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- | ABS"?RACT
northwest coast of Ellesmere Island. From south to’ nortlt there are three
geologically controlled physiographic zones: 1) a 900m undulating plateau e
dissectéd by fiords; 2) a deeply fretted cirque.terrain (>1200m); and 3) a
- 300m plateau bounded by coastal cliffs\ ‘ , ‘

A 1:125,000 surficial geology and geomorphology map is complled for the
field area. Extensive surveying and dating (26 14C‘dates) of raxsed marine
sediments and s}horelmes provrde a chronologrc framewo.k for the pattern of 7
ice retreat and 1nformat10n on former’lce confxguratlon Stratrgraphxc logs of N
ancient sediments and observatrons on contemporary glaciers are used to  ~ "
construct subclassifications of a‘glaciated valley landsystem. e

Older, more extensive glaciers deposited erratics ur) to 660m asl and

tills with shell fragments up to 450m asl. Raised marine ‘sediments from
earlier glaciations are rare. Some speculatlons on ancient topography and
palaeoglaciology are formulated. !

A subtill peat dating’ 39ka BP -nrovides a maximum age on the onset of

the last’glaciation. During the last glaci'ation glaciers advanced <10km from |
'present{,_margins. Moraines demarcate glacier margins at the fiord heads where
: piedmont lobes cOalesced and,.floated in the sea. Morainal banks.were deposited
-at the grounding lines of ‘these gtaciers and, where debris-charged basal ice
occurred, subaqueous _fans”'were deoosited upon deglaciation. A palaeo-ELA of
_ ¢a.300m asl is derived for the centre of the field area. Shells dating 202ka

Bl’ (<2km from present ice margin) and 14.9ka BP (from a morainal bank)
document full glacial marine fauna The restrlcted nature of the groundmg

lines suggests that’ extensrve permanent landfast sea-ice and glacier and- sea-

‘1ce ice shelves existed offshore. .
| An equidistant shoreline diagram is ‘constructed‘ using the 8.5ka BP
shoreline as a guide. Tilts from 6.73m/-km t0 0.85m/km are calculated _,for’tltis

¥
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. shoreline’’ Usmg\ shoreline tilts from elsewhere on northern Ellesmere Island

the 10.1ka BP marme hmtt descends from 112 117m asl at the frord heads to

_63 -66m -asl at the north coast. i

Deglaciation started wrth a catastrophtc calvmg phase throughout the
- 'freld area between lO lka and 7.8ka BP. This chronology is similar to that
from Clements Markham Inlet on the northeast coast and atltests to the early
Holocene warmtng frend regorded in high Arctic ice cores. A maximum lag of
2.1ka exists between’the field area and Greely Fidrd lending further support
to the prevrously pgstulated differences in glacioclimatic regrvmes on erther

- side-of the Grant Land Mountains.

,;?
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CHAPTER ONE
_Introduction

".... those who support minimum versions of late Quaternary
ice sheets actually prefer a world in which there are no ice
sheets at all, and never were any such things. It is much
easier to deny the existence of an ice sheet that is now

- gone, than one that is still here. So their strategy is to %

push back one margin of a former ice sheet here, and push
back another margin there, in the hope that in time their
descendants will succeed in convincing themselves, if not the
rest of us, that there were no ice shee§s at all. Ever.”

T.J. Hughes, Boreas, 1980.

1.1: Preface.

Because of its physiography, glaciology and proximity to the Arctic
Ocean, nofthem Ellesmere Island p.rovi.desAan ideal opportunity to study
climatic change at high latitudes. This is %'ug_mented by the increasing concern
about global climatic change induced by the éfeenhousé gases (Idso 1980, 1982;

' thneider et al. 1980). Given the important role of high latitude snow and ice
in such changes, the onus is upon scientists to cultivate a better §
understanding of the climatically sensit?ve high Arctic regions (Kellog 1975).

Since the early reconnaissance work on geology, glaciology/ice shelves
and geomorphology of the 1950’s and 1960’s several ’localised studies have Eeen
undertéken on the Quaternary/Holocene palaeoenvironrr{ents on northern Ellesmere
Island and adjace.nt Greenland. Detailed work has been conduqted on the late |
Quaternary glacial hist})rx of northeast and northern Ellesmere Island (cf.

England and Bednarski 1986; Retelle 1986), northwest Greenland (cf. England
1985a), Cegtral Ellesmere Island (cf. Hodgson 1985), Greely Fiord/Nansen Sound
(cf. England 1986a, b and ¢) and Otto Fiord (Bednarski 1987). Comprehensive
sum’mar‘ies of the earlier work are available in Enéland et al.(1981b) and
Bednarski (1984). Several studies have been aimed at understanding Holocene

~ glacier fluétuations and climatic change (eg. Hattersley-Smith and Long 1967;
Hattersley-Smith 1969, 1972; Lyons‘e.t él. 1972; Lyons and Mielke 1973; England

and Brdley 1978; Bradley and England 1979; Stewart 1981; Stewart and England



a

1983; Koerner and F_xsi}le_:f__l985 Bradley and Serreze 1987).

‘The primary objective of this study is to “extend the data base
developed principally by the Department. of Geography, University of Albgrtaf
on northern Ellesmere Island and northwest Greenland. This research' has now
been extended as far north and west as Clements Markham Inlet (Stewart 1981;
Stewart and Engfand 1983; Bednarski 1984, 1986; England and Bednarski 1986) ‘,
and Greely Fiord/Otto Fxord (England 1986a, b and c; Bednarski 1987) My
research extends this work to Phillips Inlet and the Wootton Peninsula on the
northwest corner of the island. This area was visited previously by
Hattersley—Srnith’s sled party in 1954 (cf. Hattersley-Sinith et al. 1955) and
by H.P. Tretrin, R.L. Chrisiie, T. Frisch, R. Thorsteinsson, and E.T. Tozer ¢~
the Geological Survey of Canada whilst undertaking'reconnaissa‘nce mapping
since 1956. A study in this area represents an ideal opportunity to
investigate both ancient and contemporary glacial environments adjacent to the
Arctic Ocean. The area’s topographic diversity and steep decline in glaciation
level from north to south also provide an opportumty to st.dy -hanges in
different glacxo /topochmatlc reglme;; This study was initiated during the

summer of 1985 and comple‘ments a similar study conducted by D.S. Lemmen on the

Marvin Peninsula, 150km to the east.

1.2: General problems and objectives.;

) .
~ This research will address a number 'pf controversial topics that have

develop.ed_o'ver the last three decades. These a-re concerned with the extent and
style of glaciation in the high Afctic (cf. Blake 1970, 1975, 1977a and b;
England l976a and b, 1983, 1987b; England and Bradley 1978; England et al.
1981a; Hughes et al. .1977, 1985; and Hodgson 1985). The models of restricted
- glacial style for the last glaciation are presgnfed largely by field workers,
whereas the models of~all;pervésive ice sheets are‘presented by the\gret’iéal»

‘reconstructiors which persist in the literature (Chorley et al. 1984, chaps.



17 and 19; Reeh 1982, 1984; Hughes et al. 1985; Selby 1985, chap. 16).
Specifically this thesis is concerned with two objectives:
1. Determining the style and extent of past glaciations in the Phillips

Inlet/‘Wootton- Peninsula area using a glacial landsystems approach to !
reconstruct landform and depositional sequences (Eyles 1983). The Arctic Ocean
has beén re}’erred to as an important moisture source for the growth of HiAgh
latitude icé sheets (Ewing and D' an 1956, 1958; Donn and Shaw 1965; Donn and
Ewing 19€%5) and this has fostered much discussion (Hattersley-Smith 1‘9%0a;
Hunkins et al. 1971; Herman and Hopkins 1980; Clark 1982). England (1987b) hasv
suggested that northern Ellesmere Island was characterized by great aridity
during at_le'ast the last glaciation. This implies that the Arctic Ocean had
very little effect on ice sheet growth. Using. cores from the central Arctic
Ocean, Clark et al. 980) have concluded that there h@s been more or less
continuous ice rafting for the last 5ma. However, the resolution here is far
too imprecise to compare with the Holocene terrestrial record. Holocene sea
ice variations have been reported by Blake (1972), Haggblom (1982) and Stewart
and England (1983) and reconstructions of regional climatic change havé been
attempted.»However, local ’variations‘in the response of glaciers to Holocene
climatic c:hange‘ are rarely documented (Hattersley-Smith 1969; Blake 1981;

. Stewart and England 1983; Evans and Lemmen 1987). Furthermore, very little is
known about the characteristics and dynamics of ice shelve;s off the no;thern
Ellesmere Island coas” before the Holocene (England et al. 1978)-.- Extensive
ice shelves have been postulated by Denton and Hughes (1981), Hughes et al.
(1985), "Dawes (1986). and Hughes (1987) as part of northern hemisphere maximum -
iée sheet models during the last glaciation. Mercer (1970), Brbecker (1975),
Hdughes et al. (1977) and Grosswald (1980) have e\./en suggested an Arctic Ice
Sheet. . .

The collection of Arctic Ocean cores has enabled ‘research'e'rs to

estim.te sedinentation rates in the Arctic Ocean since the Plio-Pleistocene



boundary (Hunkins et al. 1971; Clark et al. 1980; Herman and Hopkins 1980;
Morris et al. 198\'5). This has led to the correlation of the onshore and
offshore stratigraphies (Clark etfal. 1984; Dairymple and Maass 1987).
However, many of these intérpretations are';sirn.plistic (cf. Brigham-Grette et
al. 1987). The exact relationships between Arctic Ocean deep sea cores and
‘terrestrlal glacxal -non glacial sequences are still poorly understood and
further terrestnal studies bordering the Arctic Ocean are warranted.

onloglcal refugia (Ives 1974) during the last glaciation have been
proposed for northern Ellesmere Island by Leech (1966) Brassard (1971) anda
Brown (1985). The identification of nunataks or unglaciated enclaves adds:
support but not proof of tefugia. These remain based upon disjunctions of
certain vascular and non-vascular plants and insects rather than in situ
fossils of full glacial age.

Little is known about glacial processes in high Arctic environments.
Many of the theories on erosion and deposition by glaciers remain untestéd at
high Iatltudes (Boulton 1970, 1972a and b, 1974, 1979; Shaw 1977a and b, .
Sugden 1977, 1978; England 1986c). Eyles (1983) has introduced a landsystems
approach for the mapping and interpretation of glaciated terrain. There are
présently no landsystem models for high latitude areas and the dynamics and
entrainment patterns of sub-polar and polar glaciers remain poorly understood.

Finally, England (1985b, 1987t - h atternpted to explain the
physiography of the Canadian Arctic atchipelégo without ‘invoking a pervasive |
-and erosive regiona_l glaciation. England proposes that the Arctic islands are
a Tertiary fluvial landscape later fractured by block t”aulting. This
fracturing essentially terminated the possibility of a regional ice sheet
through the creation of fiords and marine channels which now constitute a .
permanent impasse to glaciers. If faulting has continued throughout the
Quaternary then it follows that glamauons would have become progressxvely

more restricted in style. This not only questions the theoretical arguments of



selective linear erosion (Sugden 1977, 1978) but also demaﬁds a recdpciliation
of the Tertiary and Quaternafy landscapes (cf. Linton 1955; Bird 1967; Chorley
et al.. 1984,vchap.2). England (1987b) emphz@izes that it is critical to the
accuracy of palaeoenvironmental reconstructions that landform/sediment
assemblages are no.t‘misattributéd to a nar;ow view of pervasi"ve late
Quaternary glaciations. Therefore, it is essential that further ef‘forts 27¢

made to understand glacial geologic processes at high latitudes and to deduce
}o what extent thé present landscape is a determinant rather than a product of
grlacial style, ‘

2. Extending the existing glacioisostatic data base for northern
Ellesmere Island and relating this to former centres of ice dispersal,
glacigenic sediments and landforms within the area. Patterns of postglacial
emergence and sea level histories have been interpreted in two very different
ways. Blake (1970) interpreted an apparent ridge of greater emergence (since

Ska BP) running from Bathurst Island to Eureka Sound as evidence for a £:;.
pervasive.late Wiscon§.i~n§_5 "Innuitian” ice sheet. England (1'974a and b, 1976a v
and b) reinterpreted this data and through later work suggested that

northeastern Ellesmere Island wasdohxinated by the unloading of the northwest i
Greenland ice sheet follo;ying the last glaciation ‘(Englénd 1978, 1982, 1983,

1985a, 1986d; England and Bradley 1978; Englarid et al. 1981a; England and
Bednarski, 1986). This intérprétation reduces Blake’s ridge of high emergence

to a saddle of lower emergence.between northeastern Ellesmere Island and the
central Arctic islands (dofninated by the north-central Laurentide Ice Sheet).

. Glacial geologic and glacimarine sttratigraphic observations have led England

to conclude that a full glaciél sea, rather than ice, occupied most of the

fiords and interisland channels of the high Arctic throughout the last

glaciatioh. In situ marine fauna from the full glacial sea range in age from

early kolocene to >33ka BP (Englénd 1985a). However, the paucity of finite 14(_? :

dates >1ika BP (cf. Andrews 1975a) and a general uncertainty of the validity



" '
of such "old" 14C dates (cf Appendix 1) has led other researchers to question
the validity of the full glacial sea (Bennike et al. 1987).

High Arctic ice cores have been used to make g_glaeoenvironmental
interpretations and. to reconstruct former ice divides (Dansgaard et al. 1971,
1973; Koerner and Paterson 1974; Koerner 1977a and b, 1979 Paterson 1977
Flsher and Koerner 1980, 1983; Koerner and Fisher 1981, 1985; England et al.
1982; Gemmell et al. 1986; Koerner et al. 1987). Interpretations of former ice
thickness using ice core evidence have accommodated both maximum and m'inimum
ice sheet reconstructions (Paterson 1977) although recent papers have favoured
restricted ice volumes, at least during the last glaciation ('Koerner et al.

1987).

1.3: Physiography and glaciology of northern Ellesmere Island.

Northern. Ellesmere Island is defined here as the area bounded by the
Arctic Ocean to the _north', Nares Strnit te the east, the Victoria and Albert
Mountains to the south and Nansen Sound to the west (Fig.1.1). The general
physiography comprises the Grant Land Mountains (>2000m) to the north and
northwest and thg, Hazen Plateau (300-1300m) to the southeast. The mountain/.
ranges and the Hazen Plateau are part of the Innuitian Orogenic System which
trends rrastheasr—southwest (Trettin 1972). The north coast fiords are 40-90km
long reentrants joining the ice fields of the Grant Land Mountains to.the
Arctic Ocean. Phllhps Inlet is a composite made up of an east- west trendrng
reentrant with four north-south trending tributary fiords. To the west; the )
Grant Land Mountains give way to the Hvitland and Svartfjeld Peninsula’s v
(10Cdm). This general westward decline in the topography is broken to the
norihwest by the hlghlands of ‘the Wootton Peninsula (2000m) The "L!lke Hazen |
Fault Zone" forms the southern limit of the Grant Land Mountains on northern
Ellesmere Island and is the northern boundary of the Hazen Plateau (Christié¢

1964; Trettin 1969, 1971; Fig.1.2). Across the Lake_.Hazen Fault the mountains
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descend from ca.2500m to ca.300mi at Lake Hazen.

Although the geoiogy is extremely complex, three general p}fysiographic"
zo.nes can be distinguished north of the Grant Land Mountains (Fig.1.3): 1.
Parts of the northernmost coast of .Ellesmere Island are deeply fretted
t~errains,' with relief generally >1000m. These terrains are largely composed. of
coarse crystalline plutons of the Pearya geanticline (Frisch 1974; Trettin and
Frisch 1981; Trettin 1987). In some areas, such as the north Wootton
Peninsula, low coastal plains (1a) are composed of metamorphosed carbonates
and Tertiary sandstones and fnudrocks (Trettin and Frisch 1981; Tr.ettin 1987);
2. South of zone 1 and north of the main Grant Land Mountains, clastic and
carbonate sedimentary rocks of the Clements Markham Fold Belt (Trettin 1987)
‘form an undulating plateau dissected by the north coast fiords and thfough—
valleys. The largest of these fiords, Yelverton Inlet, is 90km long and
penetrates the Grant Land Mountains to the south. A similar terrain within
Pearya geanticline rocks exists between Markham and Avyles Fiords; 3. The
northern Grant Land Mountains are compbsed of limestone, sandstone and
conglomerate facies of the Sve:drup Béasin (Christie 1964). This constitutes
the highest relief in the field area.

The physiographic zones are most-pronounced on nor.thwest Ellesmere
Island and largely control the distribution of ice. The Grant Land Mountains 8
ho§E a large icebfield through which many peaks protrude as nunataks. The
equ-ilibrium line altitude (ELA) in this area is 1200m (Miller et al. 1975).
The‘se icefields feed major, north flowing trunk glaciers that either float in
the larger fiords (Disraeli Fiord, M'Clintock Inlet, Milne Fiord, Yelverton
- Inlet) or terminate in the interior valleys leading to them (Phillips Inlet,
vAyles Fiord, Clements Markham Inlet), The ice caps attain a ma’ximum thickness
of 900m whereas the maximum deptpd?on major trunk glaciers range from 600-700m
(Hattersley-Smith et al. 1969). The topography of zone 2 hosts a number of

"plateau ive caps (<400km2) whose outlet glaciers descend into fiords or fiord
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head valley;s. Nonethg‘eless, extensiye areas of upland are ice~free. Zone 1 is
an area of cirque ahd- t'ransecttion-glaciers with an ice cover of >50%. This ice
cover persists on the coastal lowlands ’_(4‘ ‘zone;la where t‘he'l-‘ZLA_descends to
sea level, Here. the proxirnity of the Arctic Oee%n with its frequent fog and
pack ice has facrlrtated the growth of ice shelves which are often fed by
0utlet glacrers Drstmctrons may be made between glacrer ice shelves Wthh
are essentially floatmg Ice tongues and sea- 1ce shelves whxch are composed
of land-fast multi- year sea ice with a freeboard >2m (Hattersley-Smith-et al

1955 Marshall 1955; Hattersley Smith 1957; Crary 1958, ,1960 Lyons et al.

1972 Stewart and England 1983; Lemmen et al. 1988). A full dxscussmn of ice

,shelves is available in England et al. (1981b) and Jeffries (1987).

. 1 4: Past research and the preserit status of the glacnal hlstory of _
k northern Ellesmere Island

1.4.1: Regional physnography and the development of a hlgh latltude ice
sheet )
.The debate ove.r' a glacial versus té‘ctonic origin for fiord landscapes ,
1s almost a century old. Gregory (1913) made a valid summary:

. "It has. been claxmed that thiS controversy has been between the
physrographers and the experts ox glacrers The physiographers; it is said, -
have been driven to attnbute to glaciers great powers of erosxon in order to
explaln otherwise puzzlmg physrographlc features."

"’I‘herr pOSlthﬂ according to P-ofessor Fairchild (1905) shelters
behind a bulwark of analogy and assumptron
Fortier and Morley (l956) Horn (1963) and Pelletier (1966, 1979)

proposed that»the fiords and interisland channels of Arctic Canadi®were

Tertiary river valleys that were overdeepened by glacial'erosion This view

. was supported by Blake (1970) who used the physiography of the Queen Elrzabeth

Islands, (ogether with scattered erratlcs and an apparent rrdge of greater
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emergence over central Ellesmere Island to' support his Innuman Ice Sheet
concept Indeed m0re localrsed studles have -invoked large-scale erosion by
‘trunk glacrers to explain the overdeepened frords (up to 800m) of northern
Ellesmere Island (Crar3 1956 Hattersley- Smxth‘ 1969) Others have identified.
areas of drfferentral erosion by using the distribution of erratlcs and frords
(Taylor 1956 Smrth 1959 1961; Hattersley Smrth 1961). These v1ews were grven
theoretical credrblhty by Sugden (1977, 1978) when he intro uced the concebt
of selective lmear erosion, In this model warm-based ice streams are
channelled down exrstmg dramage systems overdeepenrng them and formmg
glacral troughs. Interfiord hrghlands are protected by mert\ cold based ice.
Large crrcumpolar ice sheets have thus been populanzed in recent lrterature
(CLIMAP 197€ Hughes et al. 1977 1985 »Denton and Hughes l981 Selby 1985
Denton et al 1986)

The tectdnic evolutnon of the hrgh Arctlc has been largely 1gnored by

those who favour hrghly erosive ice sheets. Thrs contmues desprte many papers

that show the mtensland channels to be- controlled by faultmg (cf. Bornhold

et al 1976‘ Thorstemsson and Tozer 1976 Kerr 1980; Sobczak 1982). As early
_as the turp of the century Scher (1904) and G;egory (1913) had favoured a
tectonrc ongm Thrs has been addressed by England (l987b) who envisages the
Arctic Islands as a set of horsts and grabens. The exact ages.of ‘these
features are unknown but Kerr (1980) places the faultrng at least as late as-
Mrocene or Plrocene England (l987b) suggests that the faultmg postdates not
only the late Tertrary regional dramage but possibly the maxrmum distribution

of glacral erratrcs as. well. He further proposed that before this event a

contlguous land mass-and a more temperate climate arrsmg from an open Arctic

Ocean (Funder et al. 1984) would have been more favourable to regronal

glacratlon Srnce that time the landscape has been progressrvely fractured ¢ ‘

endmg the possrbllrty of regronal ice sheets Today the prmcrpal obstacles

to glacrers in Arctrc Canada are aridity and calvrng For Ellesmere Island

12
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© delineated the maximum

.England (1985b) suggests that a hierarchy of fiord a'ges may be appropriate.
= N . . .
N This he bases upon gla¢ial geomorphic evidence to l_)e discussed in the\
following seetion/ o

e S ¢ h <
&

g 1;4‘.2: Evénts predating the last g"laciati:m. :
Evidence that northern Ellesmére Island was once largely inundated by .
“ice comes f‘?om glacial erratics and high—elevation‘meltwater channels (cf.
England and- Bednarskl in press) The flrst mappmg of erratics was by
Chrlstle (1967), Englan?_\w(l974a and b 1978) and England “et al. (l981a) who

incursion of the Greenland ice sheet onto Ellesmere

W

Island using granite and gnerss erratics. -Thrs oldest and‘most extenslve )
! . N . . . , -8 * . .
glaciation‘ advanced between 5-15km onto Judge Daly Promontory and was |
K orrglnally tentatrvely dated at >80ka BP usmg amino acrd ratlos OR shells

(England and Bradley 1978). Thrs date has since been revrsed to between 500ka

€

and lma BP based upon c_omparrsons with amino acxdvratros from elsewhere in the

. 4
Arctic (England '1987b; Table 1.1). Retelle (1986) has mapped the maxlmum
advance of Greenland ice onto Ellesmere Island in the*Robeson Channel area and

cfoncludes Jthat it extended at-least 20l<m 1nland Thls advance he tentatlvely .

-
-

dates 70ka ‘BP Based upon amino acxﬁl ratios.
1

The subsequent glacxatron in this area was by Ellesmere Island ice
wh1ch cross cut the Greenland trll and deposxted ice-shelf moralnes at the

outer coast Raised marme sedrments up to l75m asl are associated wrth thls
Vs

advance and are dated >35ka BP (England and Bradley l978 England et al., 1978
of

{981a. Retelle (1986) consrders the sedlments asSocrated thh this Ellesmere :
advance as deglacxal During the retreat of ' the Greenland rcqr sheet from

' northeastern Ellesmere Island fcssrhferous marine’ sedlments were deposrted
1n contact.with glac1al lobes as they allowed the i mcursron of the sea 0 286m ,

asl. Retelle S mterpretatlon is based upon local glacra' geomorphology and

stratlgraphy and ti

‘.

luslermg of shell samples mto two groups; the Beaufort

13
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Aminozone (Holocene) and the Robeson Aminozone (pré—Holocéne). If Retelle’s
interpretations are correct then‘ the Ellesmere Island adva‘nce (dated >35ka 'BP
by England 1974a and b, 1978; England and Bradley 1978; and England et al. '
l978)_would become a stillstand during general retreat of the Greenland ’ice .

[

sheet. .

Older glaciations have‘ also been documented ‘oln' adjacent northwest
- Greeniand. Tedrow (1970), Davies (1972), Christie (1975) and Weidick (1976)
_have all reported evidence of two older glacial‘édvances. Tedrow (1970)
suggests that during the oldest of these advances ice advanced onto nor}hérn
Ellesmere Island. For Otto Fiord, west Ellesmere Islahd, Bednarski (1987) has
réported two tills separated by marine sedi}'nents, all Qf which likely predate
30.2ka BP. Other than these localised studies the evidence for older. ‘

glaciations is sparse and is usually restrictec to high-elevation erratics,

the origins of which are uncertain (England 1987b).

1.4.3: The last glaciation:

Some autho'rs continue to propose modelé of all-pervasive ice sheets in '
the’high Arctic during the last glaciation (eg. Bl"a.ke 1970; CLIMAP  1976;
- Hughes et al. 1977, 1985; Denton and Hughes 1981).' The debate of maximum
. versus minimum ice sheet coverage begén ai the turn of the century when Daly
(1902) ‘a'nd Coleman (1920) suggested that large nunataks exist‘ed Withih the‘
Torngat Moﬁntains of northern Labrador during the maximum ice advance: This
idea was re’:fv:.xte'd by Odell (1938) whose interpretations of éomplete ihﬁnd.ation
, by. ice were ungritically preferred by Flint (1971). Since that- time the late
Wisconsinan "maximum" school has persisted largely on the b‘asis "o‘f ‘the.oretica'i‘
reconstructions (Dansgfiard et al.. 1973; Sugden 1977, L978;_Reeh 1984). For a. .
" comprehensive review of the debate the r.eader‘iAs referred to Ives ({978).
The glacial geologic eyidence cifed 'in support of an a)ll—pgvasive'ice

sheet o Ellesmere Island during the last glaciation includes high elevation

15
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erratics, well preserved striae and postglacxal emergence patterns

Spec1fically, Blake (1970) showed a ridge of greatest emergence running from:
central Ellesmere Island ‘to Bathurst Island at 5ka BP which he ascribed .0 a
preceding "Innuitian ice she :t". The lnnuitian ice sheet was presumably
responsible for the excavation of the fiords and interisland channels and

served to join the Laurentide and Greenland Ice Sheets The presence of the.
Innuitian Ice Sheet during the last glaciation has been questioned extensively .

by England (1976a and b, 1986a, ¢ and d) and England et al. (1981a). England
(1976a and b, 1982) reconstructed different postglacral isobases for the Queen
Elizabeth Islands (7.5ka BP) which show the glacioisostatic domtinance of the o
. Greenland ice sheet to the efst. In this reconstruction, Blake's (1970) ridge

of emergence becomes -a saddle joining the grea. emergence caused by the |
Laurentide ice sheet to the south with that of the Greeialand Ice Sheet to the
north. England proposed that a non- contiguous ice cover over the Queen
Elizabeth Islands (termed the "Franklin Ice Complex") together with the
northwest Greenland Ice Sheet,-was capable of producing the regional patterns
of postglacial isobases.

England (1983) Bednarski (1984, 1986) and England and Bednarski (1986)
have subsequently collected more emergence data from northern Ellesmere Island
and northwest Greenland and connected ‘this to speCific ice margins. They
concluded that a full glacial sea rather than glacial ice o'ccupied numerous
fiords and channels of northern Greenland and Ellesmere Island throughout the
" last glaciation: Isobases drawn on the limit of the full glacial sea i( 10ka
.BP) record the relative magnitude of the last glacial ice load. This had two :
‘centres: the largest coincides with the northwest coast of Greenland, whereas
the second smaller Centre Tepresents an independent centre over the Grant Land

Mountains‘(Fig.l.4).-Furthermore, these isobases reveal a lag of 2ka between
initial ice retreat on the north coast of E‘llesmere Island versus the area‘of_
,northern,Nares Strait, sepa_rat:ing(Ellesmere Island and Greenland. This is

4
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¢’ maps from England and Bednarski (1986) for
and northwest Greenland with site numbers from that
ases at 8ka. C: isobases at 6ka.

Figure 1.4: Regional isobas
northeast Ellesmere Island
paper in bold. A: isobases at 10ka. B: isob
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thought to reflect the difference in glacibclimatic regimes nofth and south of
the Grant Land Mountains as vwell as the differential response rates between
Greenland and Ellesmere Island ice.

Beyond the last glacial limit on northeast Ellesmere Island, émergence
curves from the full glacial sea are characterized by: 1. an interval of
. stable relative sea level at the marine limit ll-8kz; BP; 2. an interval of
slow emergence from 8-6.2ka BP marked by slow retreat of _thhe Ellesmere Island
ice; and 3. @-period of rabid emergence as a result of rapid glacial unloading
after 6.2i<a BP (England 1983; Fig.1.5). Along the west coast of Robeson
Channel, the last gléciation was characterized by small plateau ice cap. whose
outlet glaciers contacted the sea in some embayments (Retelle 1986). Elsewhere
on this coast the full glacial sea reached 116m and trimmed wegthered deposits
of previous glaciations. Initial emergence occurred between 8 and 8.6ka BP. On
the adjacent coast of Hall Land, northwest Greenland, England (1985a) reports
a 40-60km advaﬁce of the Petermann and Newmann Bay glaciers during fhe last
glaciation (Fig.l'_.6). In Situ shells from the full glacial sea date from 8.2
to >33ka BP. From these dates 'England suggests that the Greenland ice sheet
‘mu'st have reached its limit well before the attainmeqt_ of isostatic
equilibrium at 10ka BP. Initial retreat from the -lbast 'ic.e limi.t on Hall Land
occurred around 8.2ka BP coinciding wifh the initial emergence of hortheast
Il-leesxr;ere Isla-d. Eednarsk’i (l9§4, 1986) mapped the limits of a major trunk
glacier and ot- - ¢ atlet glaciers 'Wh’ich left a full glacial sea occupying much
‘of Clements Mz kham inlet (Fig.1.6). In this area very slow retreat and
emergenée began at 9.8ka ahd lasted until 8ka BP after which the rates
increased substantially. o ,

On west-central Ellesmere Island, England (l987b) has mapped‘ an
aannée of approximately 15km at the héad of GreelyrFi‘ord (Fig.1.6) where
glacier;-. formed ice shelves wiéhin the full glacial sea at 140m asl. Dates on

- in situ stells indicate that the full glacial sea remained at marine limit
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Figure 1.5: The emergence curve from the full glacial sea on northeast

Ellesmere Island and patterns of emergence in a glaciated and partially ‘
glaciated reentrant. A period of stable sea level is followed by a period of

slow emergence which is in turn followed by "normal" emergence (Andrews 1970)
up-to the present (from ‘England 1983).

20
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Figure 1.6. Map of northern Ellesmere Island and northwest Greenland showing
" the extent of the full glacial sea and the extent of the last glaciation (from
England 19870b). ’ ' :

21



from 9.1ka to 7. 8ka BP. Deglaciation and emergence commenced at approximately
7.5ka BP. The hmxt of the full glacial sea in Greely Fiord trims weathered

terrain which England (1987b) descrlbes as.a non-glacial landscape.

1.4.4: Holocene history.
Particularly good records of Holocene climatic change are available in
the ice cores collected from the Greenland, Ellesmere, Meighen and Devon Ice
Caps (Dansgaard et al. 1971; Koerner and Paterson 1974 Koerner 1977a and b
1979; Paterson et al. 1977; Fisher and Koerner 1980, 1983: Koerner and Flsher
1985) and a good discusgion of the technique is available in Bradley (1985,
Chap.5). A period of maximum postglacial ’warmth between 8ka and 4ka BP has
- been proposed from the Camp Century ice core on Greenland (Da‘nsgaard et al.
' 1971). The core reveals a variable coolving trend after 4ka. In contrast,
Fisher and Koerner (1980) report a period of increasing postglacial warmth
froh 10ka to 8.3k'a BP based on the Devon Island ice core. After 8.3ka BP
temperatures reached a .plateaiu abdut which they_osvcillated until 4.5ka to Ska
BP, the period of maxinlum postglacial warmth. From 4.5ka BP to the present
there has been a progressive cooling at the Devon Island site. Furthermore,
Kder'ner and Paterson (1974) report the formation of the Meighen IceCap _
between 3ka and 4.5ka BP, markmg the end of the postglamal climatic optimum:.
- The thtle Ice Age, dating from approximately 100 to 400 years BP, is well
represented in all cores (cf. Alt 1985). »

» ‘ Another important indicator of Holocene climatic change in the high
Arctic is the abundance of driftwood through time (Blake 1972 1987b; Haggblom
1982 Stewart and England 1983). Stewart and England (1983) have reconstructed
three penods of drxftwood abundance using all-of the dates available from the
Canadlan and Greenland high Arctic. Their Per:od 1 extends from 8.9ka to 4.2ka

BP durmg which dnftwood penetration increases, with a period of greatest

abundance between 6ka and 4.2ka BP. This is mterpreted as the perlod witk the



least summer sea, ice. Period 2 dates from 4.2ka to 500 years BP when driftwood
was sparse and summer sea ice had increased. In the time siﬁce 500 years BP
(Period 3) driftwood penetration exceeds that of the previous periods and
hence sea ice conditions had imprqved, Stewart and England (.1983) also report ‘
25 species of subfossil bryophytes and a disjﬁnct marine pelycypod Lima.tula
subauriculata (presently subarctic-boreal) da_ting. 6.4ka BP from Clements
Markham Inlet. These represent a period o:f increased plant p’roductiviiy and of
greater warmth énd p'recipitatioﬁ associated with a more open Arctic Ocean.
Driftwood has been used to date the formation of the ~orthern Ellesme.e
Island ‘ice shelves.‘ Because incrgased open watér would cause ice shelves to
calve, their age of formation is a good indicator of climatic deterioration.
Lyons and Mielke 9:9,73) obtained dates of 3.4ka and 3kg BP on dlriftWOOd behind
the Ward Huntl Ice Shelf. Because the wood may have ﬁenetrated a moat behind
the ice ;helf they suggested that the age of fdrmatiqn was >3.4ka BP. Basally
accreted ﬁarine organiés dated 3.3ka, 3.4ka, 3.6ka, 3.7ka and,@i.Ska BP (Lyons
and Mielkexl973); Blake (1'98'7b') has published several dates between 3ka and
6ka BP on driftwood behind the/&@rd Hunt Ice Shelf. Twenty-‘fi\vg‘ pieces of |
driftwood have been observed 4t 45-65cm abové high tide behind the Ward Hunt
Ice Shelf (Evans and Lemmen 1.987), | .

- There is less'l_c;:hronologic control on the response rates of the glaciél
systems of northern Ellesmere Island. From the ‘evidence discussed above it\ is
clear that a mid-Holocene climatic.deterioration océurred during which the ice
shelves (specifically t};e Ward Hunt) appear to have formed. Errp-r‘ﬁ‘ 100 to 400 ‘
vears BP the Little Ice Age is recorded in the ﬁigh Arctic‘icé‘.caps as.a
period of accumulatidh. Glacial geologic evidence of thé mid—vHolocer}e cooling

" bn northern Elles‘mere Island comes from Tanquéry Fibrd, where ‘Hattersley-‘Smith
" (1969) reports buried organics déting 4ka BP, and -.from the- Eugene Glacier on
’the northern Hazen Plateau where similar mat-érial underlying till dates 4.9ka

BP (Lowden and Blake 1979). Hattersley—Smith (1969) reportec_i that many

-
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g/aciers on ndrthel'n Ellesmere Island are advancing while smaller glaciers are
retreating, indicating a predictable lag in glacier'response'rates-’f(cf. .
Andrews 1975b). Blaké (1975, 1981) has.reported glacier advances over Holocene
beaches and n‘eats on southern 'Ellesmere Island at lka ancl 100 years BP.
Héttersley—Smith et al. (1955), Christie (1967), Hattersley-Smith (1969),
Blake (1975) and Stewart and England (l98v3) have observed that‘ many glaciers -
are at, or retreéting from, their maximum postglacial positions. Stewart and
‘ England (l983) have suggested that many glaciers on northern” Ellesmere Island
are still respondmg to the thtle Ice Age but this alone does not account for
g thfnr_ maximum postglacial positions. They consider these large advances to
relate to the mid- Holocene climatic deterioration (post 4.5ka BP). Clearly
response rates would be much slower in the large trunk glac1ers than the
smaller plateau ice caps. Therefore, Stewart and England’s (1983) conclusion
"is reasonable espec:ally when they cite other radiocarbon dates from Greenland
and Ellesrnere Island relating to ice advances from 4.2ka to 200 years BP (cf.
Dyck and Fyles 1963; Tlautman 1963; Long 1967; Weidick 1977; Lowden and Blake
1979; Kelly 1980; Volk 1980; Blake 1981; King 1983). |
.. The ex;ct'effect of the Littlé Ice Age on the northern Ellesmere Island
glaciers and ice shelves is unclear. From historical accounts it is apparént
* that ice shelves were more extensive durlng the late l9th and early 20th .
centnries and that an ice shelf stretched along most of the northern Ellesmere
Island cpast (Peary 1907). England et al. (1981b) have snggested that the many
ice islands of the l946's_ and '1950’s (Koenig et al. 1952) may be explained by
the large-scale break up' of Pgary"s iée shelf.u The pr_edorninant climatic
amelioration of the last 100 years .('Hattersley—Smith and Serson 1970' Fislxer '
- and Koerner 1980) may be responsible for the calving of approxxmately 600km
of the Ward Hunt Ice Shelf in 1961 and 1962 (Hattersley-Smith 1963). Bergsma
et al. (1984) hgve reported plant material approxunately 400 years old that

has recently been released from the outlet glacier of a plateau ice cap on

24



central Ellesmere Island. This material is thought to have been overridden

during the Little Ice Age.
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CHAPTER TWO

The study area

"I was now 200 feet.above the sea 07 ice-le{lel, and had a

very good and careful look all around. No land was visible.
except the coast along which we were travelling, my view of
which extended about seven miles farther than our position,
Jthe trend being gradually sourhward and westward.

The line of hummocks was about four miles off, and appeared
to incline slightly to the southward in the distance. The
, land itself is not high, and there being no cliffs, not a

speck bare of snow visible. The hills sloped gradually from
the ice. and the ridge on which we were at the extreme of our
Journey was a portion of undulating low land, attached to the
coast, and-continuing south-west with it. 4

" turned back and met the sledge. Halted for grog and

biscuit. Hoisted the Union Jack, and drank Her Majesty’s
i health. Extract from-Lieutenant Pelham Aldrich’s diary from
"Voyage to the Polar Sea" by G.S. Nares. The account of the
~ attainment of Alert Point, furthest west, May 18th, 1876.
2.1 General physiography of Phillips Inlet and the Wootton Peninsula.

Phillips Inlet and the Wootton Peninsula are located on the northwest
coast of Ellesfnere Island (Fig.1.1). The Inlet is a major east-west trending
reentrant, 45km long with four north-south trending tributary fiords each
>15km long (Fig.2.1). Four spot soundings have been made in the fiords

. ;‘A‘\ : .

(Canadian Hydrogrgphic Service 1974). The Inlet mouth is 178m deep and°the
centres of Transition and Berg Bay fiords are 151m and 168m deep respectively.
‘A sounding in the. northern half of Ice Alley Fiord indicates a depth of dnly
70m. o ‘ -

The field area (ca.2500km2) is divisible into three geologically
coatrolled physiographic zones (Figs.2.2 and ;3): 1) an undulating plateau
averaging 900m asl, located south of the Inlet and penetrated by the four
tributary fiords; 2) a deeply fretted cirque terrain with summits >1200m on
south Wootton Peninsula; and 3) a:300m plateau bounded by coastal cliffs 80-
140m. high on north Wootton Peninsula. Two smaller avreas located at the mouth
of the Inlet, around Cape’s Armstrong and-Woods, constitute coastal lowlands
~ with <90m relief.

To ‘the south of the field area the Grant Land Mountains reach >1700m
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Figure 2.2: Air photograph T404R-192 of Phillips Inlet and Wootton Peninsula'

looking east along ‘the Inlet. Physiographic zones 1 (fretted cxrque terram)
1A (coastal lowland) and 2 (plateau thh fiords) are marked.
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Figure 2.3: Air photograph T408R-222 lookmg east along Bridge Street within
physxographxc zone 2 (plateau with fiords). Physxographxc zone 3 (Grant Land
Mountains) is visible in the dxstance

17 . . . ) -Ao
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asl. Outlet glaciers from the mountains terrhinateSzgkm from the fiord heeds ,

and three major rivers (Bridge Street, Cache River.and Phillips River) carr‘y

meltwater from the inland ice to the north codst (Fig.2.lb).5Except for three

east-west orientcd passes in the centre of lhe field area (Bushmill Pass,

Drift Pass and Wind Gap; Figs.2.1a and 2.1b), the Inlet. end ’fiords, most of
-alleys in the field area have distinct_ V—sheped” profl}és despite their

repeated occupancy by glaciers. Very few official names exist in the"area of

study, therefore many unofficial names have been adop;'téd for ease of reference

(Figs.2.la and 2.1b).

2.2: Geology of northern Ellesmere Island.
Orlgmal mterpretatxons for the geology of northern Ellesmere Island

~(cf. Thorstemsson and Tozer 1976) included two maJpr geosynclmes bordered to
the north by an older crystallme metamorphrc terrain (Pearya Geantlclme).
.These zones have ‘been revxsed by Trettin (1987) as five straugraphlc- |
“structural zones (Fig.1.2). To the north the Pearya geantlclme is a composlte
crystalline, sedimentary and metamorphlc terrain of Middle Proterozorc to Late
Sllurlan age. Pearya forms the north and northwest border of the Franklinian

Mobile Belt (formerly Franklinian Geosyncline) which includes sédirhent; that

range in age from the Cambrian to the-l‘)ev'onian. The Clements Markham Fold-

Belt, a sedimentary and’volcanic subprovince of the Frankliniani Mobile Belt,
is in fault contact with Pearya. Structural and stratigraphic evidence‘has le'cl
Trettin (1987) to conclude that Pearya is an accreted terrane sutured to the
Franklinian deep water basin (Clements Markham Fold Belt) during the Late
Silurian. The southern Grant Land Mountains were uplifted relative'tqthe
regions to the southeast and northwest during the Mid Palaeozoic Ellesmerian’
Orogeny, during which deformatron of Lower Palaeozoic strata occurred |
'(Thorstemsson and Tozer 1976) The last geologic zone comprises the Sverdrup

Basin which iis Carboniferous to Early Tertiary in age (Trettin 1987). Sverdrup
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- Figure 2.4: Geology of Phillj

ps Iniej and the Wootton Peninsula. A. Quaternary
sediments. B. Early Tertia

ary, Eureka Sound Formation; sandstone, conglomerate
and mudrock. ‘C. Lower Permian ?, Esayoo Formation; basalts and pyroclastics.
D. Upper Carboniferous and lower Permian, Nansen Formation; limestone, minor
sandstone, mudrock and dolostone. E. Carboniferous and/or Devonian; quartz
monzonite, granodiorite, quartz diorite and related rocks. F. Silurian, Lands
Lokk and Imina Formation; quartzose, cherty and micaceous sandstones;
compositionally. immature.calcareous and dolomitic sandstones; slaty and
phyllitic mudrock; minor pebble, granule and intraformational conglomerate;
tuff; volcanic arenite; minor volcanic flows; limestone. G. Ordovician and
.Silurian, Hazen Formation; pyroclastics and volcanic flows, mainly andesitic
' phosed to greenschist facies; carbonates and
mudrocks associated with valcanics; variably metamorphosed limestones
associated with volcanics or s

»

d associated amphibolijte
meta igneous rocks (schists.‘amphibolites. marcbles etc.).
r downthrow direction unknown. K. Thrust fault with
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Basin was the successor to" the Franklinian Mobile Belt (FMB) and its sedxments

: unconformably overlxe Pearya and the FMB. Sedxmentatxon into Sverdrup Basm
L’-‘“;"

was terminated by uplift during the Late Cretaceous to Ohgocene &) Eurekqn s

Orogeny. This orogeny was responsible for the reJuvenanon of the Mid
Palaeozoic uplift or the Ellesmerian Orogeny. Rocks of the Sverdrup Basin
outcrop in the nunataks of the Grant Land Mountains. Dis'cussions of the
Tertiary strata of northern Ellesmere Island (unit B, Fig.2.4) are contamed

in Tozer (1963), erson (1976), Miall (1979) and Trettin af'd Frisch (1981).

2.3: Geology of Phillips Inlet and the Wootton Peninsula. 50
2.3.1: Pearya V E
‘The development of Pearya has been divided into four successions by

Trettin (1987). Succession I is the crystalline basement of upper Middle -

- Proterozoic age. Succession II is made up of Upper Proterozoic and Lower

Ordovician metasediments and metavolcanics. Succession III and Succession IV

do not outcrop. in the field area and hence are not discussed here. Several

‘outcrops. have been identified by Trettin and Frisch (1981) and Trettin and

Mayr (1981) and the geology is summarized in Figure 2.4. _

Succession I outcrops on the south Wootton Peninsula and the Western
Pikes (Fig.2.1) as metamorphosed granitic intrusions (I on Fig.2.4). Rocks of
Succession 11 outcrop on the north and west-central Wootton Peninsula, Wmd
Gap, east of the mouth of Ice Alley Fiord and in the Bushmill Pass. Two bands
of Succession II rocks outcrop also w1thm a’complex fault zone in the Western
Pikes (H on Fig.2.4). However, hthologxes are variable from one area to
another. .

2.3.2: Clements Mar‘khafm Fold Belt. -

Sediments of the Clenﬁents Markham Fold Belt are predominantly deep

water facies with volcamcs and shallow marine and non marine lithologies. The

) Fold Belt represents that section of the Frankhman Mobxle Belt originally

-t
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termed the Franklinian Eugeosyncline (Thq;steinssor; and Tozer 1976). Rocks
associated with this zone are Ordovician and Silurian in age (Trettin and
Frisch 1981: Trettin and Mayr 1981). The Hazen Formation (both Ordovician and
leunan) represents a minor component of the bedrock pf the field area (unit
G, Fig.2.4). Also associated with the Clements, Markham Fold Belt are the rocks
of the Silurian Lands Lokk and Imina Forrpgtxons (unit F, Fig.2.4). These two
formations are by far the most dominant bedrock in the field area and are ’ R’C}
responsible for the high plateau. that constitutes the central phy§iographic
zone (Zone 2, Fig.1.3).

ot &\

2.3.3: Svérdrup Basin.

A band of Sverdrup Basin rocks_ delineated by a complex fault zone
occurs in the southernmost part of the field area (unit D, Fig.2.4). These
have been ass'ignéd to the Upper Carboniferous and ‘Lower Permian Nansen
Formatioﬁ by Trettin Iand Mayr (1981). The band is responsible for a distinct

chain of castellated summité to ':the south of thé fiord heads.

2.3.4: Ihtrusions.-

Two large plutons have been mapped on the Wobtton Peninsula by Frisch

(1974) and Trettin and Frisch (1981; unit E, Figure 2.4). These are Early

" Carboniferous or Ijevoniaﬁ in age. Many mafic dikes and sills have been mapped
from air photographs by Trettin (1971), Trettin and Frisch (1981) and Trettin
and Mayr (1981). Doubtless many more exist within the field area. These

smaller-scale intrusions have not been dated.

2.3.5: Tectonics and structure.

Lit}}e__is known about how the tectonic and structural history of
(R o

%smere Island controls the present physiography. Trettin

< ,'1’ve periods of structural deformation for the northern Arctic



islahds, the youngest of which is Late Cretacec;us. The Iﬁost prominent faults
in the field area are included in Figure 2.4 (Trettin and Frisch 1981; Trettin
and Mayr 1981). The main Inlet appears to be an éxtension of a major fault ‘
that extends through Wind Gap (Fig.2.1b) to Yelverton Inlet. Drift Pass, :
Desperation Bay and Bushmill Pass (Figs. 2.1a and 2.1b) all appear to be fault
controlled. A series of passes linking the hé’:;d's of the fiords and stretching
from Phillips River to the 'yalley’so‘u:?th of the Dodger Ice Cap (Fig.2.1b) also
parallels the fault contact between t};e Lands Lokk/Imina Formations and the
Nansen'Format%on (Fig.2.4). The degree to which the origin of th# “Inle,t and
fiords can be ascribed to this faulting is unknown. §

el

‘w  2.4: Climate.

2.4.1: Regional climate. o gy
Northern Ellesmere Island is classified as a Polar. Desert according to

its low precipitation and net annual water balance of around zero (Bovis and

af

Barry 1974). The area has a contjnental type climate where several months of W -

total iﬂarkness cause temperatures to descend below -50°C. »All of the a\vailable
meteorological records on notthern Ellesmere Island are from Alert o,n——}he '
northeast coast or from Lake Hazen in the interior. The mean annual
temperature for Alert (1950 to 1970). was -18QC whereas at Lake Hazen it was .
-21.1°C for the 1957/1958 season (Christie 1964). Annual precipitation varijes
from 2.5cm at Lake Hazen (Jackson 1959) to 17cm at Alert (Bradlgy and England :
1978a). These figures illustrate the greater continentality of inland sités on
northern Ellesmere Island. This is due mainly to the availability of seasonal
open wat%(}r;at‘coastal sites causing increased cloud cover, fog and cooler
summer tﬁé;nberatures (Alt 1979). England et al. (1981b) have stated that the
- climate of ﬂorthern Ellesmere Island has such great spatial, seasonal and

annual variability that "meaningful generalizations....cannot be made".

Maxwell (1981) divided Ellesmere Island into thréev majo.r zones based
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upon: cyclonic activity; the sea ice-water regime; broad-scale physiographic
features; and net radiation. His zone Ib is the nortﬁwestem island fringe

which includes the northernmost coast of Ellesmere Island, hence Phillips

Inlet. Du/ring the éummer, Zone Ib is characterized by low cloud and fog which
results from local puddling on the sea ice and the proximi‘ty to the.Arc’tic
Ocean. In the winter, open-leads are responsible for extensive ice fog.

2.4.2: Local climate and ice _co'ver'. !
Most of the land 2bove 1100m on northern Ellesmere Island is ice’

(_;overed (Hattersley~Smith 1969) but the ELA and glaciation level descend

rapidly to <300m asl albng the north coast (Miller et al. 1975). The glaciers

of the field area are sub-polar; ie. they are frozen to their beds and undergo -
‘SUri‘f:_ace melting during summe} months. (cf. .Ahlmann I§35; Sugden and John?® 1976;
Paterson 1981). o |

The tr;fee physiographic zones of the field area are charac'tefized by

different ice covers (Fig.2.5). To the south, the.Grant Land Mountains (Zone
_3) host é 1argé icefield because of their altitude kgenerally >1500m) and
associated colder témperature§. Hattersley-Smith (1960b) reported a mean

annual temperature of -24°C and an annual snow accumulation of ca.l15cm in ‘the
eastern sector of these mountains. The central upland plateauﬁ(Zone 2) .is
charact%;ized by small ice cAps with occasional outlet }obes and sé»,”%\al small

ice ca‘rapaces. Hattersley-Smith (1969) has suggested that‘ the reduced ice

‘cover in such .areas is due to low precipitatio:nl and a lack of upland surfaces
large enough for snow accumulation. Bednarski (’1984) regards ice-free uplan'ds
in Clements Markham Inlet as transition areas that are too low to be

glacierized and too far inland to be affected by the moisture increases

associatéd with the Arctic Ocean. Topoclimatically, the plateau areas south of

Phillips Inlet inhibit glacierization because they are windswept and without

topographic lees in which snow can accumulate. Bradley and Serreze (1987) have \
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und'erta‘lcen glacio-climatic studies on a small plateau ice cap on northeast

'v Ellesmere Island They conclude that the“ice is a remnant of former climatic
conditions and is out of equilibrium with present climate. /gecause some of the
margins of the plateau ice caps south of Phillips Inlet are advancing, the ice
caps are probably close to equilibrium w1th present clrmate Surface

condmons on these ice caps varied cons1derably between the summers of l985
1986 and _198-7. During 1985 temperatures of >10 °C were not uncommon and the
entir~ “now ‘cOver on the plateau ice caps disappeared. In 1986 and 1987

te: -~ tures rarely exceeded 6°C and accumulation areas covered approximately
60% of the surface areas.of these ice caps. This occurred despite some severe
temperatur‘é;inversioiia (“>l150(2) between the valley floor/fiord surface and the
plateaux. Tlxése,inJvers‘ions‘were the result of cold Arctic Ocean air funnelli'ng
southwards aloag the fiords.

Finally, t‘v ernmost coast is composed of a low coastal strip
(Zone lA) and . rntai-nous south Wootton Peninsula (Zone 1); cf. Fig.2.5.
The proxrmrty of the Arctic Ocean occasions a steep decline in the glaciation
level in this area. The south Wootton Peninsula is heavily glacierized by
cirque ard transection g_laciers many of which terminate in or near the sea.
The north Wootton Peninsula is occupied by the Alert Point Ice Cap whose
surface elevation is 300m asl. The northernmost margin of the ice cap forms a
giacier ice shelf at.Alert Point, the northernmost'tip of the field aréa.

Periodic open water, resulting from leads in tlre pack ice, causes increased
cloudiness and fog on the northernmost coast, hence both increased moisrure
and reduced _,ablation (Sagar 1962). This fog occ.as'ionally penetrates the Inlet
and Ice Alle_y\r“Fiord (Fig.2.1b), especially if winds are from the north. Fog

also persists around the Idris Peaks/Bushmill Pass -_area (Figs.2.1a and 2.1b)

due to the orographic lrftmg of humrd arr flowing south. Durmg the 1985-1987

field scasons fog persisted on the north coast for appro;;zmately 40% of the

. time. Average temperatures during 1986 and 1987 /z’or t?ﬂe north coast were 0°C

N
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and {‘2.9°C reepectively, ‘whereas the inland sites were 5°C for both years.

Rolls on the i¢e shelves indicate that the prevailing winds are from the west-
southwest (Hattersley-Sinith 1957) and therefore there is an unhindered drift
of snow across the Arctic Ocean. Because the Wootton,Peninsula acts as a
physical barrier to the continued western snow drift Iseveral perennial,
snowpatches exist.at or just above sea level. The importance of cloud cover to
the mass balance of the Wootton Peninsula glaciers is well illustrated by air
photographs taken in August 1959. Glaciers to the south of the watershed have

. lost their entire surface snow cover whereas to the north ELA’s are still well

established at approximately 800m.

2.4.3: Glaciation level.

Isoglacihypes (contours of equal glaciation levels, Fig.2. 6) have b#n
drawn for the field area.using the summrt method outlined by Andrews and
Miller (1972). 'I‘h»e glaciation level represents the long term balance between
winter accumulation and summer ablation when topoclirnatic characre’ristrcs nre
taken into account. The result is a threshold elevation above which glaciers
exist on the landscape. Values of glac‘iatign level were obtained for grids of
lOkmz.within the field area. “his is calculated by obtaining a mean of the
higheet summit without ice and the lowest summit with ice. These values are
then contoured. Values of the highest elevation in each lOl'cm2 were also
contoured in order to ass"ess topdgraphic.'eontrole on glaciation levels. Ice
shelves are regarded as sea level glaciers, because of their accnmulation of
iiced firn (Marshall 1955). The advantage of oonstrugtmg the glaciation level
is that it represents local patterns that reflect present«' topoj}\matrc
condmons and these, in turn, should be relevant to the style of past
glaciations.

Mrller et al. (1975) reconstructed a glgc:latxon level map for the

;’; ¥

o
Canadian hrgh Arctic. However such m,s&{nall’%cale reproducnon naturally
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- Figure 2.6: Glaciation level for Phillips lnle#t and the Wootton Peniris‘ula
(solid line) and generalized topography (broken line with T prefix). Altitudes

in metres.



smoothed out local patterns. Their fnap portrayed a decline in glaciation level
from 1350m asl in the Grant Land Mountains to 400m asl on Ward Hunt Island. In
Phillips Inlet and .the Wootton Peninsula, the kglaciatic‘)p‘ level declines from

1100m asl in the Grant Land Mountains to sea level at Alert P'oint. The ‘a%“rupt '
decline in the glaciation level towards the north is interrupted by two ’cells

of high values centred over the south Wootton Peninsula (1067m) and the Dodger

Ice Cap (914m). The latter is a function of the large- fault-contrelled trough ’

' cogmecnt'ing the eastern fiord heads to the pass southwest of .the field area and

the main Inlet "l”nese considerable’ topographxc depressions contain large areas
that are well below the regional glaciation level (see T contours on Fig.2.6).
The Wootton Peninsula cell is especially high because of the deeply fretted -

relief. This precludes lower élevation summits from entering into the

" glaciation level calculation. The influence of the main Inlet and the south

Wootton Peninsula on the glaciation level is shown in Figure 2.5.

2.4.4: Ice shelves and sea ice.
Clearly the.ice shelves of the north coast of Ellesmere Island are
favoured by adjacentopen water, allowing accumu]atidn at sea level and by .

predominant foggy or cloudy conditions, reducing ablration rates. The Cape

. Alfred Ernest Ice Shelf (Fig.2.1a and Fig.2.7) is approximately 200km2 and is

a glacier/sea ice shelf cpmplex (cf. Lemmen e‘t al. '1988). The ice shelf exists
because of the protection offered by the natural indentation of the west
Wootton PeﬁjnSUIa feduc'ing the ice sﬁelf’s susceptibility to calving (cf.
Hattersley—Smith 1963; Jeffries 1986). Glacier ice Withip the ice vshelf.
originates from the Alert Point Ice Cap to the north and frorn the Woods and
Alfred glacier’s to the south The sea ice and glacxer ice components are

recognizable on Fnzure 2.7, Glacxer ice is delineated by morainic debris and

characterized by,mu’ted crevasse patterns. The surface of the sea ice shelf is

‘made conspicuous by its roll patterns which are oriented generally southwest-

L2
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northeast. A smaller sea ice shelf exists off Cape Armstrong and is
approximately 15‘.km2 in size. There are no data on the depths of these ice
shelves, but Prager (1983) has reported depths of 90m on the outer Milne Ice
Shelf which is fed by a sea level ice cap similar to the Alert Point Ice Cap.
Depths of 100m are characteristic of a-floafing ice tongue Swithirl the central
Milne Ice Shelf and these are r;aduced to <20m (the critical depth for ice
shelf classification) at the outef: edgé of the ice ;helf. |
Northern Ellesmere Island is S}Jrrounded by multi}—'year pack ice (Weeks *
. 1976). Maxwéll (1981) also reports that, during the winter, the fiords of
northefn Ellesmere Island contain fast ice in which second and multi-year
categories‘predominate. Moving pack ice occurs offshore and is composed of
§econd-and multi-year ice. Max;vell _d@éribes a "good" summer as 6ne in which
_the northern fiords and the Arctic Ocean contain second or multi-year séa ice
with a coverage from anywhere between tWo and nine tenths. The presence of the
moving pack iqe offshore -is responsible for large leads which appeér at ihe
_4 edgg:i_y}jf the ice shelves and at the mouth of the Inlet.r"'l;hese‘ are noticeable on
th’e".ll9510 and 1959 air photographs and were observed from the air in 1986 and
- 1987 (cf. Fig.2.7).

N
I



Figure 2.7: The Cape Alfred Ernest Ice Shelf and the Al
photograph mosaic from 1959: 1. incipient sea ice shelf:
3. glacier ice shelf; 4. multi-year pack ice; 5. moraine; 6
lead. ' : :

ert Point Ice Cap air .

2. sea-ice ice shelf:
. large offshore
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CHAPTER THREE
Theory and methods .

..... .on the present glacial covering of Ellesmere and Helberg

- Lands, it may be mentioned that the position of the marine-
terraces with regard to now existing glaciers indicates very
conspicuously that the glaciation during the last (in case.

there have been several) great submersion of the land- the
-highest sea margin in the inner part of Hayes Sound is some

600 feet- was not in any case of greater intensity than it issa .,ﬁ'
now, and that it has never since that period exceeded its B
present intensity.” Extract from P. Schei; Prelimirfary count

of the geological mvestxgatxons made durmg the secon
Norwegian polar expedition in the Fram In, Sverdrup O New
Land, Longmans, London, 1904

3.1: Introduction.

Reconstructions of former ice margins and palaeoenvironments on a macro
scale require multi;disciplinary research (cf. Andrews 1982). Theoretical data
(eg. glaciology and ié:e dynamics) must be checked regularly by empirical data
(eg. glacial geology and stratigraphy). There are two approaches to the
reconstructions in this stu‘dy: 1. the direct method of mapping the surficial
geology, landforms and s;'ratigraphic sections to determine gla¢wl style and
dvynarnics; 2. the inverse method of surveying and dating poétglacial emergence
to determine the pattern of glacioisostatic unloading from w_h.'ich oﬁe can infer‘
" the previous ice configuration. In this chapter the applicability of the first
approach to a) glaciai deposits and landforms and to b) glacimarine sediments
will be elaborated. Then the glacioisostatic approach involvingf()rrher sea

level reconstructions. will be discussed.

Wy

3.2: Glacial geology and geomorphology.

2

Extensive till sheets and well developed moraines are rare on'florthern i
Ellesmere Island (England and Bednarski, in press) hence former ice margins”®
have been mapped using the distribution of erratics',' weathering zones and

meltwater channels. Such criteria are often qualitative because wéathering'

rates in the high Arctic are unknown (Watts 1986) and erratics and rpeltwater"‘
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'Lchannels can be polycyclic. The most reliable chronology on past ice maréins
has therefore been obtained where glaciers contacted the sea, depositing
sediments that contain datable marine fauna (cf. England et al. 1981a; England
1983, 1985; Bednarski 1986) Nonetheless, many aspects of past and present
glacial processes remain untested in the high Arctic. These observations are
critical to fhe understanding_ of past glacml Style and dynamics in a
topographi_cally diverse terrain. This is especially true if the last

glaciation was of arestricted natdre because the glacial style would not be
radically different from that observed today. ”

Because the Phillips lnlet/Wootton Peninsula area is 60% glacierized it
represents an ideal environment in which to study contemporary glacial
landform/sedinrient assemblages and to integrate tliese‘with arallel studies on

?'vaﬁ

terrestrial and marine environments as weli as §5socmted p»rocesses such as

past glacial activity. Naturally, in such a field are; ves both the
glacioisostasy. E\"Iidence of former glacierization is abundant both in terms of
glacial landforms and sediments as well as widespread raiseQd marine deposits
that record former changes in the regional ice load. |

A Research Agreement was awarded to the author by the Department of
Energy, Min'es and Resources, Ottawa for rnapping the surficial geology of the
Phillips Inlet/Wootton Peninsula area. 'I:he surficial geology and glacial

geomorphology are mapped at a scale of 1:125,000 (Fig.5.13 and the units and

‘symbols are based upon those of the Geological Survey of Canada described in ‘

Chapter 5 (GSC Guide to Authors, 1980). Sediment assemblages from the

terrestrial and marine envrronments both contemporar«y andwanc:ient are
described in Chapters 4 and 5 using the liﬁiofames code of‘E’yles et al.
(1983) and Miall (1977). This code 1s used in the landsystems approach to
describe and interpret glacial landscapes (Eyles 1983). Radiocarbon dates
pertinent to the reconstruction of past glacial limits and deglaciation

patterns are presented and discussed in Chapter 5.
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3.2.1: The landsystems approac'h.

Based on sediments and landforms_.‘_at the rnargins of contemporary
‘glaciers, Eyles (1983) has identified a series of “landsystems".AA landsystem
is the largest unit in an ascending hierarchy of landscape classes. This
hierarchy consists of: 1) a land elcement, which is uniform in form and
material and is suitable for mapping at large scales (eg. a drumlin or kame);

2) a land facet, which is one or more land elements grouped as an homogenous
landscape and mapped at scales of 1:50,000 to %100,000 (eg. drumlin fielxd or
outwash plain); 3) a landsystern, which is a "recurrent pattern of genetically L
linked land facets" nfépped at scales of 12250,000. A landsystem has : \\3‘3
characteristic topograi:hy, subsurfaee sfratigraphy and sediments. s (1983)

has outlined three landsystems: the subglacial; the supraglaciai; and the

glaciated valley. The first two are designed lfor large ice sheets. The latter

T s most appropriate to this study because it is designed for mountainous areas
whe:e bedrock relief forces the gistribntion of ice to ferm glacial lobes.
HdWever; the glaciated valley lands;stem proposed by Eyles (1983) is based

upon temperate examples and should 'not be regarded as representative of high |
latitude mountainous environments. Observations around the margins oi‘ glaciers
in Phillips Inlet/Wootton- Peninsula were used to reconstruct sub-

classifications for ihe glaciated valley landsystem there.

A number of high latitude locations have been used to construct the
sediment assemblages fer the various landsystems, but Eyles et al. (1_»983) make -
nob references to high Arbctic glaeiers'. The only Arctic exampies of sedimenf .
sequences are from aro;md glaciers in maritirne Arctic environments such as
Spitsbergen and Iceland. Bonlton (1972a and b) has also used these sub-polar
glaciers to propose a model of basal thermal regimes where debris is entrained
by freezing-on (regelation) at the transition from warm- to 'cold—besed ice.

For southern Baffin Island, Dowdeswell (1986) concludes that ice in the
. ™. o .

o

.
T
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accumu)ation zones of tidewater glaciers is af pressure melt point providing a
source of basal meltwater for marginal freeze-on. Lawson (1979) reached the
same conclusions for the Matanuska Glacier in Alaska. Muller (1976) and
Hambrey and Muller (1978) havé used an extrapolatéd temperature curvé from the
White Glacier, Axel Heibérg Island, to suggest that debris—rich ;ayers and
ice-cored moraines at the snout are the product of freezing—o_n of debris and

its upward thrusting over clean ice.I These ideﬁs originated on Greenland
(Weertman 1961), were develdped later on the Barnes Ice Cap (Hooke 1973) and
have recently been applied to the basal ice/debr‘is' layers in the Agassiz Ice

Cap (Gemmell et al. 1986). Boulton (1972a and b) suggests that thick sequencés
of lodgement till are only possible under warm-based or ien*iperate conditions
whereas in sub-polar or cold-based glaciers thick accumulations of basal , -
debris lead to greater reworking and a preponderance of melt-out and "flow" -
tills. ’

Shaw (1977a and b) presents a model of entrainment and deposition from
the Dry Valleys of southern Victoria Land, Aﬁtarctica. According to this mvodel
the most effective process of entrainment is by frontal apron iﬁcorporation
which explains the high debris concen.‘trations in the basal ice without
invoking large scale basal freeze-on. Probably.the most impor?ant ¥

N ¢

4,
constructional process for end moraines in.th

- Arctic is that of

oy L

proglacial thrusting (Kalin 1972; Klassen 1982). ’fhe importance of this

process to glécial debris entrainment has never been inveétigated on Ellesmere

Island. Observations on four glaciers vwith proglacial thrust moraines are

developed'iﬂ Chapter 4 to construct the landsystems of Phillips Inlet and

Wootton Peninsula.

This vstudy also reporfs direct observations on debris within and

adjacent to contemporary glacier ‘margins. Furthern.lﬂore’, clé;st analyses; sd"ch as

*those pndertaken by Sharp (1982, 1986) and Dowdeswell (1986), were conducted

. Within three glaciers (twelve s@mpling points) in order to ascertain the mode

L8
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of clast entrainment. For example, Boulton (1978) used elast sh_apes as an
indioator of transport paths through a glacier and concluded that the more
rounded and heavily striated clasts must have been in traction at.the glacier '
bed more than once‘suggesting that regelation‘ was important. These clasts were
rounded, had "stoss and lee" or bullet-shaped morphologies and typify most
'>ou1ders‘ rn lodgement tills (Sharp 1982). In contrast, clasts derived from
‘ supraglacial or englacial positions are more angular because they were
transported passively through the g.lacier. Clearly if regelation occurs on a °
large scale then a large percentage of striated, rounded or stoss and lee
clasts would be encount‘ered Furthermore tills would represent a dominant
"surfrcral unit within glaciated basins. Seventeen clast sample points were
establrshed on drfferent surfrcral units in order to obtain representative
..clast' measurements The samplmg of tills provided an opportunity to assess
'the suhglacral condmons durmg previous glaciations. These measurements are
then compared to the twelve samples from within glacrers in order to assess
contemporary glacier bed conditions. The results of the clast analyses are
discussed .in Chapters 4 and 5. At gach sampling point fifty stones were
ex'tamined for‘striations Zingg shape _(‘Zingg-l'935) and Powers roundness (Powers
' 1953). The lrthology of each clast was noted together with stoss and lee forfns
and multrple strratrons (Appendlx 2).

3.3 GJ:lacimari':rxe sediments.

3.'3.1:»Introduc‘.tion.

Glac;rnarine stratigraphy is critical to the reconstruction of ice '
margins on northern Ellesmere‘lsland because the terrestrial evidence is
mcomplete and rarely datable Numerous papers on glacrmarrne sedrmentatron ‘
and stratigraphy have appeared durmg the last decade ‘}Jaut only two studies

have been completed i the high Arctrc (Bednarskr 1984 Stewart 1988). Because

‘many glaciers in Phrllrps Inlet/Wootton Peninsula presently termmate in or

N
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near the ocean, a general understanding of depositional sequences along
submarine ice margins is necessary. With respect to sediment availability, a
knowledge of terrestrial landsystems helps to explain deposmonal sequences

in the marine envxronment

3.3.2: Controls on glacimarine sedimentation.
Bednarski (1984) has identified two controls on the sedimentary f.ecies
of a high Arctic fiord: 1) the type and volume of sediment supply; and 2)‘
isostatic and eustatic adjustments. Several paper$ deal with glacimarine
sedimentation in 'fiord environments. Nelsgn‘ (1981) constructed a model for
e

Baffin Island fiords which involved three zones of deposition: a proximal zone

where high sedimentation rates and active calving occur; an intermediate zone,

1-2km from the ice margin, characterized by diamictons from melting icebergs

.and gradational suspension deposits; and a distal zone, 4-6km from the ice

margin, where shelf deposits and occasional dropstones predominate. The
proximal zone is subdivided into inner and outer sub-zones. The inner sub-zone
is characterized by melt out tills and ice contact, subaqueous fans at- or Just :
beyond the groundmg line. The outer proximal sub-zone is characterized by
massive silts and"fine sands with only occasional drdpstones because icebergs
vacate"'th‘is zone before depositing their debris. In the bi:iigh Arctic even the
intermedxate zone of Nelson (1981) could conceivably be within lkm of the ice

margin because multi -year fast ice and ice shelves restrict the amount of ice

~ berg calving and drift.

Powell (1984) has modelled a variety .of glaciers from floating valiey )

or outlet glaciers to ice sheets with frozen beds. Because cold-based glaciers

‘are most likely to form floating glacier tongues or ice shelves these are

~

included in Powell’s model. The model recognizes a sediment.assemblage or -
morainal-bank at the groundmg line Wthh includes interbeds of massive |

gravels and stratified and unstratified matrix-supported diamictons with

- ! ’ %
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‘Figure 3.1: Lithofacies characteristics at the margin of a fiiating
glacier/ice shelf (after Drewry 1986).
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occasional massive sands. Clearly most sediment is released at the grounding
line when glaciers terminate in the marine environment (cf.Drewry 1986, Chap.
13; Figure 3.1). As a result, grounding line deposits should be readily -
apparent inv the glacimarine record. Grounding line fluctuations are built into
the sedimentary faciesv models of,Powell (1981; 1984).' Because sub-polar
gléciérs have low activity indexés (cf.ﬁAndrews l975b) and may undergo only
° minor fluc,;tuations "during fu_ll giacial c%nditions, grounding line deposits may
take the form of morainal banks (Powell 1984). The amount of material
available for such a moraine bahk is controlled by tﬁe terrestrial landsystem
from which the fléating ice originates. Stewart (1988) has used the presence
of large sﬁbaqueous fans to suggest that fhe main tr:m in Clements
Markham Inlet ‘had a tidewater front during deglaciat;’on rather than an
. adjacent ice shelf. Such subaqueous fans mark the release of basally entrained
debris during deglaciation and suggest that englaciél streams pé€netrated to

the glacier bed (cf. Rust and Romanelli 1975; Cheel and Rusj 1982; Stewart
1988).

< None of the glacimarine depositional mQQdels discussed above considers
‘glacioisostatic and eustatic adjustments. Geophysical models based upon '
different ice load histories (cf. Farrell and Clark 1976; Clark et al. 1978;
Clark 1980, 19.85;"'::Quinlg:‘n and Beaumont 1981) predict two alternative
s¢enarios that m_ighg ocg:w on the northernmost coast of Ellesmere Island, each

depending on a particul History of ice extent. On the one hand, if pervasive

3]

ice extended onto the Afdtic Ocean shelf during the last glaciation the entire

field area would be charéﬂié';eri'zed by continuous and ongoing postglacial

emergence, because glacioiéb"é&aﬁc .Lloading would far exceed postglacial sea

level rise. On fhe other hand, if less extensive ice failed to inundate

Phillips Inlef/Wootto‘rfl Peninsula during the last glaciation initial )
po§tglacia1 emg{.\ggnce along the outer coast probably would be followed by

S ; »
. submergence in’ thedate Holocene as the forebulge collapsed (cf. Dyke 1979;
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see Appendix 3 for definitions). Therefure, the shape of the emergence curve
during the Holocene is indicative of the st>le of glacial unloading in a
particular an_ef‘ilwand this must be applied to our unde'rstanding of glacimarin_e

" sedimentation. However, the nature of the stratigraphic sequence within a

W,
1My

marine basin will vary considerably if glacial fluctuations have caused sea

cl’adjustments commonly in the order of 100m.

3.3.3: Glacimarine stratigraphy.

Sediment supply and eustatic/glacioisostatic controls .create complex
raised marine sequences. Bednarski (1984) adapted a previous sea level model
(Curray 1964) to portray a schematic section through raised marine sediments

l;'}%ollowing deglaciation (Fig.3.2). Prior to the deposition of class I
sedirhents, the site was occupied by glacier ice and therefore glacigenic
facies were deposited. Classification 1 (erosional reg;ession) includes
‘ sediments deposited when glacioisostatic uplift exceeded sea level rise
following deglaciation. At this time émergence_exceeded sedimentation rates
resulting iﬁ the dissection of uplifted glacial deposits and no beach,
formation. During thg deposition of sechiiments in classifications IT (mixed
erosional-depbsitional regression) and III (discontinuous depositional
regression) there was a decrease in rebound rate. This led to a reduction in
) \t‘ﬁ?;"emergence/sedimentgtion ratio and the occurrence of regressive wave-cut
bAelnches. Sediments in classificafion IV (depositional regression) are the
product of marine offlap. Such sediments form regressive beaches and deltas
because sedimentation rates kept up with the rate of emergence. Class V
(depositional transgression) sediments are deposited in the nearshore zone
during the immediate deglaciation of the site or during the later collapse of
the forebu‘lge. This involves a transgression rate equal to sediment supply
resﬁlting in a marine onlap séquencé. Sediments of classes VI and VII are from

deep water deposition immediately after,_c«i,eglacxatlon when transgression out-
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Fi%ure 3.2: Transgression and regression classificationis from Curray (1964)

and associated sedimentary facies successions as applxed to an Arctic fiord by
Bednarski (1984).

gy
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paces sedimentation. Classification VI includes a thin veneer of littoral
sands overlam by disContinuous marine sediments which dlsplay a normal
fmmg up, m'mne onlapisequence. Classification VII mcludes overstep marine
dep051ts. In Figure 3.2 this is portrayed by an unconformity between deep
water sediments and till.

The model reprouuced in Figure 3.2 was used by Bednarski (1984) to
explain. the deposxtlonal history of Clements Markham Inlet following the last
glaciation (Fig.3.3). During the last glac1at19n ice occupied the head of
Clements Markham Inlet where'typical sections reveal striated bedrock overlain
by till which is overlain in turn hy deepwater marine silts reccrding the
‘ ouerstep succession (section 2, Fig.3.3). These marine silts were commonly
exposed to subaerial erosion after rapid etnergence. At other localities the
marine silts were onlapped by deltas as sea level regressed in the presence of
high sediment influx (section 1, Fig.3.3). Following rapid emergence; lower-
elevation littoral sediments (sands and gravels) were deposited over the
m'arine silts (section 3, Fig.3.3). Beyond the margin of the main trunk glaeier
in Clements Markham Inlet the peripheral depressxon was occupxed by the full
glacial sea (England 1983). Throughout this area small outlet glacxers from

" adjacent uplands descended and locally terminated in the sea (FLg.3;3).

Con’éequently, the stratigraphy in sections 4, 5 and 6 (Figure 3,3) 1}

intercalated marine and glacigenic deposits which record ftué’t_u",
margins that either floated or calved in the full glacial sea. Su“
are typical of long-term groundmg line dep051ts or morainal ba
1981, 1984 McCabe et al. 1984; Drewry 1986 Chap 13). In subsequent
discussions, Bedng§§k1 s (1984) model 1$ used as a guideline in the

interpretations of the glacimarine stratigraphy in Phillips Inlet/Wootton

Peninsula.

_3.4: Glacioisostasy. f
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3.4.1: Introduction. ' '
Because comprehensive reviews of glacioisostasy and the interpretation
of e'mergence patterns are available *e}xéyvhere (cf. Andrews 1970; Bednarski -
1984) only a general outline is provided here. A glossary of terms relevant to
. this-section is availableb'iin'Appendix 3. This thesis,‘ in part, constitutes an
important extension of\the regional sea level history of northern Ellesmere
Island (see section 1.4). Such work attempts to reconstruct former ice sheet
con‘figuration_s through the inverse method of‘radiocarbon dating raised marine
shorelrnes whose elevations record the pattern of regronal differential
emergence. It is generally assumed that those areas where a given shoreline
-

has emerged the most coincide with the greatest amount of unloading, hence the

~thickest ice. (prror to deglacratron)

- 3.4.2: Methodology for reco'n‘struc_ting dgglacial and sea level history.
3.4.2.1:'Landforms.

! A yalid 'reconstruetion‘ of deglacial and sea level history relies
entrrely upon‘the correct 1nterpretat10n of raised marine sedrments and
geomorphology In order to construct relatrve sea level curves and isobases
strandlmes must\ be 1dentlf1ed ‘s.urveyed accurately and dated The following
methods o£—f1e"ld observatron measurement and collection’ were conducted in the
Phillips Inlet/Wootton Penrnsula freld.area. .
Former sea levels at any site are determined by meaguring the hei'ght o'f

raised marine strandlines, washing limits or-deltas. Although considerable

reworking of marine sediments may.occur by slope processes in areas of .

praw

precipitous relief (eg. fiord walls), undisturbed raised marine landforms are -,’
Y s ; \

c;ftelt eoncentrated at fio\rcl h2ads .and. othér lowland embayments . The outer lip
\

of a raised delta is'often used as the former sea level. An unknown degree of

error. rs mtroduced by usmg thrs approach because the lip of the delta may

' have retreated by\ back wastmg during postglacral‘ trme Bednarskr (1984) has
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suggested that kame terraces also may be misinterpreted as deltas: These
problems are countered most effectively by using several-criteria and a
variety of local sites to measure marine limits. Another problem may occur if
one mlsatmbutes a lower shorelme for the trye marine limit. For example, a |
delta may be burlt into a lower sea level_.durmg the onset of rapid retreat,
when sediments become abundant, whereas the true marine limit remains
unrecorded because of limited sediments during the early stages of -
deglaciation (England 1987a). In this case, the lower sea level may be

_ rnisinterpfeted as angjnd;cation of later deglaciation or lower postglacial
emergence. Similar problems may -occur when a pre-existing terrace is eroded to
a lower sea level and its ‘original fauna is misattributed to theYower and
younger sea level. .Finally, other problems occur when one tries to assign a
specific elevation to landforms which span a range of several metres and these

field problems are discussed adequately in Andrews (1970).

3.4.2.2: Surveyiné.
A Wallace and Tiernan aitimeter and a stand‘ard surveying level were-
. used in this study to measure raised marine strandl‘ines and deltas Because
the accuracy of an altimeter is pressure and temperature dependarLtK it is
'crmcal to recheck sxtes as many times as is logistically possible. Even \
though periods of stable atmospherlc pressure are common in the high Arctic, ‘
and rates of change often gradual, single altimeter'readinés can be in serious -
error (>10m). Therefore{pressure and temperature‘ corrections were applied. to
all ,readings. However, it should be stressed that arctic conditions are
. / .
vrrtually idea] for altrmetry In order’ to mcrease surveying accuracy the 14 .
’elevatxon of Tbase camp was levelled and this prov1ded an"accurate datﬁm at
the beglnmng and termlnanon of daily altrmeter surveys espemally when the g

camp was well lnland from _sea level. If possible, sea ‘levelreadings also were’ o

_obtained for calibzation of the altimeter‘throughout the"sur'veysl Co‘mfn’_only,. It ., L

o



has been reported that the altimeter is within b2m on levelled elevations-up
to 100m asl and within £0.5m at 10m asl (Bednars“iti 1984). The altimetér
provided by the Geological Survey of Canada was also calibrated in (Sttawa
prior to the field season. Tidal ranges are <50cm in Phillips Inlet and
because sea level readings are usually taken from high tide there may be a
small source of error when identifyirig the high tide mark. This is most

pronounced when measuring sea level on ice-choked shorelines which have

little wave action.

3.4.2.3: Determining postglacial emergence.

Once_ strandlines have been ident’ified and measured they have to be
dated acc‘urately in order to reconstruct an emergence curve. Problems in the
reconstruction of previous emergence curves f?cm northern Ellesmere Island
were the result of the incorrect use of dated shell samples (cf. England

1974c, 1976b). For example, the very steep emergence curves constructed by

Hattersley-Smith and Long (1967) and Lyons and Mielke (1973) were obtained by

 plotting dated shell samples at the elevtro where they were collected

Y o

yells live under water and

dglef@bn site {up to 165m

dxrectly onto the emergence ‘curve §
must relate to a sea level above the smg}}le ¢
acCoidrng to the depth range of Hiatella arctzcn and Mya truncata, Wagner'
:1969). Consequently it is critical to the reconstruction of an accurate sea
level h;s‘ltory that good stratigraphic control is obtained; Shells ¢ollected
from deltaic foresets or bottomsets are ideal fbe‘c‘au"se they .ca‘n be traced to o
the related sea level marked by the delta surﬁﬁce Otherwise shell samples in
.stratrgraphrcally 1solated sedrments (such as sxlt terraces) relate to sea
“levels. some unknown elevatxon above their c,o‘ll(ectron herght. Thereﬁrfre, they
can be used only as mmlmum dates on local deglaciation or initial emergence

o4 : s
(m the perlphegral depressron) : .- :

The accuracy m gating >f marine mothby‘thefl‘iC:ntethod ‘has been -

,. P . ,
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improved recently by the use of accelerator mass spectrometry (AMS); see
Appendix 1). Formerly dates were obtained solely on bufk sampfes or extremely
large single valves. With bulk samples the possibility of obtaining a blended

age (from a mrxed populatlon) is high if the shells are not in situ (cf.

Erigland 1983). '{‘h)s problem is compounded when dealmg with shell fragments
because any reworked, older material would produce a blended and possibly
anomalous age for the deposit. All of the samples submitted for C dating in '
this study were, analysed at the Isotrace AMS laboratory, University of
Toronto, enabling the submission of single valves. Although it is desirable to
submit shells collected in life position this is not always possible and

fragments are dated if whole valves were unavallab[e at 1mportant sites.
Moreover, by using AMS datmg additional fragments from the same site may be
dated in order to check the age of the deposit.

‘//. Driftwood is also useful both to date former sea levels and to estimate-
the history of sea ice severity. If driftwdod is embedded in a raised beach it
hkely dates that level because beaches tend to experrence little mass 7

_mpvement, thus preventing redeposition of the drrftwood ‘downslope. The VV
usefulness of driftwood in constructing detailed emergence curves*has been
demonstrated on southern Ellesmere Islan%(Blak‘e 1'975). Because driftwood has‘
a residence time of -only 20 years in the Arctic Ocean (Haggblorn 1982), it is”
also a good indicator of sea ice severity and can be used as a palaeoclimatic
indicator regardless of height above present‘sea'le\}el (Biake 1972; Stewart
-and England 1983) Driftwood was collected throughout the field arga but only

‘those samples thought to have remained in place: sxnce their strandrng were

submrtted for datmg Srmllarly,the remains of marme mammals (such as ., 1

whales) are a good indicator of past sea levels because most tend to beach

themselves before death or float for suffrerent txme after death for possrble

y

strandfng (Dyke 1979, 1983, 1984). ) S

- The next chapter returns to the theme of glac1a1 landsytems based upon
e i . . . i JE R . ICHE .
b e T . : ., . 2"

[l



observatjons on the contemporary glaciers of the field area. A general
landsystems model is constructed and used in Chapter 5 to complement the

<1
geomorphic and stratigraphic data.
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CHAPTER FOUR

Glacial geologic processes and a landsystems model for Phillips Inlet
and the Wootton Peninsula. .

*

"It was.a lofty hgadland, and the land ice which hugged its
base was covered. with rocks from the cliffs above. As I looked
over this ice belt, losing itself in the far distance, and

covered with its millions of tons of rubbish, greenstones, e

limestones, chlorite slates, rounded and angular, massive and
ground to powder, its importance as a geological agent in the
transportation of drift struck me with great force. Its whole
substance was studded with these varied contributions from the
shore; and further to the south, upon the now frozen waters of
Marshall Bay, I could recognize raft after raft from the last
years ice belt, which had been caught by the winter, each one
laden with its heavy freight of foreign material.
These rafts in Marshall Bay were so numerous. that, could they
have melted as I saw them, the bottom of the sea would have

* presented a more curious study for the geologist than the
boulder-covered lines of our middle latitudes. Extract from
Elisha Kent Kane's Arctic Explorations, 1898.

4.1: Introdu'ction _and‘glacier classifications.
The glaciers and physiography of‘Phillips Inlet/Woottonh Peninsula are
‘used to sub-classify a landsystem model (Eyles 1983) so that it is applicable

oy .

fét-'éi“reas of high relief. The glaciers are classified as: 1. transection

glaciélrs; 2. cirque glaciers; 3. piedmont glaci?érs; and 4. plateau ic;e caps.
The distribution of tiuese‘glaciers is controlled by the three physiographic
zoﬁc_és of the field area and the regional. glaciation level (Chapter. 2).
Transection and ¢irque glaciers are COncéntrated in Zone '1 of the south
Wootton Peninsula whereas plateau ice caps and p\igamont glaciers dccur in
Zones la (north Wootton Peninsula) and 2 (south of Phillips Inlet, Fig.1.3).r

Observations on 21 glaciers throughout the field area (Fig.4.1) are u.sed to

construct an overview of glacial geologic processes in this high latitude

- erivironment. The .locations and characteristic landform/sediment associationss

:‘of the different sub-landsystems are’then discussed. :

N . v . . . 5
4.2: Observations on glacial geologic processes. : =

t

The following secu’on's concern the nature of supragla'cialldebris,

. R : - T
- A



Figure 4.1: Map of glaciers used in the analysxs of glacxal geologic processes
and the construction of a-landsystem model. The following are unofficially
named and referred to in text: 1 Alfreds; 2 Woods; 4 Tidewater; 5 Hidden; 6
Dogleg; 14 Badweather; 15 Kipper; 16 Puddmg, 17 Yienna; 18 Muskox 19
Deceptxon 20 Terrnble 21 Endeavour '

N
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mechanisms of debris entrainment and processes acting at the glacier margins.
Each is discussed prior to the development of a landsystems model for the
area.

4.2.1: The supraglacnal system.

Although there was considerable climatic vanabxllty durmg the summers
of 1985-1987, large amounts of supraglacial meltwater characterlzed all three
seasons. Investigations on the surface of Tidewater Glacier (a
transection/floating glacier, Fig.4.1) revealed a close relationship between
its medial moraine and crevasse fillings in the ablation zone (Fig.4.2a). The
g/iacier surface is heavily creyassed across its lower 7km and supraglacial
streams are consequently short. A sxhall t_ributary; glacier coalesces wiih the
floating snout forming a medial moraine some 2km long between the two
glaciers. This zone of coalescence serves as a meltwater conduit and as a
result the moraine has been f}uvially reworked, sorted and redeposited in
creva_:ss,e.s. In some places on the glacier surface ablation has led to
topoér'aphic re\}ersai and faultgd bedding can be observed in the resulting ice-
cored sediment cones (Fig.4.2b). Cones (<5m high) consisting of coarse,
angular slate are present on the sburface of Muskox Glacier (Fig.4.1). Here

foliation and debris bands rise to the glacier sufface due to compressive flow
| at the snout This materxal is derived from- steeply dipping slate bedrock

whxch forms a 150m wall above the accumulation zone. Consequently, rockfalls
are carried englaciaily and reappear at the glacier surface below the ELA. Thg
deposition of supraglacial cones and kames by former glaciers is invalu‘ablg"to
t_he reconstruction of pa{;ieo-ELA’s (Andrews 1975b).

, In'_t'hé absence ofvexten‘sive crevasses, meltwater channels meandér .

across the glacier surfaces. Because most of* the glaciers have steep or ’
cliffed margins, supraglacial or ehglaci_al _meltwéter exits as waterfalls. The
mode by which meliwater streams exit is,imbo»rtant to the redistribution of
( dle:brfx‘s‘ at the shdut. At the snout of Pudding Glacier (Fig.4.1) a 'supraglac.ia'l

-~

. “
N .
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. Figure 4.2: Above; part of air photograph no. A 16724-76 illustrating
Iidewater Glacier, its tributary and resulting medial moraine~Scale bar. is

. "1Km: Arrow denotes position of photograph below. Below: stratified sands and

; * gravels formerly deposited in a crevasse along the medial moraine and now

—. o topographically reversed by ablation. Pack and ice axe for scale o

-
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stream is cutting down through the ice cliff depositing large amounts of
coarse bedload within tight englacial meanders (Fig.4.3). {\bandonment of these

bends provides small concentrations of gravel for later reentrainment which

can subsequently deform the material in en'glacia;l' folds.

4, 2 2: lDe{ms patterns within glacier margins.

Debrm concemratlons at the margins of the glaciers in the field area
occur as: l debrls bands of varying thlckness that become attenuated down
glacxer (Fig. 4 4); 2. debris clots or augens which are often smeared or
‘.f’bi'd_’,e_d; and 3. debris-poor folia which are ‘dispersed througl}but the glaciers
and.express internal flow patterns. Basal ice, observed in th; cliffed
margins, always becomes dehris-poor up glacier and coarse debris terminates
well below the long-term ELA:. In the snbuts of many glaciers single narrow
_ bands characterized by large concentrations of the above debris have been

brought to the ice surf{ac‘e by compressive flow. These bands occur ub to lkm
up—glacier of the snout clif f's. iy

The debris bands (1) are concentr;ted predominantly in the basal ice
layers. The debrls bands are 1rregularly spaged contain gravels sands and
silts in varying concentrations and rarely@'enetrate the ice cliff more than
50cm horizontélf;‘. In most glaciers the debri's_zbands are more abundant at
lateral marginé (1 on' Fig 4.4). Furthermore, theS}; often cut across folia and e
become less abundant both with height at the snout and up- glacxer Debns
_concentrations in these ‘bands are estxmated it <40% volume. The debrls bands
constitute the basal zone in Lawson’s (1979, p.6) idealized ice facies modei
whereas the debris-poor folia (3), with occaSional discontinuous debris 'bands,
likely represent the diffused englacial zone. Further comparisons thh

Lawson s model, notably the twofold subdivizion of both his englacnal and

basal f:mes are consxdered mapproprmte for the field area because they are

not readm identifiable.



G

Figure 4.3: Supraglacial stream cutting dgwn through the sfiout of Pudding IS
.. . Glaciegin serjes.of tight mednders” Debris has been deposited in abandoned

- meanders and is now being reentrained and folded hy glacier flow
perturbations. Tim Fisher at left for scale. '
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- Figure 4.4: Idealized sketch of a piedmont lobe (with no proglacial thrusting)
itlustrating positions of 1. lateral debris bands; 2,"3ugéns; 3.'supraglacial
debris cone; 4. frontal debris. bands; 5. waterfall debris piles; 6. calved
blocks/aprons; 7. thermo-e¢osional niches cut by lateral’streams and an
associated ice marginal pond. ) ’

-
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Augens (2) occur at many levels rn the 1ce but again are Iargely
concentrated near the base (Fig.4.4). 1i’hey contain a variety of sedrment
rangmg from coarse angular debns to fine sands and silts, The degree of ,
sorting varies consrderably The augens do not display a consrstent internal t
structure and contain <10% ice (th 4 5). Material from augens and debris
bands has been observed slumpmg or falling out of the ice face. In some cases
the materral has been completely removed from the ice (Fig.4.6). If this
debris/falls on stagnant ice then ice-cqred cones form at the glacier'margin !

Apron entrainment, as discussed by Shaw (1977b) _is apparent where
drstmct re- entramed ice blocks, contimmg drspersed debris, occur. m the
basal ice zone (Frg 4.7). Above these re- entramed aprons, at the JUHCUOH of
the overriding ice, debris bands contain a variety of grain sizes, including -

: cobbles"’and large sub angular clasts.

The amount of debris entrained varies from glacier to glacier, even
between glaciers of similar proportlons substrates ahd basin _characteristics.
'Possrble reasons for this will be addressed in section 4.3. Twelve samples of
50 clasts were taken from ice facres within the Endeavour Terrrble and Dogleg
glaciers (Frg 4.1). Another seven samples were taken from material immediately

adjacent to these glaciers (Appendrx 2) in order to determine possible
‘v-relationships.between br()‘glacial processes and glacial entrainment.
. X . ) - L .
‘ 4 ,2 3 Contemporary proglacial processes. . i .
» The most actrve processes observed at the glacrer margins are fluvral
,(Frg 4, 4) SupragIacral meltwater fallrng over the steep margms provrdes
v ’debrrs for proglacral meltwater streams These streams have been observed

’cuttmg mto the glacrer margms and drsappearmg for up to 20m- before exmng

agam Thxs undercuttmg leads to rce block detachment from the snout and ice ‘ .

apron accumulation causmg mxgrauon of proglacral meltwater channels

' V(Fxg 4.8). It 1s apparent that lateral'mcrsron by meltwater streams at the
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silt) and high up (coarse clasts and gravels) in the snout cliff. Note the
ucture which possibly represents the fine;




Figure 4.6: Augen structure contaihing gravels and sands at the margin of Musk":
Ox Glacier. This structure has completely slumped:out to form an ice-cored -
mound on the-ice step. Ice hammer arrowed for scale. : ‘
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Figure 4.8: Lateral incision and ice block collapse
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&
baSe of the xce margm cuts an ice step over which the stream can mrgrate
Thxs ice step can be burxed by stfream aggr.adatlon or downcut further by stream-
| :degradanon Where“a part of the ice step or stream bed represents a short-
lived plunge pool ors slac”k water sectron an ‘ephemeral pond may collect
sedrment Such ponds were observed in front of Muskox and Terrible glacrer 3
where they ha‘d cut thermo erosronal niches into the snout cliffs (Fig.4.4).
Provrdmg that these ponds are farge :rnough pockets of sands and silts may
collect. Dram(age of these ponds can leavo.pxce -cored sand/silt cones: or drapes
(Frg 4.9), Srmrlar protection of underlymg ice is afforded by the bedload of
abandoned margmal streams Ice- cored debris mounds also result from abandoned
waterfall debris (at the margins of glacrers with considerable supraglacial
debrrs), slumped augen structures; and the slrdmg of supraglacral cones\ onto ~
ice steps Such an ice-cored cone was observed t}amally entramed at the
margin of MusRox Glacrer (Fig.4. 10) Ice steps are permanent features of-
advancing glacrers with proximal margmal melt“{ater channels and they are
consrstently buried by dry calving.

Stagnant buried ice is evidernt beyond several glacier snouts
(Fig.4.11). A larg'e. amount of stagnant ice depositdd from recurring ice
avalanches also occurs beyond an outlet glacrer draining the south Aviator
Ice Cap (Evans and Fxsher 1987). Because northwest Ellesmere Island is.in the
'zone of contmuous permafrost where the active layer is <lm, it would take a
. consxderable cllmanc change to melt this buried 1ce Burred ice is also _
' present at the inner margtns of the thrust block belt that wraps around tthe :
snout of Muskox Glacrer (see below). Here a large number of ice- cored cones

on the thrust block scarps are .meltrng outand collap_s._,rng.

4.2.4; Contemporary glacitectonic structures‘ and assoclated sedlments
4.2.4.1: Deflmtrons. .'

. Proglacially thrusted landforms aref-"inlvariably termed "push moraines"
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Figure 4.9: Sand/sikt drabe o

ver stagnant ice at the margin of Musk Ox

Glacier. Material was originally deposited in an ice marginal pond or slack
water eddy on either the downwasting snout or a fluvially cut ice step.

Figure 4.10: An ice-cored debris cone in a position of partial entrainment at
the margin of Muskox Glacier. Note the thin veneer of debris and its

-cohtinuation into the face as
clean ice below.

an undulating debris band and the thick band of
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Figure 4.11: Stagnant ice displayin

the margin of Endeavour Glacier,

g recumbent folds and buried by alluvium at
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v
~ in the-literature (cf. Embleton and King 1975; Sugden and’John 1976). A
present INQUA Commission on the terminology of lantiform and till genesis has
_included "thrust moraine” as a form of "under-iee nloraine" and "puSh moraine"
as an "ice marginal” feature raised and deformed by ice edge thrusting; In the
high Arctrc thrust' blocks are not "under ice" features Rather, tf::y are

strictly ice mar'gmal; Furthermore, beeause the dominant procets involved in

~ the construction of the high Arctic examples is proglacia! block thrusting, a
more appropriate ‘morphogenetic term "thrust block moraine" is adopted here.

This terminology has been. used previously. by Andrews (197Jb) and Embleton and
King (1975). S ’ .

4.2.4.2: Processes. h : ! o "

The shear strength of aAm_aterial is increased considgrably when it is
frozen and therefore original sedimentary stru'ctures.can be preserved
relatively intact within thrust block moraines. Thrusting occurs along a
suitable decollement or failure plane and this may coincide.with the base of
permafrost where the pore water pressure is at its highest (cf. Mathews and
Mackay 1960 Banham 1975) However,”in the hrgh Arctic permafrost depths
exceed 450m and therefore decollement must occur along3intra-permafrost beds
. such as clay rich-layers (\r'hiéh\can remain plastic below freezing
temperatures) or along segregated ice leénses. Thrusting can occur also thxough‘
“the failure of ice wedges in proglacial sandar-(Klassen 1982). Shaw (1985)
presented a simplified Couiomb equation to explain glacitectonic deformation:

S—C+'(P -P)tan'() . '
. where S is shear strength (kpa) .C is cohesive strength (kpa) P
| overburden pressure (kpa), xs pOre water pressure (kpa) and tanO is the
coefficient of sohd fnctron Apphed glacier shéar stress must equal or .

~ exceed S in order for farlure to occur.

N
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Dogleg Glacier and Pudding Glacier are present

2

4.2.4.3: Observations. ' ®

Many of the piedmont glaciers act a% outlets to plateau ice caps and

1 Where they descend through ice falls generate some severe longitudinal shear .

stress gradlents The thrust block morames and sediment assocratrons at four

.such glacier snouts are drscussed here. Alfreds Glacier and Muskox Glacxer are

presently undergoing minor retreat from their t§rust block moraines whereas
y-advancing over thrust blocks
S Alfreds Glacrer is a transectlon glacier approxrmately 20km long and 3-°

ily crevassed snout debouches into the' Arctic -

* ‘Ocean and forms th N component of the Cape Alfred Ernest Ice Shelf The

northern edge of the g™
2km long and 5-20m high, thrust block moraine comprrsed of a single arc
(Fig.4.12). It is not known whether this moraine originally stretched along
the frontal margin of the glacrer but other moraines occur at the outer edge
of the ‘glacier ice shelf (see Fig.2.7). The eastern sector of the thrust block

morame (E, Fig.4. 12) contams a lSm high section of stratified glacrmarme

- sediments with numerous dropstones and prolific Astarte borealis in growth

position. Overlymg the section is 5m of coarse, crystalline cobbles and

- boulders. There is little mternal disturbance of the thrust block and the

sedlmentary beds dip 15-20° southwest. A braided stream fed by proglacial

meltwater exrsts behmd the eastern sector of the moraine. In the centre of

" the thrust block morame (C Flg 4 12) a drape of cobbles and boulders '

obscures the glacrmarme sedrments Complex thrust ridges mdrcate
drsplacement perpendicular to the ice front in addition to the-overall
parallel trend. The western sector of the thrust block moraine (W, Fig.4. 12)
.rs the most drsrupted and lowest in relref and it 1is entirely covered n
coarse debris. The outermost extension has been detached and displaced

westward around Cairn Peninsula by glacier flow. Considerable seq ., i

ier 1mp1nges on Cairn Pemnsula where it has formed a '

reworking is occurring between the thrust block moraine and the ‘glacier snout.
7 S !

-

g

]
Qo
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Fxgure‘4 12: Map of thrust block moraine and assocnated geomorphlc features
: around the margm of Alfreds Glatier. .
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) _,'~ B
Two ponds are dammed between the ice margin and the central and western
sectors of the moraine. Debris piles border the ponds and these appear to be
redeposited from both\ the glacier-and. the thrust blocks. o |
Dogleg Glacrer is approxrmately 8km long dand 1.5km wide, occupytng the
upper reaches of a valley north of Wmd Gap The main lobe spills over a col
" into Wind Gap where it is presently overriding a 20m hrgh block of braided
_ outwash (Fig. 4 13). No other thrusted blocks occur dxstal to the snout. The
s¢dimefitary beds of the block dlp 20 25° (to the northeast) provrdmg clear -
evrdence for glacral thrustmg The glacrer snout- itself reveals a transrtron
~from relatrvely clean rce facres at the top to. basal debris- r1ch ice . and
frozen alluvium at the bottom Clast sample ‘nos. 24-7- 8701 to 24-7- 8704‘ were
_;..taken from the 1ce clrff and from the thrusted alluvrum (Appendix -). Because 1 i
of the mstabrlxty of the thrus‘t’ blocks mass movement is wrdespread (debrrs |
flows and rock falls) Furthermore waterfalls from the ice clrf. are. .., R
reworkmg the thrust block and constructmg alluvral fans on its surface In X j/}
v several places ice blocks have dry-calved onto the surface and the toe of the
thrust block The northern margm of Dogleg Glacrer is presently advancmg
‘over a bedrock rrdge with a trll veneer and thrustmg is not occurrmg
Muskox Glacier 1 15 a predmont lobe 3km lons and 1.5km w1de at the snout .
' '(th 4 D). It is. fed by a plateau 1ce cap and consequently there 1s strong
‘ compressrve flow pear its snout with folia drppmg 45 up- glacrer Thrs fact _
. togetl\er wrth the constricted nature of Muskox Valley, has produced ‘the most
" extensive thrust block morame in the fteld area (th 4.14), Thrs moraine was
| 'orxgmally 1dent1f1ed by Kalm (1972) usmg air photographs Two sets\of
. arcuate thrust ndges 10 20m hrgh wrap around the glacrer s eastern margms
(Frg 4, lS) The two Sets are separated by a meander m the upper Muskox River
‘ Jich” may have drsrupted a once contmuous thrust block belt. The thrust .

blocks are composed of bralded outwash and the beds dip between 15 25° towards

the glacrer There 1S consrderably less overburden of coarse debrls than on

‘A



Figure 4.13: Dogleg Gldcier and its thrust block moraine in W

LI

ind Gap.
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Figure 4.15: Photo
the air. .

graph of Muskox Glacier and .its thrust block moraine from
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. the thrust block morames of Alfreels and Dogleg glacxers A 1959 air o
| photograph reveals that the glacrer was th’tn in contact w1th the inner. thrust
blocks along :ts southeast margm Smde then the snout has thmned and a
meltwater stream has cut back mto the snOut l)urmg the summers of 1685 and
\;986 two ponds occupred the space betWeen the mner thrust blocks and the
nout.. The lower pond was the result of flopdrng by the marn rtver at 1ts peak
‘summer discharge. ' e n e
Meltwater from the upper pond has excavated a tunnel thrpugh ice within
one thrust block Prevrous higher water levels“ for the upper pond are
ev1denced by sand/srlt drapes over stagnant 1ce blocks (Frg 4.9).: The lower
thrust‘b ock slopes have ‘been reworked into small alluvra\,@ns Wthh grade

mto fan d ftas in the upper pond These deltas, together wrth debrrs flows

\\ derrved from partrally submerged 1ce cored cones, send sedlment out mto the

mrddle of the upper pond The lower pond although more ephemeral, recexves o

more ice- rafted sedrment because of the adJacent clnff in the- debrrs charged

snout. . i

Al

> -

Puddmg Glacxer is a predmonf lobe 7km long wrth a snout 3 Skm wrde
damming a small lake (6. 25km ). The lobe is fed by a Dlate u ice cap 840m
above its snout. Part of tlre snou‘t is overndmg a series of thr{tst blocks

5m high and composed of glacrmarme srlts w1th m situ Hzatella arctzca
. shells (Frg 4, 16) In contrast a lOOm long sectron of the snout, overlymg :

| bralded outwash has farled to thrust this. matertal Bedrock outcrops in
several places on the sandur surface thus explammg the absence of a large—'
scale thrust block’ morame The,glacrmarme sr‘lt blocks drsplay varrable |
drsturbance and -are contamed wrthrn lOm of> basal debrxs rich 1ee In this’
basal 1ce reenttained rcé and silt blocks are- commonly mterspersed Clots of

*"t marme sxlts contamxng shells also occur in ‘the basal debrrs rrch ice. Some |
of_,_,the txlts have been attermated and folded rn assocxatton wrth 1ntense t‘low

h¢ . ~

perturbanons m the basal rce (Flg 4.17). Oceasronal blocks of marme srlts

/ s
a

£

G
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Figure 4.16a: A thrusted slice of marine silt, including shélls in life

position, at the base of Pudding Glacier. A

lens of cobbles overlies the silt

.and could represent former outwash and/or supraglacial gravels deposited by a

waterfall. The slice overlies a reincorporate

d apron of calved ice blocks and

debris and a partially overridden thrust block of marine silts is visible in

front of Tim Fisher. |
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Figure 4.16b: A possible ekplanation for the occurrence of thrust slices in
basal debris-rich ice (see Fig.4.16a). Tl=proglacial thrusting; T2=initiation
of secondary decollement; T3=movement of thrust s!ice over apron.

T1
D=DECOLLEMENT ?




Figure 4.17: Intense folding in the basal debris-rich ice of Pudding Glacier.
Glacier flow direction is from the left and out from the photograph.

89



with‘ overlying gravel beds, have been tiirust over stagnant ice bloct's and show
ino signs of internal disturbance (Fig.4.l6). Other blocks are heawvily : iulteq
and contorted. Ofther debris concentrations, generally <lm thick, are composed
of grain sizes ranging from roundedv cobbles to silts. These bands often
"pene.trate_ the ice horizontally:to depths >Im ;md are associated with
attenuated beds of marine silt. In some plaées the bands have been transported
- upward within the glacier into faster moving ice. This is caused by
compressive flbvi/ while the glacier overrides thrust’ blocks and ice aprons.
Such irregularities at the bed set up flow perturbations which can penetrate
overridden matérial (Hudleston 1976).
Considerablé sediment reworking is occurring at the snouts of all the-
glaciers involved in the thrusting of proglacial debris. Debris flows,
alluvial fans and rock falls from the entrained‘a.nd overridden material are
common. Waterfails, from supraglacial meltwater, rework and contribute further
sediment at the ice margins (Fig.4.3). Dry calving is also active and
effectively buries debris at many locations. Pro’glécial meltwater streams are
lesS effective in sediment re'working at the snout than they are up-ice. This
is because the strearn bed becomes less confined by constraining bedrock walls
and water is redirected away from the ice face vbyréalved ice blocks and debris

piles. ‘

4.3: Interpretations of glacial éeologic processes and a landsystem
model. - |
4.3.1: Debris entrainment.
- Observations on clasts (cf. Appendix 2) are of importanc_e to the
interpretation of glacier bed conditions. For exﬂample, stoss and lee forms
suggest active lodgéme_nt processes (Boulton 19.78'; Sharp.1982). Successive

episodes -of melting and regelation at thé glacier bed tend to lead to greatér

rounding znd less sphericity. There. is also an increase in blades and disks

90



and multiple striations (Boulton 1.978). Comparisons of clast shape and

roundness are most appropriate within single drainage basins because clast -
lithology may affect both parameters considerably. In a geologically variable

area like northern Ellesmere Island comparisons between drainage basins are
inadvisable, Here comparisons are made b_etween clasts from within the glacier i
snouts (9 samplés) and those from ice proximal or ice contact material 9

samples). Eleven of these samples were collected from. within and around the
snout of Terrible Ciacier (Fig.4.18). Of the remaining seven samples, three

were from within and around Endeavour Glacier and four from within and around
Dogleg Glacier. Although there are some anomalies, the data can be summarized
as follows. At the snouts there 15 consrderable similarity in stone shapes

between cones on stagnant ice, cones on the glacier surface and entramed

debris. Aloeng ii: glacier margins there gre also striking sTmilari ]
samples from ice marginal fluvial material, partially entrained or overridden
gravel terraces and basal gravel lenses. However, one sample from an augen in
the englacial banded/basaf dispersed ice facies of Terrigle Gl'acier displayed
some increase in angularity and a reduction in spherrclty, probably as a

result of derivation in the supraglacral system up-ice rather than basal

traction.

Of the 1450 clasts measured, 130 (9%) had striations and 24 (1.7%) had
stoss and lee forms. Of these, only 39 (2 7%) and 5 (0.4%) respectively were
directly from the glacier snouts. Hence 91% of the clasts measured showed no
direct evidence of glacial modrfrcatron The glacio-dynamic implications of
these data will be discussed in Chapters 5 and 6. Multiple striations were
noted on only 67(0.4%) clasts 1 being from a glacier snout. No significant
increase in blades and disks was observed between ice marginal and entrained \
debris. These statistics suggest that there are no successive epxsodes of
melting and regelation at the glacier bed. Moreover, all of the clast data

suggest that material undergoes little modif ication during entrainment and

.91
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that it is transported passively by the Phillips Inlet/Wootton Peninsula

glaciers. This is important when interp'reting and mapping tills in the field

area. Furthermore any increase in the number of clasts dxsplaymg glacial

e <

}

—

modification within older tills would suggest that glacial thermal regimes
were.much different durin% past glaciations.

‘ Up-—glacier dipping folia, containing fine parti&es and occasional
pockets of coarse debris (diffused and banded facies of Lawson, 1979) were
observed on the Phillips Inlet/WOotton Peninsula glacier snouts. Whether or
not these are a product of regelation and/or aeolian deposmon and rockfall .
in the accumulation zone, cannot be determined from observations made in this
study (Fig.4.19):

- There are at.least five possible origins for the augen structures
observed at glacier margins. First, augens in the upper ice layers might |
represent sed ments deposited by englacial streams‘(cf. Gilbert et al. 1985).
Augens exposed at the ice face, may represent cross sectiOns of such englacial
pipes that are now being attenuated. 'Sec.:ond, this debris could ha\)e been
deposited byvsupra‘glacial streams and rockfalls into crevasses in the ablationb
zone, crevasses that have since ‘elosed. If: this is correct, then a wide range

of grain sizes, either internally or from angen to augen, would not be

unusval. Third, debris within augens may have been deposxted in meander bends

that were later abandoned by mxgranng supraglacxal streams Fourth, augens

= <,

. exposed in the lower debris- rxch ice may represent accumulations within

former plunge pools or the meander bends of marginal streams. These plunge

pools and meanders often 'cut back into the ice and debris is deposited in the

/-Vresulting hollows and niches. Augens originating from these sources would

likely consist of poorly sorted gravels and cobbles. The relationships between
marginal streams and’ entrainment processes is discussed below. Stewart and
Bednarsk: (1986) have suggested that basal crevasses are important conduits

for supraglacial and marginal streams and therefore these crévasses act as
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Figure 4.19: Cone of coarse, angular slate with rising folia at the snout of
Muskox Glacier. Glacier flow is from the left, :
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sediment traps. No basal crevasses have been observed in the glaciers of the

field area but\thls does not rule out their possible role in entrainment

processes. The fifth 2xplanation of -augens involves the reentrainment of ice-
cored mounds, aprons and stagnant ice. Ice-cored mounjs originate at the ice
margin or on ice steps where the sediments f rom abandoned streams, drained or

> frozen ponds, slumped supraglacial cones and augens and. waterfall debrls

accumulate

»

A large cave at the snout of Endeavour Glacrer revealed "clean" ice

, wrth debris- poor folia directly overlymg bedrock (Flg 4.20). Elsewhere the

snout has ad\"anced onto gravel terraces which were deposited over stagnant ice

durmg a period of glacrer recession (Fig.4.11). Subsequent overriding of
prd
these ice-cored terraces has led to the incorporation of three augens, v

approx1mately Sm in dlameter m the snout cliff (Flg 4.20). Aprons composed k

~

of fallen 1ce blocks may accumulate debrrs from waterfalls or may have

]

originally fallen on other debris. After reentrainment all of these features

' will appear as basal, "cle'an" or debris-poor ice overlain by augens and/or

dlscontrnuous debris bands depending on thé amount of debris cover (cf.

Frgs 4.7 and 4.16). The occurrence of such augens in a glacier snout clearly

' ref‘lects glamochmauc change. . .

Fluvra’l activity has been recognized as (a'dormnant transport ‘mechanism
in the ice marginal environment (Maag 1969; Selby 1972; Evenson et al. 1986).
Evenson et al. (1986) suggest that fluvial transport delrvers more materral to
the glacrer snout than any other process, especially in areas of moderate to
hrgh relief. Because meltwater deposrts most materral at the glacier margxns :
it clearly plays a major role in the subsequent entramment of glacial debris.
This is especially true in the Canadran high Arctic where long winters__without
melting :llow glaciers to advance'and reentrajn ice marginal debris. Many
debris bands at the lateral margins of the Phrll:ps Inlet/Wootton ‘Peninsula
glaciers (Fig.4. 4) are 1nterpreted as reentrained bedload because 1) the

“ . b

»
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Figure 4.20: An explanation for the origin of gravel augens in the face of
Endeavour Glacier (see text for description). The size of augen is dictated by
the amount of retrogressive thaw and slumping of the ice-cored terrace before
and during incorporation. The debris'could be preserved in the glacier as a
basal debris band. : : . :

+
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sediments are often stratified sands and gravels which show a striking
similarity to proglacial smaterial; 2) these deposits pinch and swell along
their lengths; 3) they become less abundant up-glacier; 4) they are
concentrated in the basal ice layers; 5) th;y are irregularly spaced, both
vertically and horizontally; 6) they rarely penetrate the ice face by>mdre
than 50cm; and 7) they cut across the diffused and banded facies and f'oliaSat
the snout (Fig.4.21). This reentraghment may involve an annual cycle caused by
meltwater incision into the ice face during the summer followed by freeze up
and incorporation during the winter (cf. Harris and Bothamley 1984). Large
concentrations of debris may represent meander bends, abandoned terraces,
ephemeral pools, or superimposed waterfall debris piles. Alternatively, these
large ooncentrationsvc'ould represent soveral years of accumulation along a
stable ice margin and may not be annual deposits. The build up of "inwash" at
N

the ice margin may bury and protect wasting snouts from later melting and
sublimation_-(Evenson et al. 1986). This is a potential source of ice-cored
mounds for reentrainment-during any future glacial advance. The palaeoclimatic
implications of these interpretations will be addressed in Chapter 6.

| Apron entrainment is common at the snouts of -glaciers in the field area
and it takes on a variety of forms. Indeed the reentrainment of any of the

deposits outlined above would constitute apron entrainment.

(]
4

- 4.3.2: Glacial tectonic processes and vsediménts.
Proglaci_al thrnsting is favoured in those areas where; 1) a suitable
-+ expanse of deformable sediment is available; 2) the s afinates in a
restricted valley; and 3) ice impinges upon a topmt least one . -
of these nlust be satis_fied before thrusting is initiated. A two-stage model of
glacitectonism proposed by Aber (1982) is considered to be the most

appropriate for the Phillips Inlet/Wootton Peninsula field area. The

" proglacial thrusting and/or stacking at all four glaciers has occurred in the

98
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Figure 4.21: Simplified time-sequence diagram of lateral entrainment of
marginal stream bedload (vertical scale exaggerated). "A" is at the end of the
summer season where the meandering stream has excavated three thermo-erosional
niches/scour pools and a waterfall has excavated a plunge pool. Glacier
extends below the stream bed level because of the cutting of an ice step by
lateral stream erosion. "B" is at the end of the winter season. Ice flow
within the snout has displaced the bedload deposited in the scour pools in the
ice face upward from the stream bed level and down glacier. Note that the
entrdined debris cuts across debris-poor folia/flowlines. The ice step may be
either destroyed or buried depending on whether the stream bed degrades or
aggrades. Burying is also facilitated by dry calving if undercutting by the
stream leads to slab failure of the ice cliff. Some debris may slump out from
the niches or may be reworked if the stream bed aggrades. The positions of the
niches and plunge pools at the end of the previous summer are shown by a
dotted line in "B".
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proglacial stress field (Rotnicki 1976; Van'der Wateren 1985). This has been
followed in some cases by overriding and therefore subglacial shearing and
penetratxve deformatxon of these sediments. Furthermore, flow perturbatxons
‘have been set up in the debris-rich basal ice of Dogleg and Pudding glaciers
in response to this overriding. Dogleg and Muskox glaciers have thrusted
coarse alluvium, the former having entirely overridden its thrust block
moraine. On the other hand, Muskox Glacier 1s undergoing minor retreat and it
has achieved nnly partial overriding of the innér thrust blocks after
initiation of the moraine belt. Alfreds and Pudding glaciers have thrusted
predominantly glacimarine sediments, the latter havmg overridden and reworked
its thrust blocks. Alfreds Glacier is undergomg mmbr retreat from a much
larger thrust blpck mqrame over which it deposited a blanket of coarse
crystalline erratics d'erivedvfrom the mountains to the south. The complex
thrust xlidges in the centre of this moraine indicate that proglacial thrusting
can disturb and reorxentate blocsl?s The western sector of the thrust block
rnorame of Alfreds Glacier has been fragmented and carried into the ocean.
Overndmg by Alfreds and Muskox glacier’s has led to the blanketing of thrust
blocks by noarse debris nnd buried ice blocks (aprons). This leads to the
disturbance of the upper <_. mentary beds within the thrust blocks and a
hummocky surface appea. 1 : (Fig. 4, 22)

» The prbcesses associated with overriding are illustrated by Dogleg and
Pudding glaciers. Greater disturbance has been achieved by Pudding Glacier, in
marine silts, than by Dogleg Gla_cier, in coarse alluvium. The vertical
conténuurn from debris-rich bdsél ice to frozen alluvium within Dogleg Glacier
* suggests that, after initial thrusting, the gla_,ciér inéorporated both apron
and thrusted alluvium. Clast analyses from this glacier margin did not
demonstrate origin by basai freeze-on for this debris (cf. section 4.3.1.).

Differences in disturbance due to different substrata (ie. glacimarine

vs fluvial) have been discussed by Boulton (1979). He also alluded to within-
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Figure 4.22; Landsystem model of piedmont lobe with thrust block moraine. 1.
internally undisturbed sedimentary beds of outer thrust block ridge, not
overridden by glacier; 2. innermost thrust block ridge partially overridden by
glacier; 3. hummocky surface of overridden thrust block caused by veneer of
melt out till and former supraglacial debris overlying former aprons and the
stagnating glacier snout; 4. ice marginal pond behind thrust block moraine.
Sediment is deposited in these ponds by meltwater streams, ice berg rafting
and debris flows from_the glacier and thrust blocks; 5. marginal meltwater
stream responsible fof pre- syn- and post-tectonic sediment reworking on the
" glacier and the thrust blocks; 6. sand/silt drape over stagnating glacier

snout. This is used as evidence for former higher stands of ice marginal
ponds. Slumping occurs from these drapes, exposing the ice core.and sediment
is then reworked in fluvial and lacustrine systems; 7. rising folia in the
glacier snout carrying coarse and fine debris from up-ice rock falls, .
reentrained aprons and possible regelation. Surface ablation leads to the
formation of ice stagnation topography. This debris is later lowered onto
partially or entirely overridden thrust blocks (see 3); 8. buried snowpatch
between the crests of thrust blocks. Reentrainment will lead to preservation -
of "clean" ice between debris bands; 9. ice stagnation topography on the ice-
proximal faces of inner thrust blocks. If reentrained this sequence also will
represent "clean" ice between debris concentrations in the base of the

glacier; 10. buried ice blocks on the surface of the overridden thrust blocks.

These are responsible for hummocky appearance; 11. pre- syn- and post-tectonic

fluvial reworking of thrust block moraines, especially in major restricted
“valleys that drain inland ice. . : 4
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glacier variations when unlithified frozen sediment beneath "cold" ice led ‘to
both block inclusion and subglacial deformation. For'examplé, the differential
" disturbance of marine silts wit}rin the basal ice of Pudding Glacier is

illustrated by sites 3 4, 10 and 11 (Figure 4. 23). The silts exposed at site

10 are undrsturbed except where glacial overriding has deformed the upper’
beds. At site 3 a slice of the silts has been thrusted over ice blocks within

a former apron (cf. Fig.4.16b‘). At site 11 a similar block has been partially
entrained and is undergoing attenuation at its margms Finally at site 4 a

clot of dlsturbed silts represents their complete entrainment, Further

attenuation and/or penetratrve deformation will drsperse the silts within the
glacier and may create debris-rich recumbent folds provrdmg slumping (ie. at
site 6) does not remove the clot completely. This scenario of proglacial
thrusting and overriding represents an alternative process for introducing
unhthxfred clasts to basal ice to that proposed by Boulton (1979) and Shaw
(1982).

#Yp summary, it is apparent that fluvial processes, although ﬂnportant,

are not solely responsible for sediment reworking at the margins of polar and
subpolar glaciers (cf. Shaw l977a,‘ Fig.12). Fluvial, Jacustrine, aeolian,

melt-out and mass movement processes are all important to sediment reworéing.
Figuré 4.22, a composite of debris entrainment, thrust block overriding and
sediment reworking at the margins of Muskox Glacier, clearly demonstrates the
applicability of Shaw’s apron entrainment model (Shaw 1977a, Fig.12). Bands of '
gravels (sites 3 and 13, Fig.4.23) associated with entrained silts at the
snout of Pudding Glacier, could have been derrved from either waterfall debns
(sites 2 and 7, Fig.4. 23) or from overridden thrust blocks comprised S)f
outwash. Other fme sedxment and diamictons can accumulate in ponds dammed by .
thrust blocks and fed by ice marginal streams. Further observations on
sedimentation and gIacrtectomc features along the margins of subpolar

glaciers would add to our understanding of debris entrainment.

- bl



Figure 4.23: Composite of thrust block moraine, erosional and depositional
processes and debris entrainment patterns at the snout of Pudding Glacier. 1.
large scale detached block undergoing collapse and reworking by marginal and
supraglacial meltwater; 2. supraglacial meltwater stream cutting down through
the snout and depositing fluvial material in abandoned meander bends; 3. Block
of marine silts, thrusted, partially entrained and sliding over former apron

ice blocks (see 9). The band of gravels overlying the block originates from
pre- and syn-tectonic waterfalls and marginal meltwater on and around thrust
blocks; 4. clot of disturbed silts representing entrained and attenuated

product of 3; 5. partially smeared englacial debris clot composed of a wide
range if grain sizes. These are either crevasse fillings or closed englacial -
stream conduits; 6. syn-tectonic debris flows from entrained sediments; 7.
‘reentrained waterfall debris piles, predominantly gravels. These are
transported vertically within the ice if perturbations are set up by bed
irregularities (ie. overrun thrust blocks); 8. aprons composed of dry calved

ice blocks which act as sediment traps for ice marginal meltwater, waterfalls,
debris flows and rock falls; 9. reentrained ice blocks which have not
undergone intense penetrative shear or deformation and thus may still be
recognisable. Upper beds are deformed; 10. Overrun and largely undisturbed
silts. Only upper beds are deformed by overriding; 11. entrained silt block
undergoing attenuation at its margins. Intermediate stage between 3 and 4; 12.
alluvial fans built out from entrained debris which is collapsing during _
overriding; 13. attenuated facies undergoing deformation and faulting due to
overriding of bed irregularities (thrust blocks). This may set up penetrative
shearing which is transmitted to underlying facies (in this case 9 and 11).
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4.3.3: A landsystems model for Phillips Inlet and the Wootton Peninsula.

4.3.3.1: ‘Genera‘l model. ,

The glaciated valley landsystem (Eyles 1983) wés designed for mid
latitude enviro‘nm~e‘nts and is inflexible to changes in topography. For the
Phillips Inlet/Wootton Peninsula field area I propose four new sub-
landsystems: 1) plateau ice cap‘s without outlet glaciers; 2) plateau ice caps
with outlet.or piedmont glaciers; 3) extended cirque glaciers; and 4)
transection.’glaciers (Fig.4.24). The extent and lécality of these ;

sublandsysfems change with glacioclimatic conditions. For example, transection
glaciers may be formed by ‘the coalescence of pigdmont lobes within the main -
valleys of the figld'area. The landform and sedimentary assemblages associated
with each landsystem are critical to the recognition and mapping of former ice
margins. Stratigraphic sections from the field area are described in Chapter 5
using the iandsystems lithofacies code outlined in Figures 4.25 andv 4.26.
Sublz;nds;ystem 1, :cold-based ,plateau ice caps wﬁich occupy gently
undulating topography, presently,ﬁli:ur's on the north W(;otton Peninsula, in the
area to the south and east of the eastern fiord heads and to the.southwest of
the fxeld area (Fig.4.24). The plateau ice has little potentlal for erosional.
or deposmonal modxfxcatxon of the landscape unless it develops outlet
glaciers which subsequently undergo strong extending flow. In the case of the
Alert Point Ice Cap, glacier advance simply leads to gfeéter calving, . ’
especially dur_ing‘ glaciations that are. accompanied by highér relative sea - '
level (cf. Thomas and Bentley 1978). .Large areas of residuum and bédrock
predominate in sublandsystem 1 and on the plateaux of sublandsystem 2
Nonetheless, the retreat of such glaciers.produces abundant me water ‘which
cuts bedrock channels resulting in extensxve fluvial modlflcafion of the

landsvape.

Sublandsystem 2, plateau ice caps with piedmont glaciers, is the most
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'Figure 4.24: Map ot present sublandsystems in Phillips Inlet/Wootton
Peninsula. I=plateau ice caps without outlet glaciers; 2a=plateau ice caps
with outlet glaciers descending into extensive bedrock lowlands; 2b=plateau
ice caps with outlet glaciers descending into restricted and U-shaped valleys:

3=cirque outlet glaciers; 4=transection‘glaciers. )
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important contemporary sublandsystem in physrographlc Zone 2 (eg the Dodger
Deception, Bridge Street North Wallow, Aviator, Nomynd and Relief ice ca‘bs
Fig.2.1), as well %s in the northernmost Grant Land Mountains (Fig.4.24).
However, on the éasis of geomorphology all the sublandsystems‘can be recorded
in this zone throu‘gh time, from former t‘ull glacial transection glaciers to
modern ptateau ice caps w_ithout outlet lobes (due to subsequent retreat onto
,the upper olat_eau). Fnrther sugdivision of this _sublandsystem' ils reqnired to
account for plateau ice caps with piedmont lobes entering unrestriéted bedrock
lowlandé (2a) and those with piedmont lobes entering restricted and U-shaped
- valleys (2b). Unrestricted lowlands, such as_the‘"Armstrong River area north of
the Dodger Ice Cap, are unlikely to contain ‘thick eequences of deformable
sediment. This is because the river ie restricted to narrow tooographicq
depressions within the extensi\re undulating bedrock surface. Glacier'adva‘nce\
in this area is unlikely to create proglaeial thrusting as a result.

Furtherrnore, the ice would not be channeled by ‘topography and inwash and
sedimént reworking at ‘the ice marg;n would be restricted Conseqnently,
because the glaciers entrain lrttle debrrs the bedrock lowlands contain patchy
till veneers. In the main U- shaped valleys of the area there are large

© accumulations of braided outwash. For a variety of rea§ons'(see section 4.3.2)
glaciers will either 1) proglacially thrust this sediment or 2) override it

without disturbance '(Fig 4, 27) Piedmont glaciers ad\rancing into restricted

and U-shaped valleys (eg. Muskox and Dogleg glaclers) disturb the deformable
sediment m the valleys and their margms become ideal traps for extraglacral
debris and mwash (kames) from upper basins. Because of the availability’ of -
sediment in sublandsystem_ 2b glaciers deposrt extensive till veneers_, till

. . \
blankets and moraines upon deglaciation and glacitectonically disturbed

~
3

~ sediments occur in many sectiors. o
Glaciers in sublandsysterns 1 and 2 are unlikely to be carrying as much

supraglacial debris into the lowlands as a piedmont glacier originating in -

a

P
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' Figure 4.27: The snout cliff of’kipper_ Glacier illustratiné‘ clean ‘ice

-overriding an.alluvial fan without initiating proglacial thrusting. Ulrika
Hawkins circled at right for scale. ‘ '



cirque terrain (sublandsystem 3). This is because the: former ongmate on
plateaux An example of a piedmont lobe originating in cirque terram is .
Asymmetry Glacier which flows from the south Wootton Peninsula-and overrides
the southern-margin of the Alert Point Ice Cap. Asymmetry Glacrer contains
abundant supraglacral crystalline debris orrgmatxnag from the extensive eirque
bedrock walls on the south Wootton Penmsula. However, all cirque outlet
glaciers in the field area terminate in extensive bedrock lowlands and
the\refore contain less basal.d'ebris than piedmont lobes in suhlandsystem 2b.
(;oarsev angular till veneers, till blankets and moraines, often containing
" megablocks, are characteristic of terrain .deglaciated by extended cirque
" glaciers. | »

The_c‘oymemporary transection glaciers of" the field area tsublandsystem
.4) are located on the south Wootton Peninsula and vare generally small by
northern Ellesmere Island standards (Fig.4.24). Alfreds Glacier is the longest
at 20km. However, because of their length and thickness these glacxers have
the greatest potentral to collect supraglacral sediment from extensxve
confining bedrock walls and the most’ likelthood of creating basal meltmg and
freeze- -on of debris by regelatlon (cf. Hambrey and Muller 1978 Muller 1976).
Because these glaciers occupy low-lying valleys, there is a large percentage
of the surface area within the ablation zone and therefore a lot of reworking
of supraglacial ‘sedir}nent into crevasses (eg. Tidewater Glaéier) During past
glaciations the coalescence of piedmont lobes at'the main frord heads fed by
regronal ice flowing northward from the Grant Land Mountams and the
accumulanon of ice in low passes created a number of transection glacaers in
the field area. Upon deglacrauon these glaciers deposit extensive till

veneers, large kames and lateral moraines and they release’ large volumes of

meltwater which cut abundant, deep bedrock channels

4.3.3.2: Depositional sequences.
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Idealrsed deposmonal sequences for specific landsysten types from
various glacial environments have been constructed in the liter :ure (Eyles
1983; Fxg.4.26); Because Phillips Inlet and Wootton Peninsulz 5 a |
topographically d:er-e terrain and four different sublandsystems have been
identified, depositional sequences and surficial geology vary consrderably
Past models of deposmonal sequences are discussed here with relevance to
their applrcabrllty to Phillips Inlet and Wootton Pemnsula

Debrls entramment by the processes of apron incorporation and the
loverrrdmg of stagnant ice and thrust blocks are recognised at the margms of
the Phxlhps Inlet/Wootton Peninsula glacxers On the other hand, mternal .
thrustmg and basal freeze- -on or plucking of debris do not appear to be |
responsible for much of the basal and englacial debris-rich ice. Most debris
is incorporated at the ice margin and this debris may passthrough several
entrainment cycles. |

The preservation potentral of deposmonal sequences m high latrtude
envrronments will vary according to site characterrstxcs Such potential is
hrgh for glacrtectomc structures because the sediment is frozen at the time
of thrustmg (cf. Mackay l956 1959; Aber 1982; Rampton 1982). Shaw (l979)
presented a medel f*f lapdform and sediment associations mcludmg transverse
def ormation features that originated in the compressrve zone of the glacrer
‘snout He suggested that deglacratxon in a permafrozen terram led to good

A preservation of till structure because of the process of sublimation (Shaw
1979, Fig.3). Shaw (l977a) suggested a three fold facies successron for
sedrments deposxted after melt out and subhrnatlon of a polar glacrer and xts
mcorporated apron‘Thrs upwards succession is: "Facies A, undrsturbed
proglacial sediments; Facies B, a complex of poorly sorted, crudely stratxfxed
flow deposits mtercalated with dxscontmuous sorted sediments; FaC1es C, a.
body of foliated till with sub- horlzontal partings representing follatron and

isolated clasts Shaw goes on to state that hummocky morame could be the

.
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product of primary deposition rath tnan of redistribution processes.
Shaw’s (1977a) succession is an appropriate working model for the
Phillips Inlet/Wootton Penrnsula area. However, proglacial thrusting rather
than subglacial disturbance is critical to basal debris entrainment and is
extremely important to moraine formation, -especially i in sublandsystem 2b
(compare Figures 4.17 and 4. 27) Furthermore, bec’z'se the area where Shaw’s
‘ facies succession was developed (Antarctrca) is mor&arid than northwest
Ellesmere Island, consrderably more sedtment reworking during ice wastage and
retreat might be expected in the Phillips Inlet/Wootton Penrnsula area. Thus
even debris-rich basal ice may produce only a discontinuous till veneer upon
melting. Supraglacral and englacial debrrs concentrations are often so
insignificant that 1t would take the melting of a consrderable thxckness of
ice to produce enough overburden to protect underlying stagnant ice from
normal meltout (Shaw 1979, Fig. 2) This means that Facres C or sublimation
till is poorly represented in the stratrgraphlc record, even though buried
glacier ice is evident at many locations. In high relief terrain sediment
reworking duringvice retreat may be accentuated where' alluvial fans build out
from ice margms and into river terraces. These terraces in turn grade to
falling deglamal sea level. Facies A is often clearly disturbed by proglacral
thrustmg Pre- syn- and post-tectonic sediment reworking at the ice margin,
combined with thrustmg, effectively juxtaposes Facres A and B (Boulton 1986).
If ice margins fluctuate at any time then Facies B may become folded and
faulted and ice blocks (some "clean" and some including Facies ) are
introduced to the basal ice facres It is possible that rafts of disturbed,
homogenous alluvial or lacustrine sediment could surv1ve as mtrat111 ‘
concentrations after melt out and/or subhmatton (Shaw 1982). The lithofacies '
profile produced by Eyles et al. (1983), deprcttng thick sequences of
sublrmatton till (cf. th 4, 26) is probably atypical in this high Arctic

envrronrnent.
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High summer discharges in the marginal streams of the field area result
in large concentrations of lateral fluwglacral debris (inwash, kames) and
proglacral fans, especrally in the areas dominated by sublandsystems 2b and 4. |
Consequently, accumulations of paraglacial valley fill (E, Fig.4.26) are
common in those areas. Despite these ice marginal accumulations, contemporary
and ancient morainesv are particularly rare in the field area. Their occurrence
* is dictated by rockfalls to lateral and medial positions on the glacier
bsurfaces and by supraglacial meltwater streams whrch rework and condentrate
material in crevasse systems. These are most pronounced on the surfaces of the
transectron glaciers, as discussed above. Other than thrust block moraines,
end moraines are absent at the snouts of the glaciers of the freld area.
However, where glaciers contacted the sea former ice margins are marked by
drstmctrve glacimarine embankments (Stewart 1988). Around the snouts of the
smaller cirque glacxers the moraines are large-scale protalusframparts Even
areas of stagnant ice are unlikely to produce hummocky moraine upon melting
because there is very little debris in most glaciers. Muskox Glacier is the
exception here but itS moraines are still <5m high and.these contain ice
* cores. Therefore, the former existence of thrust block moraines is important
for the reconstruction‘of past glacial activity in the field area. A 'good
illustration of the»importance of thrusting to moraine development is at the
margin of Alfreds Glacier. Moraines are only developed where the glacier
im.pinged upon the surficial sediment of Cairn Peninsula after its erne;gence .
followmg deglacratron Elsewhere in this area the glacrer the largest and-
most debris- charged in the fteld area, has deposrted only a veneer of coarse
+debris after wastage from at least two prevxous advances. Thrust block
moraines are not indicative of 1ce terminal positions per se, but former
overriding may be deduced in some cases from the degree of drsturbance and the
presence or absence of till (Facxes C, Shaw 1977a), reworked tills (dramlctons

with discontinuous sorted sediments or resedimented debris flows) or lowered



debris. ,

The lithofacies code outlined in Figures 4.25 and 4.26 is employed
' .throughmnlt Chapter 5 1n the descriptiop of stratigraphic logs. Also the
surficial geology and landform and sedimentary assemblages of Phillips Inlet.
and Wootton Peninsula are interpreted with the aid of the general landsystems

triodel 6utlined above.

@



CHAPTER FIVE

Surficial geology, geomorphology and stratigraphy.

Everywhere occur rounded, but seldom scratched, hills of
gneiss with erratic blocks in the most unstable positions of
‘equilibrium, separated by valleys with small mountain-lakes
and scratched rock surfaces. On the other hand, no real
moraines were discoverable. These, indeed, seem to be commonl y
absent in Scandinavia, and are, generally speaking, more
characteristic of small glaciers than of real inland ice.

... the border of ‘the ice is everywhere sprinkled with

smaller boulders, partly rounded, partly angular: but the
number of these is so inconsiderable that when the. ice retires
they give rise only to a slope covered with boulders: not to a
moraine... The small earth-bank which collects at most places
at the foot of the glacier is Sfrequently washed away again by
the glacier streams and rain. At the foot of the glacier we
often find ponds or lakes in which is deposited a fresh-water
glacial clay, containing angular blocks of stone, scattered
around by small icebergs. Extract from The Arctic Vovages of
A.E. Nordenskiold 1879.

5.1: Introduction. »

This chapter presents the field observations on the surficial geology,
glacial geomorphology a‘nd stratigraphy of both terrestrial and raised marine
deposits. Section 5.2 introduces the units portrayed on the surficizil geology
niap (Figure 5.1). The field area is then divided intd ten sectors for ease of
reference (Figure 5'.2).. The Quétemary deposits of each sector are described,
in sequence, with a local interpret’atlion' of glacial and deglaciél events
~ (section 5.3). These interpretations ;re integraiéd in Chapfer 6 wheré the

palaeogeography of the field area is presented.

5.2: Surficial geology map.'

The surficial geology of tpe field area was mapped at l:.125,000 in
order to determine the néture ar;d diStributiox_l_ of Unconsolidéted deposifs
versus bedrock. Mapping was based on air photograph interpretéfi'on and
extensive field obsérvations made during three field seasbns. Even i\n areas of
poor air ﬁthotograph quality (ie. shadows or poor reflectivity), ground and

helicopter traverses provided adequate data for mappivng.
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A Figure 5.2 Sectors of the field area as discussed in .Chapter 5.
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The surficial units; geomorphologic symbols; and colours used on the
surficial geology map conform to those of the Geological Survey of Canada (cf.
GSC Miscellaneous Report No0.29). The following nine units are differentiated
in the Phillips Inlet/ Wootton Peninsula area: 1. bedrock 2. residuum; 3.
till; 4 glacifluvial; 5. glacilacustrine: 6. raised marine; 7. inactive
ﬁluvmm, 8. active alluvium; and 9. colluvium.

@ ' '
5.2.1: Bedrock.

~ This unit includes bedrock of diverse ages and lithologies (see section

2.3). In areas of high relief bedrock constitutes the principdl map unit

because most slopes are too steep to support a surficial cover. Approximately

25% of the freld area is mapped as bedrock However some areas mapped as /
bedrock may include pockets of surficial material too small to be portrayed at

the selected scale Likewise, small outcrops of bedrock within otherwise
homogenous surficial sediments are excluded. The extent of weathermg of
bedrock varies with lithology. Consequently, weathering zones, dragnostlc of

terrains of different ages, were not discernable.

5.2.2: Residuum. o - -

Tl1is includes well developed felsenmeer, on broad summits and gentler
slopes, that still mimics the underlymg geologlcal structure (cf. Dyke l983)
Bedrock outcroppmg as tors is mdrcated by the appropriate symbol. Residuum
is >SOcrn thick, often deeply grusified and occasronally contains scattered
erratics. Other geomorphic features within this unit may include;
cryoplanation terraces; nivation hollows; extensive patterned ground; and
gelifluction lobes. Incrplent felsenmeer Wthh still drsplays mucl of the

original bedrock structure, is mapped as bedrock

5.2.3: Till. - L)
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Tills and moraines are particularly rare in the field area. Tills ere
recognized by their erratic clasts because many sedimentary rocks weather in
situ to grain sizes similar to till. Most commonly, t.ills form veneers 0.5-2m
thick which mimic the underl;/ing bedrock surface. However, some till blankets
(>2m thick) completely mask the bedrock and these are mapped separately.
Because many meraines represent thrusted blocks of alluvium or glacimarine
sediment they are mapped as those sediments with the appendage of the
approriate moraine symbol. Some till veneers may be inadvertantly included as
residuum because locally derived glacial debris is indistinguishable from
weathered bedrock. This is largely the result of a lack of striated and
glacially modxfxed clasts. If there any doubt as'to the origin of
‘apparently weathered beﬁrpc Cojtaining sbarse‘erratics it was mapped as
residuum. /

Rare till blankets occur in valley bottoms where former piedmont lobes
were sufficiently"(arosive due fo their descent from adjacent' uplands. Moraines
(except thrust block mbraines) are predominantly composed of colluvium that
accumulated passively'against the ice margin. These moraines are mapped -as

till because they mark a former ice margin which controlled their deposition.

However, ice marginal accumulations composed of fluvial inwash are mapped as

»

kames.

5.2.4: Glacifluvial sediments.

These are kames deposited elther at the ice’ margm or over stagnant
ice.. Glacxf]uvxal sedlments also occur in association with former medial
moraines as;crevasse fillings, partitioning co@escem lobes within ’
transection landsystems. Such kames are long, sinuous feetures; they occur in -
extensive till v'eneers; and they are iinterdigitated with coarse angular
morainic debris (see section 4.2.1). Other kames are composed of gravels and

sands and form conical mounds; chaotic hills and ridges; and former ice
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margmal terraces (inwash). Although sandar represent glacxofluvxal outwash in
this area they are mapped as either acnveq inactive alluvxum
5.2.5: Glacilacustrine sediments.
These include interstratified clays, silts and sands; occasional Vo
grave!lly fereset beds; and stratified diamictons deposited within former ice -

dammed lakes. These are common in the central part of the fxeldfarea where
piedmont lobes descended into large valley systems blocking the local
drainage. Occasxonal lake sediments were observed on plateaux adjacent to the
fiords whereas most fme grained sedlments in lowlands bordering the fxords

are of marine origin.

. . . y
© 5.2.6: Raised marine sedlments.‘ kA

These constitute the most widespread fine grained sediments in the

, - field area (Fig.5.1). Because they were predommantly ice proximal, raised

‘marme sediments also include a wide range of grain sizes. Massive and
laminated, fine grained sediments, with varying amounts of dropstones, can’
record either the bottorrlset beds of ice contact deltas or dist'z.ll‘sedimen'tation'
w1thm basins of the full and deglacial marine environments. Groundmg line
deposits and dlamlctons from 1cebergs and glacial ice shelves are included as
‘marine units. Appropriate symbols denote forrner groundingA lines to which
glaciers advanced during the last glaciation. Littoral sands; gravel foresets;
and subaqueous sand and gravel fans .commonly occur in the morainal banks
adjacent to such grounding lines (cf. Stewart 1988). Becaus_e of the continuous
postglacial emergenoe in the area many raised marihe sediments"have been
extensxvely eroded as sandar downcut to progressively lowex: base’ levels. This
- has resulted in pockets of marine sedlments well inland of the present
coastline. Some thggst block moraines are composed of glacimarine sediments

and consequently they are mapped as such with appropriate symbols.
l o

|
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5.2.7: Inactive alluvium. 7

These are téitaced outwash gravels and sands above contemporary
floodplains. These sedlments are concentrated largely in major valleys but
smaller accumulations are also represented by m/actlve alluvial fans and
stream terraces at hxgher elevanons The valley trams extending to the
topset beds of raised marine deltas.are mcluded in this category. Sor_ne\thrust
block moraines are also included becat’i\se they are composed ofv fluvial o -

53 :
sediments. ‘ < -t

5.2.8: Active alluvium.
This includes seasonally flooded outwash gravels and sands typical of - .
bralded streams. Although these are concentrated largely in the major valleys

they also occur in small alluvial fans and~stream channels at hrgher

L 3
elevations throughout the field area.
L ]
5.2.9: Colluvium. | - . .
These are scree¢ and, unsorted slope deposits >1m thick, Such sediments . , %ﬁ,

are widespread in high elevation terrain and are often geliflucted or rock
glacrerrzed Geomorphic features mclude protalus ramparts rock glaciers,
slush avalanches/debrls flows and rock avalanche tracks Areas of modrfxed

till veneer and blanket on gentler slopes are mapped as till.
o . ; \

s. 3 Geomorphlc and stratlgraphlc data. =

5.3.1: Introductlon

The ten sectors outlmed on Figure 5.2 are related largely to camp
localities and therefore the most intensive field transec/]:he format of
this section follows tnat of Bednarski (1984): ie. srte descriptions arée

followed by geomorphlc and stratxgraphrc observatlons which are in turn

\
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followed by their interpretation. This is considered to be the most - ‘ v \

.comprehensive presentation of a large body of field data. The order of

S v?;»

presentanon follows the numerical order of Frgure 5.2 which forms a counter—

R -
=

| clockwxse path from the west coast of the Wootton Peninsula to the fiord heads

of eastern Phillips Inlet. Radiocarbon dates are also mcluded in 'this

ez

SCCthﬂ Frgures 53,54, and 5.5 should be used for reference throughout

this section.
5.3.2: Sector 1: Western W:)otton Peninsula.
5.3.2.1: General description.

The viist co'ast of the Wootton Peninsula consists of a narrow- strip of
land approximately SOkm (Fig.5.3a). This land is completely encompassed by
the Alert Point Ice Cap and 1ts ice shelf to the eaStand north respectrvely, '
Alffeds Glacrer to the south and the Cape Alfred Ernest Ice Shelf to the
west ThlS small ice-free area varies from 7 to <lkm in wrdth
Physiographically, it is a gently undulating, calcareous plateau \vhlch
descends from 500m asl in the south to approxrmately 100m asl \ast of .Cape
Alfred Etnest South of Cape Alfred Ernes{\ the plateau is truncated along its
western margin b? coastal bedrock CllffS up to 90m high (Fig.5.6). In places
these cliffs have been dlssected by meltwater from the Alert Point Ice Cap
‘ formmg spectacular gorges Elsewhere, large embayments within the plateau
edge with floors <30m asl., resemble cirques or raised coastal coves. To the
. south, a thin tombolo connects the mainland to Cairn Peninsula which is 100m
high and is resoonsible for the channeling of Alfreds Glacier to the west,

causing part of the snout to thrust material to the north (Fig.5.4).
| v N ~
5.3,2;2: Geomorphologly and stratigraphy
The predommant surflcral deposit of sector 1 1s coarse. crystalline
_ outwash This material forms a discontinuous veneer on the inner plateau and

.
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C. Woods

Figure 5.4: Map of glaciers used in the ahalysis of glacial geologic
processes. Unofficial names of glaciers mentioned in this chapter are 1.
" Alfreds, 2. Woods,-4. Tidewater, 5. Hidden, 6. Dogleg, 14. Badweather, 15.

Kipper, -16. Pudding, 17. Vienna, 18. Muskox, 19. Deception, 20. Terrible, 21.
Endeavour.
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Figure 5.6: View from the air of the coastal cliffs and cal
sector 1, west Wootton Peninsula. The best example of a’
floor 30m asl is located in the centre of the pho.t‘ograph.

careous plateau of _
large embayment ‘with-a
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thickens wrth‘ln tl’re valleys leading to the coastal gorges (Frg 5. l) These
valleys are occup1Ed by underfit streams and, in some cases, they are dry
valleys contammg extensrve perennial snowpatches (Fig.5.7). Larger, angular
crystallme erratics are scattered on ?utlrers of calcareous residuum on the
;‘coastal cliffs.. . ,

The dlffy moralnes in the area are located on south Cairn Peninsula
where théy reach 70m asl (Flg 5. 8) These are former thrust block moraines
(now hummocky moraige) composed of glacimarine diamicton containing:-abundant
shell- fragments A date of 7790*70 BP (TO 482) was obtained on a fragmer.c of
Hiatella arctzca at 43m asl: An Astarte borealzs valve in life position in
glacrmarrne silts from the contemporary thrust block moraine of Alfreds
Glacier dated 1850250 BP (TO 479); Figs.5.5 and 5.7.

The fétreat of the Alert Point Ice Cap is recorded by deep meltwater
c;'hannels cut through the outer plateau. These channels extend up to the margin
of the ice cap (Fxg 5.1). Fresh trimlines attest to the recent retreat of the
- ice cap and -a number of perennlal snowbanks occupying older meltwater
: ‘channels : : _ A
;‘ Below the coastal bedrock cliffs south of Cape Alfred Ernest large
rarsed deltas predommantly composed of crystallxne hthologles range in
altrtude from 52 65m asl (marme lrmxt) To the east of Cape Alfred Ernest
the uppermost terrace of Useless Delta (site 1, Frg 5.3a) records a sea level
of 62.5m asl. Three other delta surfaces in this area,.one at 52 and two at
58m ash, mark the seaward margins of large outwash trains that bullt out from
‘the gorges in the plateau edge. A Mya truncata fragment from 47m asl in the
foreset sands and gravels of the 52m delta dated 20 240*160 BP (TO 481).
Deltaic and fluvial terraces in this area are heavily pitted, suggesting delta
progradatron over stagnating ice. To the south, two delta surface remnants at

v +62m and 59m mark the seaward edge of a wKell developed valley train. A Hiatella

arctica valve from foreset sands, 2m below the 59m delta, yielded a date of



Figure 5.7: Air photograph no.17456-10 of the west Wootton Peninsula, .
illustrating major geomorphic features. T=thrust block moraine; marine limits
in metres asl; G=grounding line; X=section in Fig.5.10; s= shells dating
20,240 BP (north), 3070 BP (centre), 7790 BP (southwest) and 1850 BP
(southeast); N=narwhal tusk (6830 BP); w=4310 BP driftwood.
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Figure 5.8: Thrust block (hummocky) moraines on south Cairn Peninsula, These
are composed of glacimarine diamictons and contain abundant shell fragments.
Broken line demarcates upper limit of hummocky moraine. The contemporary
thrust block moraine of 'Alfreds Glacier is visible in the background.

Figure 5.9: Sea-j
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9,070:80 BP (TO 478) This was the only whole: valve from an otherwise small
sample of fragments.

.Sea-ice push ridges are prominent along the northwest coast of Wootton '
Peninsula, reaching 5m in height and 20m in length. They exist between 8 and('e:p‘i't"‘j7
50m asl on north Cairn Peninsula; between 5 and 36m asl on Bumbleblrd Beacon

- and between 4 and 65m asl from the Beacon northwards Hence /sea ice push
ridges ex1st up to marine limit on this coast (Flg 5.9). Four pieces of R
drrftwood were collected from the sector; three undated pieces from sea level
at Cape Alfred Ernest and one’ pxece‘from 9m asl southeast of Bumblebird Beacon
which dated 4310i7.>0 BP (lO 477). A narwhal (Monodon morzoceros) tusk was
collected from ab gelifluction lobe at 34m asl in the embayment to the west-
northwest of Cairn Pemnsula A fragment from the tip of the tusk yielded a
date of 6830%50 BP (TO 476).

A cliff, composed of diamicton and capped by coarse crystallme
outwash, extends from Useless Delta (site 1, F:g 5 3a) to Cape Alfred Ernest

and then. 1.5km northwards. At Cape Alfred Ernest a bench-(63m asl) has formed

at the contact between a crystalline clast-rich diamicton and an underlylng

silt- rrch diamicton. Throughout the lowlands of Cape Alfred Ernest there are
‘widespread raised marine silts with dropstones and occasional boulders. These
silts are considered to be correlative with the basal silt-rich diamicton in
~ the cliff to the northeast.
A Ikm long section has been exposed in a valley in the northernmost

. part of the sector (X on Fig.5.3a). Because of logistical constraints only a

basat ve gravels and sands overlain in two places by; 2) matrix-

supported, massive diamicton ‘overiain by; 3) laminated silts and low angle,
cross-bedded sands which coarsen into massive -gravels overlain by; 4) another

trix-supported, massive diamicton capped by; 5)‘ ca.5m of interbedded sands

132
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graphic section south of

‘Figure 5.10: Principal units observed in the strati

Alert Point. For codes see Figure 4.25.
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and gravels which c;arsen upwards into massive gravels at fhe'surface. The
cross-bedded sands display a palaeocurrent di_rection from the north but the
original beds appear to have undergone large scale disturbance (folding)
possibly due to melt out of bufied ice. i

The »\:/estern“'most face of the section (bottom of Fig.5.10) is eomposed of

-~

massive silts conformably overlain by a sequence of: rippled sands; a
stratified, matrix-supported diamicton; laminated silts with dronstones; and a
5m sand/gravel sequence. An organic bed, ca.10m long and >20cm thick, occurs
. within the ripple .beddedhsands and between sands and gravels at the cz:ntre of
the section. At the westernmost end of th the section the stratlfxed matrix-
supported diamicton thickens and grades laterally into a matrlx -supported
massive diamicton which contains sh‘ear structures and has an erosional contact
with the‘underlying silts. The shear struetures, together with several faults,

continue into the underlying massive silts where the organic bed has also been

sheared into stringers anql‘ lenses at 32m asl. A date of 39 ,2701640 BP (TO 485)

was obtained on the organics collected from one of. the stnngers There is a

~
2

cg'ﬁformable contact between the matrix- -supported, masswe digmicton and the
overlymg laminated silts with dropstones. From this point to the sea the
section is devoid of diamicton and massive silts appear to grade upward into

‘

interbedded sands and massive gravels.

5.3.2.3: Interpretation. e
\ During the last glaciation ice advanced from the central Wootton
Peninsula to the coﬁst. At the coast ice‘was channeled through valleys at the
.platea%edge, resulting in the prefection' of cliff top residuum by inactive
ice which deposxted crystalhne erratics. Alternatively, the erratics are of
greater age and dunng the last glaciation small nunataks existed along the
coast. The abundance of crystallme lithologies within the plateau outwash

and within adjacent raised marine deltas attests to dominant ice dispersal
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from south Wootton Peninsula. This must have resulted in the overriding of the
Alert Point‘Ice Cap by piedmont lobes from mountainous terrain to the south in
the same manner as Asymmetry Glacier presently overrld@s’ the southern margin
of this ice cap (cf. Fig.5. 3a). Much of the erratic outwash covering this area
was deposrfed on the Wootton Peninsula during deglaciation as indicated by the
numerous valley trains. A former advance of Alfreds Glacier deposited
crystallme erratics at >100m on Cairn Peninsula but the age of this advance

is unknown.

Two ice advances may be represented in the section south of Alert Point
(Fig.5.10). The lower matrix-supported, massive diamicton is of unknown age.
However, it must predate 39 270%640 BP, the age of the overlying organics.
Because of its massive characteristics this diamicton is tentati\;ely
interpreted as a till. The upper matrix-supported, massive diamicton,
displaying shearing and penetrative deformation of underly g silts, js
interpreted as .a till deposited during the last glaciation (<39,270+640 BP).

The organics (39, 270*640 BP) were redeposited in a marine environment at least
32m asl, suggestrng glacrmsostatrc loadmg caused by a local ice advance.
Moreover, the massive fines below the upper till suggest a marine environment
prior to the arrival of the ice at this site. Because these fines grade into
rippled sands and then into a stratified diamicton, without a recogniiable
’unconformrty with the till, it is concluded that these sedrments are coeval
Because the westernmost face of the section is wrthout dramrcton this
suggests th -“ the ice was floating. In contrast, the till represents a

Sd0s. _ouna.  'ne now at 32m asl. Given that the full glacial sea was no
higher thar 70m ee hases, Chapter 6) the resulting water depth of 38m
above the :ill would be . able of floating ice 42m thrck. .

‘n the northern pa-. ~ sector | the silt-rich diamictons north of Cape -
"Alf:ed Ernest also suggest slacimarine sedimentation beneath or adJacent to’

flc ting glaciers. “he cro- ding line appears to have advanced over these
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‘vsilt—rich diamictons as indicated'by the“‘sharhp‘e'g‘ntact between them and the
overlying clast-rich diamictons at 63m. The clast--rich diamicton is
‘aterpreted as basal melt out till deposited as the glacier retreated from the
aallower water. Similar sedimentary sequences to those north of Cape Alfred
Ernest have been reported by Alley et al (1987) from beneath Ice Stream B,
Rossﬂlce Shelf,, Antarctlca The coarsening upward gravels at the top of the

~main sectlon south of Alert Pomt and the gravels overlying the sedrmentary
cliff north of Cape Alfred Ernest are interpreted as braided outwash grading
to a falli- cial sea level.

& Dur.. slaciation loeal marine limits were recorded by deltas
prograding from the gofges along the coast. The small range in del_ta hei§hts
along the coast suggests that deglaciation occurred almost simultaneously
(Andrews 1970). Ice retreat appears to have been rapid as indicated by the
extensive burying of stagnant ice in.topographic depressions by outwash,
especially at Useless Delta. | "

The shell fragment datfing 20,240*160 BP from the fo'reset beds of a 52m

'delta (which is 10.5m lower than nearby Useless Delta and 13m .lowe,r than the
minimum marine limit (65m) for the'sector) likely has been redeposited.
'Co‘nsequently, this shefl dat ‘Rrovides only a maxir‘num age for the 52m sea

: level The whole valve dating 9, 070*80 BP relates to a reworked surface (57m)
of a 62m delta. Assummg that the local manne limit is 62m asl, then '
deglaciation of the site ocggurred around 9 070+80 BP If marine limit is in
fact higher then the date provides only a mrnfnum‘ estrmate on deglaciation.
Indeed the equidistant shorelme d:agram (see Chapter 6) suggests that the
9,070+80 BP date relatei to a sed lgvel >62m asl. Desptte the fact that these '
_two dated shell samples have been redeposrted they still recorti f ull glacial

" and early deglacral marine *faunas in the area that are Iess than Skm from the o .
contempordry ice maﬁ?ln Implrcatrons of these*dates and the marine llmlt

deltas will be dtscussed further in Chapter 6.
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Details of the Holocene séa-ice and ice shelf hrstory may be deduced
from evidence collected on the west Wootton Penmsula coast. Because the three
pieces of driftwood from sea level at Cape Alfred Ernest may have been
redeposited the age of this driftwood and its relevance to ice shelf history
can be determmed only by absolute dating. The drrftwood date of 4310+70 BP
provides an age on the 9m sea level as well as a maximum age for the enclosure
of this coastlme by the Cape Alfred Ernest Ice Shelf. This rerhforces other
ice shelf histories along the northernmost coast of Ellesmere Island (cf.

Stewadrt and England 1983; Jeffries 1987). ]

The narwhal tusk from 34m asl is an important sample for both the i ice -
shelf chronology and Holocene zoology. The modern range of narwhal extends
from Dayrs Strait and Disco Bay,_ west Greenland, In winter to the Lancaster
Sound/Barrow Strz  area of the central Canadian Arctic archipelago in summer.
" Because this range is restricted by the seasonal auailability of open Water
*(Stirling et al. 1981) it seems reasonable to conclude that its presence on

'northernmost Ellesmere Island (82°N) at 6830*50 BP indicates more open\water
'> and restricted ice shelves at that, trme Blake (1972) and Stewart and England

™~
(1983) have previously reached srmrl‘ar conclusrons for reduced summer sea lce

during this general interval (6500- 4500. BP) base;h_lin driftwood abundance. The
occurrence of .this tusk in a gelifluction lobe,‘s rongly suggests that it has
moved downslope, hence it likely relates to a sea level >35m

Because sea-ice push’ ridges exlst up to marine limit they also indicate
seasonally open water throughogtfgggglacxal trme (cf Kovacs 1983) This does
not contradlct the exlstence of an ice shelf sxnce 4310 BP because open water
may strll exrst behind the 1cevs‘h[elffl'he ‘presence of mcrpi,ent sea-ice ice ,
shelf or multi- year pack ice behmd the Cape Alfred Ernest Ice Shelf (Fig.2.7)
attests tg posslble periodic open water and thus the probability of onshore

pile-up of sea 1ce blocks “The predominant westerly wmds would epraln the

ubrqurty of ‘sea ice push features on thls north south orrentated coastlme

ive n




Alfreds Glacier may have advanced at least twice iin‘ the Holocene. Shell
fragments dating 779070 BP and whole valves dating 1850*50 BP indicate that
the glacier had retreated behmd its present margm at those times. Both shell (
samples have been ice thrust indicating at least two local readvances by
Alfreds Glacier in the ‘Holocene. During the most recent advance, the front of
the thrust Hock moraine Was~transported 6km out onto the Cape Aifred Ernest
Ice Shelf after its initial formation (see sections 2.44 and 4.2.4.3)._'i'his
advance was also responsible for the formation of the frscture in the ice
shelf fiow occupied by a su_ture/incipient ice shelf (Fig.2.7). Therefore, "the

sea-ice component of the ice shelf existed prior to the advance.

5.3.3: Sector 2:the Cape Woods coast.

5.3.3.1: General description.

Sector 2 is bordered by the Arctic Ocean to the north ahd west, Woods
Glacier to the east and the .glaciers of Wootton Penih’sma to the south
(Fig.5.11). A bedrock cliff (C on Fig.5.ll) descends in height from 100m in
‘the east to Om in the west where it blends into a seaward sloping piedmont.
-The base of the chff is at approximately 35m asl throughout its length. This
-cliff was described as a marine terrace by R.L. Chrlstle (in Hattersley Smith
et al. 1955) A coastal lowland exists below the chff and widens from
approxxmately 20m in the east to 2. Skm before the chff disappears in the
west. At several places the cliff has been dxssected by meltwater gorges from *
adjacent piedmont glaciers (Fig.S.l 1). The cliffv continues to the east 'and is
responsible for the heavy crevassing in Woods Glaciet as it descen_ds into thve'

Arctic Ocean (Fig.5.11).
_ p
5.3.3.2: Geomor‘phology an’d stratigraphy.
An outwash veneer, which locally thickens at the heads of large

,meltwater channels descends from the glacier snouts to the coast (Fig.5.12).
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'Fjgure 5.12: The Cape Woods coastal cliff looking east. Gorges cut down .
through the cliff at several locations and outwash, kames and till veneer
cover the cliff tops.

Yy’
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[T I

Figure 5.13: The poorly lithified sandstone and gravel conglomerate bedrock
~ with well lithified corestones outcropping below the gently undulating coastal
piedmont to the west of the Cape Woods sector.
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Uniike the Cape Alfred Ernest coast, this outwash contains occasronal erratic
boufders or mega- blocks >5m3 in size. There are also small patches of till:
veneer. Quartz monzonite boulders in the till and outwash are highly weathered
and in some cases they have been reduced to grus. On cliff outcrops the
.‘predommant lithologies are limestone, marble and basalt which have not been
'v)mapped by Trettin and Frisch (1981). This bedrock is weathering to an
mmprent felsenmeer and siev/eral tors <5m in height are evident. Bedrock below ‘
the cliff reveals largely incoherent, massive sandstone and poorly- to well-
lithified massive gravels that are weathering to sands and muds with
occasronal ‘core stones (Fig.5. 13) A sample of the gravels displays all of the
characteristics of weathered and fluvially reworked quartz monzonite. These
sediments display yellow/red and grey mottling ' c
Along the eastern half of the sector outwash descends into gorges or.
extends to the cliff top which is covered with occasional cobble and boulder -
gravel cones .and erratic ‘mega- blocks (Fig.5.14). Below the cliff,
‘ diamicton/boulder benches and ridges extend to sea level. These grade into a
large moraine, approximately 20m high, which seals off a small raised '
ernbayment from the coastal strip (Fig.5.15). Two lat”eral moraines
approx1mately 5km in Ength mark the former margins of glaciers advancmg onto
Lthe coastal piedmont from the southwest. Their retreat is demarcated by o
" meltwater channels and sandar. _
Raised marinebsediments are predominantly sand-rich due to the

dominance of ouartz monzonite to the south. The coastal strip is characteriaed
by raised deltas and a veneer of shelly ‘diamicton including copious mega- k
blocks and boulders of quartz monzonite (Fig.5.16). A '1km long diamicton ridge
. exrsts north of the westernmost cliff section. A 48m delta to the south of the
diamicton ridge and directly belowthe cliff is composed of sandy, foresets ‘
overlain'by cobble topsets (Fig.S.l ). The sands are uncornformably overlying

the poorly- to well-lithified sands and gravels. Beneath the eastern half of
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Figure 5.14: Kames on the cliff top of the eastern half of the Cape Woods coast,

o5

[ d ridges are e'vident‘along the
narrowest coastal strip below the cliff, west of sector 2. In this view the

- Figure 5.15: Diamicton/boulder benches an

ridges have graded into a 20m high morai

ne which seals off a raised embaymepnt
‘from the coastal strip (see Figure 5.17). e?



Figure 5.16: A quartz monzonite mega-—block‘(>5m3) lying on the low coastal
. strip of Cape Woods. The main cliff, from which sand and gravel deltas

emanate, is visible in the background. .

Figure 5.17: The small raised embayment to the west of Woods Glacier viewed
from the lateral morainic ridge that seals it.off from the coastal strip.

Visible are a well defined trimline/weathering break and associated o
moraines/protalus ramparts. The remnant glacierette which occupies'the back of

the empaymem is receding and exposing a glacimarine diamicton with shells in
life position. 5 '
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the delta a silty/sand ciiamicton over}ies bed.rock and this diamicton may be
coeval with the diamicton ridge to the north. Near the cliff base, and above:
the delta, a sandy diamicton appears to grade into the lower silty/sand
" diamicton: These diamicts apbpear. to have been overlain by the prograding, delta
sediments. |
' A small cobble terrace, lkm to the west of Sunkist Deltas, occurs’at

73m as! and this is consxdered to prowde a ﬂ'lammum estlmate on marine llmxt

in Sector 2. Local manne hmlt deltas range m hexght from 41-44.5 (Sunkist ,:3
Deltas, site 2 on F1g 5.3a) to 65m asl (nghtmare and Cairn deltas, sites 3

and 4 on Fig.5.3a). A prominent washmg limit, also at 65m asl, is marked by a
gravel beach’ whxch cross-cuts outwa.sh and links nghtmare and Cairn deltas.
Raised beaches extend from this elevation down to approxxmately 30m asl at
Cvape Woeds but eatable material was not observed. Hiatella arctica valves from‘ _
fo’reset sands below Cairn De{taj’{g,ated 8480%70 BP (TO 474) providing an age for
the 65m sea level. At Sunkist ﬁelta (41m asl) Hiatella arctica. fragments from
sands and gravels, overlying stratified diamicton at 35m asl dated 854070 BP
(TO 384). Mega-blecks and boulders are common on the surfaces of the "Sunkist
Deltas.

Retreating perennial snowbanks and glacierettesv in Se<’:t’or 2 record

recent climatic change} Former snowbank coverage is delineated by pronounced
- trimlines or weathering breaks in the melfwater channels (Fig.5.11). A

glacierette within »the embayment west of Wood's Glacier (Fig.5. 3a) has

retreated from % series of nested moraines extending from a prominent th:mlme
(Fig. 5 17). This glacierette has retreated ‘considerably since the air

photograph was taken in 1959 exposing a glacimarine diamicton containing
abundant"shells' in life position. A date of 7370+70 BP (TO 483) on a Mya
truncata valve at 23m asl was obtained on these sediments,

t

5.3.3.3: Interpretation. ‘ e : &
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The poorly- to well-lithified bedrock Which underlies the glacimarine
veneer resembles the description of the early. Tertiary Eureka Sound Forrnation )
reported from eastern Wootton Peninsula (Wilson 1976 Trettm and Frisch 1981,
Figure 2.2). Because of its lrthrfxcatxon it is unlrkely to be part of the b
upper Tertiary Beaufort Formanon. This bedrock makes the identificaticn cf
true glacial diarnictons difficult.

The concentration of glacial debris in both the diamicton benches and"‘
the stratified diamicton underlying some deltas suggest that, durmg the last
glaciation, the glaciers of south Wootton Penmsula ex:ended beyond the
bedrock cliff into the sea (+65m' asl). Here they probably floated deposrtmg
most of therr debris at the grounding line, like the present Woods Glacxer
(Frg 2.7). Because these glacxers originate in a deeply fretted cirque
terrain, extraglacxal debris is abundant and therefore moraines, till veneers
and sandar are well developed. A probable morainic bank markmg a former

grounding line is represented by the dlamlcton ndge below the westernmost

cliffs. Here ice was channelled through the largest of the topographxc

T

depressrons that dissect the chffs and é?;a W delta at 48m asl demonstrates

\’ o D,
0'[ ’<< M

the late deglacratron of thxs site. Srmllarly, ‘ice was channelled through the
river valleys leadmg to the present Sunkist Deltas thus explaining their
lower elevatrons The 73m cobble terrace between the lower deltas of the
sector marks either: 1. a kame deposited by ice coalescing around the cllf'fs
or 2. the height of the deglacial sea.

Retreat of the predmont glaciers occurred prior to 8 ,480 BP when the
sea reached 65m asl. The washing of glacial debris from marine limit down to
30m asl mdrcates that open water seasonally existed during the early to mxd
Holocene The date of 8540*70 BP from a delta at only 41m asl is more }
problematic. Clearly this relative sea level is younger than 8,480 BP (the
assigned age of the 65m ‘marine lrmxt) The material dated 8540+70 BP therefore

must either have been redeposxted from a higher elevation or the 41m delta
_ o »
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prograded over older deposits. The only remaining alternative is that the 41m
delta was deposited suhaqueou_sly and therefore unable to grade to the relative
sea level at that time. Because standard errors on both dates (8480t70 and " .
8540%70) overlap, they both are related to the local marine limit at 65m asl.
Regardless of the interpretation these shells record an environment at 8,540
BP that was amenable to marine fauna within 2km of the contemporary glacier
margms )

The large moraine which seals off the ernbayment immediately west of -

. W“oods'Glacier (Fig. 5 15) is interpreted as a submarine lateral moraine of the

- v Woods Glacrer whrch was forced to flow westward by the increased discharge of

o Alfreds Glacrer (Fig.5.3a). The floatrng tongue of Woods Glacrer is presently
; deflected westward by Alfreds Glacier. This srte was deglacxated before 7 ,370

BP after which the glacrerette developed in the embayment, overriding the _
marine shells of this age. Thrsqreadvance must have occurred after postglacial
. sea level fell below the floor of the embayment (30m asl) This puts an
approx1mate mid Holocene age on the formatron of the glacrerette A recent
clrmatrc amelroratron is recorded by the extensrve retreat of perenmal
snowpatches and glauerettes in Sector 2. ' -

- 5, 3 4: Sector 3: Cape Armstrong and the Armstrong River valley

S. 3 4.1: General Descnptlon '

Sector 3 mcludes the coastal embayments between Cape Armstrong and
Cape Bugle southward to the Armstrong Rlver Albron Lakes- and northern Idris
Peaks/€ache Plateau (Figs. 5 3a and 5.18). Two maJor physrographrc zones of
the field area occur-in the sector. To the south of Albion Lakes is the
undulating plateau of . Zone 2 at >300m asl wrthm whrch the Idris Peaks form a
mountainous terram where summrts reach 600m ‘asl. ’
North of Zone 2 the topography descends abruptly to the coastal lowland

of Zone 1A. This zone descends from 70m asl north of Albion’ Lakes to sga
| O T
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level. The 70m surface is part of a northeasg,—southwest orrented ridge

northwest of Albion Lakes. This rldge forces ihe Armstrong River to flow east-

.J‘I‘&,
west for approximately 2km before it penetraw 1he ridge, cutting a gorge to

sea level (Fig.5.18). The Armstrong River is l“ bt | ng and is fed by meltwater

from the Dodger Ice-Cap to the south (I-'rg.5.3ff')(:¥S o small ice caps exist

above 300m in the Idris Peaks and a large plateau.

ek %ap in the west descends

from 200m to approximately 100m from south to«n:’_»

5.3.4.2: Geomorphology and stratigraphy. , i ‘

A glaciation of unknown age is indicated by erratics of the Imina
Formation (sandstones and limestones) on the metasedimentary felsenmeer of the
north Idris Peaks. At lower elevations, moraines wrap around the western
slepes of the Idris Peaks up to an altitude of 400m. The northern half of the
_Cache Plateau also hosts occasional Irnina sandstones derived either from the
.mountains >10km to the south or from the southern Idris Peaks <5km to the
southeast (Fig.2.2). The local bedrock consists of metasedimentaries,
conglomerates and intrusives that outcrop as tors “5m high and as incipient
felsenrneer. The southern half of the Cache Plateau is covered by either
residuum, till veneer, or outwash, and 'spectacular meltwater channels dissect
the bedrock to depths >20m (Fig.5.19). The till veneer is more extensive on
the higher ground to the south whereas kames occur z/rthm the Armstrong River
valley and 1ts trrbutarres Bedrock hxghs within the ¢pper Armstrong River
- basin are notched by nested meltwater channels and their summrts contain
scattered erratics derived from the mountams >10km to the south. Lower
bedrock knolls that protrude through the inactive alluvium of the valley are
covered by‘ till veneer. A_wxde meltwater channel separates the northern and
southern Cache Plateau and it aiso contains a number of kames in its lower
reaches. These kames are built out from t§vo gorges that cut through the

western shoulders of the Idris Peaks (Fig.5.1). The gorges grade upslope into
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Figure 5.19: Looking souih from the incipient felsenmeer of the northern Cache"
Plateau. The wide meltwater channel (foreground) dividing the plateau and the.

deep gorges cut on the southern plateau (background) are clearly visible. The

Dodger Ice Cap is on the southern horizon and the upper Armstrong River is on
the far right. . -



-

_v:‘: nested meltwater channels emanating from the highlands ol'\t,he central Idris

Peaks. Frnally, two gorges, the largest of which 1s 2.5km long and 30m deep,
cut through the southern half of Cache Plateau and descend towards western
Bushmill Pass/(Fig.5.3b).
An east-west oriented bedrock ridge at the northernmost edge of the

Idris Peaks is isolated by a deep gorge drarmng runoff from the Peak- A 200m
long kame, rising from 120-132m asl, marks the margin of ice wasting within
the upper part of this gorge. The summit of the ridge has a till veneer which
grades into kames, ice contact deltas, and silt‘y, boulder-rich diamictons ‘
downslope in the easternmost cove and on Cape Bugle (Figs.5. 1 and 5.3a).

| A silty diamicton cloaks the bedrock ridge northwest of Albion Lakes.
Hzatella arctica fragments from thrs diamicton at 55m asl dated 14 ,880%110 BP
(TO 475). North of the ridge is a veneer of marine silts with occasional
erratic boulders and clasts. Large bedrock outcrops occur in many localities
(Fig.5.1). A ridge of silty diamicton loops around Cape Bugle and grades into
the kames and- till veneer on the bedrock ridge to the south. A hummocky
dxamlcton surface occurs thhln the loop (Figs.5.1 and 5. 18) Shell fragments
are abundant on the ridge surface between 30 and 40m asl.

Five raised deltas occur along the south shores of Albion Lakes and the

unnamed cove to the east. These emanate from gorges cutting through the north

edge of Cache Plateau or from valleys. draining the Idris Peaks. The deltas
range‘from 73-80m asl, the lowest being on the south shore of the cove and the
highest on the south shore of east Albion Lake. The largest raised delta ‘i'n
Sector 3, Armstrong Delta, is also the.largest in the entire field area,

covering ap;,)roximately.Skm2 (site .5 on Fig.5.3a), The lip of the delta occurs

at 61m asl whereas a prorninent gravel hench at 72m asl exists to the

southeast. A bedrock knoll at 91m asl, rising above the apex of the delta, is .
blanketed by cobble outwash.'At the delta front littoral sands are
unconformabl§ overlain by gravels. Portlandia arctica shells i_n‘ life position

¥
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from' the sands at 57m asl dated 10 ?40*90 BP (TO 473)

s Atthe headland of Cape Armstrong lrmestone bedrock appears to have
been pushed by sea-rce rnto ridges. A visit to the ice pushed cones offshore
to the northeast reveals a preponderance of angular lrmestone blocks with
crystalline erratics, marine silts and abundant shells of Astarte borealis.

Mya truncata in a sirnilar ice pushed ridge, collected by M. Jefferies at Cape
Bourne (west of the field area), have been dated >30ka BP (Blake l987).

In the westernmost part of Sector 3 several perennial snowpatches and
1ce rrses are retreating and forming trimlines. Furthermore collapsed edges
on the lower terraces (<lOm) of Armstrong Delta presumably record the retreat
of ice rises over. which they were deposited. Srmrlarly, meltwater channels at
the margins of the plateau ice cap to the west of Armstrong River attest to
recent retreat. Finally, prominent trimlines document the meltmg of perenmal

snowpatches in the valley of the western tributary of the Armstrong River.

5.3.4.3: Interpretation.

Erratics on the felsenmeer of the Idris Peaks dpcutnent a former
'glaciation of unknown age which flowed from south to north. During the last
glaciation, ice advanced from the Dodger Ice“@'xp into the Armstrong Valley,
probably coalescing with local ice on the higher ground to the east and west.
This ice deposited moraines up to 400m asl on the western slopes of the Idris
Peaks. Ice in the Armstrong River valley crossed the southern Cache Plateau
deposrtmg till veneer. Because of the sparsity ‘of erratics and the incipient
felsenmeer on the northern Cache P-Iateau it is interpreted to have remained
either ice-free or covered by protective, cold-based ice (cf Dyke. 1983)
North of the Idrrs Peaks, ice advanced over the bedrock ridge onto Cape Bugle
where the diamicton loop is mterpreted as a groundmg lme In the cove to
.the west, ice probably. floated locally groundmg along the southern edge of

the peninsula separating this cove from the next one f urther west. Ice also
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flowed from the west Idris Peaks into Albion Lakes where it floated, abutting
the 50-70m ridge on the northwest shore and.depositing the bouldery diamicton
at its grounding line -(cf. Sugden and Clapperton 1981). The shell fragments
dated at 14,880 BP were orobably incor.porated around the Albion Lakes by ice
which grounded on the northwest vshore. These shells either: 1) predate the ice |
advance; or 2) were coeval with it,v‘ living below floating ice and freezing-on
| at the grounding line during a subsequent periodof ice thickening.
Beyond the grounding lines, a thin veil of ;marine'silts with
occasional dropstones was deposxted probably from a glacrer ice shelf. That
' thin sedtments exist offshore along this coast 1s mdrcated bv ice ust
bedrock and shells dating >30lfa BP. Thrusting of bedrock is presumably
tavoured by a shallow shelf and well jointed limestone. This permits the
freezmg of sea-ice to bedrock and subsequent block removal durmg onshore

pile-up of ice floes. This process was presumably less ' :

marine enclave between ice.from the Cache Plateau and from the gorge south of

the Idris Peaks. Later deglaciation in these areas is recorded by slightly

 lower deltasg;at 75m and 78.5m respectrvely The two meltwater gorges that cut E >
through southern Cache Plateau towards the western Bushmill Pass, were cut by -
- meltwater from the Idris Peak ice cap Clearly, ice had to be present to the

west in the Armstrong River in order to prevent drainage in that dll’CCthl’l

. Drainage into westefn Bushmill Pass where meltwater channels were not
observed, suggests that an ice-dammed lake may have occupied the area (see
section 5.3.5). The reireat of ice up the Armstrong River is marked by the
pronounced meltwater channels of Cache Plateau. Because this is the main
drainage route for rivers and glaciers drammg north from the Dodger Ice Cap,

a considergble amount of outwash was deposited m the Armstrong Delta and

sandur. Moreover, if an lce dammed lake drd exist in the western Bushmill Pass b



5 .
then the hlgher meltwater channels along the west side. of Cache Plateau could
have been cut by 1ts northward drainage. Fluvial erosion of the Arms cng
Delta durmg deglaciation and initial emergence explains its low delta front '
(61m asl); the‘ sosi-nal contact between lrttoral sands and’ overlymg gravels

the cobble outwash on the bedrock knoll (91m asl) at the delta s apex’ Wthh
indicates delta progradatlon to a hrgher relative. sea level and the 10, 140 BP
date from the sands whrch must relate to a higher relative sea level (<80m ‘
see Chapter 6). . . ‘

The progradanon of lower delta terraces (<10m) ovér the. Cape Armstrong

. 1ce rises attests to the existence of ice rises pnor ‘to the m1d _to late-

Holocene A recent climatic. amelroranon in Sector 3 rs responsrble for the

large scale retreat of perenmal snowpatches in aban gned meltwater channels :

o
and gorges - B
¢ N ™ ® 1

. X e .
e ~ ; £, I
3 .

5.3.5: Sector 4: Bushmill Pass/lce Alley Fiord.
5.3.5.1: General Description;

Bushmill Pass is ,IOkm long and 2.5km wige, linking the upper Armsgrong

fover to Ice Alley Frord (Figs.. 5.3b and 5. 20).»The watershed of the pass

reaches ca. 250m ,asl and 1s flanked to the north by Cache Plateau and the south

Idrls Peaks (600m) and to the south by the anhlands hostmg the Dodger Ice o

_Cap (<600m) Bushmrll Pass marks the structural bounda@a«between the Sllurlan .

Lands Lokk. and Imina Formatrons to the north and Proterozorc and/or lower '

Palaeozoxc §ocks to the scuth (see Fig.2.2). However, there are few ' “ R .
lxthologlcal dxfferences between these units. The Pass appears to be the ; T
struttural contmuanon of the southern half of Ice Alley Frord From Bushmlll

- Pass northwards the fxora\m‘outh trends sharply’ southwest—northeast Outcrops
of dramrcton in the centre of the fiord mouth mdlcate that it is very U _

1

' shallow A spot soundrng mdxcates that maxrmum depths are. in the order of 70mg

5

(Capadlan Hydrographlc Service 1974)
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_ Three small glaciers exist between the north and south Idris Peaks
These occur at 300m asl and they drain eastwards to the mouth of Ice Alley
Fiord or southeastwards to eastern Bushmill Pass (Frgs 5. l 5.3a.and b). To
the south, Terrible Glacier (site 20 on Fig.5.4) is the main outlet of the |
Dodger Ice Cap, flowmg northeast over a broad bedrock step and calving into
Ice Alley Fiord (Fig.5. 21). A number of samples were collected from Terrible
Glacier and are used in the evaluation of glacial geolpglc processes in
" Chapter 4
L
5.3.5.2: Geomorphology and stratlgraphy . . .
The summits of the southern Idris Peaks are covered with felsenmeer,
‘occasronal tors and sparse erratics (Fig.5.22). Definitive erratics overlymg
Imina Formatlon sandstone and mafic dykes are calcareous, greenschist and
marble clasts. On the summit shoulders the erratics. are well rounded and
contrast with the angular felsenmeer- (Fig.5.23). Between the Idl‘lS Peaks, the
cols reach >400m asl and are covered by txll veneer, which has been locally -
reworked by ameltwater from plateau ice caps (Frg 5. l) Strlated clasts exist
up to 450m and shell fragments were collected from trll veneer at 409m. Thrs
till descends into Bushmill Pass and onto the lower cliffs overlookmg Ice
Alley FlOl‘d Here the cliffs have been dissected by meltwater channels in
excess of SOm deep and 20m wrde trendmg east-west. In the centre of Bushmrll .
P’ass the till veneer has been extensrvely reworked by slopewash and mass ..
movement '
To the west of Sector 4, the hrghlands of the idris Peaks merge w1th
' Cache Plateau of Sector 3. The tho large meltwater gorges (Figs.5. l and 5. 26)
“that descend 1nto western Bushmxll Pass have been drscussed 1n sectxon 5 3. 4
Further meltwater channels cut- across the western f lanks of the south Idrrs
Peaks at elevations above the two gorges Some of these hrgher channels also

jdescend into Bushmlll Pass e e TRV

: , O
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‘-crrati’cs ;émlc.i tors sculptured f
* places f iqu’a"ly reworked, covers

L

Figure-5.21; The Dodger Ice Cap and its outlet, Terrible Glacier; viewed from
the north. The glacier descends over a broad bedrock step and calves into [ce
Alley Fiord. In the foreground is the felsenmeer of the south Idris Peaks with

its scattered erratics. The till blanket and kames of the Bushmill Pass’ are in
the middleground. :

yoow
Sy ‘w

‘ S Vg : v
\Figu_r,e‘ 0.22:'The’ndrth Idris: Peaks (bac
summit of one of -the south Idri

rom more resistant ‘mafic dikes. Till veneer, in
s the valley$ and passes between the. peaks.
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ngure 5.23: Well,rounded erragics aty550m asl on the broad lower summit

one of the south Idris Peaks.
. ' -
{

" Figure 5.24: Looking north on

- extends to the right. - v

{
. '}l L]
-
S

S

of

ong the lateral mog"?ainé;» and 22"?:m,kéme delta’
‘(arrowed) towards.the Jdris Peaks. 'Fl}e till ‘blanket-of east Bushmill Pass -
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A number of small gravel benches, marking the outer edges of alluvial |
fans emanating from the meltwater channels discussed above, occur within the
centre of Bushmill Pass. These {/ary in altitnde from 257-267m asl whereas
lower, telescoping terraces emanate from the same stream outlets (Fig.S.,,L;). In
the western half of the Pass, an alluviated till veneer grades downslope into.
a'large fan beneath which ca.3m of laminated silts outcrop. In the eastern
half of the Pass, gravel hummocks and kettles have been planed at 235m asl.
Further east, a former ice contact gravel terrace (50m wide) occurs at 222m

g,
..asl. The 222m terrace grades upslope into a lkm long lateral morarne which

Glagier where meltwater has. st’rrpped the overb 1den and is nd@ runnrng By ;
2] . % it
" bedrock. Exposures in the tlll blanket are available- ‘g the north side of ‘s

stri{ated clasts l:gsee below) and several pockets (ca lOm ) of marine srlts and
- sands with sparse shell fragments up to an altrtude of l44m. At one site,
heavily faulted and contorté‘d beds of fharme srlts and sandE:\yere vxsrble at
the base of a slump scar; Shell f&agments were collected from trll at the same
altrtude along rhe margin of Terrible Glacrer
CTast analyses were carr' d out on several sedlment types m sector 4
: and on. material from Terrrbl Qlas;ler and its margms Thrs ards the . T

-

uhdérstandinghﬁglacial cle is gntramment processes in the contemporary

woh

environment and dugi past glacrations (see ‘Appendix 2 and Chapter 4)

+ Samples 17-7-873 and 17- 7 874 were taken from the abandoned lateral morame

south ‘of Bushmrll Pass Sample 17-7- 874 was from a contemporary talus cone on

. the morame and its mcreased angularrty contrasts wrth all other samples n

the sector Samples l6 7 876 and 17 7- 871 are from the till contammg shell

A

.
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fragments and is charatfterized by-a relatively large number of striated clasts
(33) and five stoss and» lee‘clasts. Sample 17-7-872 is from the 222m ice
‘ contact gravel terrace and is characterized by no striated -elasts. g
Gravel beaches exist along the coast towards Blah Blah Point (Fig.5.3a)

ranging from 72-80m asl. A 52m cobble delta overlying marme silts, has been

. deposited less than 100m from the present margin, of tTerrible Glacrer whereas a

prominent 76m bench exrsts on the opposite shore of the fiord <l .5km from the
snout. Furthermore a 74m gravel terrace is presently emerging from the
glaCier snout and abundant whole Hiatella arctica bivalves have been collected
from gravels at the base of the calvmg margin. . o '
A prominent trimline and nested moraines <2m high‘record the recent
retreat of gein ice lobe in the lowland between north and south Idris Peaks.
This represents a recent >l 5km retreat of the small ice caps in the basm
t‘“’Slmilar features exist in the upper 4km of the drainage bas,ins extending from
south Idris Peaks westward to Armstrong River This represents the recent
disappearance of a perennial snowpatch comparable to the largest contemporary
1ce cap in the Idris Péaks. The retreat of Terrible Glacier has left cones of
debris on the 52m delta and 74m gravel terrace (discussed in Chapter 4). Along

the lateral margms of Terrible GlaCier retreat is occurrmg by dry calvmg,

caused.in part by lateral incision by margmal streams

'5.3.5.3: Iaterpretation.
' C \ Ly
High elevation erratics exhibiting striations record former extenswe

: glaciations in the Idris Peaks Alternatively, those erratics that are well

| rounded ‘may have been fluvxally deposrted (cf. England l987b) However if
these clasts are compared to clasts sampled from the contemporﬁﬂsnout .of

’ Terrible’GlaCIer and from the diamictons of Bushmill Pass their rounding is

'_ not unusual for glaCially transported debris Their present occurrence Within

,well developed felsenrneer and tors suggests great antiquity
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The shell fragments at 409m asl, below the south ldrrs Peaks can’ be
explained in two ways. First, they relate to a prevrous extensrve glacratron .
when Terrible Glacier mundated the Pass and carrred fossrleerous marme
sediments onto 'the slopes of the Idris Peaks. Alternatxvely, they tecord a ’
period of very high sea level and subseduently have moved downslope Support
for the second hypothesrs comes from the glacrodynamrcs enforced by the local
topography. During previous glacratrons _the small ice caps in the Idris Peaks
could advance mto Bushmill Pass whereas Terrible Glacxer was drawn down into
Ice Alley Frord Therefore ice flow drrectly from south to north would
require a topography devord of the fiord. Even though the fiord mouth is
' extremely shallow, its surface 1s presently >l00m below the broad bedrock step
at the eastern end of Bushmrll Pass. Durmg the last glaciation thrs caused
Terrible Glacrer to flow northeastward into the fiord backfilling the east end
of Bushmrll Pass up to an altrtude of only ca 222m asl (the altrtude of the
lateral morame/kame delta, see below) Evrdence for'a prevrous hrgher sea
level comes from the shell fragments collected at 144m at the margin of
'I‘ernble Glacier. These could be derived only from an upslope location and
~ have been reworked by Terrible Glacier. Shells at a srmrlar herght'aon the
north side of the Stream drammg Bushmrll Pass have been reworlagie‘d and vcamed |

upslope by Terrible Glacrer as' it backfrlled the eastern end of the Pass

-
’

'durrng the last glaciation. . : /
“The margin of Temble Slacier durmg the l‘ast glaciation is marked by

the lateral moraine to the south of Bushmrll Pass . This r’norame grades into

thqrgravel bench at 222m asl. Thrs bench is 1nterpreted asa kame delta .

deposrted mto an ice dammed lake in- the Pass. Further evidence for such a\

lake comes from the gravel benches between 257 and 267m asl. These represent

the margms of fan deltas from streams dralmng south Idrrs Peaks To the

. west lower fans are underlam by glacrlacustrme silts. Because gra e}

hummocks in- the Pass are planed bv a 235m as| washmg limit ice 'nustwhaw:



!

occupied the Pass, at least partially, prior to lake formation. ‘l'he lake

drained through the large meltwater ehannels along the east side of the «
Armstrong Rr,ver and through gorges that mark the northern rnargm of Terrible
; Glacier, overlooking Ice Alley Fxord The range of gravel. terrace altltudes
indicates that the lake had many levels The perlod of most prolonged
deposition is. marked by the 222m kame delta that prograded ‘westward from the
margin of the expanded Ternble Glacier. Once Terrxble Glacrer withdrew from
)the eastern end of Bushmrll Pass the lake drained. HoweVer at least two lower

phases marked by terraces occur below the 222m delta. ThlS deglacral ice

dammed lake in Bushmill Pass resulted from the differential response rates G‘t{

local ice bodies. The smaller Idris Peaks ice caps responded first to climatic :
--amelioration whereas Terrible Gla01er maintained its maximum position for -S’o“«
longer damming the meltwater from the smaller catchments north and south of
Bushmlll Pass.

The retreat of Terrible Glacier from its last glaclal limit occurred
rapidly as evidenced by a 76m shorelme <l.5km from the contemporary snout
This is only 4m lower than the local marine llmlt south of Blah Blah Pomt
(7km north of the glacier). The occurrence of high delta remnants at 52m and
76m underlying the snout of Terrible Glacxer indicates that the glacier is
presently at’its maximum Holocene extent. ‘ .

Results of the clast analyses have important lmpllcatlons with respect
to present and former glac1al processes A sampfe taken from the active talus
above the abandoned lateral moraine of Terrible Glac1er reveals a hlgh
angularrty which contraSts wrth the underlymg moraine sample, The sample from:
the 222m kame delta shbws an mcrease in angularity compared Wlth two samples
from the diamicton. The angularity clearly reflects a derrvatlon from ‘
extraglacxal sources. and httle subsequent fluvial and/or glacral reworkmg.
The relanvely high' number of glacrally modified ‘clasts i in the itk blanket' '

‘ ‘may be mterpreted as lndrcatxve of t"ormer lodgement processes As was

- »
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discussed in Chapter 4, higher concentrations of debris within glacier snouts
in the field'area as a whole reflect mor'e active extraglacial,. inwash and
marginal meltwater activity durmg periods of retreat. The sxmrlarlty be . veen
stone samples at the margin of, and within, Terrible Glacier (see Fig. 4 18)
led to the conclusions that glaciers entrained the majority of their debris

during readvancg over stagnant ice and aprons and that this material was . *

redeposited after passive transportation. More debris is entrained if there is ™

sufficient deformable proglacial sediment to disturb. Clearly the till blanket
in east. Bushrmll Pass contains glacitectonically deformed ‘marine’ sedrment
Consequently, rather than invoke former lodgement, thevin‘Crease in striated
clasts’indicates greater englacial collisions between .clasts in the debrig®
ch‘a‘r'ged basal ice as the glacier advanced over and entrained raised rnarine
sediments. This implies that glacrer bed conditions were no drfferent durxng‘
the last glaciation than today. . ' '

A considerable recent retreat of local ice caps is recorded by »
'trimlines in the south Idris Peaks. A ‘concomitant retreat by Terrible Glacier
is recorded by its thinning over the local bedrock step and the appearance of
raised deltas from beneath the snout Considerable debrrs is being rel'eased
+ also as augens and cones, some of which are stratrfled with clast

.‘charactenstrcs similar’ to ice margrnal deposrts and deltas This materlal was
added to the. surface of the glacier as it elther 1) wasted back followrng the
last glacratlon or 2) it was proglacially thrust and entrained durmg ‘
readyance As was d1scussed above and in Chapter 4, thlS materlal became
reentrarned durmg a cllmatrc deterioration in the Holocene. Presumably the
burld up of small ice caps and perennlal snow banks in the Idris Peaks relates

to- the same deterioration but re§‘ponse rates are much faster. An approxlmate

: age of <8ka BP for the 76m delta terrace presently emergmg from beneath the ,

UL,

snout of Temble Glacrer (see Chapter 6) provides-a maxxmum age on the

dete,noratxon o
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5.3.6: Sector 5: Drift Pass/Muskox River/Desperation Bay
5.3.6.1: General Description.
Muskox River is 16km long and draxns meltwater from the North Wallow,
- Deception and Av1ator ice caps which empties into Desperation Bay, Ice Alley
Fiord (Fxg 5.3a and b). The river has- -excavated a deep sinuous canyon
approximately 1km long to the southwest of Drift Pass (Fig.5.25a). Desperation
Bay is divided into an inner and outer part by a bedrock headland which rises
to 75m asl (Fig.25b‘).'Drainageffrom the mountains to the west of Deception Ice
Cap and from the southern half of the Western Pikes also empties into
Desperation Bay. s
Drift Pass is 8km long and 2.5km wide linking Muskox River valley to
the main Inlet. Drift Pass is as low as 125m asl at its watershed. Both flanks
of the pass are fault controlled and it is occupied by a small stream fed by
/the easternmost valleys of the Western Pikes Wthh drains to Cache Head Fiord
Glaciologically the sector is flanked by the North Wallew Ice Cap to
the southeast and the Deceptxon Ice Cap to the southwest, A few small cirque
glaciers exist within the deeper valleys of the Western Prkes and presumably
_this would be a prime area for ice buxld up during climatic deterioration. Due
to the diverse topography of Sector 5 it would host all of the glacial

landsystems during glacial conditions (section 4.3.3. I). The geology of the

e

,'area is complex and the réeader is referred to Chapter 2 for detalls (Fig.2.2).

. 5.3. 6 2 Geomorphology and stratigraphy.
o Erratlcs are difficult fo identify in Sector 5 because most llthologxes

r;xre vndespread However erratlcs are easily identified on the granitic =

1 %trusrons of ‘the Western Prkes There Imma Formation sandstones presumably

4’ ¥

'from Drift Pass, are found up to ca. 300m asl in the eastern valleys

‘. J

S Conversely, a small bedrock headland at the northern end of Drift -Pass hosted
l P L

163



T
O

. ,JV\\M

| 101580 uondevad= ‘oull Surpunoid=0 UE
snonurs=y ‘oureiow Aysowwny=H SIUIWIPAS INE[="T ‘(y3n0s) dg 0T8L PUE.(y110U)
10 01Lg Buntp S[[AYs=S ‘CE°¢ 81 UT UONOAs=X {|SE Sa1joUI U SHWI] SULIBY
'S]oUUEYD Ja1EMI[aW=W "BaJE 9yl JO SaINIEa) o1ydiowoss Jofew pue JaATY

pue sseqd 1ju1g Sunensn|l £€9-99891 V ydesdojoyd ne jo 1ed BT'S eundig

XONSNA- -



165

1910810 uondase=q ‘youaq [se wg'y | [=aulf uaxoiq ![se sanow

UL SITWI suLIBW 13y)0 iwrp Surysem WOg=m ‘€}[9p Wp/=p *S|SUURYD J3lemijow=tw
"B21B-3Y) JO saimesj oiydiowoass Jofew ay) pue Aeg Uoneradsaq pue goary
XOXYSN 13mo] Junensn(r ¢8-09,91 v ydeszoloyd e jo yiegq ‘q6z's 21n8rg

%



_erratics up to only 150m asl. The summit of the headland (237m asl) dlsplayed
an incipient felsenmeer with tors <2m hxgh The sunﬁmts of the Western Pikes

at >300m are erratic-free and covered by well. de‘Veloped felsenmeer with tors
<5m high (Fig.5. 26)

Drift Pass contains widespread till veneers and till blankets’ - .

(Fig.5.1). The veneer extends up to 300m asl and it has beenTocally reworked

in the valley bottom to form.a sandur. The Pass also exhibits the most
' strkag meltwater channels m the field area. The"éhannels are nested along

its southern slopes (Fig.5. 27) up to 450m asl and they skirt the western
~ slopes of the hxghlands hostmg the North WVallow Ice Cap (Flgs 5.1 and 5.25a).

" The upper channels cuf obhquely across the meltwater gorge whxc}@drams the
North Wallow Ice Cap. All of the meltwater channels document the southwesterly
retreat of a glacier urthe Pass to the present margin of the. Deceptlon Ice q

Cap (Fig.5. 25a). The} puterm st channels extend to a sinuous ridge composed of

A

mterbedded gra els s\nds.a d silts (Flgs 5 25a and 5.28). These sedtments ;

, At 74m asl there xs a Sharp break marking.the )

x __zamtcton that has shells in life position. _
) glacxertzed lateral moraines occupy the upper Musk Ox Rlver
‘valley’, south of Muskox Glacier (Fig.5.1). These record the advance and
coalescence of outlet glaciers principally from the Aviator and North Wallow *
Ice Caps‘('Fig.S.3b)._lce' advance from the Dec_eption Ice Cap into upper Muskox |
River valley would be limited to th'e Muskox Glacier whereas only small cirques;

and aretes flank the upper valley to the west. The advance of Deception

Glacier (site 19 on Fig.5.4) into central Musk Ox River valley is recorded by

166
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Flgure 5 26: X-:ew to the northeast from the highest summit of the Western

" Pikes (915m) looking, over the tors and felsenm_eer developed in the granitic
" bedrock. . “ﬂ\ '

Fxgure 527 Deep meltwater channel ,cut mto till veneer and 'bedrOCk along the
southeast margin of Drift Pass. s
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; . »
Figure 5.28: The medial moraine/kame where it grades into the moraine loop at
the northeast end of Drift Pass. S :
s L 3
7
-

“dip: Ice- thrust. direction was from. the viewer. Note the 'sparse overburden. in .
the foréground increasing to a coarse debris-blanket towards Tim,Fis“h_er:. Rock -

o Fié&i‘é AS_.ZQ’:f*Thnjst block of shal\l"q‘\\" la'cusirine sediments di_.sp,laying a 90°

glacierized screes cover. 'th’e.i'thfust:-blocyks in the distance. R
P .

w
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rock glacieriz}d lateral moraines and hummocky till blanket below the bedrock
N cliffi to the southeast_of the present glacier marginj&Flgs.S.l' and. 5.25a).
This moraine extender\:Skm to the east where it trends acrosslthe valley floor
and 3km around the cliffs to the southeast (Fig.5:1). Inside the moraine and Y
on the valley floor pro:timal to Muskox Glacier is another mdraine ca.20m high,
This moraine extends from a number of thrust blocks <lkm from the snout of
Muskox Glacier. The tHrust blocks are commposed of sands and silts with well
de'veloped primary bedding (Fig.5.29). The inper blocks are we'll’ exposed v -
whereas the outermost bloclcs have a veneer of angular cobbles and boulders and &
" ’

drsappear under rock glacrerrzed screes at the valley side. An inner block

displays a 90° dip with a thrust direction perpendrcular to ‘the present ice '.
margm and parallel wrth the valley axis. - ) i '

Northeast of Deception Glacxer there is an expansive outcrop of
laminated srlts and clays rising to 155m asl on the northeast slope of Muskox' -
valley (Fig. 5. 30) Where exposed these silts and clays display mtense foldmg
and faultlng (Frg 5. 3l) and grade upward into nondeformed silts and . sands
with Eoprous dropstones overlain by stratxfred dlamrctons in the upper 10m.
The northeast boundary of these deposrts is marked by a moraine which extends
into hummocky till veneer in southwest Drift Pass (Fig.5.32). _

" - Sections southwest of Drift Pass (Fig.5.25a), althougl‘l reworked _by

slumping, exlribit a general stratigraphy for the centre. of SectOr 5 /

Y
=2

(Fig.5.33). Marme silts up to 90m asl are overfolded and are unconformably
overlain by 2m of matrix- supported poorly stratified .diamicton. Approxrmately
1m of massive gravels- caps the diamicton. Shell fragments slumpmg from the
sxlts yielded an age of 32 110£370 BP (TO 480) The srlts are offlapped in
' places by cones of massive gravels (up to 68m asl) matnx supported
o istranf ied. dlamrctons with abundant evxdence of' current wmnowmg and L S
, resedlrnentatron (up,to 57m asl); and: horrzontally bedded sands with M ya A

"”_jtruncata,.wshell_s,ln lr_fe position (up to 33m asl). A date on a single valve

P Lot
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Frgure 5. 30: The upper outcrop of l;ﬁ:usmne sedxments (foreground) in central
Muskox River valley. In the distance is the hummocky till blanket and lateral
. moraine of the former Deceptron Glacrer w;th assocrated meltwater channels and
- bedrock knoll.- '

rd

Fxgure 5. 3l Intense foldmg and faultmg of lacustrme sedrments of the -
central Muskox River valley, . o
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Figure 5.32: The moraine immediately proximal to lacustrine sediments in
central Muskox River valley. This grades into hummocky till veneer in the
background.
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Figure 5.33: Composite stratigraphic log from the bluffs at the southwest end
of Drift Pass, Facies and: depositional order are indicated together with
radiocarbon dates (see text for explanation). '
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from the sands at i9m asl is 782070 BP (TO 255) #

“The surface of Drift Pass is covered by trIl veneer. wrth kettles and
kame terraces numerous meltwater channels and fluvﬁal gravels (Eig.5.1). ’I‘he
channels grade down to a sandur amongst rock outcrops on the floor of Drif t
Pass. The sandur grades to former sea levels of <89m, marine lurnt at the '
northeast end of the Pass. The marine limit is recorded by an ice contact

delta which is connected to the 237m headland by a morainal bank (Figs 5.25a
| and 5.34). Another prominent washrng lrmrt (88m asl) trims a moraine. at 'the
southeast end of Drift Pass, overlookmg Cache Head Frord Inset within the
89m delta are three lower deltas; one at 85m and two at 81m asl. The 854t delta
was deposited at the northeast end of the Pass from the Western Pikes after

the 89m delta was abandoned. Both 81m deltas are connected to lower sandur

surfaces, rn the Pass. A massive, matrrx supported diamicton underlies the 85m o

and inner 81m deltas. This dramrcton is overlam by proxrmal bottomset sands '
.and s1lts with whole Hratella arctica valves.’ A date of 8710*70 BP (TO 257)
was obtamed on a valve at an altitude of 40m, within the bottomset sands’ of
the 85m delta Along the outer, west shore of Cache Head Frord 3km southeast.
“of” Drift Pass -an 86m washmg limit occurs within 400m of an outlet glacier -of

: the North Wallow Ice Cap. A Hmtella arctzca valve rn lrfe posrtron from below
thlS washmg lrmrt (67m asl,) dates 8310*70 BP (TO 253).

B}

- The retreat of the beceptron Ice Cap from Desperatron Bay 1s documented
"by meltwater channels nested along the southeastern slopes of the Bay : ¢
' (Fig.5. 25b) A deeply mcrsed meltwater gorge cuts through the headland »
northwest of the Bay. (Frg 5. 25b) Along the coast of thrs headland a boulder—

strewn bench extend&'or approxrmately 2km at ll7 Sm asl (Frg 5. 35) Thrs is

N

L@

. ‘one of the best developed shorehnes in the freld area.’ o
The summrt of the bedrock headland (75m asl) whrch drvrdes Desperatron
Bay exhrbrts an incipient felsenmeer developed in calcareous bedrock A fi ew

scatterederrat_rcs occur,on the summit whereas the lower slopes are blanketed

-
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Figure 5.34: The ice contact delta at 89m as.l_at the northeast end of Drift

Pass. The ‘morainal bank (grounding line) connecting the delta to the 237m

headland extends into the distance. Ice margin at time of delta deposition was
to the left. _ .

»

;

-

‘Figure 5.35: Geomorphology of the headland to- the north of outer -Desperaﬁé'ﬁ

- -Bay viewed from the Idris Peaks, The 117.5m boulder-strewn bench is arrowed

_“and the deeply-incised meltwater gorge G) and n t
. within the Bay (m) are marked. - Bore (.) Ae nested .me_ltwa.ter. channel;
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by raised tgrarine silts containing occasional pockets of coarse debris and:
B A O ¢
scattered angular, b\oulders., '

There are three prominent deltas wrthrn Desperation Bay and an
extensive gravel bench that record sea level durrng deglaciation. Along the
southeastern shore of the Bay the gravel bench prograded from the bases of
- meltwater channels into a former sea level at 80m asl. Hsowever two deltas on

the east and north shores of Desperation Bay recojd a sea level of 73.5m asl.
A thrrd (74m asl) delta prograded mto the ‘outer‘bay from the hrghlands to the

south (Figs.5.25a and b). "

Evrdence of recen glacier retreat occurs in the sheltered valleys of
the Western Prkes Here bumlmes record the thmmng of tirque glaciers and
perenmal snowpatches (Frg 5.36): Furthermore a freshly exposed till and
outwash veneer (ca. 10m wide) occurs along the margin of Deception Glacier
on the 1959 air photographs and it was also observed. in thé field. Musko‘x
'Glacrer has retreated from its thrust block morame and the thmnmg of a 5w
s section of the snout has produced extensive debris covered stagnant ice. This .

_ retreat was clearly in progress on the. 1959 air photographs Finally,

meltwater channels and trrmlmes record the retreat of the easternmost glacrer

in Drrft Pass over a drstance of <0.5km.

5.3.6.3: Interpretatlon A

During the last glaciation ice advanced into Drift Pass from the
Deception Ice Cap and coalesced with ice lobes from the Western Prkes and the
North Wallow Ice Cap. During its advance into Drift Pass Deceptron Glacier
overrode marme silts deforming and truncating them (Fig.5.33). If the date of
32 \\10+370 BP is correct (cf.Appendix 1) then it indicates that sea level was
in excess of 90m asl at that trme The medial moraine which formed between
Deceptron Glacrer and the ice from the North Wallow Ice Cap was probably .

. reworked by f_l-uvral processes Iower down in the-a.blation_ zone. This is
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Figure 5.36: A prominent trimline in the ‘Western Pikes representative of the
extensive retreat of local cirque glaciers.
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suggested by the sinuous rrdge of mterbedded gravels sands and silts which
is mterpreted as.a supraglamal kame let down onto the underlymg topography .
after meltout, resulting in the faultmg of the sedlments If this

mte_rpretatron is correct, the upper elevatlon of thrs kame would mgrk .a
palaco-ELA of 300m “asl.\;/thn Drift Pass during the last glaciation. This
suggests a lowering of the present ELA j(900m asl) by 600m.

/ The moraine at the/downstream ?d of the kame represents ths terminus

y of the ‘glaciers advancmg into Drift Pass from the North Wallow Ice Cap The

stratrfled diamicton at 74m, underlymg the morame mdrcates that glacrer

1ce floated in Cache Head Fiord beyond this point. The main Deception’ Glacier -

was channelled together with ice from the'Western Pikes into Cache Head Fiord
where lt also floated. Deception Glacier also deposited a morainal bank where
it grounded en the bedrock htgh north of the 89m ice contact delta (Figs.5.25a
and 5.34). The fact that the ‘89m delta emanates from the’ outermost meltwater
channel in the pass ‘lends support to Uﬁ reconstructron Because there are no
erratxcs on the 237m summit at the northeast end of the pass, it is likely
that the ice was thln This is-also llkely from a glaciological viewpoint due
to the draw-down effect of Cache Head Ftord upon a glacier in the-pass.

» The 871070 BP date underlymg the 85m delta, provides a minimum age
for the deposmon of the 89m marine llmlt and initial deglaciation of ant
Pass. Because the date was from shells in bottomset sands, it provides an age
for the progradatlon of the 85m delta. The 8310*70 BP date from below the
washmg limit along the outer west coast of Cache Head Fiord provides an age
for sea level b_etween >67m and 86m as well as ‘a minimum age on deglaciation at
a site within 400m of a contemporary glacier.

In central Muskox River valley iateral and terminal moraines document

the coalescence of Muskox Glacier and the Deception Glacier duri"ng the last
glaciation. In upper Muskox River valley the Aviator and North Wallow v caps

may have advanced only as far as the rock glacrerrzed lateral moraines in the

Y77
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_silts which, in turn were succeeded by outwash gravels (Frg 5. 33) Lower

—_ e ] 78

valley bottom where they coalesced with. Muskox Glacxer (Frg 5. l) _

During early deglacratron drainage of the upper Muskox Rrver was ‘dammed
by the Deception. Glacier. The deformed lamrnated silts and clays were
deposited in the resulting ice dammed lake with water depths <155m Rapid
sedimentation caused subaqueous slumplng, resultmg in the intense deformation.

and faulting within the exposures. The moraine to the northeast of the

' exposures, and the stratified dramrctons and abundant dropstones of the upper

10m, probably reflect the proximity of Deception Glacier. Early drainage from
this lake mav have been responsrble for the deep excavation of upper meltwater
channels at the junctior of eastern Muskox valley and the Pass.

Acs ice retreated from Drift Pass its meltwater was responsible for
cutting ar.d/or reexcavating the deep channels on the southeast slopes’
(Frg 5.25a). These channels are mterestmg in that they cut obliquely across
the gorge presently drarnmg the meltwater of the southwest margin of the

i

North Wallow Ice Cap Clearly the cutting of this gorge must postdate the o

' meltwater channels As emergence continued durmg deglacratxon the sandur

within Drift Pass graded to successivély lower sea levels The sandur also was

supplied by progressrvely lower drscharges from the wanmg Deceptron Glacrer
whose clramage became largely diverted into Desperatron Bay after 1ts retreat
southwest of the Drift Pass watershed Durlng its retreat, the Deceptlon
Glacier deposited a melt out till over glacxtectomcally dlsturbed marine

cones of massive gravel between 68 and 57m asl represent kames depOsrted by
the same process In plages ponds formed between Deceptron Glacier and the

s

watershed In an vﬁss resulting ‘in- the deposmon of lacustrme frnes and -

: debrrs flows (Dms(r) on Frg 5. 33) After the fipal break—up of Deceptron

' Glacrer m the Musk Ox Rrver valley the 1ce dammed lake dramed prlor to the

penetratrontof the sea around 7820*70 BP. Meltwater channels and kame terraces

document the above changes in dramage Fmal rce stagnatxon at the southwest "\ '
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’end of the pass was responsible for the kames and etfles‘a‘nd this likely )

~

progressed long after Muskox River had succeeded in 'breaching Deception X
 Glacier. ' | L S
' In Desperation Bay, the general lack of coarse debris wit-hin_the marine
silts and the sparsity of erratics on the 75m headland, _suggest that the ice
entermg the bay floated. Nonetheless this ice excluded the sea until _
consrderable emergence had occurred in some areas. Numerous meltwater channels
on ‘the north shore of the bay document the retreat of icé up into the i
hrghlands of the Western Pikes (Frgs 5 1 and 5.25b). The age of the meltwa..r
- gorge cutting through the headland to the north of the outer bay* (Fig.s. 35) xs -
“unknown. Thrs feature could date to an earlier glacratlon when ice streamed
through Desperatron Bay Srmllarly, the ll7 5m bench on the same headland 1s
' of unknown age but 1t could be a former sea level from. an earlerr glacratron
(see drscussron of 1sobase patt n in Chapter 6). The Jm- gravel bench on the
sout/heast shore of ‘the bay sug sts that glacier ice broke up rapidly leavmg
local ice qebouch/mg into the sea untrl another 6 Sm of emergence had  * 7
-occurred. This explarns local marme limits of 73 Sm and 74m asl (see Chapter )
- 6). o S |
' Evrdence of consr able glacrer readvance postdatmg the last
glaqratron is avarlable 1nd:lb central Muskox River valley HereJhe thrust
) blocks lrkely composed of shallow lacustrrne sedrments document a.750m
readvance -of the northern margm of Muskox Glacier. A later readvance of the
‘same glacrer rnsrde the 750m margm was responsrble for the constructron of
o Lthe contemporary thrust block morarne from which the glacrer is now retrearmg
(cf Frg 4.14). One of these readvances probably correlates to the build- up of

small c:rque glaCrers and perennral snowpatches in the Western Pikes. A recent

retreat of gla,cxer snouts (up to’ 500m) 1s recorded throughout Sector 5.

~

5.3.7: Sector 6: Bridge Street and Ice Alley Fiord-

;



5.3.7.1A: General Descrlption.

Sector 6 comprises the lower Bridge Street valley and the head of Ice
Alley Fiord both of which are occupied by outlet glaciers of the Dodger and
Bridge Street ice caps (Frgs 5.3b and 5. 37). Bridge Street valley is 35km long
originating in the upland plateau of physiographic Zone 2. Dramage mland
from the fiord head is blocked by Pudding Glacrer and an unnamed glacrer to
the south, creatmg two ice dammed lakes. The northernmost lake is called
Pudding Lake (Fig.5.3b). -

5.3.7.2:} Geomorphology and stratigrnphy.

The 770m summit of th% ridge overlooking Pudding Lake has a well
developed felsenmeer without definitive erratics. Erratic lithologies (ie.
‘those from the Nansen and Esayoo Formations to the south) are abundant i

extending to l76m asl on the north side of the Bridge Street valley and 205m

.- asl on the south side. Above these elevatlons locally derlved colluvium

u

extends to the summrt plateaux. On the north side of the valley mouth a till
bench at 140m asl grades mto a meltwater channel at 136m. This channel is cut
_into bedrock and wraps around the mountain shoulder before reaching the fiord
~ head (Fig.S.l). Offlapping the till on the south -sideh of the valley are

pockets of silt-rich diamictons and gravel benches. Large alluvial fans,
composed of coarse, sub- angular clasts wnh mterbedded dramrctons have been
deposited on the lower slopes of Brrdge Street valley (Flg.S.l). These fans
often exhibit steep and pitted fronts and overlie‘ braided outwash deposits.
Sections through all of these sediments‘are available along the main river and
in extensive terraces along the lower valley slopes to the east (Fig.5.38). In .
some places braided outwash thhm the terraces is contorted and faulted
(Frg.5.39). The outwash is truncated and overlain by coarse gravels that can

be traced to retreatmg ice margins. One such section occurs across the river

from the present margin of Bad Weather Gla;)er (site 14 on Frg 5. 4)
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Figure 5.38: View of upper Bridge Street valley from the west illustrating the

‘large number of terraces cut int

Figure 5.39: Heavily contorted an
north side of Bridge Street.

0 alluvium and lacustrine sediments (L).

d faulted braided outwas'h’depqﬁj_itg on the
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o mcludmg graded beds and rip-up clasts of silt/clay. A few kilometers to the
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An undulatmg dramrcton reaching 157m asl occurs in upper Brldge

Street valley (Frg 5.1). This surface is underlam by lOm of stratrf ied -

| ; _dramrcton Downstream a 10m sectron reVeals rhythmlcally bedded srlts and

: 'clays nsmg to 87m asl These rhythnutes are overlam by<2m of dramrcton

southeast of the. rhythmrtes a 20m sectron ‘was vrsxted by hehcopter This

exposes steeply drpprng gravel foreset beds overlarn downstream by
horlzontally bedded frnes and dramrctons '4 ‘

At the fiord head a number of sections, as well as marine and’:al‘luy‘ial

terraces, record deglacial events. On the north side of Bndge Street river, a

. _promrnent bench has been cut in tnll at 86m asl At 54.5m asl a gravel bench

L3

v(750m long) extends from the margm of K\gwer Glacier westwards towards

| Puddmg Glacrer (Figs. 5 1 and 5.4). Below this bench 10m of sandy foreset beds

overlie 20m of masswe bouldery dlamrcton Thrs dramxcton is replaced abruptly
downstream by Iammated srlts wrth occasmnal dropstones '

On the west side of the fiord head, lOm high bluffs reveal lammated .

' marine srlts with occasronal dropstones .These silts are being overrun by

talus from a rock glacrerrzed lateral morame at<86m asl. To the south of
these bluffs the silts overlie a hummock of Stk'itlfled dlamxcton approximately -
5m high (Fig.5.40). These silts contain H:atella arctica in life position as. p
well as occasional beds of gravelly dramrcton. The srlts are also heavily
contorted and folded. A iatella arctica yalve from the section at 29m asl
dated 750070 BP (TO 471). ‘

Immediately northeast of Vienna Glacier (s’ite 17 on Fig.5.4) a

diamicton containing shells in life position, has been dissected by lateral’

meltwater channels. A Hiatella arcticd valve at 52m asl from this diamicton

dated 8330+80 BP (TO 470).
‘A Hiatella arctica valve from one of the silt blocks entrained within

the snout of Pudding Glacier (see Fig.4.16) dated 5200+60 BP (TO 472). Between
. »
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Figure 5.40: The section 750m from the Ice Alley Fiord coastlinz exhibiting -
folded and contorted marine silts with occasional beds of gravelly diamicton
overlying a stratified diamicton hummock (morainal bank-grounding line). The
- rock glacierized lateral moraine at 86m is arrowed on the slope above.

¢

~ Figure 5.41: The section cut by sandar at the margin of Pudding Glacier.

‘i'l.'
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20 and 50m from the glac:er a sectron 100m long and 10m hxgh (Fig.5.41) can -
Ibe drvrded into five units (Fig.5. 42) From east to west these include: 1.
ice-proximal stratlfred diamicton overlain by massive, clast-supported
'diamicton; z%hOrizontally bedded_‘sands and fine§ overlain by clast-supported,
stratified diamicton;s. contorted and folded sands and fines with occasional
massive gravel beds, overlain by horizontally bedded sands and fines; 4.
lamyi“nated fines with dropstonés 0ver1ain by horizontally bedded sands and
,rriassive gravels which are rn turn overlain by a stratified, matrix-supported

\

: diamicton; 5‘.\\int~erbedded sand and gravei foresets. Shells occur in life _ .
position in ho\rizontally bedded sands and fines‘ (Fig.5.42). - »

The SeCthD is overlain by massive gravels, and planar and trough -
crossbedded sands and gravels. The section appears to be part of an undulating
»fan delta drppmg to the. wesr The overlying massive gravels at the western
end of the section appear to be the topset beds to the sand and gravel foreset
beds (unit 5)

. Four glacially thrusted blocks between 4 and 7m high exist on the lower
face of the section (I- 4 on Fig.5.42). Blocks 1 and 2 are composed of
horizentally bedded sands and fines. Both blocks are-blanketed laterally by
colluvium from the section. Thrust block 3 is composed of laminated marine
silts that contain Porrlandia arctica shells in life position. The outermost A
edge of this thrust bfock is unconformably overlain by matrix-supported
gravels. The sand and silt beds of thrust block 4 have undergone mtense
folding. Furthermore both the ice-proximal and ice- dlstal faces have been
extensively reworked by mass movement specifically debris flows within the

sands and silts. The remamder of the sectron is dominated by either

strauf ied dramrctons or bedded sands and fines of marine. origin.

5.3.7.3: Interpretation.

During the last glaciation ice thickened and filled the Bridge Street
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valley up to at least 205m asl. The lateral moraine at €86m asl and the 10rn'
high sections along the west side of the fiord'h'ead indicate that ihe ice was
thin enough to float. A.former grounding line; marked v the hummock of
stratified diamicton (morainal barﬂ, occurs 750m ffom tne present shoreline.
Beyond the grounding line, silts with occasional dropstones probably record
sedimentation be&eath the ice shelf. Deformed silts, with beds of gra'vellx
diamicton, overlying the morainal bank represent rapid deposition during, ice
retreat. Because the <86m lateral moraine has been rock glacierized, its '
o‘rigix{al elevation must have been higher At the mouth of Bridge 'Street valley
ice was grcunded at least to ‘the westernmost point of the 54.5m gravel terrace
underlam by massive dramrcton
JAn ice dammed lake in the upper Brldge Street valley is marked by
_srlt/clay rhythmrtes that grade laterally into steeply dipping gravel foreset
beds. Diamictons associated with these deposits indicate an ice contact
Venvrronment The age of the lake is unknown. Other lacustrme sediments are
represented on the south side of the lower Bridge Street valley. Here pockets
__o_f stratified dramrcton and gravel were deposited in lakes ponded by outlet
- lobes of the Bridge Street Ice Cap. ;l'hese lacustrine sediments w.ere then
- capped by braided outwash from the main river and by local alluvial fans which
graded to a falling relative sea level. . |
' Deglat:iation of the fiord head occurred sometime before 835080 BP when
' Puddin'g Gl;fcier had retreated to within 500m of its present margin. The marine
limit at the fiord head is probablyorepresented by the 86m till bench on the
‘north side of lower Brrdge Street valley and it must be at least as old as the
~ shells dated 8330 BP (see Chapter 6). The 54.5m bench relates to a later
-perrod of .progradanon from Bridge Street into the frord head and may record
- increased discharge caused lay the breaching of an ice dam in the upper or
) middle scctions of Bridge Street, Pudding Glacier had retreated behind its-

present margin by 5200¥60 BP, the age of the overridden shells which provide a
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maximum date on its readvance. Thxs readvance was facxlrtated by Holocene
eme’rgence whrch removed the sea from the vxcrmty of Pudding Glacrer

The section adj Jacent to the snout of Pudding Glacier probably 7
represents a i‘ormer fan delta based on its marine fauna This fan delta was
subsequently capped by alluvium as streams downcut to a lower relative sea
level.‘The lithofacies sequences within the section record deposition into an
ice proximal marine envrronment during ice retreat These sediments m
massrve,\ clast-supported diamictons and stratified diamictons. The gravel
foreset beds near the top of the section terminated glacimarine sedimentation
when sea level was >40m. These heds indicate a‘palaeoourrent from the east.

Subsequent to the deposition of the sediments in the section, and their
downcntting by meltwater grading to a sea level close to present, Pudding
Glacier readvanced, forming four thrust blocks (Fig.5.41). Because the silts
of block C contain Portlandxa arctica shells in life position, the sea must
ha. . penetrated mland of t‘lvus site before the readvance. The marine silts
presently undergomg thrusting and entramment als contam shells in life
position (Hzatella arcnca dating 520060 BP). There are two possible
explanatlons for this: 1. the glacier overrode the marine silts with Hiatella
arctica when advancing towards the fan and did not disturb them. Then the most
recent advance thrusted-these silts into their present position; 2. the silts
have been thrusted .and overridden twice and there has been llttle penetrative
deformation and internal disturbance in some cases (Flg 4.23).

A readvance of glaciers in Bndge Street valley was responsible for the
thrusted alluvlum. The disturbed alluvium was then truncated and overlain by
sandar that built out from the retreating ice. These sandar have also buried
bodies of sta_gnant ice and any futnre readvance could entrain these,
concentrating debris within the glacrers Pudding Glacrer because of 1ts
larger drainage basin and therefore longer response trme is still advancmg

as a result of a mid to late. Holocene climatic deterloratron. Vienna Glacier



‘readvanced. during the Holocene past its 8300 BP limit. It is possible,
therefore, that it exceeded or equalled the limit of the last glaciation at '

this time. Kipper Glacier has readvanced'_over an alluvial terrace without
disturbing it and presently overlies gravel covered stagnant ice. This gravel
cover grades into the 54.5m terrace downstream and suggests that the buried
ice might dage from the last glaciation. In summary, the glaciers of Sector 6
sreadvanced some time after 5200 BP and in some cases attained maximum
positions beyond early Holo¢ene margins. Although each glacier displays a
somewhat different response"to recent climatic amelioration, the general trend

is one of retreat.

5.3.8: Sector 7: The Cache Head Fiord, Cache River an(l Garden Plateau

area.
5.3.8.1: General Description.

Sector 7 includes the southern half of Cache Head Fiord, the northern

part of Cache River and the surrounding highlands. The physiography-is typical .

of physiographic Zone 2 (Fig.5.43). The southern half of the sector is
dominated by rocks of the upper Carboniferous and lower Permian Nansen
Formation (Fig.2.2) which forms the atypical castellated topography of the
Castle Range (Figs.5.3b and 5.44). |

Tho Aviator and Nomynd ice caps'occupy the alatéaux to the northwest
and northeast respectively, whereas the Grant Land Mountains icefields occur
to the south (an 5.3b). The outlet glaciers from L)these icefields either
descend into the Cache River valley or occupy the upper reaches of smaller V-
shaped valleys. The Storm River and Blind valleys, rdn east—west'ac»ross the
centre of the sector carrying drainage from the Aviator a,hd Nomynd ice caps
respechvely Small cirque glaciers exist in the precnpxtous topography of the
Castle Range. The glacxatlon level in Sector 7 is 762m asl and summits range

from 900m to 1050m asl.

189 .
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Figure 5.44: Well developed felsenmeer and tors of the Castle Rarige. The
origin of the channel ‘likely records the former retreat of cirque glaciers.

Figure 5.45: Looking east-southeast across the

Garden Plateau towards Endeavour Glacier an

River. The ridge c;)ntains scattered erratics fr

v
(
N *
discontinuous tiltﬁl veneer of
d the £600m ridge overlookin

om the south.

g Cache
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5.3.8.2: Ceomorphology and stratigraphy. ¢

Several summits were visited to determine the distribution of erratics.
Erratics extend uptto 433m asl on the western slopes of .the Castle Range.
Above i4is there are well'develooed felsenmeer and_tors >5m high which have
been excavated from the calcareous bedrock (Fig.5.44). Several high-elevation
channels (up to 553m asl) cut into bedrock document the former retreat of
cirque glaciers (Fig.5.1). Calcareous erratrcs from the Castle Range have been
carried northvrd: onto the Nansen, Lands Lokk and Imina formations. Erratics
descend to approximately 320m as] east of the fiord head where nunterous
v melthater channels cut into bedrock document the retreat of ice into the
uplands of Blind Valley. .Erratjcs. were not found on either the summits of the -
mountain immediately southwest of the fiord head <762m asl) or on the<450m
asl ridge above the eastern wall of the fiord. The ridge forming the easdtern
margin of Garden P_latean (ca.600m asl) is composed of basalts and associated
volcanics which are Wea'thering to a cindery felsenmeer with severa] tors <5m
high (Fig.5.45). Scattered'calcareous sandstone and quartzite erratics form a
~ discontinuous till veneer recordmg the former mundatron by 1ce from the
: 'south ‘ . '

Rock glacierized lateral moraine‘fs' occ‘ur'on the mountain slopes at the _
mouth of Storm River (Fig.5.3b) and demarcate the former margins of ice that
advanced intp the fiord head from the west. The moraine profrIe descends from
112m asl north of the river mouth to only 91m asl south of the river mouth.
Along the Storm River valley a discontinuous trll veneer extends up to ca. 300m
asl. Striae and roches modtonnees record former ice flow drrectron into the
-upper valley from the southwest Garden Plateau Rock glacierized morames
occur below the Endeavour Glacier and record its advan:e into the Cache R1ver

valley (Frg 5.1). The clrffs of Garden Platgau are dissected by a2 number of -

large channels that were cut by meltwater from glaciers retreating onto the

192
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‘hummocks and areds of till blanket cover the slopes east of Cache R,rver up to

“at 79m asl (6-7-872) and 113m. asl (6 7-873); see Appendrx 2. There are great

- at the mouth of a seco‘nd outlet valley from the Castle Range (Fig.5.43). On

=\
,

» ) | ' .193‘

Qplateau These glaciers were responsrble for striae and roches moutonnees on

_ the southwest bank of Cache River. A continuous till veneer, occasronal

Bl

ca.350m asl (Figs. 5 1 and 5. 46) Clast analyses were undertaken on thrs till

diff erences between the two samples the most apparent bemg the proportron ot;
strrated clasts The 79m sample contamed erghteen strrated clasts - whereas the -
113m sample contamed only two There 1s also a greater degree of roundmg in -
the hrgher sample . v ' lA -

'I'he pattern of deg'lac'iation in Sector 7 is recorded by meltwater

channels emanatmg from small valleys and by many raised deltas Low marme N

lrmrts of 61.and 60.5m asl occur at the mouths of two valleys in the central

fiord whereas Gorge Delta (srte 6 on Fig.5. 3b) Sl;én north of the fiord head
has a marine limit of 77m asl. Below the 77m delta, 10m of horrzontally beddea

sands and silts drrectly overlre bedrock. Within these sedlments at 58m asl

a- Srngle Mya truncata bivalve was collected in llfe posmon and dated 7060*70

BP (TO 251) On the east srde of.. the fiord: head the marme limit is recorded

by a prominent -gravel bench at 93m asl (Frg..S-;47). To the north a delta

‘records a 74m‘sea level at the western mouth of Blind Valley. To the south two

ice contact delta remnants occur at 86 and 75m asl formed by ice that
retreated into a valley of the Castle Range This ice retreat is also recorded
by nested meltwater channels and moraines. Four kilometers'south, inland from

the fiord head,'a bench cut into till records another marine limit (79m asl)

the opposrte bank of the Cache River a large delta remnant records the same
marine limit (79m asl). This marme limit represents theanost lnland locatron 4
where a former sea level was observed. Several outcrops of marme silt occur
below the gorge draining Endeavour Glac:er* These silts rrse to 78m asl and

contain numerous boulders. The rock glacierized moraines at this location are
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Figure 5.46: View from Garden Plateau north along lower Cache River. Till
‘veneer/blanket occur on the east side of the valley (v).

Figure 5.47: View of the east side of the fiord head from the so,uthaWest.

'Visible is the. 93m marine limit bench (L) and the offlapping gravel outliers

and raised. marine sediments of sections HI-HS5,

®
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notched by gravel terraces up t‘o‘ 69m asl.

All of the delta remﬁants around the mouth of the Storm River are
referred to as Storm Delta (site 7 on Fig.5.3b). The outer delta remnants are
82.5 and 85m asl. The innermost remnant measures 79m asl (Fig.5.43).
Extensive kames and fluvial terraces grade to the raised deltas of the Storm
River and record ice retreat to the west (Fig.5.1). . %

‘Several stratigraphic sections exist around the fiord head and along
the east side of the C%he River. On the east side of the fiord head five
stratigraphic logs were compiled (H1-HS5, Figs.5.43 and 5.48)., Section H-1

. reveals 20m of diamicton containing stratified ‘beds and striated clasts
c’wgrlain by 20m of laminated fines with dropstones (Fig.5.4}8). These sediment
are capped-by the massive gravels of the 74m delta. To the south, section H-2
is similar including 25m of diamicton containing stratified beds overlain by
laminated fines and offlapping gravels. Clast sample no. 6-7-874 (App.2) fs
from the dxamlcton The sample includes a relatively high proportion of
strlated clasts (17) and 4 stoss and lee clasts. The diamictons pinch out to
the south (inland) and are replaced in section H-3 by 20m of steeply dipping
foreset sands and gravels with a palaeocurrent direction from the north. These
are .overlain by laminated silts with dropstones (Fig.5.48). Sample no. 6-7-871
'is from the gravel foreset beds and contains 9 Striated' and 3 stoss and lee
clasts all cha;acterized by a high degree of rounding. In seétion H-4, 10-15m
off the foresets are unconformably overlain by clast-supported diamictons with
ztratified beds. These diamictons are conformably overlain by silts with
dropstones. In section H-5 the foreset beds are absent and 3m of clast- °
supported diamicton with stratified beds grades into 10m of laminated fmes
with dropstones. To the south of section H-5, towards the 86m icevcbontact
delta, the section faces are obscured by coll.uvium from the offlapping

gravels. However, gravels and sands appear to predominate.

From a point approximately 2.5km inland from section H-5 there are a
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Figure 5.48: Detailed strati
River. See Fig.5.43 for loc

graphic logs alon
ations.

g the east bank of the Cache



series of bluffs along the east bank of Cache River (Fié.5.43). Lateral facies
changes within these bluffs are represented by sections E-1 to E-8 (Figs. 5.43
and 5.48). In seétions E-1 and E-2, 15-20m of diamictons with stratified beds
and massive .gravel lenses overlie weathered calcareous bedrock. In E-1 the
diamicton is unconformably overlain by 10m of massive gravels with lenses.of
massive, matrix-supported gravel. In section E-2, 4m of diamicton overlain by
Sm of :minated fines with dropstopes_ occur above t};e lower diarﬁicton. The
laminated fines'are overlain by massive gravels with massive, matrix-supported

gravel lenses. In.‘section E-3, 4m of diamicton overlies weathered bedrock. The

diamicton is_capped by 5m of massive gravels. These gravels offlap all of the o

sections (E-4 to E-8) f;om this point southwards. Upslope from section E-3 at

146m asl is a lOOm‘long kame terrace (Fig.5.43). Section E-4 is composed of

interbedded diamictons and r\ippled sand and massive gravel foreset beds with a

palaeocurient d.irection between east-southeast and south-southwest. Two metres

of laminated fines cap the foreset beds and are offlapped by masswe gravels
The silts reach 66.5m asl in this part of the valley. Sectxon E 5is
A characterized by 12m of planar bedded gravels and rippled, sandy foreset beds
with a palaeocurrent direction from the southeast (sample 7-7-872, App 2)
| These are conformably overlam by 15m of laminated silts with dropstones and
then 7m of massive gravels (Fig.5.48). In sectlon E 6, 13m of lammated fines
and horizontally bedded sands have.been deformed. These are overlain by
l’amin‘ated fines with drops.to.nes and then by 5m of diamicton containing
stratified beds and silt intraélasts (sample 7-7-871, App.2). The upper 15m of
the section contains massivie gravels, diamicton and laminated fines. At the
base of séction E-7, 10m of diamicton is overlain and load_ed by massive,
matrix-supported gravels that become interbedded with massive gravels in thé'
upper 15m. Finally the base of séction E-8 displays 7m of coptorted' and
fault‘.d Ianiinated fines and rippled sand interbeds (Fig.5.49). These are .

overla:n by 10m of laminated fines with an indefinite contact. The fines. are

197
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_Figure 5.49; Contortéd silts and sahds at the base of section E-8 on the east
bank of the upper Cache River. i

Figure 5.50: Steeply dipping gravels and sands within subaqueous fans that are
~draped by laminated silts with dropstones at Storm Delta. Shell fragments from
the silts at 28m asl dated 7530170 BP (TO 258). . ‘
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overlain by 12m of massive gravels.

Upsliope' froryé,section E-8, two large outcrops of silts and sands
containing numerous, occasionally striated, clasts occur at ca.80m asl. These
silfs and sands are conspicuous because they do not display the
characteristics of the local deep-red sandstone: < © t'heb Nansen Formation.
Furthermore, the sections in the river terrace below (up to 40m asl) only
contain red sands in their upper 3m suggesting a non locai source for the
preceding silts and sands. '

At Storm Delta the foreset gravels of the 79m delta have prograded
over glacimarine sediments. Beds of laminated silts up to 25m thick, including
abundant dropstones drape steeply dipping interbeds of gravels and sands
(Fig.5. 50) The gravel and sand beds form a series of fan-like hummocks with
palaeocurrent directions between northeast and northwest Mya truncata
fragmeuts from the silts at 28m asl dated 7530%70 BP (TO 258).

In the upland valley to the south of Garden Plateau, cliffs >30m high
contain mterbedded cobble and boulder beds, stratified and massive matnx—
supported gravels, diamictons, and steeply dipping gravel and sand foresets.
To the east of the valley thése sediments are capped by 3m of silts and fine
sands. The sections form the faces of large terraces nested withinv th-e valléy
and the uppermost of these 3erra¢es extends from the till veneer on the )
southern slopes of Garden Plateau.

Evidence of Holocene and recent ‘climatic f]uc_tuations are available at
the snoutof Endeavour Giacier (see also Chapter 4). Here, 2-3m of all}xvium
overlies stagnant ice (Fig.4.11). This alluvium is presently being overrun and

. ‘reworked by the advancing glacier (see Fig.4.20).

5.3.8.3: Interpretation.
Erratics of unknown age on the Garden Plateau (600m asl) attest to the

inundatioi’ of this area by ice advancing from the Grant Land Mountains to the
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south. However, erratics were r;ot found at similar elevations at the fiord
head nor alohg the summit ridge east of the fiord. Limestone erratics on the
highlands to the northeast of the fiord head document the former advance of
ice f rom the Castle Range to the south. Thrs maxrmum distribution of erratics
suggests that Cache Head Fiord was never completely inundated by ice from the
Grant Land Mountains.
During the last glaciation ice originating from Storm River and the

upper reaches of the Blind Valley river occupied the fiord head Because ice

retreated ;nto these drarnage basins at a later date than adjoining areas,
| their marine lrmxts drop in elevation (79 and 74m asl compared to fiord head
' marine limit of 93m asl). The 93m gravel bench along the east side of the
fiord head records the earliest deglaciation of this area rather than the
height of the full glacial sea into which the piedmont lobes previously
advanced (see Chapter 6). To the south of the 93m gravel bench the tWo ice
contact delta remnants at 86 and 75m, and moraines and kames, record ice
retreat from the fiord head. Deltas and benches at 79 and 80m in the lower
reaches of Cache River demonstrate that the sea pengtrated the Cache River
valley at the same time as the inner Storm Delta (also 79m) and before the
deglacratron of western Blind Valley. Therefore, the penetration of the sea
into the fiord head was mmally controlled by this local glacier and not a
major trunk glacier in Cache River. The date of 7530*70 BP from:shell
fragments in silts overlying the subaqueous fans below Storm Delta provide a
minimum age for deglaciation of the fiord head and an age for the
establishment of the 85m delta to the north (Fig.5.43). Within central Cache
Head Fiord local outlet glacrers from the Aviator and Nomynd. Ice Caps
retreated later as indicated by local deltas at only 60.5 and 61m asl. The
sands and silts contammg shellsfbelow Gorge Delta (site 6 on Fig.5.3b) are
interpreted as proxrmal bottomsets and therefore the date of 7060£70 BP on a

single bivalve provides an age for the delta surface (77m asl).

-
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The terminus of ice at the fiord head is recorded by the steeply -
dipping foreset gravels and sands of sec;ions H-3 and H-4 and the.steeply
dipping gravel and sand hummocks below Storm Delta. Because ‘these sediments
display an inland palaeocurrent, oppdsite io the present drainage of the Storm
and Cache rivers, and because they é;e draped by silts containing both
dropstones and shells, they are intérpretéd as subaqueous fans‘from adjacent
glaciers. Further evidence of a subaqﬁeous debris flow is the clast-supported,
stratified diamictbn in section H-4. These fans were probably depqsited at fhe
grounding lines of gléciers,.fed by meltwater emanating from the basal debris-
rich ice (Stewart 1988). Furthermore, the striated, and stoss and lee clasts
from the foreset gravels 6f section H-3 (sample 6-7-871), lend support.‘ to a
basal ice origin. The thick diamictons containing stratified beds in sections
H-1 and H-2 are ihtgrpreted as mevl't out tills deposited behind the retreating
groundi-ng'lline which .lay between s“ections H-2 and H-3 during the last glacial
maximum. Because the palaeocurrents within the fans below Storm Delt'a are from
the north‘,‘. they must have been deposifed by ice desc»ending from the highlands‘
of Blind Valley. This ;jcé coalesced with ice from Storm Rivér which prograded
the 85m delta during ‘\its retreat. Section H-5 reveals the edge of a subaqueous
fan vfed by ice to the north., , '

The COﬁtinued retreat of ice from Cache River valley was responsible
fqr the 'depositipn of diamictoﬁs with stratified beds and massive éravel )
lenses in sections E-1 and E-2.,Further south, the heavily' disturbed silt and
sand beds of sections E-6 and E-8 lik.ely represent glacitectonic deformation.
/ The upper parts of sections> Ev- 1 to E-8, containing silts with dropstones,
massive gravels, and diamictons wifh stratified beds and silt in.traclasts,

. likely recoxjd se'dimentat"i_o‘n either within proglacial lakes daﬁlmed'between the
ice‘f ront and the lvalley.wali, or int;i the sea. Clearly, the presence of
standing water strongly' influenced both the nature of sedimentation and ice

retreat. rn sections E-4 and E-5 gravel and sand foresets, in places
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interbedded with diamictons, record the formation of subaqueous fans at the
valley side. In'the gravels and sands there are a greater number of striated
clasts and a greater degree of rounding (sample 7-7-872, E-4) compared with
the diamictons (sample 7-7-871, E-6). This suggests that basal debris-rich
ice was the source of the foreset beds whereas ice rafted and/or inwash
sediments coptributed to the diamictons. Later b'uild—_up of alluvial fans was
responsible for the overlying gravels of all the E sections. The silt/sand
outcrops upslope from section E-8 were deposited into ponded water at the
valley side which would require the presence of an ice front which excluded
local lithologies (red sandstone). until alluvial fans were established.

The source- for the ice which occupied central Cache River valley was
the Garden Plateau. The abu‘ndé.nce of slates, volcanics and associated rocks
along its eastern banks supports this reconstruction. Because of the lack of
large valley systems on the western slopes of the Castle Range, iittle ice
reached Cache River valley from the east. Furthermore, striae at the base of
the gorge carrying meltwater f rom the Endeavour Glacier (on the west side of
Cache River) document the unobstructed spreading of a piedmont lobe durmg the

last glaciation (see Fig.5.1). These piedmont Iobes from the west proglacially
thrust and overrode marine sediménts. The age and original elevation of these
marine deposﬁs is unknown The 146m kame terrace above section E-3 may
represent the margin of an expanded Endeavour Glacier. The occurrence of a
,large area of till veneer/blanket on the eastern slopes of Cache River valley
is the direct result of physiography. Ice advancing from the Garden Plateau
area as a piedmont lobe initiated proglacial thrusting of alluvium and
glacimarine- sediments, thus increasing the entrained debris significantly. The
higher degree of rounding and lower proportion of striated clasts in sample 6-
‘7-873 (113m) compared to sample 6-7-872 (79m) suggests that the lower sample
was derived from basal debris-rich ice Wthh contained high concentrations of

debris, increasing the likelihood of englacial clast collision.
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The retreat of piedmont lobes from Cache River valleylmust have been
rapid because marine silts extend to at least 78m asl below the Endeavour
Glacier. The Endeavbﬁr Glacier must have been floating at this time as
suggested by the lack of shorelines until sea level had dropped to 69m asl.

The fact that the marine limit does not-drop cbnsisténtly from the central
fiord(_{so the centre of Cache River valley precludes th}e existence of a main
trunk glacier during the last glaciation.

The interbedded sediments in the valley south of Garden Plateau likely
~relate to rapid progradation into a lake dammed by the Endeavour Glacier. The
age of this lake is unknown. Endeavour Glacier would have dammed sucéessively
lower lake levels as it retreated, explaining the nested terraces.

Evidence at the margin of Endeavour Glacier suggests that two
glacioclimatic fluctuations may have taken place since deglaciation. An’early ,
postglacial éd_vance and later retreat »:/ere responsible for the buried stagnant
ice at the glagier margin. Alternatively the stagnant ice dates to the last
glaciétion. Nonetheless, a recent readvance is documented by the overriding
and reentrainment of this material. Endeavour Glacier is a major outlet of the
northern Grant Lan:{?{ountains icefield and therefore‘liléely has a response

time considerably lofiger than the smaller, local glaciers around Cache Head

F iord.

5.3.9: Sector 8: Transition Fiord and The Promontory.

5.3.9.1: General Descfiption.

Sector 8 includes Transition Fiord and its draiﬁage basins. The -
Promon'tory (Fig.5.3b) is a 13km long peninsula separating the waters of
Trénsition and Berg Bay fiords. The topography of The Pr,omon'tory is
precipitous and summits reach altitudes of €610m asl. This relief declines to
the soath where The Promontory is attached to The Musketeers range by a low

saddle cf raised marine sediments (Fig.5.51). West of Transition Fiord a
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plateau hosts the Nomynd Ice Cap. The eastern river occupying Blind Valley
carries m;ftwater from Nomynd Ice Cap and cirque glaciers in the Castle !
Range. The mgin river draining into the head of Transition Fiord is only 8km
long, originating on the northern slopes of the watershed with Cache River.
The only outlet glacier presently occxipying the sector is Nomynd Glacier
(site 7, Fig.5.4), the major outlet of Nomynd Ice Cap.

5.3.9.2: Geomorphology and stratigraphy.

The surficial geology of Sector § is don;inated by bedrock and.
colluvium (Fig.5.1). Pegmatite erratics occur on residuum of Imina san¢stone
up to 130m asl on the southern part of The Promontory.

Large'ro'ck glaciers occur below the bedrock cliffs of Sector 8. In
many places these are former lateral moraines and these occasionally contain
pockets of marine sediment. On the southwest side of the fiord head
coalescent rock glaciers form a bench between 86 and 92m asl (Fig.5.51).
Anot er prominent rock glacier (lkmz) occurs below ti;e western cliffs of The
Musketeers. Incomplete exposures along its outer edge (above 40m asl) provide~
a general stratigraphic sequence for the fiord head. At the base, a 1.5m thick
discontinuous bed of diamicton, with stratified beds and numerous boulders, is
overléin by 10m of interbedded sands and fine gravels. The sands and gravels ‘
are capped by<5m of marine silis which are overlain in places by the rock
glacier, locally wave waShed into short benches 33-50m asl. |

Two lateral moraines emanate from Blind Valley and descend to 120m asl
above the margins of Blind Delta (site 8, Fig.5.3b; Fig.5.51): Another, sub-
horizontal moraine at 110m asl marks the former margin of Nomynd Glacier
(Fig.5.1). Betwéen Nomynd Glacier and Blind Delta rock glacierized lateral
moraines occur in the wider gullies leading to the Nomynd Ice Cap (Fig.5.51).

Approxiinately 750m from the southeast corner of the fiord coastline, a

30m high conical mound of sands and gravels is connected to a ridge (40m asl)
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trending northwest-‘sou,rheast along the valley side (G, Fig.5.51). Exposures
in the ridge Yeveal sands and gravels on its eastern margin and diamictons on
_its western flank. To the north, the ridge and cone grade into 2.5km2 of
marine silts on The Promontory. The silts contain droostone.s‘ and some

" boulders and extend up to 65m asl on The Promontory. Large M ya truncata
fragments from ‘the silts at 54m as| dated 7760*70 BP (TO 259) Many in situ
shells that were shattered by dropstones were pobserved in sectlon

' Local marine limits range from 67m asl (Longmynd Delta, site 9,

-Fig.5.3b) to 82.5m asl (a washing limit on the southern end of The

Prornontory). The surfaee of Blind Delta o\cours at 82m asl and a gravel bench N
3km from the fiord head occurg at 77m asl (Frg 5.51). A dnf'twood log

embedded in silts at 55m asl on the southern part of The Promontory dated

7450*80 BP (TO 260)

5.3.9.3: Interpretation. ‘

Pegmatite erratics at 130m asl on The Promontory indicate that
=glaeiers reached at least this elevation at the fiord heads. 'I‘lhese erratics
were probably ice rafted from .Wootton Peninsula where they were reworked by
glacxers Today, both Transmdm and Berg Bay fiord’s’ contain ice bergs
derxved from Tidewater Glacier on Wootton Peninsula. These bergs are the
likely source of the erratie lithologies. .

Diamicrons are evident within sections below the rock glacier
southeast of the fiord coastline and on the western flank‘ of a local ridge
(site G, Fig.5.51). The diamictons are considered to record the presence of
glacier ice at the frord head durmg\ the last glacratron In contrast, the
absence of dxamlcton on the southern part of The Promontory suggests that
grounded ice did not extend to this area durmg the last glacranon Rather
ice debouched mto the fiord head from the small drainage basins of The

Musketeers and Castle Range where it likely coalesced with a glacier
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occupying Blind Valley fed by Nomynd Ice Cap and ice in the Castle Range. The
_orientation and height of the morames at the mouth ‘of Blind Valley suggest
that ice advanced into Transition Fiord as a predmont lobe (Fig.5.51).
Because the marine limit at the time was approximately 111m asl (see Chapter
6) c; pared with an ice thickuess of <120m, the glacier must have floated.
Sim;ldrly, Nomynd-Glacier advanced approximately 1.5km and its lateral
moraine at 110m indicates a gentle surface profrle typical of an ice shelf
(England et al 1978). The rock glacrerrzed lateral moraines in the gullies
on the west_srdegf Transition Frord‘n@rk the margins of outlet lobes from
‘Nomynd Ice Cap. . ' ‘ .“\:

The rock giacrenzed screes forming a bench at 86-92m asl are likely
remnants of talus cones originally deposrted in the sea. The high silt
content of these screes below 92m asl] attests to a predomlhant subaqueous
depositional environment. In some cases talus cones may have been dep_osited
onto the small glacier iee sh@\;ves at the fiord head. Forexample, the lkmzl
rock glacier was likely depo{ited onto a glacier as suggested by its unstable
surface and sharp rehef indicating buried ice. In other areas, where‘eper
water prevarled the gravels and sands of the cone and the eastern margin of
the associated rldge probably record a subaqueous fan along the ice front.-

. Ice ‘had retreated from Blind Valley by the time sea level had dropped
to 82m asl. Floating ice must also have retreated from the southern 510pes of
The Promontory by this time allowing the formatlon of a washmg limit at”
82.5m asl. Shortly afterwards, the sea penet'rated the fiord head forming the

D?7m gravel bench (Frg 5.51). At this time sands and fine gravels were bemg
' deposrted over diamicton. As ice retreated f urther south marme silts
» offlapped coarser material (diamictons, subaqueous faps), )The continued
activity of several rock glaciers during the Holocene has buried considerahle
raised marine sediment: Nonetheless, short benches notched in the rock glacier

~ during emergence are still preserved in some areas. s

v ,’



The low e’evation ¢f Longmynd Delta (67m asl sxte 9, Frg 5.3b)
records later deg aciafion. This elevation is similar to delta surfaces on
the east side of Cache Head Fiord (6157m asl) immediately to the west
(Fig.5.3b). The formation of these deltas’ was controlled by the late retreat
of Nomynd Ice Cap (Frg 5.3b).

The driftwood date of 7450 BP rndlcates that drrftwood was penetratmg
the eastern fiord heads of Plfrllrps Inlet durrng deglaciation when sea ice
conditions were mdte open. Because this log has probably moved downslope
since deposition (see Chapter 6), it is of limited importance to the history
of emergence. However, it likely dates to the earliest open water conditions

lbat the fiord heads (<82.:5m) and hence records the onset of ameliorated
'summers Thrs dictates that the shells dated 7760 BP likely relate to a sea
level>82 Sm, a proposmon whrch is supported by the equrdrstant diagram in

Chapter 6.

5. 3 10 Sector 9 Phllllps River and Berg Bay FlOl‘d ‘, <

5. 3 10 1 General Description. ~

_ Sector 9 méludes the head of Berg Bay FlOl‘d the confluence .of
'Phrllrps and Napes rivers, and- the surroundmg hrghlands (Fig. 5. 3b) Both

Phillips Rrver (27km long) and Napes River (10km long) drain the icefield of

the Grant Land Mountains to the east and s\outh respectively The resulting
‘hlgh runoff 1s responsible for the seasonal break up of the pack. ice in Berg
Bay Fiord and the penetranon of 1cebergs from Trdewater Glacrer to the
north. The mouth of Phxlhps River contains the largest sandur of the fxeld
area (7km Flg 5 52). . , ‘

The plateau 1mmed1ately south of The Musketeers hosts a small ice cap

(ca 4km ) whereas the plateau to the north iof Phrllrps Rrver contams the

larger Relief Ice Cap {(ca. 8km ). A 7km long piedmont glacier at the head ot -

Napes River outlets from the lcefrelds of the Grant Land Mountarns L

dn,
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5.3.10.2: Gelomorphology and stratigraphy.
Incipient felsenmeer with Sparze erratics sccurs at 2150m asl on the
" northeast shoulders of The Musketeers (Fig.Z ). Subdued meltwater ¢hannels
cut into this felsenmeer mark a former trunk glacier occupying the river
confluence. Hrgher elevation meltwater channels and morames document the
retreat of local ice in the V-shaped valleys of Sector 9. Drscontmuous till .
veneer/blanket occurs along the slopes of Phrlllps and Napes rrvers up to
 120m asl (Fig.5.1). & |

On the western.slopes of Napes River valley, till veneer/blanket
extends from moraines occupymg the eastern valleys of The Musketeers. A ll<m2
rock glacierized lateral moraine occurs on the eastern side of Napes River
mouth The moraine ov:rlies pockets of silts wth dropstones, clast-supported
dlamlctons and interbedded fine gravels and sands. Immedlately north of the
morame a section contams 5m of diamicton with stratified beds and an
east southeast to west-northwest fabrlc ThlS dramxcton is offlapped by silts
and sands with dropstones and shells in lrfe posmon Above the section, a
till bianket rises to 113m asl.

Along the south side of Phillips River and west of Napes R,rver rock -
: glacrerxzed lateral morames range from 115m (east) to 106m asl (west)
‘(Figs.5.1 and 5. 52) The lower moraines extend from trll veneer that mantles
the two northern outlet valleys of The Musketeers. Below the 115m moraine,
SCCthl’lS are domxnated by clast supported diamictons with occasional
stratxflcauon Closer to Berg Bay Fiord, 200m west, a section mcludes 5m of
- rippled sands gradmg up into SOcm of stratified dramrctons w1th dropstones
and rip up clasts. Conformably overlymg the diamictop are Sm of silts with

sparse dropstones A SCCthﬂ (53m asl) below the 106m moraine (westernmost L

d

on Fxg S. 52) contams 5m of diamicton wrth angular clasts and shell

-

fragments. From here marine srlts continue onto the southern part of The



Promontory. ‘ |

"The south sﬁin o dnps River, east of Napes River, is dominated by
colluvium, alluvium and reworked raised marine sediments. Rock glacierized
screes are common at higher elevations but a large rock glacier encroaches
upon.the river floodplain (easternmost L on Fig.5.52). This rock glacier is "~
immediately opposite a major outlet valley of the plateau to the north Of..
Phillips River. , . | v '

vOn' the north side of Phillips Ridzr‘ an .ice contact delta at 85m as} _
(site'd, Fig.5.52) extends from till blahket/ven/eer occupying a valley of ‘the
plateau to the north. East of this delta, several silt and fine gravel
outliers rise to 57m asl and indicate that the sea extended to at least this
a}tituge (Fig.5.1). A clast-supported' diamicton underlies these sediments and
ca.5km east of the Phillips/Napes River confluence, several small. diamicton
outcrops reach 88m asl. These‘diamictons cont_ain a high proportion of
striated clasts and they éxten_d to till veneer upslop\e:

Several deltas and terraces occur between 67 and 90m asl throughout
Sector 9 (Fig.5.53). A 90m terrace occurs below the 115m moraine on the
northeast slopes of The Musketeers. A Mya truncata valve collected from a
silt outlier (34m asl) beneath an 80m asl bgnqh cut into till vent’;er dated

7190290 BP (TO 256).
’ ngs were compiled fdr extensive sections along the north bank of
Phillips River (Figs.5.52 and 5.53).'iny section N-1 contains a massive,
matrix-supported diamicton. This diamicton coﬁtains st"riatéd clasts and ha. 1
northwest-southeast fabric. In sectioq N-2 the diamicton gives way to 8m of
steeply dipping foreset beds of massive gravels and rippled sands. This unit
becomes thinner in N-3 and inc\ludes dro'pstorieS and rip-up clasts. A number of
scour fills are also apparent. At the base“of s_ectiori N—_‘4ithere are lm thick

interbeds of massive, matrix-supported gravels, laminated fines with

“dropstones and clast-supported diamictons. All of the sections are overlain by

211
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Figure 5.53: Section logs from the north side of Phillips River sandur.
Locations N-1 to N-4 are denoted on Figure 5.52. ‘
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10-12m of marine silts with dropstones which contain abundant shell fragments.

5.3.10.3: Interpretation.

During the last glaciation, Napes River valley was filled by a glacier
up to 115m asl (morame altitude on northeast slopes of The Musketeers) The
higher erratxcs and subdued meltwater channels (>150m asl) are probably
older. Durmg full glacial conditions, the f]oatrng glaciers at the
PhillipsyNapes river confluence coalesced in the higher sea le\)el of Berg Bay
Fiord. | | ‘ |

The Napes River glacier deposited the 5m of diamicton with a WNW-ESE
fabric at the confluence of Napes and Phillips rivers. This is likely a melt-
out till or morainal bank ‘deposited at‘_the grounding line as’ the glacier
" impinged ﬁpon the bedrock spur. The morainal bank was subsequently offlapped
by marine silts during ice retreat. Above this site, a till blanket was
deposited up to 113m asl. The lkm2 rock glacierized lateral moraine was
deposrted on the surface of this glacier and probably remains ice-cored.

Along the south side of the Phillips River and west of Napes River,
glaciers advanced from two valleys draining The Musketeers. Rock glacierized
lateral moraines on either'side of these valleys have similar altitudes
(~l‘06m asl). Well stratified diamictons and associated marine sediments were
likely dep051ted below small glacier ice shelves As they debouched into the
higher sea level of the fiord head. If this ice was floatmg at the fiord
head and the lateral moraines are taken as its former surface, then the full
glacial sea level would have been 93m asl (0.88x106m ice thickrless). This
estimate is probably.l9—24m too low, as discussed in ‘Chapter 6, and therefore
the lateral moraines may have been lowered by rock glacierization.
| Ice advanced into Phillips River valley from the north. The rock
glacier on the south side of Phillips River and the 85m ice contact delta

‘represent the margm of a piedmont lobe from Rehef Ice Cap. The marine limit
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(79m asl) for the'delta nearest the fiord head (Fig.5.52) records later
deglaciation by anotlxer piedmont lobe of Relief Ice Cap (see eqﬁidistant
" diagram, Chapter 6). Sections N-1 to N-4 represent the f}iies changes
associated with this ice margin. The glacier was probably grounded between
sites N-1 and N-2 (Fig.5.52) and from this point eastwards a subaqueous.farl
-prograded from the ice front. Slumps, debris flows and large-scale cut and
fill, irldicative of a retreating‘glacier (Stewvart 1988), account for the
interbedded stratified diamictpns, sands and gravels with rig-up clasts, and
silts with dropstones. v

Because lower marine limits inside the last ice margin record later
deglaciation (see Appendix 3), the wide range in marine limit throughout
Sector 9 reflects different rates of glacier retrea‘t into the surrounding
‘highla‘nds. Consequently, marine limits 80-90m asl indicate that the sea
penetrated the Phillips and Napes River valleys very early. In contrast,
marine limits 67-80m asl indicate that the smaller catchments around the -
fiord .head were deglaciated much later. This is a function of water depths‘
and the stability of the ice margins. Ice in the rpain valleys would'be
susceptible bto massive calving at the onset of deglaciation. The date of
719090 BP prqvides a minimum age for ice retreat into the mouths of the
northern valleys of ’l‘he Musketeers and an age for a sea level >80m Which is |

the local ma‘ri(x}re limit (see equidistant diagrém,‘Chapter 6).

- 5.3.11: Sector 10: Wind Gap, Valley of the Blocks and Mymmsball Delta

5.3.11.1: General Descriptlon ’

Wind Gap occurs at the eastward end of the -Phillips Inlet strllctural
trough whxch extends into Yelverton Inlet to the east (Fig.5.54). The Valley
of the Blocks, which has a valley-in-valley form and follows another p
structural boundary, parallels Wind Gap for 5km 1mmedxately to the north

(Figs.5.3a and b). The upper profile of Valley of the Blocks has a broad U-
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shape which is inset by the lower profile,.characterized by a deeply incised
gorge (Fig.5.55). Wind Gap and Valley of the Blocks are separated by a 270m
ridge over which Dogleg Glacier spills into Wind Gap (site 6, Fig.5.4).

The glaciers of Sector 10 are piedmont and transection glaciers
originating in the cirques of Wootton Peninsula whereas pleteau ice caps
occnr to the south and southeast. Mymmshall Delta (site 10, Fig.5.3a) refers
to the raised delta at the mouth of Val]e'y of the Blocks. This delta has been
constructed over a broad bedrock step whieh marks the junction of Valley of

the Blocks and Phillips Inlet.

5.3.11.2: éeomorphology and stratigraphy.’

South of Sector 10 a sandstone felsenmeer with tors <5m hrgh occurs
on the summits. Sparse greenschrst and conglomerate erratics were observed at

660m asl north of Relief Ice Cap. Furthermore, the 270m bedrock ridge

| separating‘ the two main valleys is covered by crystalline erratics up to 250m
asl, above which there are two small areas of resrduum (Fig.5.1). A former
ice margin is delineated at the western end of the 270m ridge where meltwater
channels and a lateral morame descend to a prominent washing limit at 91'm
asl (Figs.5.54 and 5.56). Nested meltwater channels and kames document the
retreat of Dogleg Glacier'eastwards from its last ice 1imit‘ (Fig.S.l)' whi{h
occupied bgth lower Wind Gap and Valley of the Blocks. Other kames attest to
the downwasting of Hidden Glaeier while it coalesced with Dogleg Glacier near
Phillips Inlet.

Two lower sea levels are recorded either side of the 91m washing
limit. One is marked by an ice contact delta at 85m asi (Mymmshall Delta) and
the other by a gravel bench cut into till at 82m asi af the mouth of Wind Gap
(Fig.5.54). South of Wind Gap-a delta emanates from the nor-hern dramage
basin of Relief Ice Cap at 74m asl. A 78m asl grav=! terrace occurs 2km - .

inland f_rom the present shorehne (Fig.5.54). Within l.Skm of the western®
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Figure‘t_S/%SL/t alley of the Blocks from ‘the east illustrating the valley-in-
valley-form;-the steep drop into the inlet head and the transition from
di/skected plateau in the south to the fretted cirque landscape in the north.

{

/

I
Figure 5.56: Telephoto across Tidewater Glacier of the western end of the ) [
bedrock ridge separating Valley of the Blocks and Wind Gap. The 91m washing
limit (arrowed), 85m ice contact delta (Mount Logan tent circled), proglacial
meltwater channels (c) and lateral moraine (m) are marked. : .

{
“
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margin of Tidewater Glacier (site 4, Fig.5.4) a delta occurs at 80.5m asl. A

lateral moraine (57m asl) occurs immediately east of the delta. 3
At the outer lip of the 85m Mymmshall Delta, topset gravels overlie

horizontally bedded sands which; in turn, overlie silts with occasional

dropstones. This 10m thick fim'ng-txpward sequence is interrupted at one site

by a 2m thick and 5m long wedge of diamicton with stratxfred beds and rip-up.

clasts. This wedge disturbs the horizontally bedded sands and the silts. A

Mya- truncata valve collected from the sands (54m asl) dated 8050+6O BP (TO

254). At the mouth of Wmd Gap, below the 82m bench, a large bluff of srlts

and fine sands yielded a Hratel[a arctica valve at 58m asl which dated

8480*100 BP (TO 252). These sedrments directly overlie glacrally polished

slate.

5.3.11.3: Interpretation.

During the last glaciation, Dogleg Glacier advanced into Valley of the
Blocks and Wind Gap, overtopping much of the 270m bedrock ridge. Hidden
Glacier advanced out of its confined valley, coalescmg with Dogleg Glacier at
the Inlet head. Dogleg Glacrer probably calved at the mouth of Wind Gap, but
there is no evidence for an ice shelf morame )

Because it had an unstable calving snout, Dogleg Glacier must have |
retreated rapidly after the onset of deglacnauon explaining the date of
8480+100 BP between the lower valleys At this time sxlts and fine sands were
deposited and overlapped the dxamrcton and glacially polished bedrock left by
'~ the retreating glacier. The 91m’ washing limit records the initial
deglaciation of Wind Gap. Because of the wide bedrock step at the mouth of
'Valley of the Blocks and the direct access of Dogleg Glacier, stagnant ice
pers:sted in this area excluding marine fauna until 8050+60 BP. At this time

Mymmshall Delta was deposited at 85m as] and 1ts wedge of diamicton,

interpreted as a debris flow, indicates the proximity of such stagnant ice.

e
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Because the 8050 BP shells relate to the 85m delta, the 8480 BP shells must
be associated with a sea level between 85 and 91masl. The implications of
__these dates are discussed in Chapter 6.
Pleteau outlet"glac‘iers to the south had retreated from Wind Gap by
the time sea level had dropped to 74m asl whereas Dogleg Glacier had
retreated to within lkm of its present margin when sea level was at 78m
(Fig.5.54). Because Tidewater Glacier is presently ealving into the Inlet its
grounding line may never havés advanced appreciably further than present.
Indeed its‘delta at 80m asl ie orily I1m below the highest deglac'ial shoreline
in this area and it is within 1.5km of its present margin. The only evidence
of subsequent advances by the‘glacier come from the 57m moraine which ison .
the proximal side of the delta and lateral moraines <20m higher thén the
contemporary margin.
‘ Within Valley of the Blocks the river has attained at least 20m of
incision through .the slate bedrock which underlies 20m of alluvium. This
accounts for the valle‘y—in—valley form of Valley of the Blocks. The river is
presently undercutting this bedrock and several c_dllapses in the river :Effs
were identified between the 1985 and 1987 field seasons. This evidence
suggests }hat the river may be cutting to an uhpfecedented base level

(Englaﬁd pers. comm. 1987).

5.3.12: Summary .

This section highlights the principal geomorphic dafa and radiocarbon
dates from the field area and is intended as a quick cross reference for
Chapter 6. R ‘
5.3.12.1: Sector 1 Western Wootton Feninsula
Erratics (predominantly outwash) decument ice advance from south

Wootson Peninsula over the Alert Point Ice Cap. Tills representing two .ice

advances are separated by peat déting 39,270+640 BP.
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During the last glaciation, ice floated beyond the present coastline’
deposmng sediment at well defined grounding luies Redeposited shells "
dating 20 ,240£160 BP record the presence of marine fauna <5km f rom present
ice margins. . ,

Marine limits range from 52:65m .asl, Radlocarbon dates record initial
deglaciation between 9,070£80 BP and 779070 BP. A narwhal tusk dating
6830%50 BP indicates open water during the early Holocene where an ice shelf
persists today. A drrftwood date of 4310+70 Bp provides a maximum age on the
formation or regrowth of the Cape Alfred Ernest Ice’ Shelf.

5.3.12.2: Sector 2 The Cape Woods coast

Moraines, till veneer and sandar document the advance of ice from the
south Wootton Peninsula cirques into the Arctic Ocean. Glaciers floated and
deposxted debris as morainal banks before retreating. Marine limits range from
41-65m asl. Radiocarbon dates record mmal deglac1atlon at 8.5ka BP and this
provrdes an age for the 65m marine limit.

A5.3.12.3: Sector 3 Cape Armstrong and the Armstrong River

Erratics occur up to 600m asl and record a glaciation(s) of unknown
- age flowing from south to north. Dur-ing the last glaciation ice occupied
Armstrong River valley and deposrted moraines at 400m asl, Glacxers floated in
.Albxon Lakes and impinged upon a bedrock high to the north where morainal
banks were dep051ted (14,880+*110 BP) Marine hmlt.} range from 61-80m asl. A
C of IO 140%90 BP records early ice retreat.

5.3. 12 4: Sector 4 Bushmil] Pass/Ice Alley Flord

Erratics up to 600m asl and till veneer with shell fragments up to
450m asl, record a glacxatlon(s) of unknown age Moraines, till blanket and
meltwater channels mark the last ice limit of Terrible Glacier at the east end
of Bushmrll Pass. This ice dammed a lake in the Pass durmg early
deglaciation. '

Marine limits range from 74-80m asl. A 74m asl delta emerging from the
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snout of Terrible Glacier attests to retreat of the glacier behind its
present position in the early Holocene There are no Holocene dates preseritly
available from the sector. ‘ : -7

5.3.12.5: Sector 5 Drift Pass/Muskox River/Desperation Bny

Erratics.w'ere not recognised above 300m asl suggesting, that large
areas have escaped inundation by ice. During the last glaciation ice
advanced into Drift Pass (palaeo ELA 300m asl) and Desperation‘Bay deformmg
marine sediments datmg 32,110£370 BP A morainal bank assocxated with an ice
contact delta (89m asl) and the end moraine at the northeast end of Drift
Pass mark the f‘orrﬁner grounding line. : - .

Marine limits range from 73.5-891n asl. Radiocarbon dates record
deglaciation between 8,310+70 and 8,7lOi'70_BP in north Cache Head l:iord and
before 7 826’:70 BP in centrel Muskoi River valley. An ice dammed lake in upper
Muskox Rlver valley dramed when Deception Glacier Tetreated from Drxft Pass.

"~ 5.3. 12 6: Sector 6 Br: : Street and Ice Alley Fiord

- Erratics extend up to 205m asl suggesting that large areas have
escaped glac1at10n During the last glaciation, glacier ice floated in the
fiord head depositing a morainal bank at 1ts grounding line. An ice dammed
lake occupled upper Bridge Street valley but its age is unknown

Marme limits range from $54.5-86m asl. A 14C date of 8, 330+80 BP _
records deglacxatxon of the fiord head when Pudding Glacxer was <500m beyond 5
its present margin. A C date of 5,200£60 BP on shells in thrusted silts
records a mid- Holocene readvance of Pudding Glacier,

C e

5.3. 12' Sector 7 Cache Head Fiord, Cache River and Garden Plateau ‘ /

. Erram:s e{eﬁ:ehq;j tl?,%

suggestlng that Cadghg {888 Fiord was never inundated by ice from the Grant
Ly

i cacg)O to <450m asl towards the fiord head” S

Land Mountams -Durin; ﬁh’e last glaciation, moraines, kames and. glacimarine

sediments mdlcate that ice occupied the fxor@ head as coalescent piedmont

lobes. These glaciers deformed marine and alluvial sediments. During



&
deglaciation, the nieltlng of debrisfcharged ice led to the deposition of
subaqueous fans.

Marine limits range from 60.5-93m asl suggesting early deglaciation of
the fiord head but significant restrained rebound ‘within smaller drainage
basins. Radrocarbon dates of 7,530*70 and 7060+70 BP provide ages on the &
deglaciation of the fiord head and a small drainage basin in central Cache
Head l-"iord respectively.’ ~ ‘ '

5.3.12.§: Sector 8 Transitiqn Fiord and The Promontory .

Diamictons, a morainal bank, and subaqueous fan de,marcate the last ice
limit at the head of 'fransition Fiord. Moraine altitudes and glacimarine
sediments suggest that piedmont glaciers floated in the fiord.

Marine limits rangevfrom 67-82.5m asl. The hlgher marine limits at the
fiord head record Qr_ligLrAdeglaciation there than'lin a smaller drainage basin
at the fiord mouth 13km to the north. A 14C date of 7,450+80 BP on driftwood
i indicates open water at the eastern fiord‘zhead"é: by this time. Shells of
7,76Q“_f_70 BP relate to a sea level‘?82.5m asl.

'5.3.12.9: Sector 9 Phillips River and Berg Bay. ‘Fiard

Meltwater channels and erratics (>150m asl) record a glacratlon of
‘ unknown age. During the last glaciation, ice filled Napes River valley to
ca.115m asl and deposxted a morainal bank at the river mouth. Moraine .
elevatlons of only 106m asl together with glacimarine sediments mdlcate ‘that
« these piedmont glaciers floated at the fiord head and‘depo'sited subaqueous -
fans upon deglaciation. »

Marine limits range from 67-90m-asl reflecting early deglaciation of
the fiord head and restrained rebound within smaller drainage basins. A C
~ date of 719090 BP provides a mrmmum age on deglaciation of the fiord head
and relates to a sea level.>80m4 asl. :

© 5.3.12.10: Sector 10 Wind Gap, Valley of the Blocks and Mymmshall Delta

Erratxcs occur at 660m asJ/recordmg a former, undated glacratlon



- from the Grant Land Mountains. Moraines, kames, and meltwater channels
indicate that Dogleg and. Hidden glaciers floated at the head of Phillips
Inlet during the last glaéial ma: num. -

Marine limits range from 74-91m asl. Early deglaciation is recorded by
a 14C date of 8,4‘801100 BP which relates to a former sea level at 85 to 9lm
‘asl. A date of 8,05060 BP provides an age for the ice contaét Mymmshall

Delta at 85m asl.
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1 " CHAPTER SIX '
' Disgluggign
Wheels within wheels
In a spiral array
A pattern so grand

And complex
pe Time after time

, v We lose sight of the way
. __’_/ N . Our causes can’t see
. E . , Their effects.
Sl N. Peart, Rush: extract
' i % ¢ , . from Natural Science from

.4« " the album Permanent -
1 . Waves, 1980 (Core Music).

6.1: Introduction. \ .

This chapter outlines the palaeogeography of Phillips Inlet and
discusses it in relation to past research and the existing regional
framework. The discussion will be’ sub-divided into four sectrons accordmg to
chronology events. predatmg the last glaciation; the last glacrauon sea
level history; and Holocene (postglacial) hrstory Much of this pertams to
objective one; determmmg the extent and styles of past glaciations. The
second objective of the thesrs was to extend the glacxoxsostatlc data base.on
Ellesmere Island and therefore the sea leve] history of Phillips Inlet and _
_ Wootton Peninsula will be developed accordmgly Clearly the ‘sea level record
cannot be entirely separated f)rom glacral hrstory and therefore both are

discussed when necessary.

6.2: Events pred;ating\thé fast élaciation

Hrgh elevatron erratics a‘% thg most common evxdence for extensive
.glacratron in' the fleld area. Maxxmum altitudes range from 600 660m asl
whereas several sumrmts up to S00m asl (1e Western Prkes Fig.5.3a) are
erratic-free and therefore probably escaped glacratron entrrely Altitudes of
: erratrcs do not declme regularly from north to south and this is a basis for

; questromng the exrstence of a trunk glacrer in the Inlet (Smlth 1959, 1961;

Hattersley Smrth 1961) The rounded natum of some erratlcs could be




indicative of fluvial deposition on a topography very dxfferent from the
present (cf. England 1987b) However, clast’ analyses (cf Chapter Four)
indicate that glacially derlved clasts are characteri_stically rounded due to
the direct entrainrnent and passive transportation of proglacial sediment The
explanatron of erratics on the Idris Peaks (600m asl; Fig.5.3a) requrres only
an increased ice thickness of 209n*rabove the moraines. of the last glacratron
(400m asl). Furthermore most f the Idris Peaks drainage basm is already
above 400m asl. At the f'lord heads erratics at 600m asl are strll

~1viderably lower than those reported from Clements Markham Inlet (>700m asl)

~rcher and Tanq,uary Flords (1000m a’sl; cf. "vHattersleyv-Smith 1969; -
sednarski 1984, 1986). :' | "'
Geomorphic and stratigraphic evidence for_older glaciations is sparse,
especially in topographic Zoq”‘e 2 (Fig.1.3) \ghere'i;;glaciers advaaced into
through-’valle"ys'as -pi'edmont lobes. The lower massive, matrix—supported
diamicton in the section to the south of Alert Pomt records a glac;atlon
which was termmated prlor ‘to 39, 270*640 BP the radlocarbon date on
intertill organics (sxte 26, Frg 6.1).
'The inclusion of strrated clasts and.sh_ell.fragments-within{till

wveneer at v409m asl on the southern Idris Peaks (Fig,5.20) is irnportant to
interpretations of the style of past glaciations in the area. Upslope are the
restricted bedrock catchments of high- elevation glacrerettes Even if these
glacierettes were to expand considerably, there would be no ‘source of
deformable sediment for the creation of debris-rich basal ice; especially 1f
the palaeoglaciation level was <400m asl, puttmg these slapes wrthm the
~ accumulation zone of these glaciers. Therefore the strlated clasts must be
derived from Terrible Glacier that outlets from the Dodger Ice Cap to the
south (Fig.5.20). Furthermore, the shell fragments alsoappear to have__dbeen

trensported to this site as erratics. However, argnments against a south to

norih flow from the Dodger Ice Cap on the present t_opography were already
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outlined (secticn_ 5.3.5.3). Such flow would be unlikely because ice advancing
~from the Idris Peaks flowed into Bushmill Pass whereas Ice Alley Fiord would
draw down Terrible Glacier away from the inland shell site. Another shell
sample in till at 144m asl at the margin of Terrible Glac‘ier presents a
similar glaciological problem. These shells could not have been carried
upslope by the glacler (in its present configuration) and therefore they may
relate to a formervpeg’od %&»hig’her sea level when tlle glacier was much
reduced in size. Becausei.gh'ets,e high elevation shells have not ‘been dated, the
only likely conclusion that can be made is that they predate the last
glaciation. Nevertheless, because the 4@m shells lie outside the last ‘ice
margins, there is'a possibility that they date to a period prior to the
" penultlmate glacmtlon Shells associated with erratlcs at 610m asl on the
Foshieim Peninsula, west- central Ellesmere Island, dated 19, 500+1 ,100 BP and
they were originally interpreted to be ice transported (Sim 1961). On the
ot.ﬁe; hand, England (pers. comm. 1987) speculates that the shells could relate
to a period when relative sea level was much higher (ie. prior to considerable
tectonic uplif‘l cf the s'i'te) anvd/‘or that the shells and erratics are of great
age ancl were transported glacially on a.largely prefaulted landmass. Whelher
or not the high elevation shells inland cf Terlible Glacier were deposited on,
such a different landscape is unknown butbthey appear incombatible with the
present ice configliration of the field area. ‘ '
Evidence for higher sea levels, predating'the last -glaciation, is
‘ragmentary. The bedrock cliffs on west Wootton Peninsula represent an
.intriguing geomorphic problexlx' 'These cliffs contain cove-like indentations
with floors €30m asl. At Cape &%&‘ls the marine erosion possibly responsible
for the cllffs could have exploited the poorly llthlfled sandstone and
sﬂtstone bedrock, forming a wave-cut platform ( 30m asl) Clearly these

features date to a period of stable sea level when sea ice cover was much

reduced Because the Holocene was a period of continued emergence the clif fs
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k -
‘and platform likely predate that time even though they fall below local

marine limit (65m asl). ' S % e

Evidence of higher pre-Holocene sea levels is a\taiiabléfsouth of Alert
. Point where gravels, sands and fines underlying an upper diamicton were
deposited over stagnant ice of an earlier glaciation (>39ka; Fig.6.1).

Piedmont lobes advancing into Cache River valley from the Garden Plateau

duting the last glaciation disturbed silts at the bases of sesttons "E;é and
E-8 (Figs.5.43 and 5.48). These sediments could relate to an unglated, pre-
last glacial, high sea level stand that penetrated tiae upper valley,
Alternanvely, they could relate to a marine transgressxon immediately
predating the arrival of 1cé in Cache River va]ley A former high sea level
(>90m asl) is recorded in the section at the southwest end of Drift Pass
where shells dated 32,1 10+330 BP. Again, these shells could relate to a marine
transgression predating ice at the site. The 117.5m asl shoreline on the '.north
side of Desperation Bay (Figs.5.25 and 5.35), becausey it is 24.5m higher than
the maximum full glacial shoreline (93m asl; Fig.6.4), predates the last
glaciation. v | |

In conclusion it can be stated that former glacxatxons have been more
extensxve in the field area and that the evidence for associated higher sea N
levels is fragmentary. Indeed much of the stratigraphic evidence can be
interpreted using England’s (1983) hypothetical pre-laét glacial sea level
curve (Fig.1.5); either relative sea level fell to or ttansgressed vto the
full glacial sea. |

FEEEEN

- i,

6.3: The last glaciation. _

Throughout this s;ction referencé is made to Figures 6.1-6.4 and Table .
6.1. During the last glaciation many nunataks, indicated by hxgh elevation
felsenmeer existed in the field area (Fig.6.3a). These were 2 result of -

draw-down imparted upon advancing glaciers by the marine reentrants. The
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MARINE LIMIT ALTITUDES Sy ;
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Figure 6.2: Map of marine limit altitudes of Phillips Inlet and the Wootton
Peninsula. :
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.



Figure 6.4: Equidistant shoreline diagram from' Phillips Inlet and the Wootton
Peninsula aligned from X-Y on Figures 6.1 and 6.2. Critical dates for
construction are: 8710=85m:; 84807=85-91m; 8050=85m; 7530=85m; 7060=77m; :
8540=65m; 8480=65m; 10,140=80m. The 8.5ka BP shoreline is the solid line. This
is constructed to tilt at 0.85m/kmand 0.73r- 'km according to different o
interpretations of related sea levels for 84807 (ie. 91m or 85m

- respectively). The 10.1ka BP shoreline is the broken line and this is based

- upon a 15% increase in tilt after Bednarski (1984). . :
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greatest ice advance wasvf rom the Grant Land Mouﬁtains and the plateau ice
caps of physiographic Zone 2. Here the predominant glacial landsystem_s w;ere;
no.2) plateau ic_e caps with piedmont glaciers; and no.4) transection glaciers
(see section 4.3.3.1). The latter were formed by coalescent piedmont l0bes
within broad valleys which lay above marine limit. A‘t the fiord head, where
large areas are below marine lirﬁit, moraiﬁes demarcating t};e last ice limit -
are <150m asl. Therefore, most piedmont glaciers were forcéd' tb float forming
small ice shelves (Fig.6.3a). .

As the piedmon't lobes advanceq into the maiﬁ river valleys they
proglacially thrusted and entrained debris and aprons causing disturbance of:
older marine sediments and outwash. These glaciers depbsited till v'en_eer ahd
low relief hummocky moraines upon retreat. The clast charactefistics of the
tills closely reserhble those pf fluvial material suggesting passive iglacial
transport. Because the basal.ice of these glaciers was charged with debrjs,
thick subaqueous fans were deposited at thé eastern fiord heads during .
deglaciation. Again, tpe clast anélyses suggest 'that the fan mate'rial was
transported .passively by the glacieré "énd redeposited without urixci_ergoing much

. modification. .

‘Because many of the last ice margins terminated in the sea, the raised
marine record is critical to the palaeg%ecigraphic reconstructions (Fig.6.3a).
Thick beds of diamicton have been cited as evidence for stable 'ice shelves
whiéh deposit debris over belts sev‘eral kilometers wide (cf. Gravenor et al.
1984; Eyles et al. 1985). Using sedimentologic and geomorphic criteria,
Stewart (1988) proposed thgt a tideWater glacier (without an ice shelf)

‘ occubied Clements Markham Inlet during the last glaciation. The arguments put
forward by Stewart to support a tidewater glacier include: t}u1e' lack of wide
belts of massive diamictons; the occurrence of subaqﬁatic outwash (fgns); and
_‘the meager amount of ice rafted debris within marine silts irﬁmediately distal

to the ice. The subaqueous fans and morainal banks have important

<
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palaeogeographic implications. Stewart (1988) has pointed out that the
subaquatic outwash of Clements Markham Inlet resembles Pleistocene
glacimarine 'lithofaoies from temperate envlronments. Therefore, climatic
conditlons in the. high Arctic were much warmer during the early Holocene tltan
even today. Stewart's observations co‘ntradict Eyles et al-& (1985)

conclusxons that the lack of coarse sedrment in the Arctic Ocean basin was due
to cold-based glaciers on the northern Ellesmere Island coast that released
httle meltwater upon deglacratron Stewart (1988) prefers sediment entrapment
in the mner?rords .to explain the lack of coarse sedtment in the Arctic Ocean
cores. 4

Stewart s (1988) conclusrons are based upon compartsons between

Clements Markham Inlet and mid- latrtude and Antarctic envxronments
Observations in P’hrlhps Inlet and the Wootton Peninsula dlctate a further
reassessment of the sedrmentologrc and stratrgraphlc cr1ter1a for defmmg
former ice shelves in tlns part of the high Arctic, especrally in areas
eontaining different glacial sublandsystems. First, there is no reason to

expect all i¢e shelves to deposit wide belts of massive diamicton. For

example, 1ce shelves orrgmatmg as piedmont lobes at Cape Armstrong did not
contain large amounts of basal debris because of the lack of deformable
sediment. Second, where piedmont lobes formed ice shelves at the eastern fiord
heads their basal debris may not have been released, due to basal accretion of
fresh water (cf. Lyons et al. 1971). Third,' multiyear fast ice and ice she'lv,es
would tend to decrease calving rates and reduce grdu—nding line fluctuations

: thereby restrnctmg deposition to a narrow belt. Therefore, thick but narrow
belts of dramrcton with interbedded marine sedxments may represent former
:fgroundmg luias outside of which are massive silts with ice rafted debris and
inside of which gre subaqueous fans representing retreating txdewater glacxers
‘(Stewart 1988) Consequently, the subaqueous fans of the eastern fiord -heads

mark approxrmate positions of grounding lines and/or positions of rapid

b

°
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meltlng at deglacxatxon (cf. Ringrose 1982; McC:z-e et al. 1986; Stewart 1988) S
The amount of debris deposited at or beyor i the groundmg line 1s , )
“dictated by the glacial sublandsystem responsible fc - the floating ice. For : ,.“3?“' ‘ . i

example, at Cape Armstrong a low amplitude morainal bank was deposited durm'g
full glacial conditions (14.8ka) on an offshore shoal north of Albion Lakes y ,‘.f' L
(Figs.5.1 and 6.3a). Beyond this line a thin veil of marine silts with R S

. occasional dropstones were deposited beneath the glacial ice.shelf. Coarser

debris, including mega blocks, was deposited below the cliffs at Cape Woods

because the ice transported medial and lateral moraines‘frex“n the  mountains
onto the ice shelt‘ (Fig.2.7 and 5.16). o v & .
| Although there is a greater ice coverage and a much lower glaciation

level on the Wootton Peninsula than elsewhere in Phillips Inlet, most glamers

on the penmsula dﬁdﬂ not advance >4km beyond their present margins during the
last glaciation (Fig.6. 3a) Thxs was a result of the proxrmtty of the ‘Arctic
‘Ocean and Phillips Inlet which forced the glaciers to float and calve The
largest transection glagiers (Woods, Alfreds and Tldewater glaciers, Fig.5.4)
already float in the sea and because of high marine limits (65-90m asl)

ranging from 7.4-7.8ka BP within 1km of their margins, it is likely .th'at tﬁé{ft‘ b»
grounding lines actually retreated during,full glacial conditions,.making |

their margins more unstable (Théias and Bentley 1978). Similarly, the Alert
Point Ice Cap floated at the present coastlme and a calving bay in the cove

east ofoCape Alfred Ernest (Flgs 5.7 and 6.3a) may explain the penetration’of
marine fauna to within 2km of present iceﬁ marging at 20.2ka BP (site 22, |
Fig.6.1). Early Holocene fauna also penetrated this coast by 9.1ka BP (site

19, F'ig.6.l). Using sea leQel data (see‘ section 6.4) the marine limit along

the west Wootton Peninsula coast (65m asl) is dated at 8.5ka BP. Therefore

the progradation of the deltas along thts coast (representing ice retreat) did

not occur until 8. Ska BP. A further mterpretatlon of the older C dates on v .

the Wootton Peninsula (slte 19 and 22, Fig.6.1) would be that they relate to

v



L - o ,
| ‘ 238

the full glacial sea which was not recorded elsewhere in Phillips Inlet
because of the presence of floating glaciers or pervasive landfast sea ice. At
the head of Antoinette Bay, Greely Fiord, England (1987¢) recovered shells in
marine silts relating to the full glacial sea which was not.represented by
shoreiines because of the late break up of a local ice shelf. Consequently,
- marine fauna of full glacial age lived beneath this ice shelf which broke up
as late as 7. 3ka BP. It is possrble that similar conditions existed on Wootton
Peninsula a;lqwmg the penetratton of shells dating 20.2 and 9. Ika BP pnor to
initial retreat at 8.5ka BP.

In the western half of physrographxc Zone 2 (Frg 1.3), glaciers
retreated between 10.1 and 7.8ka BP. Retreat was underway rapidly regardless
of the glaC1al sublandsystems. Around Armstrong River and Albion Lakes, ice
had retreated by 10.1ka BP (site 14,‘Fig.6.}.-) although coarse 'graveIS'were
deposited ouer Armstrong Delta by dutwash from the retreating Dodger Ice Cap‘
at least until sea level was at 61m asl (marme limit=80m). Ice retreatetl
from northeast Drift Pass by 8.7ka BP (sxte 7, Fig.6.1) and the sea
penetrated upper Muskox River valley by 7.8ka BP (site 5, Fig.6.1), isolating
stagnant ice in Drift Pass and causing the final drainage of the proglacial
lake in upper MuskoQ,Rrver (Fig.6.3b). Glacxers in Ice Alley Fiord had
retreated to within 500m of present margins by 8. 3ka BP (srte 11, Fig.6.1) )
suggestmg that thexr margins were unstable. The effect of calving. was also
'felt at thé head of Phtlhps Inlet where dates of 8.1 and 8 Ska BP (sites 4
andl ) Fxg.6.l) document the early retreat of ice into Wmd Gap and Valley of
the Blocks (Fig.6.3b), o

Ice persisted 1n the eastern fiord heads until 7.5- 7 Ika BP despite
the fact that ice shelf and fast ice break~up was already well underway before
7.5ka BP (Fig.6.3b).: Although calving was not as pronounced in the eastern:

frord heads as it was-to the north and west, the coalescent- glac1ers had *

broken up into 1nd1v1dual piedmont lobes before 7.5ka BP. ‘At least one
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piedmont lobe termjnating in the sea had retreated to within 400m of its
present margin by 8.3ka BP (site 3, Fig.6.1) while driftwood penetrated south
of The Promontory by 7.5ka BP (site 10, Fig.6.1). Glaciers at the eastern_
fiord heads were depositlng subaqueous fans before 7.5ka BP (site 8, Eig.6.1)
and the most recent date on final ice retreat is 7.1ka BP (site 1, Fig.6.1;
Fig.6.3b). A; "%
The chronology of€ the last glacnatlon#n PhllllpS Inlet and Wootton
Peninsula have broader implications, specrf:cally for the high Arctic ice
cores. For example, an abrupt isotopic shift (0180) in the Ellesmere Island,
Devon Island and Greenland ice cores at 10.5ka BP has been cited as evidence
of a climatic amelioration (Dansgaard”et al. 1973; Koerner and Fisher 1981;
England et al. 1982) However, the geologic evidence from northern Ellesmere
Island can be interpreted in different ways. The isotopic shift records a
specific period of climate change whereas the geologic record for initial ice
retreat),m the same regron varies (northern Ellesmere Island retreat=10ka BP
northeastern Ellesmere Island and Greenlanfretreat=8ka BP; England and
Bednarski 1986)..The reason for this 2ka lag is that northern Ellesmere . . -
Island is characterized by contrasting glacioclimatic regimes‘and various
topoclimatic controls affect glacier response rates to temperature/rnoisture'
change (Koerner 19770, 1979 England and Bednarsk1 1986) ' A‘ .
Deglacratron m Phillips Inlet was underway by 10. lka BP and whs well
advanced by 8.3-8.5ka BP. This is similar to Bednarskr s (1984 1986)
chronology for Clements Markham Inlet. To ‘the south of the Grant Land _
Mountains, England (l987c) documents deglacxatron at the head of Greely Frord
at 8ka BP with slow emergence from 8 7.4ka BP Therefore there was. a lag of .
2.1ka (maximum) between mmal deglacxauon on the northivest Ellesmere
. Island coast and the area dxrectly southeast lending funther support to the

differences in glac;ochmatxc regimes reported on erther 51de of the Grant

Land Mountains (England and Bednarski 1986)., Similarly, m Otto Frord on the

1
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west coast Bednarski (1987) reports earl.y deglaciation at 9.1ka BP.

The present distribution of ice on Ellesmere Island has been
attr\ibvuted to the effectiveness of precipitation sources '(open Baffin Bay
" versus sea ice covered Arctic Ocean, Koerner 1977b; Maxwell 1981). The
proximity of Baffin Bay has led to a thrckenmg of ice caps on the hrghlands
of the southeast coast durmg the Holocene whereas glaciers to the north have
been starved of prec’xprtatxon. Koerner (1977b) envisages a similar
;asymmetrical distribution of -.ice during the last glaciation. Even the larger
~ ice masses to the south (ie. Agassiz Ice Cap) underwent a thrckenmg of only
200m during the last glaciation (Koerner et al. 1987) This asymmetry,

together with the impasse presented to advancing glaciers by the marine

environment, restricted the last« e 'C verj \ge on northwest Ellesmere Island. A
39!

marked climatic amehoranog\a_ ; I§P could be entertained within the

< s

retreat chronology of the field ~area 1f deglacratron began as early as 10.lka

'BP. The massive calving which occurred throughout the field area during the"

. early Holocene was probably, a response*to more ooen water at that time. Any

effect that this open water had upon increased precipitation (possible ’ “@
accumulation) was likely offset by the general warming trend and/or increased

fcalving rates. The sedimentoloéical evidence also suggests a change to warm-

based glacial conditions during initial deglaciation in the early Holocene

(cf. Ringrose 1982; Stewart 1988). v

4

6.4: Sea level history e
Emergence curvesérepresent the hrst%ry of sea level at specrfrc sites
srnce deglac;atron and they rely entrrely upon radiocarbon dates obtained on
organics ‘that can be ascrlbed to former ‘sea levels. Unfortunately driftwood
was sparse in the field area and none of the dated samples could be related
unequrvocally to a specific sea level. Nonetheless, such dated samples are of

palaeoclimatic importance because they indicate intervals of reduced summer
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sea ice, in some cases at theA onset of deglaciat_ion. Most of the radiocarbon
dates in the field area-were obtained on marine shells collected from
deglacial sediments,.-although many such deposits had poor stratigraphic
control In those cases where the stratrgraphy was uncertain, the shells are
ascrrbed toa range of possxble sea levels. These ranges have been modified
usmg an equrdrstant diagram (Fig. 6 4) which is constructed prmcxpally from
five 14C dates with good stratigraphic control. Twenty—srx C dates have been
obtained using accelerator Qass spectometry (AMS) versus conventional beta
" counting (see Appendrx 1). The dates are summarized in Table 6.1 and their
lo¢ations are shown on Frgure 6.1. ‘\ ;
Radiocarbon dates at sites 2, 4,7, 15 and 25 (Fig.6.1) are used to _

reconstruct the shoreline profile for 8.5ka BP. These dates are all clearly
related to former sea levels (Table 6.1). For example, sites 15 and 25
(8480170 and 8540170 BP) dated the marine limit at 65m asl on the Cape Woods
coast. Site 4 (8050*‘60 BP) dates the ice contact Mymmshall Delta at 8§5m asl. .
Site 2 (8480% 100 BP) dates a sea level between 85m asl and the local marine
limit (9Im asl) at Wind Gap (Frg 6.2). The profrle of the 8.5ka BP shoreline
was then orientated until it attamed a maxrmum tilt as defined by axis X-Y
on Frgures 6.1 and 6.2. A further control on the alignment occurs at site 7
(8710170 BP) which dates a' marine limit of'-85m asl. Site 7 cannot fall ‘below
the 8.5ka EP shoreiine on the equidistant diagram. The resultant shoreline
tilt vreveals dominant glacioisostatic unloading toward the Grant Land
- Mountains to the south. | _

" Because site 2 (8480£100 BP) relates to a sea level somewhere berween’
85 and 91m asl, a range of tilts can be reconstructed for the 8.5ka BP
shoreline (from 0.73m to 0.85m/km; Fig.6.4). Although the equidistant diagram -
has less control than that reported by Bednarski (1984) for Clements Markham :
Inlet, the tilts shown on the8.5ka BP shoreline from both areas are srmrlar

In Clements Markham Inlet the 8.6ka BP shoreline tilts at O 75m/km whereas
A\
. &



the 11-10.5ka BP shor/elrne tilts at 0.88m/km. Therefore the tilt on the ?(u/ll/
glacial sea in Clements Markham Inlet is 15% steeper than the tilt on the - .
8.6ka BP shoreline. In Phillips Inlet/Wootton Penmsula the 10,140£90 BP date
on the marine limit at Cape Armstrong prowvides a control point for the
reconstructron of a full glacial sea in this area. Based on the infprmation )
from Clements Markham Inlet, two full glacial shoreline profiles have been
reconstructed for Phillips Inlet using an increase of 15% above the range of
tilts shown for the 8.5ka BP shoreline (Frg 6.4). Clearly these full glacral
shorelines are approxxmatrons and they assume that Phillips Inlet had the :
same history of glacrolsostatrc unloadmg‘ prior to 8.5ka BP as occurred in
Clements Markham Inlet. Nevertheless, it is -apparent that within Phillips
Inlet the 10.1ka BP shoreline is some 10m higher than the 8. 5ka BP shoreline.
Therefore there is no reason to believe that this is not the case along the -
entire length of the 8.5ka BP shoreline profile.

Using the estimated profile of the full glacial shoreline a range of
112-117m asl is obtained for the marine limit at the eastern frord heads

(Fig.6. 4) The equrdlstant diagram also suggests that the date of 9.1ka is

Y’
related to a sea level abo«i’?a‘th;e 65m shorelme (8.5ka BP) on Wootton

- Peninsula. It is also lrkely*«tl’aa% the 20.2 and 14.9ka BP dates (sites 22 and

16, Fig.6.1) relate to the full glacial sea, but it is not known whethef or
" fot the sea reachﬂe'd its limit‘at these times. Figure 6.5 depicts the isobases
on the >10ka BP shoreline using data from England and Bednarski (1986) and the
steepest shoreline from Figure 6.4 for Phillips Inlet/Wootton Peninsula. It
appears that a southerly shif’ t occurs in the 1sobases between Clements Markham
Inlet and the field area and an elongate (east- -west) rrdge of 2120m of o
emergence coincides with the Grant Land Mountams. Considerable sea levc| data
from Greely Fiord/Nansen Sound, Otto Fiord and Disraeli Fiord are being
“ analysed (J. England -J. Bednarski and DS Lemmen pers. comm. 1988) and a

-more complete reglonal rsobase pattern is forthcoming.

4

242



243

uw

puB|UBBID

ez

‘dg ®{1°0[ 1B pue[S[ 919WS3[[T UIaYllou ioj dews 0s8qOs] '§'9 2In8L]

C e
,.»«.u,.«

7



All other C dates are added to the equrdrstant dragram at their
altltude of collectlon However, it is apparent that many of these dates
relate to higher relative sea levels. Some dates are plotted at specrfrc
elevatrons based upon the location of other samples on the equ1drstant
diagram. For example, the date of 310170 BP (site 3, Fig.6.1) relates to a
sea level >67m-<86m asl. Based" uﬁon the elevation of the 8050+60 BP date
(site 4, Fig.6.1; 85m Mymmshall Delta) on the equidistant dlagram the date
of 831070 BP must relate to a sea level very close to 86m and therefore the
upper 8.5ka BP sho:el;ne (0 85m/km) Is considered to be the best
reconstruction. Local marme limits, without “dating control are assigned a
tentatrve age using the equidistant diagram (Fig.6. 6) and these ages are also |
used in the constructlon of the palaeogeographrcal maps (Fig.6. 3) Because -
some local marine limits (many located msxde the last ice margm) occur
above the 8.5ka BP shoreline (Fig.6.6), sea levelcould not have remained '
stable in this area from >10-8.5ka BP (cf. England 1987c¢) o

The chronology of emergence m "Phillips Inlet is also relevant to the
question of maximum versus mrnrmum ice durmg the last glacratron (cf Ives
1978). Although it might be argued that the restrrcted iice margrns
(interpreted as the last ice lrmrt) are really retreat positions from a
larger "classical” Wrsconsman maximum this is contradrcted by the C dates ‘
on the former sea levels. If a large outlet glacier mundated Phrlhps Inlet
during the last glacratxon the marine limit would decrease in age from
northwest to southeast However local piedmont lobes retreated from the fiord
heads at the same time the outer inlet was becommg ice- free. For example,
although - 14 C dates as young as 7.5-7.1ka BP record deglacrauon at the eastern
fiord heads, shorelmes of 90-93m asl adjacent to these dated sites document
the break-up of coalescent ice as early as=8.5ka BP (Figs.6.1-6.3). This
1ndrcates the retreat from small, locahzed ice margms rather than the

7

sys_tematic, regional retreat of a trunk glacier infilling the inlet.
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Furthermore, there is no stratigraphic or geomorphic evidence for the retreat
of such a trunk glacier beyond these local ice margins.

To the contrary, the extent of the last glaciation _in Phillips Inlet
and Wootton Peninsula is mapped using the distributien of distinct sediment
accumulations (moraines, kames, glacimarine sediments). Retreat patterns are
recorded by prominent meltwater channels and sandar. If this sediment and

landform evidence represents a stillstand in overall retreat from a more
~

extensive ice cover, then similaﬂ'\tx%n\cr: should occur outside the margins
defined in this study. Moreover, raise arine sediments associated with
retreat frdrn a more extensive "classieal" Y\:’isconsin zlaciation are not
evident. -

Because ice cover of the field area is presently 60%, coverage durmg
the last glacxatlon was almost complete (Fig.6. 3a) Nonetheless, the ‘small
range in deglacial dates (either dated directly or interpolated from the
equidistant diagram) di?tates a pattern of retreat that could be occasioned
only by a modest.adjustment in the present ice distribution rather than the
break-up of a regional ice sheet. The paucity of n; sztu dates in the 11-30ka
BP“range is enigmatic in the high Arctic (cf. Andrews 1975a; England 1985a)

bugthe recent dnscovery of f ull glacial flora and marine fauna has

gthened the model of minimum ice (see section 1.4. 3). In the field area -
two" such dates (20 240%*160 and 14,880+110 BP) parncularly strengthen the case

for a fukl glacxal sea outsxde the margins of the last glaciation.

6.§: Holocene (postglacial) history.
| The climatic history obtained from high Arctic ice cores provides a
framework for the 7study of glacioclimatic change in this region (Dansgaard et
al. 1971 1973; Koerner 1979; Fisher and Koerner 1980, 1983) Based on the
record from the Devon Island ice core, a marked climatic amelioration began

at 10.5-10ka BP and this increased steadily until 8.3ka BP (Koerner 1977a;
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Koerner and Fisher 1981, .1985; England et al. 1982). The warming trend
continued until 5-4.5ka BP after which a climatic deterioration from 4.5- 3ka
BP was responsible for the formation or rejuvenation of the Ellesmere Island
ice shelves (cf. section 1.4.4).

Independent data on high latitude climatic change during the Holoééne
/have now been obtained in Phillips Inlvet, northwest Ellesmere Island and these
are summarized for its various sectors (Table 6.2). An early Holocene climatic
amelioration is indicated by a enhanced calvipg interva’ "109.1-8.5ka BP)
followed by the deposition of subaqueous fans fram ice fronts possessing
temperate characteristics (cf. Stewartv 1988). Extensive open water during the
early Holocene, caﬁs‘ed by this proposed amelioration, explains the penetration
of driftwood to the-eastern fiord heads by 7.5ka BP as well as the‘existence
of a narwhal <lkm from the present mﬁrgin of the largest transection glacier
in the field area at 6.8ka BP (section 6.4). Although the narwhal could have
exploited a moat behind the Cape Alfred Ernest Ice Shelf, it is unlikely that
the ice shelf existed in such open water conditions. These events also
coincided with increased progradation of deltas at 8.5ka BP. Sea ice push
ridges up to _marine liniit attest to persistent open leads behind the Cape
Alfred Ernest Ice Shelf from>8.5ka BP to the present.

The early Holocene retreat for the northemrﬁost coast contrasts with
the chronology reported on the south side of the Crant Land ‘Mountains
(England 19é7c) where glaciers aﬁd summer sea ice remained stable until at
least 8ka' BP and, in some cases, closer to 6ka BP. This difference betwe‘en”
the north and south sides of the Grant Land’ Mountains qu}estions the validity
of regional generalizations concerning Holocene climatic change based solely
upon .ice core records. . ‘

The early Holocene climatic amelioration in' Phillips Inlet was

”

followed by a mid-Holocene deterioration during which the Cape Alfred Ernest

Ice Shelf appears to have formed or redeveloped. Glaciers throughout the S
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9
- f ield area responded in accordance with their size. Between the mid-Holocene

' and the present many cirque glaciers,‘ perennial snow‘banks‘ and glacierettes

have formed and retreated. A '

The impact of the Little Ice Age (100-400yrs BP) upon ice bodies of all
sizes is unknown, although two readvances by Muskox and Alfred‘s‘ glaciers may
relate to mid- Holocene and Little Ice Age climatic changes. Some larger
glaciers also may be responding to mid- to late-Holocene climatic
deteriorations (Blake 1981; Stewart and England 1983). A number of questions
remain: specifically, did any perenmal snowbanks and smaller glacxers retreat
and/or disappear between the mid- uulocene climatic deterioration and the
Little Ice Age? Do the outermost trimlines in the field area represent mid-
Holocene or;Little Ice Age limits? What period doés the stagnant ice beyond
many snouts date from, Mid-Holocene ‘or last glacial_? The high Arctic ice
cores do record a pronounced warming between 660yrs and 2.5ka BP. Therefore,
the smaller glaciers and snowbanks presentlx undergomg retreat throughout

the field area may have formed entirel§ B " tle Ice Age whereas the

larger ‘glacier systems may be still respo_’_i
deterioration upon which Little Ice Age superlmposed (Stewart and
England 1983). The recent climatic amelroratron of the last 100 years (cf.

Fisher and Koerner 1980) is documented by th_e retreat of perenn\ral snowbanks,
glacieretres and cirque glaciers. This is particularly noticeable \(hé}

comparing air photographs from 1959 and the present. -
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a0 CHAPTER SEVEN

Q’Qngluasigns and fg'turg research

- This is not the end. It is not even the ‘
beginning of the end. But it is, perhaps the
end of the beginning.
Sir Wmston L.S. Churchlll Speech on 10-11-42.
The conclusions of this thesis can be summarized as follows
l Older, more extensive glaciations are evidenced by melevanon
erratics’ (600 660m) a till possibly dating >39ka BP ‘and reworked, high-level
fossxlrferOus marme sediments. The physrography upon which thlS glaciation
took place is largely unknown as are the number of events. Nonetheless it 1s
1mportant to point out that regxonal erratics originating in the Grant Land
Mountamsqwere not found to be dlspersed throughout Phlllxps Inlet. This A ) .
argues against a pervasrve ice cover wny time in the past and perhaps the '
hypothesxs of an open Arctic Ocean (mcreased precipitation)’ durmg the
Plelstocene (cf Ewing and Donn 19563 Donn and Shaw 1965 Donn and Ewmg 1966;
Herman and Hopkins 1980; Clark 1982).

2. Evidence for higher sea levels predating the last glaciation is

fragmentary and undated. Fos‘sififerous marine sediments were disturbed by

~

glaciers during the last glacxano’n The hlgh elevatron shells (144 and 409m

asl) lnland of Terrible G Ulacler and within 1ts lateral moraine are ‘

%
partxcularly emgmatlc and are xncompanble with the flowhnes of the present.. -

_glacrers Whether these shells were: ice trnﬁ(@orted by a glacnatxon of unknown

age, or whether they represent an old high'sea level remams to be

po
3. Glacial style durlng the last glacxanon was dictated by local - s 'J

physxogra% Four /mam Sublandsystems in addltIOD to Eyles s (1983)
glacxated valley landsystegx are recogmzed L. plateau ice caps with no
outlet lobes 2: plateau 1ce caps thh piedniont glaczers *3. extended'-mrque

N

glacxers and 4, transectron glacxers Because glaCrers werg largely @old-
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based, debrrs was incorporated by apron entramment proglacral thrustmg, and
by the bverrrdmg of stagnant, alluvrum covered ice. The amount of debris
entrarned was a function of the avarlabrlrty of deformable sediment, local
topography and extra/g(acral debris. _ E -
’ 4 ‘Depositional sequences were also dict'ated by sublandsystem type.
Transectlon and/or predmont glaciers at the eastern fiord heads contained
abundant debrrs because of the avarlabrlrty of deformable sediment. Release of
this debris. durrng deglaciation was responsible for large subaqueous fans.
Tills and moraines are also more‘common in aréas of more extensive deformable
sediment.

5. Glacrers advanced on average <10km from their present margins dunng
the last glaciation. Most large glaciers terminated in the marine envrronment
“and their former grounding lines are 1dent1f1ed by morainal banks. The *

spatially. restrrcted nature of these grounding lines suggests that there was

§
extensive landfast sea ice, and that glacrer and sea-ice shelves existed

v offshore. Marjne fauna datrng 14.9ka BP were recovered from amorainal bank at

Cape Armstrong Full glacial fauna datrng 20.2ka BP also exrsted beneat’h an
1ce shelf at Cape Alfred Ernest <2km from present ice margins. Because these
fauna cannot be assocrated wrth a specific relative sea level, the herght of ‘ ‘
the full glac1al ‘sea durmg this interval remains unknown. Nonetheless, models
de;frctmg inundation of thlS area by large ice sheets should be abandoned (cf.
Denton and Hughes 1981 Selby 1985; Hughes 1987)

6. Deglacratron started with a pronounced calving phase throughout the °

freld area between 10.1ka and 7. 8ka BP Glacrers occupled the more sheltered -

. eastern fiord heads untll at least 7 5-7.1ka BP after which large subaqueous )

fans document the retreat of temperate trdewater glacrers This chro,nology of

deglacratron 18 srmrlar to that presented for Clements Markham Inlet

(Bednarskr 1984, 1986) and reflects an’ early Holocene warmmg trend reported

from hrgh Arctrc ice.cores. However the vahdrty of such a regronal warmmg

i
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is challenged by the lag of 2. lka between the northernmost coast and the south
side of the Grant Land Mountams This lends Support to the previously
suggested differences in glacioclimatic regimes on either side of the Grant P
Land Mountams and cautions against regjonal generalizations of Holocene '
climatic change in the high ‘Arctic.

. 7. An early Holocene climatic amelioration characterlzed bv abundant
open water was followed by a mid-Holocene climatic deterroratron during which
the Cape Alfred Ernest Ice Shelf formed. Some of the larger glacral systems
may be still respondmg to the mid- Holocene cooling. Evrdence of a Lrttle Ice
qu advance is sparse and in many cases may be superrmposed on a more dominant
mid- Holocene advance. The climatic amelioration of the last 100 years has been
responsrble for the retreat of many large perenmal snowbanks and
glacrerettes

A number of very tmportant issues remain to be addressed;:

1. Amino acid ratios and even uranrum -series dates are requlred on
older shells from the field area. Younger shells should be processed similarly
for calrbratron Other dating techmques could also be apphed For example
the section south of Alert Pomt pnovrdes an ideal opportumty to investigate
the palaeomagnetrsm of a stratigraphic sequence at this high latrtude

2. The spatial drstnbutron of Terttary sedrments and their
relatronshrps to older erosional landforms and/or structural features remam
. poorly understood Therefore our understanding of landscape e.volutron is
restrrcte%to the late Quaternary .

3. More work is requlred on the section to the 'south of Alert Poxnt
Only a reconnalsance type log was possrble in thls study The 39ka BP organics ¢

¢

, ,should be. sampled foi' macrofossrls and th; site-should be revrsrted to. enable

® \ I
" more exhaustrve sediment samplmg and strangraphxc loggmg

4

4. Similar work on the laké sedlments in. upper Brrdge Street mlght be .

crrtrcal to *the datmg of 'ice margins mland of . the mlet and f 1ords

« A L. . .
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5. From the glaciological and geomorphological Viewpoints, are discrete . ~
englacial debris concentrationg,in the glaciers of thex field area the result
of freeze-on or overriding by the mid-Holocene readvance? What is the age of -
the buried stagnant ice in the field area? Work on oxygen' isotopes frorn basal :
and buried ice (cf Boulton and Sprmg 1986 Sugden et al. l987) would yield
rmportant mformatlon on’glaciological history.

6. Very little is known about the tectonic hlstory of the area. Why'is
there only sparse ev1dence of older sea levels and why is there so much"
postglacxal emergence following such a small ice retreat (England l987b)" The
age and origin of Phillips Inlet, like most fiords in the Queen Ellzabeth
Islands, remains a prominent issue. ‘

7. There is still much conjectureonthe role of the Arctic Ocean as a
moisture source especially given the projections‘ of future global climatic
change. Ice shelves and fast ice have been tentatively ineluded‘in the
reconstructxon of full glacial conditions for the f1eld area but little 1s
known about the history of the Arctic Ocean and its role in glacxatxon at high

latitudes. Was there ever an open Arctic Ocean in the late Tertlary or

Pleistocene (cf Da ’kms 1930)7 Sy

o5 *ﬁl g
Eatltud?m sheet modelling (cf Reeh 1984) should make

better use of the geological field data (Whlch are now quxte considerable for

. 8. Future

- northern Ellesmere Island) and the hrgh Arctic ice core records rather than |

ES I

" obsolete. Geophysrcal models sh@uld also be working toward sxmxlar reflnements ‘
of their modelling of postg}acral sea levels ngen thlS expandmg reglonal

- data base from northern Ellesmere Island

o ¥
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APPENDIX 1
Radiocarbon'dating
Previous d_ates frombnorthern Ellesmere Islandv hdve been \obtained almost
exclusively by the conventional bulk sample method using a proportional gas
counter. This technique involves the conversion of carbon to a gad and then
the countmg of B particles thus measurmg the quantrty of 14 C indirectly. Thé
maJor problem with the conventional technique is that 1t requires a large

volume of carbon and therefore-very small but nonetheless important samples

a

~ cannot be dated. Recent advances in mass spectrometry have enabled the -

aCCUrate dating of very small samples by measurmg the concentrations of

mdrvxdual ions. All of the dates in this thesis were obtarned by accelerated
mass spectrometry in the Isotrace Laboratory at the Umver51ty of Toronto N
There are three main advantages to AMS datmg flrst the size of the
sample requrred second the shorter time requxred for datmg, third, the .
possible extensron of the range of 14 C dating from 45,000 to 90,000 years (9}‘
Blake 1985) However there are problems in datmg marine shells regardless of
techmque Because shells are composed prm(anly of calcxum carbonate in the
metastable crystal form of aragonite, they are most susceptlble to
contamination’ by madern carbon. The aragonite can dissolve and then be .
redeposrted as the.stable crystal, calcrte Durmg this process an exchange of
modern carbon takes place. Therefore shells >25 000 years old are generally

r

regarded as mfmlte even-though there is a remote possnbllrty that the date

is accurate (cf. Bradley 1985). - ' .

To account for fractionation' effects all' C dates are usually
normalized to -25%0 for 6 C which remedres an age anomaly of. approxlmately
400 years. However for marine shells another correctron is usually made for
the apparent age of sea water which for high: latrtudes is averaged at 750*50
years. This correction s v\mad/e;«_.ln,‘the opposite direction ta-the oc S

c e RN

267



g R | - 268
correction thus reducing the correction deficiéncy to 350 years. Tﬁe .
Géélogical Survey of Canada correct to ol 3C=0.O%o for marine shells and to
013C=-25%o_ for other material. Because the majority of 14C dates from the hiéh
Arctic originate from the G.S.C., the same corrections wer; m?de to the. dates .
from the Isotrace Laborabtory thus enabling regional correlation. Clearly dates

»

within the field area are internally coﬁsist,ent.



“APPENDIX 2 |

Clast analyses. ' ‘ . ¥
Fifty 'clésts from sdecil‘ic sample sites wére an;lysed for the

following: Zingg shape in which clasts were measured along their three

prin(:ipﬁl axes; A the lonkgesl axis, B the largest cross section perpendicular

to axis A, and C the short diameter of the pebble also p'erpendicularvto axis

A. Zingg’s (1935) particle shape analysis is discussed in Krumbein (1941).

——
o

Zingg's shape classifications.
Class B/A C/B  Shape o

I >2/3 "(<2¢3 ‘Disks |

II >2/3 >2/3 Spheres ,
Ul <2/3 <2/3 Blades o ;)y
¥ . <2/3 >2/3 Rods '

-

’

-1

1
Powers -roundness which is a visual scale where photographs of clay models are
-used to classrfy clasts m the field. There are six roundness classﬂ‘lcatlons

~very angular; angular, sub-angular; sub-rounded;_ rounded; and well-rounded. ]

This scale is discussed in Powers (1953).

Strxatrons were. noted for each clast in order tovascertain the percentage of -
glacrally modified clasts per sample set. Clasts w1th stoss and lee (bullet)
forms and/or multrple str1atrons weré€ also noted (cf. Boulton 1978; Sharp
1982). '

\ v

Twenty-nine sémple sets were recorded in th'é, field and they Qre

arranged here by location and sample number. Descrrptrons of site and

material/englacial position are noxed also. All samples are then reproduced - o
A .
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graphically. For discussion see Chapters 4, 5 and 6. w
e ) : o » .
™ | A |
Abbreviations: S= striat.d, N= non-striated. Ijark shade= stoss and lee. 7o

L

ms=-clasts with mutiple striations.
S, R, D, B = sphere, rod, disk, blade. -
VA, A, SA, SR, R, WR=Powers roundnes? classes.

Lith %= lithology percentages. SS= sandstone, CG=

conglomerate, SL= slate, Q= quartz, B= basalt, C= ‘ ) AN
\) _ calcare;)us,M: marble, D= diorite, G= greenschist, P=
, pegmatite, SC= schist, GB= gabbro. . -
¢
" Endeavour Glacier.
5-7-871 Diamicton flows‘in‘front of Endeavoﬁr Glacier. Lith.%: Sé 68, CG ‘e
12j SL 10, Q 8, B 2. N " .‘
'5-7-872 Gravels overlying stagnant ice in front of Endpavour Glacier.
Lith.%: SS 70, SL 22,Q6, C2. ‘
. 5-7-873 Augen structure in snout cliff of Endeavour Glacier. Lith.%: SS-
28, SL 6o, Q 10, C 2. "
Sediﬁents.
6—7-871 Subaqueous fan sediments in section at Cache Head Fiord. Lith.%:
. . . SS$16,CG 4,SL*38, Q8, M 16, D 8. o i -
6-7-872 Till veneer‘at 79m above Cache River, south of Cache Head Fiord.,
" Lith.%: SS 26, SL 18, Q 6,M 4, D 36. )
6-7-873 Till veneer at 112 Sm ab0ve sample 6-7-8702. Lith.%: SS 32, CG 8,

SL-4, Q8 B 12, C8, M8 D6, G 2. ’ -
7 6-7—874 Dxamxcton/t:ll below marine sedlments at Cache Head Fiord, north
o ofsample6 T-8701. th% $5 22, CG 6, SL 16,Q6,B6,M38, D
747-87} - Diamigton overlying silts, sands and é}‘a&é‘ls' in a{lilﬁv,ial»»fan

Yoo
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section, east bank of Cache River. Lnth% CG 16, SL 22, B 12, C .
6 M 36, D & . _ - , ’ o ' r
7-7-872°  ‘Subaqueous fan sediments, east bank of Cache River. Lith.%: CG 2,
SL38 Q2, M52, D4GB2 )
17-7-871 Diamicton-‘with shell fragments at >140m, lower Bushmill Pass.
‘Lith.%: SS 16, SL 34, B 4, M 40, SC6. —
17-7-872  From kame délta in Bhshmill' Pass. Lith.%: SS 26, SL 18, Q 6, M 36,
' scincB2
17-7-873  Abandoned lateral moraine of Terrible Glacier, Bushmill Pass
' Lith.%: SS 22, SL 30, B 4, M 38, SC 4, GB 2.

-,

17-7-874  Talus coné on lateral-mpraine of sample 17—7-8703. Lith.%: SS 4, B

16, C 10, M 66, SC 4.
Terrible Glacier. | §
14-7-871  From basal ice facies with small augens in snout cliff
| of Terrible Glacier. Lith.%: SS 12, SL 70, Q 4, M.12, SC 2.
14-7-872 = From cone on wasting snout of Terrible Glacier in englacial
©ice facies. Lith.%: SS 22, CG 2, SL 74, M 2. |
, 14-7-873  From stratified cone‘ on wasting snout of Terrible Glacier in
englacxal ice facies. Lith.%: SS 12, SL 64, Q4,B 2 C2,M2,8C-
1a. ~ :
14-7-8_74 Augen stfuctpre in snout cliff of Terrible Glacier, from basal
" ice facies, Lith.%: SS 2, sL 92, Q 4, B 2. |
. 14-7-875 From dlamlcton cone slumping from augén structure in englac;al
ice facies in cliff of. Terrible Glac1er Lith.%: SS 14,°SL 44, Q
2, B 4 M 28 SC 8. R
14-7-876  From-cone overlying dead ice adJacent to sample 14-7-8705. Lith.%:
SS 8, SL 56, Q 4, B 2, M 20, SC 6, GB 4.

>16—7—'871' - From gravel terrace at lateral margin of Terrible Glacier. Lithf/o: :

SS 18,SL 42, Q2, B4, M 18, 5C 16.



a2

lQ-?a-S?% From augens in englaciaL ice-f.acies' in Iatex:al cliff of Terrible . ' o
. Glacier. Lith.%: SS 10, SL ‘80: Q2,B2,C2 SCa4 g v ‘ A

16-7-{373 Grgvél lens between overridden stagnant ice and englacial {

. ice facies, laté;al cliff of Terrible Glacier. Lith.%: SS 14, SL

38, B4, M 36, P 2, SC 6. | ¢

16-7-874 From gravel behéh partially overridden by Terrible Glacier,

" upstream of sample 16-7-8703. Lith.%: S$ 6, SL 54, M 36, 5C 6.

16-7-875  Gravel bed in basal icé facies above la.rge meltwater cave in

lateral cliff of Terrible Glacier. Lith.%: SS 6, SL 54, B 4, M 32,

i i
P2, SC 2. d '
16-7-876 Slum;ﬁing diaxﬁicton with .shell fragments at >L40m maréin ofg_‘ o
”I:errlble Glacxer Lith.%: SS 16, SL 60, Q 4, M 16, P 2, SC 2.
Dogleg Glacier. ' -

24—7;'.87L From basél ice facies, Dogleg-dlgciér .Lith.%: SL IZEM 4, P 84.
24-7-872 From basal ice facies at lateral margm of Dogleg GIacxer Lith.%: -~
SL 2, B 8, M16P7OSC4 : ,

24-7-873  From thrusted alluvxum in front of Dogleg Glacxer thho% S§ 2,
SL 60, Q 2, B2, M 4, P 26, SC4 *
» 24-7-874 \ From basal ice facies at snout of Dogleg Giacier. Lith.%: SL 34, Q .
4, B 8, M 10, P 34, SC 10. | |
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APPENDIX 3
Glossary of glacioisostatic terms
' s
Eauidistant Adiagram: a diagrarr; drawn orthogonal to the local isobases
with the elevations of dated shorelines plotted against distance. This shows
;}ia extent and geometry of crustal reboupd. Such a diagram can be reproduced
“only if shorelines are well dated at progressively l'OWer elevations. It is
assumed that a synchronous shoreline‘rfxses in the direction of maximum former
ice thickr-less, hence such diagrams zife relevant to determining the sfyle of )
the last glaciation. |
Eustatic sea level change: a sea level change caused b‘y variations in
the water stored on the land by ice sheeéts. ‘This was ériginally thought to be
globally uniform hence a ur'liversal cc;rrecti n was adopted for specific time
intervals. This has since be;an abandoned affer the work of Clark et al. (1978)
who reconstructed zones c;f differential sea{level change around the globe
based on a hydroisostatic mode. that took the deformation of the ocean basins
into consideration. Northern Ellesmere Island lies within their Zone I and
[/11 transition (see section 3.3.2). v .
Forebulge:' an areaof positive displacement extending ca.2(30km beyond
an ice sheet margin due to the rigidity of the crust. The distance at which
this occurs is a product of the flexural parar}l&eter (e<)x1.89 (Walcott 1970).
- The forebulge beyond the Laurentide Ice Sheet was estimated to be ca.l8m in
height and ca.200km in wid'th occurring beyond the outer edge of the peripheral
dep‘ression. During degl...ation the forebulge -colla.pses and 'migrates sloWIy
towards the former ice centre (cf. Brotchie and Sylvester 1969; Walcott 1970;
- Clark et al. 1978; Quinlan and Beaumont 1981). At auy site the migration of
the forebulge can cause either emergence followed by submergence or continuou§

submergence, depending on location relative to the forebulge crest.

Ice-contact delta: a delta exhibiting characteristics of an ice-contact

278 .
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envrronment For example, a prtted surface suggests deposmon over stagnant \@
ice and a steep up- stream slope or escarpment 1nd1catmg an ice- contact face.

" Intercalated glacxgemc diamictons ard delta sediments also indicate /I‘ce
contact condmons These deltas record sca level either at full glacml or
xmmedxate deglacxal condmons at a specrflc site (1e mcreased sedrment

’ mflux asa result of increased ablation), ‘

Isobasg: an‘ line joining points of equal emergence over an equal amount
of time. Isobases are normally drawn on shorelines of a specific age and they .
contowr the differential emergence of them towards the area of maximum former
ice th....ess. See also equrdxstant diagram. The amount of rebound shown by
isobases on northern Ellesmere Island is minimal between 11 and 8ka BP, slow
between 8 and 6.2ka BP and rapid after 6.2ka BP (see Flgg 1.4 and 1.5).

Marme limit: the maximum elevation attained by the sea on a
glacioisostatically depressed' coastline.- This can be recorded by beaches,
deltas or.other landforms sucn as 'vvashing:lim'itsor.the lowermogst elevation of

glacially perched boulders. The regional marine limit marks the highest level 7

reached by the sea in the whole field area while the local marine limit refers

\ e

to the sea level attained on & deg'aciated terrain (ie. deglacial shoreline)
. Generally the elevation of marlne limit decreases in elevation and age as one‘
crosses from the full glacial sea to sites inside the last ice limit. Those
sites msxde the last ice limit are lower because some emergence occurred
beneath the thinning ice prlor to its retreat and the entry of the sea.
Peripheral depression: the depression of the “.thosphere gxtending
ca.200km beyond an ice sheet margin. This occurs during glacioisOstatic
loading of the crust because the lithosphere is rigid. If glacioisostatic‘
.equilibrium is attained at the coastal margin of an ice sheet then the marine
fauna within the peripheral depressxon would cover a wide range of ages
correspondmg to the duration of the loadmg England (1983) refers to this

occupancy of the perlpheral depressron as the "full glacial sea". Within the
X
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.area of the peripheral depression the marine limit rises in elevetion towards
the former ice margin. Behind the ice margin the marine limit falls due to
restrained rebound. Within the ‘peripherel'dep‘ression the transgression to the

_marine limit caus'éd by glacial loading during ice advance occurs much more -
| slowiy than the later transgressmn inside the ice limit where it is drctated
by the sudden retreat of ice. Therefore, in the full glacial sea a complete
transgressrve sedrmentary sequence should be preserved (ie. onlap not -
overstep) However sedxments tend to be retanned within terrestr/Jal dramage
\) . basins.during full glacral condrtrons due to the decrease m runoff' vrs a VIS
reduced ablation. Also, whether the sea transgressed to marine lrmxt in the

perrpheral depression during the last glaciation of the high Arctrc remains to‘ .
be documented (England 1983)

Postglacral emergence the upward drsplacement of the land relatxve to
e sea followmg deglaciation. Thrs is dependent ug@n ice thxckne%s and the

drsm)ce of. the site from the ice margm (cf Andrews 1970)

Relative- sea Ievel curve: a drag:ammatlc representatron of emergence or
submergence throughout postglacral trme in relatron to present sea level.

These are constructed using’ datable strandhnes and marine hmrts at a

specxflc site.

Restrained rebound: a term referring to the amount of glac_ioisostatic
unloading that occurred ben:ath an ice mass prior to deglaciation of a site.
Theref‘ore, this.emergence is not recorded by sea level. Behind former ice
margins the marine limit will fall in elevation accordingly because it records
successively smaller amounts-of unloading. - |

Strandline: the trimline of a former water body indicated by various

)

landforms including beaches, deltas and washing limits. Because these require
) ' ) ““k"“—". . .
, some time to form, sea level has to be either stationary with respect to the
. Xland 2nd/or sediment influx has to be high. In Arctic Canada it is usually the

o .
latter. Although strandlines have been used to indicate progradation of
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sediments durmg glacial stillstands (cf. Andrews . 1970) 1t has been

demonstrated*hakpr\oglacral sedimentation is reduced during a glacial advance -

r

in arid’ hrgh latitude eqvironments (cf Rains e§t al.. 1981) The prmcxpal
-

climatic control in these envrronmems is andrty, hence glacral advance

requires reduced ablation/run off. However ice contact deltas and strandlmes

" associated with a morare:\provrde good chronologxc mdlcators of initial

deglaeratxon and emergence



