

LACUSTRINE T R

LnkqA 8I-730°  Saline - - 45904150 . . e
(Stuckenrath - bottos - ,';‘. : . (S at) é:
-, and Mielke < ovater . o )
o um) o N
" R 4 e
Lake A ' SI-780
Rasvesisal bottoa S L (S
and Mielke, ~ - . .- . . » -
ae7s) b . eater e

Saline . W31SM50 T - ggoe 750
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-APPENDIX I

L

AND WARD HUNT ISLAND .

: *
N
o

67

| SURFICIAL GEOLOGY MAP OF MARVIN PENINSULA

LS

&

il



‘ ; TR gt R ‘
- Surficlal geology map. ..oooin . ig® o
. | é{:f"i“;’.:v«’:sl o
A map'of the surfrcxal geology of Marvin Pes : und‘Ward Hunt L :
“Island has béen comptled from air photographs and gmund truthmg “This G

®
map (Fxg A I1.1) presents only a. prehmmary mterpretatron due to the:

,lxmrted extent of ground truthmg, pa?troularly at sites located inlafid and - - '

at hrgh elevatrons Addrtronal problems wrth the arr photography were -

encountered owmg to heavy %adows in mountamous areas as well as fog

along some coastai a’reas B R N

b
> e .
v oo AN S

“ anferentratron betw the maJor map umts (defi med below) is aof ten -
43;‘;”“’1\

drffrcult Drstmctton betwee/bed*ock gollu'v:um and till’ -vene,er can be "“

l.)

'dominant geo‘morphic agents.” These are enhanced by the. presence of

contintious permaft%st such that gellfluctton is an ef f icient process on

¥

: even gentle sl@pes Confgsron is encountered m drstmgurshmg betweé-n

J,‘ L]

h \ W%athered bedrock and gl

Tp/e processes.

the geologrg structure by surf&ra materrals whrch are assocrated wrth
- unequrvocal glacxal feat‘res (morames and/or meltwater c,,hannels) -

[y \« -
Colluvxum vVas” mapped on valley sxdes and f loors in areas of gentle relief

where u”quxvocal geomorphrc ewdence of glacratron is not present
Bedrock was Jn?pped on steeper SIOpes even when a thm cover ol‘

weathered debns was present unless a textural break

v reiated to -



L4
- ¥ _ ] ‘¢
Figure AILI, Surfncxal geology map of Marvin Pemnsulao .
s and Ward Hunt Islagd ' -
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CRANSTONE.
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N
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-

. b .
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-l T‘(ill blacket - ‘
B goconcumive . *,
-' mavi;\e-ﬁnos
T s dotae
i
B osicuum

.
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. LW ] .
. . £ T . ] 1
e o . Al E PSRN N & A SRR T S L REEN & Sl Lo e . 2.0,
f

' '“thOlOBiCal changes could be: detected. ln general the amount of .

| the ambtint" 6? ‘Such matenal that 0ccurs in the fleld area, Conversely, the o N
'amount of tlllundicated on’ Frg A-IL1 exceeds that ‘which could K \q’;
; sadlmentologrcally be rdentxf:ed as trll through ground -truthing. ! ”’

. 0,_‘ . . . .
‘ - . ]

Bedrock . - ", R

« l
P

. .

[ 2 ’ .
Bedroclg Js ehe predommant surfxcxal materral in the f ield-area and »

P
E T

. ~A fliin mantle

of felsenmeer may occur on steeﬁnto mtermedrate slogie.” Sparse erratics " -

“’Q’y also be present. o SRR . T
] N o . : .
: @ ' x a
quluVrum 3 o R v .

Poorly sorted sw matenals prrmarrly derrved f‘rom WEathered ‘ H

. bedroc’t are cgllectrvely mapped as colluvmm Thrs mcludes co:rse
. angu]ar talus ’deposr,;ed at the base of steep bedroclt slopes as well as I
" weathered bedrock and sparse erratrcs on lower !lopes and valley floors o .
vwhrch have been transported%y gelrfluctrod and slope wash Lo . g S "‘
Residuum’ ,_“ ST '@?«

Re31duum refers to thrck accumulatronsu of felsenmeer formed m s__u -‘ .

: .through the weathermg of the underlymg bedrock It is found,on upland ]
B

: plateaus and broad summlts and commonly occurs in assocxanon wrth

= P '1' L . ‘

Ators . Sparse erratrc:s may accur wx;hm the felsenmeer



'processes This umt has been subdrvrcjed into;

till veneer; a thin, often drsanum,)ous till cover lesé
. m thxck _and-ﬁrequently <O‘.‘5'¢:th1c‘k The éround

" does not obscure the bedrock structure

[ ¢«

a‘nd trll blanket a trll cover which- ‘s greuter than ca 2 m il
n--, o ‘q 7
SRR thrckness “Till bIankets occut onl’§/ rar”@ly in. sgudy ¥
, _ iy
G . e

# area. - »
Alluvium oty *‘ o '

°
lacrofluvral sediments are mapped as alluv:um These
y

sedxments are composed prlmarrly of bedded gravel and sand which have

.
)

All fluvi ;

been deposxted as sandurs and fans, as well as.some small kame deposrts

K3 whrch are related ;o deposmon mto a sea level

hlgher ‘than at present. ‘
lv‘,ﬁ{‘b .: S A

, gksurt‘ace mimics the underlying. tooography, and often

,sr’

“,
",

Thrs umt has been subdrvrded into: 2 . 3,
i .
¥ - active alluvium;. . whrch mcludes all seasonally active deposrt,lonal
°~ SR Lo envrronments . . .
_and inactrve elluvium; - fluyial and_ glacigf luvial ?seei.'irnentS» whieh;"'i ceur :
| ‘ _above the c‘qntempo'r‘arjy f lebdbiain. Inactisle :
/ . allluviunr is most common in the for'm of rerrnées ‘

k‘&m ﬁ,



RN - | - o

Raxsed marine sednments o - o *

Thns umt mcludes all sed:ments whnch have been depos:ted into a

'
i

_marme envxronmcnt. at or below sea level and have subsequently
emerged Ransed marme sedxmehts have been subdmded into} "~ ¥

m composed of coarse sands and gravels whxch fo"m the

P % ” vid . ‘ L 3
. e “foreset and topset beds of lebert -type deltas e -
e h s Ty | ,
: . .,‘b . many éries these gedqnents are nmportant for defining - -

Lo

‘ 5 Mt léeal mari’he lxm. : AR TR 7; v
o gt F R o g
and’ man/ne,&eé, sand §nlt and clay commonly fosstherous, whxch

%
w.
3

S represents httoral or deep water sed;mentatxon. o

. ,,\‘. N s Locally »this'ﬁnit may include beach deposits. -
. ‘ s e 4 3 o ‘
ac:blﬁbllskfi&b sedxments - A_f . a

ALI seﬁm‘éms dgposxted ,mto form
Wi e ot 'j v ! '
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