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Clements Markham Inlet is a major re-entrant on the

northerneost coast of Ellessers Island shich cuts into the Grant Land
,Mountains. The hesd of the Inlet is bounded on three sides by
‘mountain ice ‘caps. However; a 30 km belt of ice-free uplands ocours
along the outer part of the Inlet. Lowlands st the hesd of the Inlet
are also ice-free and are characterized by exmsive raised marine

ork and mapping provides a scenario of former glacier

P

. e > L
positions at the head of the In

ajge retreat from confluent

# 10 radiocarbon dates on
driftwood and marine shells are used to develop a chronol\ogy and to

: recqnst‘ruct the history of sea level.

' High-level ice marginal chqnneis and mountain sumnit erratics | .

‘ indicate that old ﬁlﬁciatiom inundated’ the whole of Clements Markham ‘
Inlet. At least one of these uid_ated glaciations flowed unconstrained
by the local topogriphy and inundated the entire region. In contrast,_

i the most recent glaciation involved conﬂueni’: trunk glaciers which

terminated near the head of the Inlet. Beyond this | major terminus,
smaller glaciers along the sides of the Inlet debouched into a high

f full-glacial 'sea. Initial retreat from the last glaciation is well

" documented by morsaines, kame terraces, and ice contact-deltas.

»

The oldest date on the terminus of the last glaciation is

9845 BP. After th:_ls time, slow retreat was in progress so that some

%

vi
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of the ioce iurum were within 7 lm of their ourrent position by oa.
97knBP mommotmmnuont valleys at the head orm-
Inlet did not became ice-fres until ca. 8 ka BP. However, arur oa, 8

ka BP pnily retreat acoelerated greatly so that the entire lowland
became ice-free within ca. 400 years.
. ‘ , . .

Relative sea level ourves concur with the ice load changes
suggested by t.hg p-turn of roomion from the maximm limit ot' the
last glactation. nht.al to the ice limit the full glacial-sea
atf.ainod 124 m a.s. 1.. The strandlines indicabe that slow emergence
occurred from 11-10.5 ka BP to ca. 8 ka BP (0.72 m 100 yr™"). This

period was followed suddeniy by 'normal' rapid postglacial emergence

which deoelerated to the present.

......

-

The charactg;‘istic stratigraphy varies between the proxlimai
and distal sides of the 10 ka BP ice margin. Up-ice of this margin,
at the head of the Inlet; the sections commonly show that a marine

transgression immediately followed the retreat of a grounded glacier.

Conversely, distal te' the 10 ka BP margin, along the sides of the
Inlet, the stratigraphy shous conplex 1ntercalations of marine and
glacigenic sediments indicating ;\:Simal 1ce ﬁ'ont oonditiona

throughout the whole of t.he sedimentary recor‘d where small valley

'glaciers contacted the full glacial sea.

'I'he marine limit of the full glacial sea rises from 92 m
a.s.l., at t.he outer coast, to 124 m a s.l., near the last ice limit

at the head of the Inlet. Emergence from this marine limit, on the



1

distal side of the ice limit, ocourred simultanecusly along the sides
of the Inlet. Conversely, the marine 1mit on the proxhnl side of
the ios limit descends in the up-ioce direction. In this area the’ age
of the marine limit is directly oontrolled by the retreat of the ice
front and is therefore Minly 'yomccr in the up-ice direction.
Individual strandlines tilt up in a southwesterly direction,
towerds the central Grant Land Mountains, suggesting a opnter of
isostatic uplift in that srea; Regionsl. iscbases on the i0 ka and
8 ka BP shorelines show this discrete center which is separated from
the Greenland center by a cell of low amergence over the Lake Hazen
ares. The regional isobases indicate that by 6 ka BP the tilting of
shorelines was dominated by the former Greenland ice load.

- The history of: ueréénce on northermmost Ellesmere Island is
similar to that on northeastern Ellemere Island and Greenland, but
initial ';menee occurs two thousand years sooner in Clements Markham
Inlet. This smay be due to: dis‘;ill.ilr glacioclimatic regime
inﬂuemod by the xroxinity the Arctic Oceanj o?' due'to a

- difference in the resgonse bimes between the Greenland Ice Sheet and
the Elleane_re Island caps\ |

viii
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Introduction ‘

SR TR
1.1 Nature .of the Study

Q)aternery studies on northern Ellesmere Island uere _
' initiated in the early 1950's with reconnaissanqL work by Prest

(1952) Blackadar (1954), Gadbois and Laverdiere (19513)

Hattersley-Snith et al., (1955). and Christie (1957) ~ Much of this
early work was associated with studies on the dynanics of ice shelves
and detached ice islands on the northermost coast (Fig. 1.1; Koenig
et al., 1952, Marshall, 1955; Crary, 1956, 1958, 1960; .
Hattersley-Snith 1957) . During the International Geophysical Year

- 1957-58, geological, glaciological and geomorphological studies were
‘ carried out under the auspices of‘ the Def‘ense Research Board and the’
' Geological Survey of Canada (Christie, 1958,' 1959, 1960; Deane, 1958,
1959; Hattersley-Suith, 1958, 1960; Smith, 1959, 1960; Brochu, 1959).
Subsequent studies on glacier f'luctuations and climatic change (e g.
' Hattersley-Smith 1969 1971, Hattersley-Snith and Long, 1967; Lyons
‘et al., 1972 Lyons and Mielke, 1973) continue to ‘the present (e.g.
England, 1974a, 1976a, 1976b, 1978, 1982, 1983; England and Bradley,
1978; ‘England et al., 1981; Stewart, 1981; Stewart and England, 1983).
Similar reconnaissance studies on the glacial history of adJacent Nw
Greenland have also been mdertaken (Koch 1928; Davies 1972;
WQidick, 1972, 1976) A detailed sunmary of‘ previous research on

northern Ellesmere Island can be f‘ound in England et al., (1981b)



e

Ll Thia st\;dy 1s an extension of the latter iﬁvestigations on
t.he Quaternary history of northern fllesmere Island. However, “the
majority of previoua and oontenporﬁry studies were undertaken on NE
Ellesmere Island, S of the Grant Land Mountains (Fig, 1.1).

_ Consequently, the purpose of this i{gvestigation was to extend the
Quaternary data base to the northermoat ooast of E:llesmere Island.
Clements Markham Inlet ‘was chosen for this work since it 13 a maJor .
. re-entrant of t.he Lincoln Sea Arc Oo/ an extending well into the N
flank of the ice-covered Grant Land Modnta/ &g;. Moreover, previous
reconnaissance work by Christie (1967) reported widespread Quaternary

deposits 11{ thiq area which warranted further investigation.
1 ¥ . . ]

1.2 Objectives of the Field Work

Prior to this study, detailed field work on the glacial
' history of northermmost ElioSmere Islang -has not boen undertaken
'despite the area's major ice fields and fiord systems and its direct
~ proximity to tho Arctic Ocean (Fig. 1 1) The primary object\:ive of
the thesis, therefore, is to expand the glaciqisostatic data base f‘or
Ellesmere Island and to relate it to t:he late glocial stratj.graphy.
This information uould be panticularly relevanﬁ to: the controversy
- regarding the extent of ice in northem high latitudes during the last
glaoiation (Blake, 1970, 1975; Englano, 1976 a and b; England e_t 3]_._._ ,
1981; Hushes_ et _;g._._ , 1977); the chronologiool and paieoehviromergt':al
interpretations of High Arctic "’ice‘ ooros' ‘(Dansga'ard et al., 1971;
England, 1'97%; Paterﬁon, 1977; :Koe)ria'er ;e_g al., 1979); the importance

of the Arctic Ocean as a meisture sdurce for the growtﬁf northern
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high 1atitudev ice sheets (Ewing and Donn, 1956; 'Hunkins et al., 1971;
Herman and Hopkins, 1980); ‘and finally the hypothesis for biological
refbgia in this area (Brassard, 1971; Leech 1966). -
N 7
Specifically, the .thesis is concerned with the extent and

chronological relationships of past glaciations in Clements Markham
Inlet (Fig. 1. 1). A second related objective was to determine the ,
nature and pattern of postglacial emérgence in Order to improve on the

provisional postglacial isobases originally drawn for NE Ellesmere

Island (cf England 1976b 1982).

§
!

r Field uork in Cle‘nents Markhan Inlet was conducted during the

summers of 1979, 1980 and. 1981. As a working hypothesis, the author

approached the study with a few a priori assumptionsi; These
5-assumptions were based on the model of'glaciation derived from NE
Ellesmere Island (i.e. England 1978). This model suggests that
northernmost Ellesmere Island was subjected to at least two
discernable glaciations, besides the earliest, limited incursion of
the Greenland Ice Sheet onto NE Ellesmere Island The last |
_ glaciation of Ellesmere Island origin was less extensive than the
'preceding one. Moreover the extent of ‘the last glaciation could be
marked by Hazen Moraine equivalents of ca. 8 ka BP or younger'age
These hypotheses, however, were taken witw caution since’ there was no
‘4reason to believe that the last glaciation N of the Grant- Land
Mountains, should necessarily parallel the glacial history to the S,
o especially because the Arctic Ocean could have provided an important
moisture source: in the Clements Markham“Inlet area. Moreover, the -

’



current glacicolimatic regimes of the tqb areas are dissimilar as the
Hazen Plateau is 1arge1y 1ce~ﬁ'n‘ whereas the Grant Land Mountains
)"e generally covered by ice caps. Hence, field work in this area
| yould help to test the degree of aimilarity.betwem the N and S flanks
of the Grant Land Mountain ice caps during the last glacial cycle.
Lastly, since the postglacial unergeme on NE Ellemere Island was
dominated in timing and mgn%tude by. the Greenland Ice Sbeet (England
19763, 1982), it was thought that Clunents Harkhan Inlet being well
‘removed from the latter ice load, would provide an independent record
of postglacial anergencc controlled sclely by the ice load over the
Grant Land Mountains.. o | |

1.3 General Physiography of Northern Ellesmere Island

¢

| ﬁorttnem Ellesmer‘e Island contains two major physiographic

regions: the Grant L.and Mountains in the north, and the Hazen Plateau
to the south (Fig. 1 1) ”I'he mountains form part of the Innuitian
HOt‘ogenic System, having predominant NE-SW structural trends and are
principally ccmprised of clastic and carbonate sequences of
eugeosynclinal rocks (Trettin, 1972) . Mountain summits range from ca.
1000 m a.s.l. along the rugged northermost coast, to- greater than
/2500 m a.s.1. SW of the Inlet mere peaks project through ice fields
: as spectacular nunataks. These thin, topographically controlled ice
f iel‘ds are generally found above 1100 m a.s.l. and attain xin_n.gn‘
‘thicknesses ca. 900 m (Hattersley-Smith et &,_ 1969). Major trunk
glaciers, flowing from these ice fields, feed ‘the ﬁcrth coast fiords .

forming floating ice tongues as they debouch ipto the sea.



Nonetheless, the heads of Clements Markham Inlet and Ayles Fiord are
presently ice-free, although several valley glaciers in Clements
Markham Inlet kterminate within ca. 8 km of the present coast.

To the S, the Grant Land Mountains are abruptly bounded by
the "Lake Hazen Fault Zone" mich f‘orms the NE boundary of the Hazen
Plateau (Chriatie, 1964; Trettin, 1969, 1972). Here the mountain -
flanks contain several soulthward flowing valley glaeiers which
presently terminate alongu the Lake Hazen Fault Zone. The elevation of
the Hazen Pl'ateau is ca. 300 m a.s.l. in this area and rises to ca.
1300 m a.s.l. along it.s S boundary formed by Archer Fiord and Lady
Franklin Bay. Judge Dal? Promontory, on the S shore of Lady Franklin
Bay/Archer Fiord, forms the northern extension of the Victoria and
Albert Mountains (SW of the Hazen Plateau, Fig. 1.1). N
In addition to the ice—covered uplands, the Hazen Plateau may
, have been an important source area for past ice accumulation because
much of it is Just below the present equilibriun line altitudes.
Moreover several amall plateau ice caps' already -exist along its '
uplifted S rim (England ‘and Bradley, 1978). The Hazen Plateau is
connecteq to the head of Clements Markham Inlet via a deep ice-free
trench, crosscutting the general structural trend of the Grant- Land'
Mountains. The trench, Piper Pass, is ca. 3 km wjide and 900 m deep.
All drainage- f‘rom Piper Pass is northward to Clements Markhan Inlet
however it is presently blocked by three prominent valley glac;ers
which in turn dam three proglacial lakes at‘ the S end of the pass.



1.4 Development of the kqim; Glacial History of Norfhorn Ellesmere

Island P

The overall morphology of Ellesmere !sland led mlny workers
to cc;ncludc that large scale glacial modification of the landscape had
taken place. Pelletier (1966) studied the channel bathymetry within
‘the Queen Eliubeth Islands and deduced that they were eroded by large
outlet glaciers (i.e. Nares Strait, Fig. 1.1), Certainly, some fiords
on the NW coast of Ellesmere Island and elsewhere are overdeepened.
For example, Disraeli Fiord (Fig. 1.1) is more than 300 m deep and a
submarine canyon, reaching 850 m in depth, t}ends NW from the fiord
moutn (Crary, 1956). However, deep, interisland channels may just as
easily reflect the tectonic evolution of. the arctic islands. That
major outlet glaciers may have occupieq fiords may be indicated by
shoals ca. 15-2b km off the N coast, in the vicinity of Ward Hunt ‘
Island, which‘Crary (1956) interpreted as terminal moraines. However,

again, there is no other evidence to support this speculation.

Similarly, Taylor (1956) reasoned thaﬂrthe well-developed
fiords on the W coast of Ellesmere I§land could not have been eroded
by the diminutive Ellesmere Island ice caps, and therefore, he assumed
that. the Greenland Ice Sheet ‘had once inundated Ellesmere Island.
Smith (1961) also poted the absence of flords between 78° and 82° N on
the Island’s E coast but Aattributed this to a protective ice cover
which occurred when the Greenland and Ellesmere Island ice sheets
merged. However, in an earlier paper, Smlth (1959) rejected the

hypothesis that Greenland ice had completely;lnundated Ellesmere



Island, sinoe only Ellesmere Island erratics (chert conglomerates and
quartzites) were found beneath mountain summits in the southern Grant
Land Mountains. A former N to S ioe flow was also recognized on the
Hazen Plateau, reinforcing this view. Moreover, Hattersley-Smith
(1961) suggested that Ellesmere Island ice had formed a protective
cover over th§ topographically-uniform Hazen Plateau, whereas
preglacial fluvial valleys on. the W coast of Elie’mre Island had been
extensively modified by major trunk glaciers flowing from local
highland ice caps. However, none of the authors suggest specific
8lacliological conditions which would lead to such differential, large
scale glacial erosion (e.g. wam versus cold-based ice). Moreover, it
is now clear that the Grant Land Mountains and the Hazen Plateau have

had distinct tectonic histories and are Separated by major faults
*(Trettin, 1972).

Definite_eyidence that Ellesmere Island was previously
inundated by a substantial thickness of ice comes from the
distribution of glacial erratics, On the northermmost coast
Hattersley-Smith‘gg_gl;, (1955) reported a gabbro erratic at 335 m
a.s.l. on Ward Hunt Island, whereas, Disraeli Fiord, to the S, was
considered glaciated to 760 m a.s.1.. Lyons and Mielke (1973) thought
erratics, up to 600 m a.s.1l. in this area, represented a substantial
thickness of ice during the las:t: glaciation. Moreover, Fyles and
Craig (1965) suggest that the erratic distribution of NW Ellesmere
Island shows an ice flow across the general trend of ridges and
valleys (ca. ?OO m of relief). Christie (1967) notes erratics, from

- 880 to 1370 m a.s.l., below the sumits of the United States Range,



o
Grant Land Méuntains, England (1978) fouﬁd;Ellesmere ;siand erratics
. up to 830 m a.s.l. at the head of Archer Fiord indicatihgaat least .a
1000 m thickness of ice. Similarly, Hattersley-Smith (1969) also
estimated a maximum thickness of 1000 m for the former'glacier which

{

occupied the head of Tanquary Fiord, 150 km to the W (Fig. 1.1).

Evidence from erratics élsb indicates a limited incursibn of
Aﬁhe)Greenland Ice Sheet onto Ellesmere I;landk ‘Christie (1967) mapped’ C
granite and gneiss erratics up to 760 m a.s.l., and 40 km ;nlénd, from

_ tﬁe NE cogét ofUElleSmere I§1and. The prqfile'of uppermdst Greenland
:‘ errétics‘hés been sUbséquently7mapped along.70'km NE Ellesmere Island,
Qhere they occuf only 5-15 km onto Judge Daly PrOmdntpry, and desceﬂd
rapidly to the south away from the presumed ice source in Petermann
‘Fiord fEngland and Bradley,»19783. This advance; however,dggéAAtes
ﬂthe_haximum Ellesmere Island advance in the same area (Engiand, 1978) .

From the evidence cited ébove, it is clear that a number of
authors agree that at some time in the past a penultimateuglaCiation
occurred, howevet, controversy arises as to the exaét timiné 6f_this 4
event: Inspiréq byrfhe "Fiintian" view of~maximdm late Wisconsin ice
‘(cf{ Fiint,‘1971) a number of workers assumed that Ellesmere Island's

last glaciationT was essentially all-pervasive (e.g. Blake, 1970;

The term "last glaciaﬁion" or last "glacial cycle" is used in
this thesis to mean the latest pajor glacial episode in this area.
This episode culminated during the late Wisconsin stage, but
terminated in the earliest Holocene, and may probably be regarded

as the approximate equivalent of the late Wisconsin stade of the
Laurentide Ice Sheet to the S (ef. Dyke, 1983). .-



Hughes ggugl;,;1977). Conversely, others have found evidence
supporting a limited ice cover during the last glaciation (e.g.
England, 1974, 1976a, 1976b,»1978; England et al., 1978, 198la;

Paterson; 1977). This dichotomy is examined in the following section.

1.5 The Last Glabiétion

The previous sectioﬁ:notgd ﬁhat problems‘exist in delimiting
the limits of the 1’a§t glaciation in the area. Clearly, one of  the
complicafions ié the polycyelic naturé of Quaternary environments.

For example, the region may haye been subject to any hum?er of glacial

~ cycles in the past, each of which contributed to the ovgrail evintion
of the contemporary 1ands¢ape ée.g! fiord erosion, erratic .
~distribution). To daté, two méjor lines of eQidence have béen used to -
overcome ‘this problem and tb'détermine the.eitent of ice during the
last glaciation on_ﬁilesmere'lsland. One is the inverse method of -
:hoting the amount aﬁd pattern of glacioisostatic emergenée; the.second }

is using direct glacial geologic evidenée.

~-The amount of postglacial emergéncé is commoniy thoﬁéﬁt to
reflect the magnitude of a former ice load. Blake (1970) found a
/ridge of greatest emergence rUnniﬁg-from Baphurst Island to Eureka
Sound. From this he,concluded that éﬁ "Innuitiaﬂ Ice Sheet"ésxisted
and that it inundated the Arctic Island§ north of Lancaster and'
Viscount Melviile Sound$ and coalesced with the Greénland Ice Sheet in
Nares Strait during the last glaciation. Walcott (1972) also

contoured a ridge‘df maximum emergence, which he named the Innuition
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Uplift extending from near Bathurst Island across Ellesmere Island

to Nw Greenland

England (1972a 1982) on the other hand interpreted the
',emergence data in a‘different manner . He suggested that uplift over
the eastern Queen Elizabeth Islands had a gradientland orientation
reflecting the dominance of the Greenland Ice- Sheet to the E. He
argued that s;nce the lithosphere is rigid, an ice load will depress
.the land beyond its margin (Brotchie and Silvester, 1969;vWalcott
1970), and thereforé Greenland and‘Ellesmere‘Island ice did not
necessarily have to coalesce to produée this emergence pattern. Gsing‘
a theoretical geophy31cal model (Brotchle and Sllvester, 1969),,
England (1974) reproduced the postglacial isobases (isopleths of ‘
energende) by assuming an advance of 100 km by the Greenland Ice Sheet
and ca. 60 km by the Ellesmere Island 1ce.. However, this model_may
not:be entmrely realistic as it assumes complete isostatic‘equilibrium
and‘noﬂrestrained rebound before deglaciation. Conversely, Weidick
(1976), took the same energence data and contoured it to indicate
~maximum uplift from Greenland towards Ellesmere Island Paterson
.(1977) examlned ‘the conclu51ons of the above authors, and noted that
different authors prov1de d1351m11ar 1nterpretatlons of the same.
emergence data He ‘also questloned whether 1sostat1c equ111br1um was.
attalned w1th1n each succe381ve glaciation. For this reason primary
‘geologlcal evidence must be given preceden‘ce over uplift data in order
to determlne the extent and tlming of different glac1at10ns (e g.

- Boulton, 1979). Moreover, the emergence data can only have meaning if

. considered under the constraintS'ofvthe direct glacial reCOrd.; S
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Delimiting the margins of the last glaciation from glacial
geologiévevldence comes primarily from datable marine and_terrestrial_
. deposits, which can be related to specific ice margins_and simple .
morphostratlgraphic relationships. _The most elenentarylmethcd is
determinlngnthe relative extent of surface weathering and attributing
. lt to duration of exposure. For example, HattersleyQSmith (1969)
noted~a number of areas on northernmost Ellesmere Island with well
; developed dendritic drainage systems "and fluvially eroded 'V' shaped
valleys. ‘He attributed the lack of glacial modlficatlon to a _
prolonged period of fluvial erosion since the area was last occupied
by ice (possibly during pre-Wisconsin time). 1In addition, he‘
Mdescrlbed t111 of "two different ages" on the bases of morphological |
preservatlon and llchen cover in Tanquary Fiord The lower, less ,
extenslve till cover was con51dered.to be from the last glaciatlon.
Dates on the oldest postglacial shells and 1n1tial peat growth

indicate that deglaciation of the fiord head had taken place prior to
D 6.8-6.5 ka BP (Hattersley-Smith and Long, 1967). Moreover,
Hattersley?Smith’(19695 recognized that many cf the larger scale

glacial features could date from an earlier period than‘the Wisconsin.

Surfaces with deep weatherlng, usually contalning tors and
blockfields, are often clted as evidence of nonglaciation durlng at.
least late Wiscon31n tlme (cf Dyke, 1976; Ives, 1978). England. and
Bradley (1978) descrlbed such extreme surface weatherlngdwlth;n the/
zone of,Gnegnland,errat1cs on NE Ellesmere Island. Thls they'note,

bis -Similar to the advanced weatherlng descrlbed for the outermost

glaclal deposits on Inglefield Land NW Greenland @Tedrow, 1970)
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Furthermore, England (1978) dated fossiliferous Greenland till within .
this weathered zone >80 ka BP (based*on amino acid age estimates)
vStratigraphically, this represents the latest advance of the Greenland ‘
Ice Sheet onto Ellesmere Island and from the distribution -and profile
ofﬁGreenland erratics England and Bradley (1978) concluded that the
Greenland Ice Sheet's mathun extent did not exceed ca. 100 lm beyond
its present margin. Moreover, England and Bradley (1978) also
- describe a subsequent Ellesmere Island ice advance, alsc quite
weathered, which cross-cuts the lower elevations of the Greenland
erratic zone. This advance was characterized by th1n
topographlcally—controlled ice lobes which terminated in Kennedy -
Channel, producing small ice shelves when relative sea level was ca.
b162—175 m a.s.l. (England et al., 1978 1981a). Marine terraces
bordering the former ice shelves provided minimum radiocarbon dates of
>30 ka BP, whereas amino acid age estimates are >35 ka BP (England et
1981) Since these dep031ts show no .evidence of being |
'overridden England and Bradley (1978) conclude that this coastline
was entirely_ice-free during the last glaciation. Earlier, England ‘
(1974a) identified morainal belts near the heads of fibrds‘and bays,‘
termed the Hazen Moraines, which he suggested were the limlts of the
"last glaciation on NE Ellesmere Island.
N | ) | w
As a reason for limited ice advance in the High Arctic,
- England (1976), and England and Bradley (1978) suggested that
advection of moist air from the S was inhiblted‘by the. Laurentide Ice
Sheet during the last glaciation. They ndted that the. fbrmation of

the Hazen -Moraines on NE Ellesmere'lsland probably did not  occur until
: I K : . : 0

Ce



ca. 8 ka.BP,vposSibly in response‘to the Laurentide Ice Sheet bnéaking
up in the S. However, recent evidence, particularly from,the raised .
marine record, indicates that the;%ce%neached the Hazen Moraines - |
before ca. 11 ka BP and maintained this position until ca. 8 ka BP. A
period of slow recession fblIoued.andbuas‘succeeded;by rapid
deglaciation 6.2 ka BP (England, 1983). Moreover, an»isostatically
depressed, ice-free corridor existed.between~the Greenland and
Ellesmere Island‘Ice Sheets uhiéh»emerged;synchronously during initial
deglaciation (England, 1976, 1978). F'By esﬁablishing emergence qurves
for NE Ellesmere Island England (1983) is able to distinguish between

areas that were ice—covered or iée free during the last glaciation.

i‘ w /

, Evidence. SUpporting ice—free zones during the last glacial
cycle is also found on the Greenland side salong northern Nares Strait.
vTedrow,(1970) studied”three successive glacial advances in Inglefield
Land and found the most recent one‘extended only 15 km beyond the
present ice margin. Moreover, hevobtained a_date of ca. 20.8 ka BP
;from organic debris in a terrace, SO-km from the present margin.
Daviest(1972) also recognized three glacial advances in Hall Land, NW
Greenland. The last, which he believed’to be late WiSconsin in age,
extends only 12 km beyond.the present ice maréins. Weidick (1976) |
| also found no evidence of glacial advances over marine sediments dated
- ca. 19 ka BP, 50 km beyond the present ice in Orlik Fiord, NW
Greenland. Lastly, Christie (1975) 1dentified three moraine’ systems
in Peary Land. The oldest moraine represents expansion of the Iniand

AIce from the S, whereas, 'local' moraine was .derived from a

subsequent advance of the Nordkronen ice cap to the N. The youngest

| \
i
|

\a
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moraine may represent either a late—glacial readvance or a stillstand
: during retreat of the Nordkronen ice cap, however, Christie (1975)

gives no ages for these advances. o i

The above studies sqggest that during the last glaciation
‘there was a restricted ice advance ‘bordering northern Nares Strait,
and hence, Qhe coalescence of the Greenland and Innuitian Ice Sheets
is not presently supported b} field evidence. Furthermore, both
botanical and zoogeographical evidence suggest the likelihood of
refugia on.northern_Ellesmere.Island during at least the last -
"glaciation (Leech, 1966; Brassard, 1971).
Nonetheless, proponents of the maximum late Wisconsin model
(remain. In addition to the uplift data discussed the main arguments _
for this model are three-fold. The first s the presence of glacial |
éstriae. Blake (1977a)‘found fresh striae surfaces at Pim Island
and Cape Herschel, east-central Ellesnere Island, and he suggested
that. they were probably produced by southward flowing Greehland'ice ,
entering Kane Basin’dur:;g the last glaciation In addition Blake
| (1977a) noted that, in general, freshly scoured bedrock is confined to |
low-lying areas, whereas highly weathered rock mantles- the uplands.
He explained this by invoking an ice cover with cold-based coi:itions
in the uplands and pressure melting in the lowlands. Freshly
preserved striae were also found on the Carey Islands in Nw Baffin
' Bay, off the Greenland ~coast (Blake 1977b), suggesting exten31ve
, T

‘advance_during-the last glaciation. Surface striae are generally

found only on fresh, recently deglaciated surfaces, since resistance

o
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"to subaerial'exposure<is poor. However, Boulton (1979) points out
that the presence of strise does not imply that they were ‘produced
during the last glaciation. Ambiguity can be introduced if 'fresh'
"\striae, of unknown‘age, are long protected by a mantle of overburden; n
oto'be exposed at a latet' date. Moreover, postglacial high sea levels
may contribute to exhuning striae at lower elevations; In addition,
England et al., (1981) noted that some of the higher—level striations
observed by BLake (1977) could have been produced by local glaciers,
rather than by a greatly expaqﬁe? Greenland Ice Sheet. A number of
radiometric dates on in situ shells also suggest the Carey Islands
T were deglaciated >32 ka BP (Davies et al., 1963; Bendix-Almgreen et

glé, 1967), and therefore»escaped the last glaciation.

/ 'I'he second argunent by proponents of the maximum ice cover
hypothesis is that numerous radiocarbon dates in the High Arctic, ‘
particularly those in the 20~12 ka BP range which define past ice

4 limits, are‘anomalous. The general assumption is made that these
“dates are‘due»to'mixing'of 'old' material with Holocene material
" (Blake, 1974, 1976) | Although this may be the. case for sampies of
shgll fragments or accumulated organic material, it would be unlikely
for in situ shells in marine depositsf Moreover, numerous 'old'
deposits occur 'in the High Arctic which show no signs of being
. overridden by subsequent glacial advances (England, 1976b5. Given
Athis'evidence; it would seem logical to expect materials which would

also produce intermediate date: ‘B

kween early Holocene and infinite,

particularly if tbe aneas were ce-{ree during the last glaciation.

B
'd
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Lastly, the third argument related to the previous two,

deals with the actual location of ice margins at the height of the

, last glaciation (ca. 18 ka BP along the southern Laurentide Ice Sheet,

Dreimanis and Karrow, 1972) .The proponents of the maximum model
maintain that suchamargins were generally offshore and consequently
unmappable.: Furthermore they maintain that the numerous well ‘

' established early Holocene ice margins were merely stillstands during
deglaciation (cf Prest 1970 Andrews,’ 1973, Blake, 1977). Although
this hypothesis provides a reason for the missing 18 ka BP ice
margins, the consequence must be that large areas of extensively
weathered’ terrain and undisturbed 'old' deposits must have been
preserved by non erosive' cold-based 1ce, 'Although small, localized
areas may survive glaciation with. little alteration no'modern‘day
analogs oceur hhere large, unaltered areas have been recently exposed
by retreating cold-based ice. Furthermore, areas which are thought to '

have been covered by .cold-based ice during the last glaciation on ;

Somerset Island left many clues of previous occupation (Dyke, 1983). ¢
b,A final point is that if the 18 ka BP mangins were less exten31ve than

’subsequent early Holocene margins, they would be equally as difficult

" to find.

Dichotomy concerning the extent of the last glaciation is not .
only confined to the terrestrial and marine records. Reynaud and
Lorius (1973) suggested that the gas content in ice dating from the
last glaciation from the Camp Century core,  NW Greenland indicated
that it originated 1300 m above the present ice divide. Consequently,

it was suggested that it originated from an earlier ice divide which
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may have fbrmed‘OVer Kane Basin (Robln, 1973) However, Paterson °
(1977) provided an alternative explanation by suggesting that the ice
- mdy have originated from the main Greenland ice divide to the E, and |
not the present subsidiarv one. Koerner (1977) stated that a
- restricted ice cover in the Arctic Archipelago during the last
glaciation agrees with the‘isotopic record-from the Devon and

: Ellesmere Island ice cores, in that major thickening of the . ice caps -

was not recorded.

IS

dIn summary, the above review emphasizes a number of'proolem

,areasvconcerning the glacial history of norchLn Ellesmere‘lsland.

~ One problem is largely a préduct“of the scarcity of data from large ]
areas - for example, the uneven distribption of accurately measured |

land dated strandlines between Greenland and Ellesmere Island (>100

~ points exist on Ellesmere Island, compared to ca. 5 on the adjacént

o Greenland coast). Consequently, any numbeq of isobase patterns can be

| drawn for the same data base. Secondly, iAdirect ev1dence of . former
ice loads based on postglac1al';sobases must be classified by direct -
morphostratigraphic and stratigraphic evidence delimiting these former
ice margins. This, in turn, can be demonstrated only by dated ]
moraines and ice-contact deltas (the glacial 1limit) beyond which an

_ ice narginal depression may be identified. Moreover, because very few
ice margins are actually dated in the High Arctic, other than .the |

Hazen moraines on NE Ellesmere,Islandtand~west-central Ellesmere
(Hodgson, in press), the relation between actual’ ice coverage and

rebound in this area remains Speculative. Hence, it is clear that the

controversy w1th respect to the extent of the last glaciation can only

&,
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be resolved by field work.

1.6 Post Last Glaciation

The glacioclimatic history of northern Ellesmere Island
following major deglaciation in the early Holocene, is less
controVersial. It is generally recognized that a mid-Holocene ‘
. climatic deterionation occurred. This is indicated by glaciers which
advanced into V-shaped valleys and over raised beaches, and by
: piedmont glaciers which advanced into main valleys causing divergencef
of drainage. In the Tanquary Fiord area, dates on buried organic -
material suggest this occurred ca. 4 ka BP (Hattersley-Smith, 1969).
Moreover, organics underlying till adJacent to the Eugene Glacier
dated 4.9 ka BP (Lowdon and Blake, 1979). Ice shelves also began to
form or at least re-exposed on the N coast during this interval (<4 ka
BP; Crary, 1960; Lyons and Mielke, 1973). Fnrtbegmore, dates on
organic deposits near the snouts of the Gilman.and Air Force glaciersv'
indicate that during'the”laSt~9OO years there has been little change
in their terminal posit:ion('l‘nautman, 1963; Lowdon et al., 1967).
Currently, however, numerous larger glaciers appear to be advancing
while several smaller glaciers have‘recéded from moraines during the
last 40 years (Hattersley-Smith, .1969).



Chapter 11

Physical'Characteristics of the Study Area

2.1 Physiography

.

A
Clements Markham Inlet lies along the northernmost coast of

Ellesmere Island, Northwest Territories (82°42'N, 67°30'W; Fig. 1.1).
" The Inlet forms a W trending reentrant which exténds from the Lincoln
Sea into the Grant Land Mduntains, ard is ca; 50 km long and avefages
8 km in width. Its origin appears to be the result of Paleozéic
faulting (Blackadar, 1954“;‘Q)ristie, 1964) rather than glacial
erosion. Nevgrthelesg, suhsequent glaciél erosion most certainly
occurred'as glacial polish and erratics ha;e beén observed in this

area to 600 m a.s.l. (Hattersley-Smith_gg_éli, 1955; Cﬁristie, 1967; ;

.

this study).

Tﬁe head of Clements Markham Inlet comprises a logiénd‘(ca. .
- 200 km2) which is occupiéd by the contemporary séndar»of the‘Cleﬁentg\
Markham River and Piper Pass valleys. Raised m:rine silt plains‘which\\\_\
are extensively gullied aré also found in this area. The Grant Land
Mountains, surrounding the head ofvéhe Inlet, reach 1500 to 1000 m
a.s:l. and progressively decrease in elevation%to ca. 600 m a.s.l. at
the outermost coast. OQOutlet glaciers emanatin% from ice éaps on the

Grant Land Mountains terminate 8 to 30 km from the Inlet shore (Plates

2.1, 4.2). Because the mountains decrease in elevation toward the

20
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Plate 2.1 Outlet glaciers in the Upper Clements Markham
River valley looking south. The Barrier Glacier is seen as
it flows into the valley from the east. The terminus of this
glacier lies ca. 30 km upvalley from the present shore of the
Inlet. The Clements Markham Glacier lies further upvalley,
immediately to the right and is not visible.

&
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outermost coast only a few isolated snowfields and minor clrque
glaclers exist in sheltered localities. In the relatively ice-free
outer 30 km, the landscape exhibits a predominantly fluvial character
with dendritic drainage patterns and 'V' shaped valleys dissecting the
alpine topography. Another notewé;thx feature is that the relative
size of the deltas and raised marine d;posita also decreases from the
head of the\;nlet to the outer coast. This aspect will be discussed
in Chapters III and IV. Place names used throughout this thesis

(official and unofficial) are provided in Figure 2.1.

2.2 Geology

Northern Ellesmere Island falls within the Innuitian Orogenic
System (Fortier et al., 1954) which has a compiex history of
deposition and tectonic activity spanning late Proterozoic to late
Tertiary time (Trettin, 1972). Proterozoic, intrusive-metamorphic
terrane on the NW tip of Ellesmere Island, comprising part of the
Pearya Geanticline, is bounded to the SW by several geosynclinal
belts, associated with the early Paleozoic Frankligian Geosyncline and
the late Paleozoic to mid Tertiary Sverdrup Basin, which have a
predominant SW-NE structural trend. These two periods of
sedimentation’ were tgrminated by uplift during the Ellesmerian and

‘ v
Eurekan Orogenies respectively. Figure 2.2 depicts the geology of the

Clements Markham Inlet area.

-
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2.2.1 @earya Geanticline

; The intrusive-metamorphic terrane of the northernmost coast
between Cape Aldrich and Markham Flord (Flg 1.1)'1s known as the‘Cape

Columbia Complex (Trettln 1969). It is comprlsed of ultramaflc

intrusions, granltic and pegmatltlc dykes, biotite and granltlc

grieisses, and schists (Trettin, 1969; Frish, 1974). The intrusions

“have a wide metamorphic range and span a considerable time range,

dating'from late Precambrian to early DeCSEiaﬁI(Frish, 1974; Sinha and

Frish, 1976; Mayr'et al., 1982), The Cape Columbia Complex formed

‘part of the Pearya Geantlcllne whlch supplied clastic sediments to the

'Frankllnlan Eugeosyncline to the SE. (Trettin, 1971) The Cape

Columbla_Complex is important to this study because 1t probably

'provided the ice-rafted granite and gneiss erratics found below the

marine limit in Clements Markham Inlet However, an‘alternate source

may be the Greenland Shield because lithologies from these two areas

- are 1nd15t1ngu;shab%e (Trettin, pers. comm., 1981). Nevertheless,

~

eastward flowing surface currents

Jong the N coast of Ellesmere

Island make Cape Collmbia a more

ikely source.
\ :

o

2.2.2 Franklinian Geosyncline ' ) . | AN

Lower Paleozoic strata in the_%tudy area were deposited
during several phases of the Franklinian Eugeosyncline and Hazen'
Trough,. a transitional region between typical miogeosynclinal and

eugeosynclinal deposits (Trettin, 1969). Lithologic suites range from

* limestones and dolomites to quartzites, sandstones and conglomerates.
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¢ -
The principalkunits found in the study area are shown in Figure 2.2.

Lo}

The lower Paleozoic rock units werettightly folded during the
midéPaleezoic Elleamerian Orogeny. This period is characterlzed by
two main phases of uplift (middle to late Devonian and M1351331pp1an)
during which the area occupied by the southern Grant Land Mountains
was uplifted,relativeato_the regionS’SE and NW.(Grant Land Uplift;
Trettin, J§71). Tight NE trending folds,loriginating frem the uplift,
are exposed along the S margin of the‘Grant Land Mountains., Trettin 5
(1971) also suggested that addltlonal movement 1n5thls area occurred
along a number of elongate grabens. Furtheraore trends in the fbld
axes suggest that maJor thrust faultlng at the site of the Clements
Markham. Inlet trough occurred durlng the Ellesmerlan Orogeny §

5

‘(Blackadar, 1954; Christie, 1964).

| 2.2.3 Sverdrup Basin

arge part of the study area‘is comprised of upper
Paleézoic recks.x:These units were deposited into the Sverdrup Basihf
‘a ‘successor basin to thevFranklinian Geosyncline whdse location was
controlled by the latter's "deep seated crustal structure" (Trettln,
1972). These rocks comprise the central part of the Grant Land ' ‘

' Mountalns (Fig. 2.2). Lithologies of nunataks in this area include
limestone, sandstone, and chert pebble coﬁglomerate (Christie, 1964),
- The chert pebble conglomerate,_with its maroon sandstone matrix,

produces distinct glacial erratics on the_Hazen Plateau;'
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Th% mid-Tertiary Eurekan Orogeny terminated the Sverdrup

: Basin and represents the rejuvenation of the Grant Land Upllft

(Trettln 1973) . The main movements during this time occurred along
~the Lake Hazen Fault Zone, a belt of thrust faults bounding the United
KStates Range on 1ts SE perimeter (Trettin, 1971). The Porter Bay

Fault Zone has a subparallel trend to Clements Markham Inlet,‘and can

be ‘traced from Porter Bay; on the Lincoln. Sea, to ca. 16 km SW of the

- Barrier Glacier, within Piper Pass (Fig. 2.2). This fault zone

separates the Permo-Carboniferous units of the Sverdrup Basin from the

lower Pale0201c units (Trettin, 1971) The oldest known beds :thh

-. were undisturbed by the Eurekan Orogeny are Plelstocene (Trettln,

1973), whereas syntectonic sedlmentation deposited Oligocene

conglomerates in the Lake Hazen Basin (Miall, 1979).

2.2.4 Erratics as Indicators of Glacial Flow

:As‘noted, chert petble.conglanerates from the Grant Land
Mountains form distinet élacial erratics in tnis‘region, however,
specific flow patterns cannot be reconstructed from these erratics due
to their large area of provenance. Dioritie, diaba51c and basaltlc
dykes and 8ills of Proterozoic to Mesozoic age also occur in abundance
in northern Ellesmere Island (Christie, 1964), and herice are not
generally useful indicatOrs of glacial flon. Hdhever characteristiz
lower PaIe0201c (Ordov101an?) volcanic;‘outcrop in a small area S of
Mt. Rawlinson and NE of Mt. Frere and in Proter0201c terranes near the

Gypsum River, and are useful flow indicators (Fig. 2.2; Trettin, pers.

comn. 1981). - These erratie; are further discuased in -Chapter IV.-
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~and Stevens, 1973). Moreover, Niblett and Whitham (1970)'also found

28

2.2.5 Deep Structure and Cecphysical Characteristics

-
P
-

The lithospheric characteristics of ‘northern Ellesmere -Island

are of particular relevance to this study because any interpretations

‘ o) . cioisostatic adjustments are dependent upon 'normal'

lithospheric conditions (cf. walcott, 1970; England, 1982). These

general conditions are discerned by crustal thicknees, gravity and

'~ geomagnetic anomalies, and seismicity.

T . . ,
..'Trettint(1972) found that*moét{of the Queen Elizabeth;Islande
have an.average:crusta; thickness of ca.235 km; which is nprmal.‘ The
Hazen’Piateau near Alert has an estimated crUStal thickness of ca. 23
km (Utsu, 1966) whereas thegUnited States Range has roots ca. 6 km'

deeper (Trettln 1972). Approx;mately 100 km eastward, on Hall Land,

.NW Greenland, there is also.a normal crustal thickness of 32 km, which

gradually thins to 18 km beneath the Lincoln Sea (Fig. 1.1; Sobczak

;-
»

normal levelsd of heat flow on northern Ellesmere Island, indicating a

'ncrmal lithospheric thickness.

Bouguer gravity anomalies indicate a“major depreseion (=120

-mgal)Lcentered over the United States Range, and a high (+90 mgal)

over:the N Lincoln Sea. where water-depths exceed 2000 m (Trettin,
1972). vTrettin (1972) noted that the negative ancmalies ccrrelated
with the high relief of_the United States Range and consequently he o
concluded that NE Ellesmere Island was in a state of isostatic -

equilibrium. Furthermore, the trend in the gravity field conforms

-



]
_with the:predominant structural trend and does rot appear to be

interrupted by Nares Strait, a prominent submarine rift valley (Kerr,
1967). A large geomagnetic anomaly occurs along a narrow zone from -
Alert to Eureka (Alert Geomagnetic Anomaly) and is thought to be .
caused by a long conducting body in the louer crust (Praus;gt_glL,
197T); The anomaly coincides with the'aXis of the former Hazen &rough
_and may be a relic geosynclinal or orogenic feature (Niblett and

Whitham, 1970 Trettin, 1972) but its effect on glacioisostady is not
known. , L o . o o !

Lastly; although the litnosphere appears 'normal', o
postglacial faulting could also produce ‘anomalies in the ’
glacioisostatic record by dlsplacing sea level indicators. eNumerous
faults crosscut the-Phanerozoic sediments (Christie, 1964; Trettin
1971) and may have been reactivated during glacioisostatic unloading
vStein et al., (1979) have estimated that postglac1a1 crustal flexure
may have attained stresses which were high enough to reactivate
pre-ex1st1ng faults in eastern Canada. Contemporary seiSmicity in |
parts of Arctic Canada ‘has also been attributed to triggering by
glacioisostatic unloading (e.g. \Basham et al,, -1977; Wetmiller and
Forsyth, 1978), however, northern Ellesmere Island is currently
. aseismic (Wetmiller and Forsyth, 1978) -Although abundant ‘evidence of
glacioisostatically—1nduced faulting oceurs in northern Sweden o /.
(Lundqu1st and Lagerblck, 1976), and to some extent in southern Canada ;"/
(cf. Adams;-198l) England (1982) has'fbund that oostglacial isobases |
are spatially consistent throughout NE Ellesmere Island, particularly

across Nares Strait rift valley. In conclusion, no clear evidence



currently exists for postglacial faulting on northern Ellesmere
Island, although the possibiiity cannot be ruled out entirely,
‘particularly during rapid deglaciation.

- 2.2.6 Summary
The - geology of Clements Markham Inlet 13 characterized by

late Proterozoic .to late Tertiary deposition of sedimentary rock into q
two successive.geosynclinal ba§ins, each ‘terminating with an orogeny
which deformed the pre-existing rocks. ‘The Ialet‘lies parallel with
the general SE-NW structural trend and was the locus of mid- Pale0201c
tectonism which- initiated its fonnation.v Distinet voleanic outcrops

"in the area provide erratics which record former directions of glacier
flow. Lastly, geophysical,studies indicate that the -lithosphere and
cruat are"normal? on northern kllesmere Island, and imply a
predictable glacioisoséatic reSponse. ~Postglacial'faulting'may

. produce an anomalous response, but no evidence of'faultiag‘currently

exists in theMPleistocehe deposits of the area.
2.3 Climate , |

-Northern Ellesmere Island has a COntinental climate which
reaches ita extreme degree in the incerior, aﬁ?'is only 31ightly less
so along the margins of the sea ice covered Arctic Ocean.b The area
can be classified as a polar desert due to its low precipitation and a
net annual water balance close to zero (Bovis and Barry, 1974). Due

!

to its high latitude northern Ellesmere Island remains in total

<,
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darkness for several months of the year, and henee, winter
temperatures are severe. Well developed periglacial features are
common in the area. Englacial tanperatures remain well below OOC

ﬁthroughout the year and consequently the glaciers and ice caps display

polar and subpolar morphologies (ef. Ahlmann 1948).

Nonetneless, a striking characteristic of northern Ellesmere P
' Island's elimate is its high spatial and temporal variability;
Temperatures vary w1dely depending on the proximity of the moderatlng
ocean waters and the seasonal extent of sea ice cover. For example,
~Alert (ca. 100 km E of Clements Markham Inlet) has a mean annual ‘
temperature of -17.8°C, bnt this coastal site averaged‘ea. 5°C warmer
during the 1957-1958 winter than did the inland site at‘Lake Hazen,
only 120 km sw of Alert (Fig. 1.1). Conversely, the mean maximum
'summer temperature for Alert is only 6 9 c, whereas it is 10°C at Lake

Hazen (Meteorological Branch 1970).

Annual pre01p1tation also varles from as low as 25 mm on the
- Hazen Plateau (Jackson, 1959) to\ca. 170 mn at Alert (Bradley and
England;‘1978). The northernmost coastal frlnge borderlng the Arctlc
Ocean receives greater amounts,,on{the Ward Hunt ice shelf 178 mm fell
as rain during the summer of 1954 (Christie, 1954). The mean annual

snowfall at Alert is 1.2 m (Meteorological Branch, 1970).

Clements Markham Inlet can be subdivided into four climatic
zones indicated by the relative amount of permanent snow cover,

equilibrium line elevations, and glaciation levels. These zones are:

hod
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(1) the high—-elevation ice.caps and glaciers of the Grant Land

"
Mountains surrbunding the head of-the Inlet; (2) the ice-free lowlands

at the head of the Inlet; (3) the ice-free uplands of the outermost 30

-

km of the Inlet; and (4) the zone of low-elevation glaciers,

snowfields, and ice shelves along the northernmost coast.

‘

~

2.3.1 Ice Caps and Glaéieré on the Grant Land Mguntains

v

Most of the land above ca. 1100 m on northern Ellesmere
Island supborts an'ice cover (Hattersley-Smith‘gg_gl:, 1969). Becagsé
the Grant Land Mountains and their icé caps rise. above 2000 m a.s.l.,
colder températureS‘may be expected there than in;adjagentllowland
areas. $outh of Clements.Markham Inlet, Hattgrsiey-&nith (1960) |
recordéd‘a‘mean annual temperature of ca. -24°C a£ 1805 m a.s.l. (cf. =
Alert mean\ annual temperature; -17.8°C). At the same site snow pit
sfudies indicated an annual accumulation of 12.8 g cm"2 whicgiis‘ca.>
2.5 timﬁg greater than the brecipitation recofdgdvat Hazen Camp.dn the
N shore of Lake Hazen (Fig. 1.1). 'However, mean annual precipitation
similar to the Hazen area was reborted at lower eievafions on the
nearby Gilman Glacier (Lotz and Sagér, 1960). Hattersley-Smith. (1960)
estimated a méan an;uai precipitation of 150 mm above 1400 m a.s.l. 6n\
an ice cap, and 147 mm was recorded at Alert by the Meteorological
Branch (1970). Further discussion on the glaciers and ice caps will

follow in Section 2.3.5.



2.3.2 Clements Markham Inlet Léwlands
_ The ice-free lowlands at the head of the Inlet are
characterized by a continental climate despite their coastal location.
This is due to the combined effects of: summer insolation against the
surrounding mountain flanks; the lack of open yater within the Inletv
throughdut‘moét summers due to stable sea ice cover; andvlastly, the
‘occurrence of intermittent chinook conditions that cause strong summer
ablation (cf.'Courﬁin‘and Labine, 1977). Nonetheiess, cool air
advected up the Inlet fram the Arctic Ocean is common throughout the
summer and moder.'a@es maximum temperatures. For example, during the
1980 season (J%;e 16-August 6) the head of Clements Markham Inlet
experienced afmean maximum.temperaturerof +1.8°C and a mean minimum
temperature of -0.5°C. On the other hand,‘the warmest temperaﬁure
»reéorded'was 13.5°C on July 25 when the head.of.the—Fnlet;reééived
strong chinook wiqu,from Piper Pass (Fig. 1.1). Barry and Jackson
(1969) also LbUnd that chinook conditioﬁs contributed to unusually
high summer tenperatukes in Tanquary Fiord (80 km to the SW), the

wgrmest of all high arctic weather stations (Bradley and England,
1978). '

A

2.3.3 Ice-Free Uplands in the Outermost 30 km

Little is known about the climate of the.ice~free uplands on
the northernmost coast, however, Hattersley-Smith (1969) postulated

. \ "
that glaciers were absent because of low precipitation- and the lack of



34

A}
large surface areas high enough for sSnow accumulation. Generally,

this area can be regarded as a transition zone, too low in elevation
to be glacierized, but too far inland to be affected by the increase

in moisture assoeiated with the Arctic Ocean.

2.3.4 The Northernmost Coast

The outermost coasf of Clements Markham Inlet is .

'characterlzed by low-elevation glac1ers snowfields landfast sea ice,
and ice shelves. Advectlon of cold a1r coupled with increased
'precipitatipn from the Arctic Ocean, causes lower glaciation levels
and’ equilibrium line elevations alongithe northern coast. For
example, ﬁarshall (1955) reported positive net annual accumulation on
the &rface of the Ward Hunt Ice Shelf during the mid 1950's. 4An
1mportant factor that reduces ablation in these areas is the high
incidence of coastal fog and low stratus cloud. Coastal fog and cloud
generated by the Arctic Ocean have also been considered responsible
for reduced ablatien and positive mass balance on the ice cap on
Meighen Island (Paterson, 1969; Alt, 1979). Another factor which

favours low-elevation glaciers in this area is the accumulatlon of

wlnd-drlfted snow along the outer coastllne from the Arctic Ocean sea

1ce.

2.3.5 Height of Glaciation Level

An isepleth map of the gléciation levels (isoglacihypes) end

equilibrium line altitudes for the Canadian High Arctic was drawn by
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Miller et al., (1973). Several regional papers}ave already discussed
the importance of glaciation levels in the Arctic (e.g. Andrews, 1975;
Andrews and Miller, 1972; Miller'gglg;i, 1973) and therefore only a

brief discussien Qill“follow on the local conditions in Clements

Markham Inlet.

Generelly, the glaciation limit or the élacihype (GL) is
thoughE to represent the long-term balance of winter accumulation and
‘Summer ablétion mpdulated by topographic conditions. The limit
indicates the threshold elevation required to sustain glaciers.
Mountain summits below the GL are commonly ice-free, whereas summits
above it suﬁhort_glaciers. The eqﬁilibrium line altitude (ELA), on
the other hand, is the elevationuoh a glacier where the net annual
mass balence equals zero, andjmay not coincide with the GL. Miller et
al., (1973) proposed that the difference in elevation between the Eu;
and GL is a function of the difference between local topoelimate'and

regional macroclimate respectively.

Miller et al., (1973) show the broad trend of the GL and the
ELA et a scale of 1:106, and as.ﬁey be expected, the lowest values are
fognd along the coastlines and gradually rise'tdward the intériorrof
landmasses as solid precipitation and cloudiness decrease (increasing
ablation). Dﬁe to the spa.rse data points used by Miller et al.,
(1973; commonly one per 2500 kmz), a GL map was constructed
specifically for the Clements Markham Inlet area (Fig. 2.3).

- Construction followed the 'summit' method described by Andrews and

Miller (1972). ‘
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FIGUR 2.3
GLACIA N LEVEL
Elevations in meters a.s.l.,
Dashed line represents
generalized topography,
E.L.A's in brackets
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The isoglacihypes’fbr the Clements Markham Inlet region show
a general correspondence with Miller's et al., (1973) map. The lowest
values (ca. 450 m a.s.l.) occur along the northernmost coast and, from
there, they increase inland to >1300 m a.s.l. over the central Grant
Land Mountains. Although the plot presented here was hanpered by the
lack of suitable‘data points in’some areas, significant departures
from Miller's et al (1973) map are noted’ For example, noticeable

inflections of the 1soglac1hypes,¢wh1ch are absent in Miller et al.

(1973), occur in each of the maJorxfb—entrants along the N coast

‘(Markham Fiord, Clements Markham Inlet, and James Ross Bay).

Furthermore, there is a depress;on of the GL centered over the head of
Clements Markham Inlet. Decreasing values also occur on the S flank
of the Grant Land Mountains (Fig. 2.3) which may'indicate the effect

of orographic. precipi-ation in this area.

On the other hand, the reduction in the height of the GL in
the major re-entrants is probably due to local topographic funnelling
of moisture—bearing‘winds from the sea. Moreover; extensive low=-1lying

areas, open to the sea, are subject to increased winter Snow -

accumuI%tion by wind drifting, wﬁto decreased summer ablatlon due to

coastal fogs. During the summers'of 1979, 1980 and 1981 fog would

}commonly blow into Clements Markham Inlet, especially later in the

season (August) when Sea ice cover was most reduced.

¥

4 i

. As GL's are partially a function of topographlc controls,
1sop1eths of maxunun elevation per 10 kmg were,also plotted in F1gure

2.3. A rough corr%fpondence between the GL surface and elevation
s e



seems to bear thia out. The height of the GL in relation to local
‘topography may be an important indicdtion of the susceptability of an
area to glacierization Much of the outermost ice-free 30lmvln the
Clements Markham Inlet area is ca. 150 m below the GL. Nevertheless,
it is lmportant to -note that the GL is tlme-transgre531ve and may not .
be in phase with the current climate (Miller et al. 1973). For
example, a number of ice_bodies in the outermost ice~free zone appear
to be remnant glacier snouts. These ice bodies are generally‘fbund on
valley floors immediately downvalley from vacant cirques. Hence, if
these features originated from upvalley cirque glaciers, the Eormer
g;iglers must have ablated within the 01rques while their snouts
survived in sheltered locatlons at 1ower elevatlons, perhaps with the
.beneflt;of snowdrifting and protecting fogs. Although these ice
bodies probably could not have formed at their preseht locations, they
are likelyVin.quasi—equilibrium with the eurrent’environment and
affect the pattern of the GL surface by iowering it Furthermore,
response lags of present gla01ers wlll also maﬂb the GL surface
deviate from present cllmatlc conditions. For example, recent
thlnnlng of the'lce caps in this area has led aome workers to believe
they are not ih‘equilibrium with'the present environment and‘are_in a
state ef adjustment; However, the snouts of main outlet glaciers have

remained stationary in recent times (Smith, 1961).

A number of ELA's given in Figure 2.3 ‘were estimated using
an accumulation area ratio of 0.65 or by the contour inflection method
(Andrews, 1975)ﬂ' The values obtained agree with those presented by ¢ .

o

Miller et al., (1973) which are ea..300 m a.s}i, over thé”northernhbst

~ oA
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coast aﬁd rise to ca. 1220 m a.s.l. in the Grant Land Mountains. The
velues est%mated by the above methods give'only long~-term ELA trends.
For example, although»Hattersley—Smiﬁh (1960) measured the ELA on the
Gilman‘Glacier near 1220 m a.s.l., which is in agreement with the
above estimates, Marshall (1955) measured positive mass balance on the
Ward Hunt Ice Sheif which would mean the ELA was near sea level in
those years and not at 300 m a.s. l ‘as 1ndlcated in Figure 2.3.
Bradley and England (1978) reported that after 1963 the helght of the
July free21ng level and ELA's in the High Arctic fell by 250-540 m.
Furthermofe, this study has shown that there must have been at least
an equal, long-term depression of ELA's and GL's in Clements Markham
Inlet during the last 31301at10n because the currently 1ce—free

cirques at the outer coast were occupied at this time (Ch. IV).

2.3.6 Summary

~ The climate of Clements Markham Inlet can be

cold, arid, and'cgntinental although variability occ

elevation and proximity to the Arctlc Ocean.  Cold polaf cegditions,
with essent@ally no summer meltlng, prevail onlthe interior ice caps
‘of the Grant Land Mountains, whereas a dry ice-free zone is found at
the head of the Inlet where substantial ablation oceurs. ConVerseP},
. the sea modulates temperature extremes at coastal sites ;hich also
receive more precipitation and wind-drifting. Moreover, less melting
also occurs at these sites due to increased summer fog The
effectlveness of .ablation in each of these zones appears to be the

prlmary control for the trends in GL and ELA (Fig. 2. 3, although'v

n



local accumulation must also be important.
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CHapter III

Methodology and Theory of Glaciomarine Stratigraphy

3.1 Introduction

The purpose of this chapter is twofblgz to describe ﬁhe
field techniques used; and to review the geological and
geomorphological features used for paleognvironmental reconstructions
ih Clsments Mafkham Inlet. The latter'part includes é general facies
model of glac1omar1ne sedlmgntatlon in order that basic stratlgraphlc

1nterpretatlons may be made.
This study was concerned in part with reconstructing the sea ‘
‘ level history in Clements Markham Inlet by tracing and dating former _
- |
water planes. The former water planes (strandlines) are represehted

by beaches and delta terraces which occur at various elevations

the ®aximum height of the marine inpgation (marine limit). In

'reviewingvthe previOus'field workfon.nprthern Ellesmere Island
(section 1.4) the relationship between glaciated coéstlines:and thé
history of relative sea level was introducéd' Where former ice
vmarglns contacted the sea, marine transgression behlnd the marglns
could only occur followlng glaclal retreat Hence,-the initial entry
of the sea directly records the late glacial history of thai site.
Moreover, determining thé history of sostglacial transgressions and

the nature of a landscape's subsequent emergence sheds light on the

b3
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style of glacial recession and-isostatic unloading.-

i
-

3.1.1 Strandlines # |

Geologicallyﬁ the formaﬁion of individual strandlines
'represents a short period of time, assuming normal postglac131
emergence Andrews (1970) noted that on average thelr formation takes
from 50 to 300 years in the eastern Canadlan Arctic. Elson (1967)
found a mean age of 80 years for the development of strandlines on
Glacial Lake Agassiz. Hence, on-a time scale of several thousands of

years, strandlines such as these provide good chronological markers. .

An important consideratioq is ghe,actﬁal»cause of strandiine
development. :Generally strandlinés originate when land and sea are
stationary relative to onevanother.- Nevertheless, once isostatlc
uplift is 1n1t1ated it is normally monotonic, such that umless sea
level is also rlsing rapldly, other causes for dlstlnct strandllne
formation must be 1nvoked Several workers in Arctic areas haye found
that strandlines are usually associated with gla01al stillstands ’
(Ldker 1962; Sissons, 1963, 1967; Andrews, 1970). The evidencé

| commdhly cited is the termination of strandlines at moraines (cf.
Andrews, 1970). In this respect the formation of certain strandiines
is analogous te the formation ef fluvial(outwash terraees (valley
trains) in more temperate environments. These‘terraces are normall&
coqsidered to be the result of climatically-induced glacial advéhcee,

coupled with increased proglacial sedimentation. However, increasing

evidence fram polar desert eﬁvironments, particularly Antarctiea;
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suggests that significant proglacial sedimentation .can only occur
during glacial retreat, not advance (Rains et- al., 1981)

Furthermore, in the Canadian High Arctlc,‘Bradley and England (1978)
have shown thét increased snowfall is eosential for.major glacial (
advances and, given the ariditx of this environment, it is doubtful
that such an advance could'aioo be Simulpaneously coupled with
incr__eased runof'f. Moreo;rér,' during the last glaciation on NE
Ellesmere Island, England (1983) found that little sedimentation
occurred in the full glacial sea during -a‘ long interval of a stable
ice load, whereas during initial unloading (deglaciation) abundant

sedixhents prograded into the sea.

_ Nevertheless, if a strandlino forms due to a glacial
response, be it an advance, é sta'cion?ry position, or a'subsequent
retreat; .the strandline becomes an important chronological marker..
For exanple, if a strandline can be dated (by means of marine she}ls,

drlftwood whale bones, etec...) and then traced to a given moraine,

that moraine will be approximately cont;em raneous‘ w1th the

strandline. Furthermore in many arctlc ‘ as strandlines that mark

the marlne limit and teg-mmate at an ice margin (i. e., an ice—contact

~

‘delta) correspond w1th 1n1t1al emergence and hence, deglac:latlon of‘

that part1cular site (Andrews, 1968). 1In addition, the elevatlon of
the o r1ne limit will also give some indlca’clon of the f‘or'mer ice’ load

(assunlng glacioisostatic equ111brium).
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3.1.1.1 Marine Limits

s .

To reiteraie, the marine limit marks the “highest‘leve
reached by'the\Seé'oﬁ giacioiséstatically depressed coasts" fAndrews,
1975, p. 181). In Clements Markhaﬁ Inlet two types‘ofﬂmarine limit
were identified based on their areal extent and position. The first
is the regional marine limit which marks the highest level at;ained_by
the'éeé along the whole Inlet. However, thisvoverall marine limit did
dot registef in mény pan}s of the Inlét because of glaciers oécupying
the land whiéh excluded the highest sea level stand (elg. in valley
_ mohths).p For this reason a local marine limit was recognized in each

of these areas which is lower and younger than the regional marine

- limit.

LN

Several geomorphological criteria have been used.to identify
. the F‘marirlxe'llimitv; in the fieigd". Thgéé are: (1) the highest
giaciqhariﬁeldelta;'(Z) the uppermost‘béach ridge :or beach shingle; -
(3) the highest”occurfeﬁée of marine foséils“§}*driftwood; () ﬁheV&
uppermdst wave-cut bench'br’notch; and (5) the-lo;er limit of

“ unaltered glécial debris, such as perched boulders, representing a
.wéshing iimit. . Of course, subsequeﬁt, lower watef planés‘can aiso be-
identified with a number of the above criteria. |

L4

3.1.2 ‘Peripheral Depression

éj? noted in the previous section ice-contact deltas often



45

form during deglaciation and mark the marine limit. However,
significant depression of the land also.occurs beyond the margin of an
ice sheet because the lithosphere is rigid. Such a peripheral
depression has already been described in the 1ce—free corridor between
NE Ellesmere Island and NW Greenland during the last glaciation
(England, 1976a, 1981) and it also has been described or 1nferred A
other arctic areas such as Baffin Island (Dyke, 1979) and Banks Island
(Vincent 1980). 1In such peripheral depre531ons (whlch may be up to
. 240 km w1de, Dyke, 1979) the marine limit may not necessarily record
deglaciation of the immediate area, -but rather the sea.lenel history
may be more complex. Because the peripheral depression remained
ice-free, the crustal loading, which was caused by the growth of the
ice sheets to their limits, should be recorded in the peripheral zone
- by transgressive sediments. Furthermore, if isostatic equilibrium was
achieved during that glaciation the marine limit Sea level would be
maintained for a considerable length of time so thgt associated
fossiliferous sediments would prov1de a wide ange of ages. During
glacial loading the transgre331on to the marlne 11m1t 1n the
;perlpheral depression occurs- at a much slower rate than it does inside
the ice llmit following glac1al retreat. Consequently, transgressive
littoral deposits, Which are absent due to rapid inundation inside the
ice limit,‘may be pnesent in the zone'of beripheral:depression.
However, there is the problem that sedimentation rates are likeiy to
be very low in the arid, unglaciated areas of the peripheral .
" depression (Eng;and, 1982).’ With such mininal sedimentation
significant progradation éé}‘not occur, leaving a poor stratigraphic

record of the initial transgression. 1In addition, the peripheral
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" depression should also provide the total record of enérgence initiated
by the first thinﬁing of the ice (cf. England, 1983). That is, it
should providelnot only the rebound since glacia% recession, but also
the "restrained" rebound componeht which occurs when the ice sheet

initially thins before actual retreat occurs (cf. Andrews, 1970).

Lastly, geophysical modelling suggests that the Eending of
the iithospgere produces a 'forebulge' which lies along the edge of
the peripheral dgpression (Walcott, 1970; Clark, et al., 1978). The
forebulge is due‘to positive displacement of the lithésphere and is
characterized by lqw postglacial emergence, or even submergence, as it
collapses upon deglaciation.- Understandably, coastlines in the
vicinity of the forebulge would exhibit a more complex sea level

history than those described above.

3.1.3 Relative Sea Level Curve

The primary method of depicting the sea level history at a
particular site is by blotting astime/elevation grapﬁxknown as the
relative sea level curve. Inside the last ice limit, many researchers
have shown that glacigisostatic emergence or uplift has a predictable
logarithmic response to unloading (cf. Andrews, 1968; Walcott, 1970).
In such cases 'emergence' curvés are drawn during which initiél
emergence is'verylrabid (3-10 m/yrs.) but quickly decelerates towards
the present (Andrews, 1968, 1970; Blake; 1975). Because this

postglacial emergence represents a monotonic response through time,

the construction of emergenée curves has been used to provide ages for



intervening emergent shorelines where datable material is lacking.
Moreover, Andrews (1968) showed that 'predicted' emergence curves
could be derived from only a single sea level point given its age anJ
"elevation. Such curves could, in turn, be used to estimate the ageﬂéf
any other unidated sea level indicators in the area, including the.
marine limit. However, the widespread usefulness of such predicted

emergence curves appears questionéble given the greater var}ébility of

sea level history recently shown in Boothia Peninsula (Dyke, 1979) and
s

NE Ellesmere Island (England, 1983).

S 3.1.3.1 Relative Sea Level Curve Construction
L)
Constructing any relative sea level curve involves proper
identifiéation'of the sea level indicators, accurate measurement. of

their elevation, and correctly dating them.

Identification of former water planes based on morphostrati-
graphid grounds is a problem encountered in the field. On some of the
shoreline features mentioned in section 3.1.1 one cannot pinpoint a
former sea level and therefore the selected elevation can be somewhat
subjective. It is‘important to bracket sea level accurately. Fo}
example, it used to be common to place sea level right at, or
somewhere above, a given shell sampls elevation. However, it is
apparent that marine bivalves could have lived anywhere from the
intertidal zone to 165 m below sea level (i.e. the species range for

Hiatella arctica and Mya truncata (Wagner, 1969)). This stratigraphic

problem is well illustrated by the anomalously steep emergence curves
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of Hattersley-Smith and Long (1966), and Lyons and Mielke (1973), and
discussed by England (1976a).

A better method of pinpointing former sea levels is based on
dating specific delta terraces. In such.cases the stratigraphic
interpretation is critical, dependiné'ﬁpon Qhere the datable material
was collected Ideally, a sample can be obtained from Gilbert-type
foreset beds which can be traced upwards to contemporaneous topset
beds. This point of intersectionvis canndnly interpreted as the mean
elevation of* local sea level at that time. Nevertheless the
stratigraphy of the delta is not always straightforward because well
developed topset foreset, and bottomset sequences may be absent,

making sea level interpretations difficult. Moreover, it is common to

take the outermost edge of a delta terrace as the sea level to which

e
T e

progradati@m «curred, however, subsequent backwasting of the soarp’
can give erroneously high estimages; The delta lip is also usually
bgraded to low tide, whereas the 54 ring datum is usually high tide.
FUrthermore, wave erosion or fluv?él“abrasion may cut into
pre—existing marine deposits and the resulting dates will relate to
higher and olderAsea 1e@els. Solifluction terraces, fluvial terraces,
or kame terraces may also be misinterpreted as marine delta terraces.

In summary, a large delta system may exhibit all of the above factors
:Zgle stratigraphic work must be done before datable

such that conside

sanples can be obtained and related to specific former sea levels.
The general model of glaciomarine facies described in section 3.2

- further aids such 1nterpretat10ns.
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Driftwood embedded in beach gravels also provides reliable
control points in the construction of an emergence curve (cf. Blake,
1975). However, severél factors may introduce errors.. For example,
driftwood can always be redeposited from its original point of
stranding to lower elevations, particularly where beach-forming
processes are &ék. ConverSely, errors may also be introduced when
sea ice pushed ridges or storm beaches deposit driftwood several
meters above mean high tide. In addition to the positioning errors,
the radiometric age of the‘wood can also be older than the sea level
involved, depending on its history of resideqce in the sea. However,
this is probably not a’major problem because the mean residence time

. of driftwood in the Arctfsgizean is generally 5-20 years (H8ggblom, .
1982; Stewart and England, N983).

Once a sea level indicator is identified‘it is necessary to
measure it accurately relétive to present sea level. -Generaliy an
altimeter is used for reconnaiséance work,\however, because altimetet
readings are pressure and temperature dependent the accuracy of any
glven measurement is afﬁen 1;m;ted tog;% in eleﬁ%&&on. However, when

[ ‘-\

multlple read;ngs can be ma.ef"'

ing&pen;ods of stable aﬁﬁospherlc

:be altametriﬁis

of >1 km A second
‘é s ‘
sSource of er;-ow}éccurg in the chcuce of a common datum from which to

measure. Gener%?iy mean hlgh tlde is used but sea ice pushed ridges

or land fas
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location. Hence, when open water (s unavailable, the datum must be
the surface of the sea ice, which is actually above sea level due to:
the freeboard. Nonetheless, because the tidal range in Clementsh

Markham Inlet is ca. 30 cm, the error due to tides is likely to be no

more than ca. 1 m.

The final factor for obtaining a reliable sea level curve
concerns the actual radiocarbon dates on the samples. Although well
preserved samples, with little chance of contamination, are sought
theyrare often.not possible to obtain in the field. Furthermore, a
problem over which the field worker has little control is the
'laboratory dating error' on a given sample. For example, radiocarbon
dates alkays have a standard error which is usually in the order of a

few hundred years for a sample of early Holocene age. Although this

imprecision can be graphically portrayed for each sample, this age

range must always remain a source eof imprecision.

In summary, it is evident that™ jimiting former sea levels
and obtaining datable materials can be problematic. Therefore,
several lines of evidence are required to pinpoint a former sea level.
Moreover, because postglacial felat%ve Sea level curves show .rapid
emergence following deglaciation it is apparent that highef relative
sea levels formed during the early period must be accurately dated,
whereas, lower relative sea levels must be pinpointed in elevation (as
emergence is less rapid). It is therefore important to daz? a marine

limit as accurately as possible, otherwise large tempéral rrors would

4
be introduced when projecting an emergence curve back in time from

“b
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\, datea, lower'relatiwe sea levels (cf. Andrews, 1970).

3.1.4 Equidistant Diagram

Equidistant diagrams provide a second method of depicting
former sea levels” but on a regional, versus a }ocal scale. In this
‘case the elevatlons of dlfferent strandllnes are plotted against
d1stance o) that thelr spatlal dlstrlbutlon may be compared. By this.
method 1nd1v1dua1 strandllne remnants within Clements Markham Inlet
may be correlated. ‘Normally, it is rare for any shoeeline to be
traced for nore than 1-2 km, hence the equidistant diagram contains
‘isolated remnants of former water planes which are connected onvthe
taSis of their common age. The remnant shorelines are best correlated o

through the use of site-specifie, radiocarbon dated, relative sea
 level curwes. However, because curves are not available for all
" sites, a less reliable method of 'fitting' water. planes tg‘clusters of
pdiﬁts can be’ampioyed. In a fiord situation the least squares method

has oeen commonly used (cf. Andrews, 1970) Of course, any fitting of

A

>aterplanes, assumes that energence was continuous and predictable and
AN
that postglacial faulting did not dlfferentlally dlsplace sea level - \

1nd1cators}(see Chapter II).

Equ1dlstant/2;agrams should be oriented orthogonally to the
—pattern of thg,Lsosases (to be discussed in the next section).
However, if the pattern is not initially known, as in Clements Markham
Inlet, the -orientation of the abscissa must be adjusted so that

minimum variance between strandline features occurs (Andrews, 1970).

i
t
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Once the prdber orientation of the diagram is established, its
contribution to analyzing crustal deformation and the pattern of
. isobases is significaht. Equidisﬁant diagrams may also indicate

whether or not a particular strandline is incised into the .face of an

Q

¥ wmarine deposit (e.g., a’regraded delta terrace) .

Nonetheless, Andrews (1970) has pointed out several problems
pertaining to the use of equidistant diagrams. ‘The first is: what is
iﬁhe actualrshape of the former strandline, tilted or.warpag° Althougﬁa
Broecker (1966) has suggested an exponential warping based on
geophy51cal parameters, on a scale of ca. 100 km the curvature is so.
small that. is is probably not'unreallstlc to assume a rectilinear form
given the observational errors in the field. A second problem

1nvolves the circular 1nput required in regression analysis because

only those points assumed5to fall op par'ticular water plane are

used. This problem was n%t encourterfgd in this s%bdy because the
strandlines were’fitted Sy age and not by regression. A third problem
dlscussed by Andrews (1970) is that the orientation of the -projection
plane is dependent on the Spatial distribution of the p01nts )

themselves (i.e. p01nts usually parallel a coastllne)

3.1.5 Isobases

&
Isobases are isopleths which join points of similar emergence

over the same period of time. The derived ‘emergence curves'and‘.
equidistant diagrams portray the pattern of shoreline displacement -

upon which the isobases are drawn. These, in turn, serve to spatially

Yy



integrate differential emergence over a larger area thereby indicating

areas of maximum uplift.

U

W

t@' In the case of Clements Markham Inlet, and the northern coast
of Ellesmere Island in general, it is reasonable to assume that the
isobase pattern should reflect a dominant ice load in the Grant Land
Mountains to the SW. Furthermore, because Clements Markham Inlet is
greater than 200 km beyond the limits of the present Greenland Ice ‘
Sheet, this pattern should be independent of the load imposed by the
Greenlano Ice Sheet whioh.has strongly influencedthE Ellesmere lsland,
SW of the Grant Land Mountains (England, 1976a, 1982). It therefore
follows that the timing of initial emergence on the northefnmost coast
should be entirely controelled by the history of the local Ellesmere
Island ice load, and not by ‘the Greenland Ice Sheet which was close
enough to control the initiatlon of emergence on NEVEllesmere Igland
(England, 1976a, 1983).

v A

3.1.6 Glacier Profiles

[~

In order to -document the ice loads respon31ble fOr the

glablolsostatlc adJustments in Clements Markham Inlet fielq work
also 1nvolved de11m1t1ng formér ice margins. The objective was to

connect formeﬁ»glac1er profiles in the Inlet to dlscrete perlods of

glac101sostatic ad justments.

/ . A
/' - .

In addition to identifying end moraines, three other sources

of ev1dence ean be used to reconstruct gla01er marglns First,

g
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.because sdbpolar glaciers have englacial temperatures well below OOC, s

LR u'

:they have well developed marglnal and submarglnal drainage systems.

Such meltwater channels found along valley sides indicate stillstands
of the glacier formerly occupying the valley. This method was used
Successfully to produce a pattern of ice retreat in Clements Markham 4
Inlet (see Chapter IV). The seeond method uses the distribution 3f
erratics to delimit the former extent of ice. However due to the e
lack of dlstlnct erratics in Clements Markham Inlet, this was llmlted
to only a few isolated cases (dlscussed in Chapter IV). A further “
complication, which also pertains to the flrst -method, - is that no age f
dlfferentlatlon is apparent between one or more glac1al advances. The -
third method attempts to - overcome thls temporal ‘constraint by defining

various weathering zones within the Inlet. Presumably each successive

‘glaciation rejuvenates the landscape such that the least subaerially

weathered surfice represents the most recent glaciation, whereas the
ﬁoet weathered surface indicates the longest interval of subaerial
eXposure hence the oldest g1301at10n Moreover, some of the most
weathered surfaces on NE Ellesmere Island do not show any ev1dence of
ever having been glaciated (England.gglglL, 1981). However, no
rejuvenation may occur if the ice was cold;based, except that

meltwater channels would be‘eut_(cf, Dyke, 1983).

2

Al

Unfortunately, most observations on relative surface
weathering in Clemeﬁts Markham Inlet have not indicated any obvious

weathering breaks, other than a few restricted cases (see Chapter IV).

»Sednnentary rocks do not present any practical measure of weathering _

‘ﬂBirkeland,bpers. comm.,'1980); ard if differential weathering was not
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nobvious in the field;:little is gained from time-consuming transects
in order to f;nd a diffeﬁence (Dyke, pers. comm., 1980). Nevertheless
-the fluvial lendscape which occurs on the outer coast nf Clements

_ Markham Inlet may indicate a long interval since deglaciation.
Furthermore, England et al., (1981) identified three distinct‘

weetnering zones along western Kennedy Channel, NE Ellesmere Island

which they attributed to multiple glaciations.

3.2 Glaciomarine Sedimentation in an Arctic Fiord Basin

3.2.1‘ Introduction

- This section outlines the possible factors affecting
glaciomarine sedimentary sequences in a High Aretic fiord éasinﬁauring
“a single glacial cycle of ice advance and retreat. This nodel is used
to anticipate the kinds of stratigraphic sequences which may be found

along the coastline of Clements Markham Inlet.

In order to understend’the character and sequence of ther
sedimentary facies to be ﬂounni the main controls must be determined.
Two main controls are identified. The first cdﬁtrel is the type and
volume of sediment\§upplied to the coastline. When considering a

* glacial cycle the majority of the sediment'input would be glaciéenic,
and therefore, it would depend on not only the type of materiel
avaiiable for glacial erosion and transport, but aisp the eharacter
and extent of the sediment-supnlying,glaciers. The prpxinityrbf the ’
glaciers to the sea would, in turn, control the mode of deposition of

|

Y
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that matériai. For example, if the.ice margin is inland from the
coast,.its sediment could reach the Inlet iny by fluvial or eolian
tranSport, whereas, if the glacier is grounded below sea leve(lw its
sediments could be deposited ?irectly into the»wat?:. The second
major COﬁtrol on the facies sequences would bg.thé}re;ative movements
of the Iénd and sea. The rates ahd amplitudes ofﬁgpeqévfluctuations,.
coupled with their interaction with sediment inpu€‘::'dué;n§ the. glacial
cycle, will have important effects on the stratigfaﬁhy and
sedimentology. In additioﬁ} the character of poétglacial eustatic and
‘isostatic movéments will not only determine the faéies, but also the
_émountiof sediment which will be exposed above present sea level.

- Only f;he'swediments exposed above pr‘esen? Ssea level can be easily
studied by the field worker. These sediments, in turn, may be
4discontinuous_and may contain numerous unconformities. An examination

of the interaction between the two controls and how they may result in

various stratigraphic sequences will be attempted here.
| .

|
o

3.2.2 Sediment Control-Glaciomarine Sedimentation

As noted above, the type of sediment input and mode of
deposition‘at the fiord head interacts with the relative movements of.
land and sea which will determine the stratigraphy. Because the major
Sediment input in Clements Markham Inlet was from former giaciers in

contact with the sea, emphasis is placed on glaciamarine

sedimentation.

Stk g
i

Several authors. have developed models'of glaciomarine

A
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sedimentation. These models fall into two generai categories: those
concerned with large scale conditions beneath Antarctic ice shelves
(e.g./Cary and-Ahmad, 1961; Reading and Walker, 1966; Drewry and
Cooper,‘1981); and secondly, those concerned ‘'with fiord glaciers in
the Northern Hemisphere (e.g. Boulton, unpublf; Nelson, 1978, 1981;
Powell, 1981). ihe former models recognize three major depositional
2ones: an ice—contact zone below and adjacent tq.a grounded élacier;
a floating ice shelf zone; and lastly, an iceberg zone. Differential
deposition between,eold and warm-based ice conditions is also
discussed. On the ether hand, tne latter fiord models involve é'

smaller scale and temperate ice conditions. For example, the model

. proposed by Nelson (1978, 1981) fog eastern Baffin Island is based in
part on Boulton's (unpubl.) model ﬁased on Spitsbergen fiord glaciers.
These glaciers have extremely high sedimentation rates and no ice

shelves. Powell's (1981) model is also based on very active maritime

,;/“giacierS'on the Alaskan coast. Although the glaciers on northern

Elle?mere Island ane subpolar and may be associated Qith:iee shelves,
‘it is thought that the model proposed by Nelson (1978) nay bé
~_genefal}y~apblicable to the glacicmarine facies within Clements
Markham Inlet However, it is apparent that the sedlmentatlon rates

fe} subpolar glaciers would be much lower.

Nelsonﬂ(1978).recognizeq three depositional *zones that grade
from one another with increasiné'distance from the ice”nargin. The
zene adjacent to the ice margin is termed the Proximai‘Glaeiomarine
Zone and is ehanacterized by very high sedimentation rates and

ractively calving ice. The Prox1mal Zone is further subdivided irto

57
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| |
the inner and outer subzones. The inner-proximal subzone is
characterized by both tills and fan depositys. ‘Where the ice is
grounded, nonnél kerrestrial lodgement and meltout tills are
deposited. Adjacent to the margin, ice-contact fans of moderately, to
well sorted sands and gravels are deposited from issuing meltwater,
particularly near the.sides of the fiord. These fans may be submarine
or pértially above ‘sea level along the gides of the fiord. With time
the fans may coalescé to fbrm gravelly bars. Moreovef,‘thé fans can
be interbedded witﬁ poorly sorted, subaqueous flow tills (cf. Evenson
et al., 1976), or other material rolling and slumping down the fans.~
The characteristic.sedimentary sequences in the inner-proximal subzone
would be‘cyblic deposits of all grain sizes which would be impossible
to correlate, even over short distances.

Thé outer-proximal subzone is charactefized by massive
deposits of silts and fine sands with relatively few clasts. High
“current velocities carry most of the silt and clay away from_ﬁhe ice
margin to this zone. However, icebergs are generally'Carried beyond ,
the’outer-proxiﬁél subzone beforevthey begin to depqsit their debris.
T'Nonetheless,.shoals may ground some:icebergs, a?d consequently, they
may become‘mantled by iceberg-derived diamictons. The iceberés may
aiso?scour.and deform the underlying Sediments. The outer-proximal
_ sﬁBione is also subject to turbidites and, strong cﬁrrents originating
frdn the:inner-proximal zone which winnow, channél; and grade the
deposits. ‘Generally, microfauna are very sparse in this zone beCauSe

of high sedimentation rates ‘and fast-changing enviromments.
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' The Intermediate Zone is distal to the Proximél Zone and
occurs approximately 1-2 km from the ice margin. 'This zone is
characterized by diamicton deposition‘from melting icebergs and by the
settling out frcm suspension of'fine §;ltsvand cléys. Distal .
turbidite deposits are also found in éhis zone, but unstfatified éo
poorly;-stratified mixtures of all grain sizes are also common.
Generally this zone contains more uniform sedimént bodies with more .

c

gradation between contacts, and microfauna are common but not

abundant.

Lastly, the Distal Zone, beginning 4-6 km from the ice |
margin, is characterized by massive, shelf type, sandy silts and clays
of uniform compbsition and thickness. However, occasional clasts may
still be found from ice rafting. In Spitsbergen, the sedimentation
rate is approximately 1000 times less in the Distal Zone than it is in

the Proximal Zone, and consequently microfauna are abundant.

A glaciomarine model such as that of Neisoﬁ.(1978),
effectively deécribes.the possible sequences of facies found in a\
glaciomariné enviromment. However, such a model is essentially static
and does not déécribe the sedimentary sequencé as a fiord giacier
advances or retreats, or ééFQZQ level 1owers or rises. Do the
dep081t10nal zones merely migrate,down or up the fiord as the glaciér

advances or retreats, or is the process more complicated? *In order ‘to

have a better ugderstandlng of this, the related glacioisostatic and

59
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3.2.3 Eustatic and Glacioisostatic Control

Clark et al., (1978) estimated the magnitude and character of
eustatic and isostatic movements wﬁich occurred in Arctic areas
following deglaciation at ca. 16 ka BP. Clements Markham Inlet may"
faPl into two possible zones proposed by Clark et al., (1978). The
existence of these zones depends on thé extent of the last glaciation.
and hence the magnitude of the ice load which depressed this area. If
the last glaciation.extended well out into Clements Markham Inlet, the
‘fiord head would fall into Zone I. Zone I is characterizedrpy
continudﬁs and ongoing postglacial emergence becaﬁée glacioisostafic
unloading exceeded the postglacial sea level rise. If the last
:glaciation did not inundate the fiord, the fiord would fall into the
Zone I/11 trahsition. This zone is characterized by initial
postgléciai‘emergence, followed by submergence-c;used,by the collapse
of the forebulge. Although, this geophysical model (Clark et al.,
1978) is thedreticai”;ndfbased on the instantaneous uniform melting of |
the ice sheei, it does give an approximation of the types of'respénses
‘which will likely occur given different glacial histories. The

.}results of this model are also paralleled by recent geophysical
solhtions for different glacial histories in Atlantic Canada (i.:f
 Quinlan and Beaumont, 1981). It is concluded here that the reiative
movements of land and sea will depend on the extent of ice during the
last glaciation and this, in turn, will dictate the depositional

sequence.



3.2.4 Analysis of the Stratigraphic Sequences

As noted, facies changes are largely controlled by the
relative movements of land and sea coupled with the influx of
sediment. Several worker; have investigated these relationships by
1ooking at onlap-offlap sequences'found in older sediments, especially
the Cretaceous marine transgressions in the interior of North America
(e.g. Lane, 1963; Curray, 1964; Franks, 1980). Aﬁdrews (1978)
suggests that, although the origins of these transgressions and
regressions is different, these basic stratigraphic aodels can be

applied to glacially-induced, Arcgic sea level fluctuations. Such an

application will be attempted here.

Curray (1964) sought to classify ancient marine
transgressions and regressions by analyzing the balance between
‘sediment input versus sea level rise or fall. His model (Fig. 3.1)
illustrates the possible coﬁditions leading to transgressions and
regress;ons,'aﬁd is adapﬁed.here in order to describe the different
Sediments that may éccompany sea level changés”éaused by a glacial ;

. cycle.

Table 3.1 indicates the possible sequence which Curray (1964)

classifications may follow during a glacial cyéle. In this case, the
' cycle begins with ice occupying the fiord. It is assumed‘that any
ﬁpreceding glaciomarine sediments are overlain by till deposited by

this advance. ‘As the ice retreats, submergence occursywithin Zone 1

of Clark et al., (1978). Because the land is depressed well below sea

v
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TABLE 3.1

ta
~

3

Classification
(Curray, 1964)

Glacial Cycle

Conditions

Results

V1l

(depression below)

Vir

V* (approaching.
marine limit)

VIII* (or short

duration
possible)

I1*

" Isostatic
Zone
1

111+

v

VIiIil

Isostatic
zone
I/11

**ghorelines may
be preserved

Glacial

Deglaciation

sea level

decreasing ice
load

Uplife =
Eugtatic sea

. level rise

sea level
rise < uplift

decreasing
rebound

Collapse of
the forebulge

Ice occupying fiord

Transgression >>
Sedimentation

Transgression >
Sedimentation

Transgression >
sediment supply

geographically
stable coast

Emergence >>
Sedimentatior

Emergence >
Sedimentation

Emergence >
Sedimentation

net erosion from
wave action, local
subsidence from
compaction

Transgression

Glacigenic deposition

&
overstep marine over )

.glacial deposits

thin veneer of
littoral sands,
overlain by dis-
continuous marine
sediments

marine onlap

marine limit
reached

‘no beaches, dissec-

tion of uplifted
marine sediments

mostly wave cut )
beaches, regressive .

‘strandline

marine off lap.
regressive beaches,
delta building

marine on lap



level a rapid transgression takes place simﬁltaneously'wtth the
retreatindﬁgce margin. If the rate of transgression greatly exceeds
the rate of sedimentation, normal facies changes associated with
sWnarine onlap will not occur (case VII, Fig. 3.1). Rather, the
glacigenic deposits (i.e. till) will be overlain immediately by
deepwater marine deposits, and lateral facies changes will be
negligible. The unconformity formed between the deeper water
sediments and the underlying till 15 termed "overstep" (Dunbar and

Rodgers, 1957).

In many fié}ds and valleys the above condition existed unti{
“ the glaciers receded above the marine limit. Howevér, in proglacial
areas along valley;sides where the sea was in contact with the land,
the rate bf sedimentation may increase relative to the rate of

transgression (case VI to V, Fig. 3.1). If both of these ratqs\;emain

high, the material supplied could have been redistributed paralfjﬁlto
the shoreline via waveé and currents. In Clements Markham Inlet, -
however, open water is limited by landfast sea ice, and thus, wave
action‘is weak and limited to the short “summer season. Given some
littoral processes, the coarsgst material would be found near shore,
fining seaward. As this type of transgression proceeds the littoral
faci;svwould shift landward resulting in a "caﬁnon marine onlap"
sequence recorded in the sediments. Nonetheless, the-onlap Sequence
‘may be compliéated if sediment is tempérarily impounded within sandar
and deltas during the transgression and thereforevunavailable for

littoral processes. - In this case the water may rise over the

terrestr;al dgposits, without the graded depoéition associated with

P
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‘comon marine onlap (Mathews, 1974). . 0

~

During the estaplishment of the marine limit the rate of

transgression decreases until it &s balénced, and then overcome, 5&?“
isostatic rebound due to the removal of the ice burden. During this
tlme, there may be a brief 1nterva1 when the relative sea level is
stable at the marine 11m1t (case VIII \flg 3.1). Moreover a brlef .
transgre531on may follow due to net erosion by wave action or local

subsidence due to compactlon of sediments. However, it has been
demonstrated that postglacial emergence in the\Arctic, within the

glacial limits, is initially very rapid and then logarithmically
.decreases to the present (ef. Andrews, 1968; Blake, ﬁQyS):~ These
v;conditions of‘initiel‘emergence would be represented bQ\Sese I {Fig..
3.1). Here, the initiai rate of emergence~wouid be very'%agid
relativemto the;rate‘ofrsedimentation. Under these conditions the
exgected seaward shift. of coarse terrigenous facies would be
discontinuousc Following emergence, areas_ét/the'nead of the fiord‘

would be mantled by fine marinejsediments which lack a cover of the ‘

~ coarser offiap facies. .These expmsed marine sedimentsfwoulc be
subject to gullying-and deflation, moreover,'no littoral facies

marking past stréndlines would be present (e.g. Blake, 1975). A cover
&

| of 11ttoral sedlments may also be absent in spe01al c1rcumstances

. where there is no source of coarse materelal_(eg.,;tlll) for 11ttoral

L an

processes to act on.

&
\

i

As the rate of emergence decreases through time, the rate of
e
sedlmentatlon W1ll eventuggly balance the rate of emergence

N * . . . .
3 : , L
, :
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Initially only wave-cut beaches would form <ca;g II, Fig. 3.1),
however, they would soon-be succeeded by depositional beaches as a
normal seaward progression of coarse terrigenous facies occurred
(marine offlap, cases III to IV, Fig; 3.1). Eurthermore, if the
supply of sediment remained high a depositional regnession would occur
. because of rapid progradation by deltae.~ Although the most _pronoiificed
phases of delta bu1ld1ng would be expected during. times when the rate
“of emergence approaches zero, “in arctlc areas these perlods are
generally coupled with greatly reduced sedlment Supply. due to
dlmlnlshed glaciers.- %At the head of Clements Markham Inlet case IV

' s
represents the-@%ntemﬂhgary stage in the postgla01al marlne sequence.

|
g L

Ir the zone I/II transition of Clark et al. (1978) is
encountered'within the fiord, a condition of limited submergence may
occur (case VIII) Although case VIIT submengence in Curray's moedel
is due to the compactlon of sediments or net wave er051on this is nota
the case in Clark et al.'s, (1978) model where transgressive, marine
onlap»sequences ma;rals%goccur>(case V) if .the forebulge collapsea\= as
predlcted by the geophy31cal model . As noted earller the Zone 1/13§i°
tran51t10n may have occurred w1th1n Clements Markham Inlet. If this
was the case transgre551ve sequences would be expected in the

outermost areas of the Inlet. However, no evidence.of this was found

¢see Chapter IV and V).

~

3.2.5 Discussion and Conclusions
| gge stratigraphi%,sequeqces ezﬁected in an Arctic fiord
I YA ‘

‘ w - ) N S
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during a glgcial cycle are shown in“Figure 3.2. This diagram attempts
/ : .

to describé the succession of deposits when ccnsidering the fiord as a
whole. quever, it is evident .that some deposits may contain complex

I ‘ o
assemblagés of grain size, sorting, and sedimentary structures that

~cannot be readlly accommodated by such a large scale model. In

general Flgure 3.2 disregards the variability in sediment supply from

- one area to the next, as well as temporal fluctuations in sediment

output'from the glaciers. Another limitation to the model -is. that it
only considers a single glacial cycle. Should there be a more complex
glacial history (i.e. multiple g;aciations), the isostatic and

7 . o/
eustatic responses would also be more complex. - /

/

Lastly, as pointed out by Andrews (1978), there is an
intrinSic.problem of‘coarsening or fining—upward sequences in glacial
fid@ﬁs. For example the nature of the sediment will change not only
with the depth of water, but’ ‘glso w1th its proximity to a glacier. At
least three conditions ean produce a coarsenlng—upward sequence:

(1) an approachlng glac1er, supplylng 1ncrea51ngly coarse sediments;

(2) a falling sea level; or (3) a rising sea 1evel with very hlgh
k

. sediment input (Mathews, 1974). However, the last case must be rare

f /
in a glacial environment. .

-

" Despite the above limitations, it is hoped that by outlining

. the major factors controlling fiord sedimquétion during a.glacial

Y

cycle some insights can be provided on the past depositional
environments of Clements Markham Inlet. An important benefit of this

model is that it anticipates complications which may be encountered in
5 ' ‘
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FIGURE 3.2

"A schematic

of

section along an arctic
fiord following a glacial cycle.

HEEMm

Marine Fac/c-:

L/ttoral- Focles

Terrigenic Facles

Glac/igenic Focles

(Roman numerals refer
Flg.3.1).

- to

s.l.
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the field as weil as providing an explanafion of the spatial
distribution of glaciomafine facies. For example, it was noted that

glaciomarine sediments can be carried long distances out the fiord as:

‘well as be deposited considerable distances upvalley during glacial o

retreat. Therefore, recognizing specific facies becanes important
(e.g. esker sands versus'littoral sands). In addition, lateral

gradation of facies and interiayering facies may be expected in

.specific areas of the.fiord. For instance, one would not expect to

find evidence of formefgstrandiines ip areas df'extenSively gullied
marine silts. The surface silts themselves indicate an extremely
qugg regreésion. Furthermore, if ceétaih stratigraphic relationships
can be recognized, such as an overst#p sequence, the model can provide

constraints on the conditions that prevailed (e.g. fﬁét or slow

glacial retreat), and aﬁg;fUrther stratigraphic interpretations of the

fiord deposits. a v é
gﬁ M _ ’ . .
e v ) I3 ¢ . ) ﬁ
. > e . ‘ ) @ ’
’ i, :
@ s 4 ‘
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Chapter IV

g : Geomorphic Data

4.1 Introdootion'

This chaptér is divided into three principal sections. The
first section (U4.2), deals with a map of the surficial deposits in the
. - v N - .
study area. The spatial distribution of the deposits is described and

a?: lymﬂ The .second sectlon (4.3), describes the geomor-

ddfs E tfgra@%y of spe01flc sectors in CT%Ments Markham inlet
fese areas are delimited by ma jor watersheds and
.commonly contaln ‘deltas on their seaward margins. All pertinent

radiocarbon dates are 1ncluded in thlS sectlon, The final'sectson -k

4.4, deals w1th past g1a01er conflguratlons within the study area.
Ice limits and ice retreat patterns are prov1ded based on information
from the two preceding sections.

- %"2 Surficial Materials Map . A- -

As a baserfor studying the geomorphology of the area, a

surflclal materials map was complled from airphotos and
j : ground—truthlng (Fig. M.Z, in the back cover). The legend (Table .1,
back cover) describes the materials identified, giving their symbols

and an explanation of geomorphic descriptors used.

The area mapped covers the terrain between the ex1st1ng

v ‘ ‘ e ? . o ‘
‘ o ° : . ’ - s ot



g

.. Windswapt \

(W >

~~

N, e
P . a \
Yo~ < 0
‘_./ %) ; p‘ . ‘ H W Jl)l N
’ L d . \
( S -\ .
kl'"\'—\ :if\ el N
Lt TR
. ~ o . ).
: ~ Sk <
. PEEAT - \
. . o :
) ~f’\ ' . & \0/'\" P~
A O _ ‘.‘a -~
. : s

" FIGURE 4.

T f
\.

)

g \\,\
S Omeg

/

Erinclpdl Watersheds

b s 2

"{ Gyp
’ “ '\_.-N'.f,\.

)
c\.“““ RiY ot

\ Ow
\
.\'4

ts ¥

"\
r
J
~./
vov®

Okm’

.




L4

glacieré'and the head.of the Inlet, as well as the ice-free uplands
down £hedInlet. Full airphoto interprétatibn was hampered in some
narrow valleys where strong shadows occurred. The ice—frée,uplands
were also. difficult to map because of snow cover. This was
pérticularly so when trying to distinguish till veneers from rock
rJBBle, hénce questibnable areas were left blank. Thé foiléwihg’is a

'S . N

description of the surficial materials. Ce A

4.2.1 Bedrock

‘The predominant surface in the area is. bedrock of various '(

ages compgged primarily of sedimentary lithologies (see Ch. II);ﬁ*Thé'
bedrock ‘is found in various stages of decomposition from extensively
frost'shattered rubble, mantling broad sdmnits-and hill slopes; to

freshly exhumed surfaces.

Although localized, weathering breaks were found ohvéimilar
rock tfpes, no»spétially coherent~pa£terns could‘be mappédf Several
'factors govern the extent of rock weathering including: thé length of
exposure, susceptibility, qnd\mibroe?virohment.' The vériability:‘ -
~ presented by the 1atter two fagtors‘is_;hought to have obspured
recognizable glacigenic weathering zoﬁes.

»

4.2.2 Tilk L

L]
v

“Non—sorted glacial debris is widespread in the map area. It

is commonly found as a thin, diggzntinuous veneer overlying the

e

L+
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bedrock. Sliéhtly thickef veneers (still <1 m thick) are found in
valley bottoms and cirque floors. Till surfaces are‘characterized by
varied clast sizes within a predominantly sandy matrix. For the most
part ﬁhe“material‘is locally derived, but an abundance of erratic
debris distinguishes it.from in situ weathered bedrock. Nonetheless,
even predominantly weathered bedrock surfq&;s contain isolated

erratics. Furthermore, it is often imposéTble to distinguish till

Inlet where fecent glaciation was very localized, limiting erratfc

dispersal. Till bianketé >1 mﬂ rarely occur and likely represent
) 3‘ ‘,3 . ke
corncentrations near. former glacier margins.

4.2.3 Gléciofluvial Sediments

fon

The major source of_surface runoff Tn the study area is from

-glacier melt, hence most of the waterlain sediments are glaciofluviél.

‘Glaciofluvial sediments on the surficial map cover a wide range of’

genetic types. Generally, these sediments are gravel and sand
deposited beneath, and in front of, the marginal zone of a glacier,
forming valley trains (sandar) ‘which terminate at the coast line.

»

Identifying sandar within valleys is straightforward,

. nonetheless several major qualifications are necessary. First,

because many of the sandar terminate at the sea, they form the coarse

topset sediments of. prograding delta systems. Because postglacial

'ahergence characterizes this area large laterél‘shifts in facies often

“occur; for example, reﬁnént, deltaic deposits may be found within

73
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from frost shattered bedrock, especially in outermost Clements Markham *¢
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contemporary sandar envirornments far inland; Hence, on airphotos,
confusion may result when trying to separate coarse, marine delta
deposits from sandur deposits, particularly, where the terraces are
found far inland, ergo the two units are lumped together. A second
important qualification is that the contemporary glaciers in this area
are subpolar (see Ch. II) and drainaée channels along the ice margins
are common, furthermore, the ex{atence of many old, ice-marginal
meltwater channels downvalleyysuggests that their thermal regime was
similar in the oast. Hence, many outwash terfaces are kame terraces

-

delimiting former ice margins.

The origins of the various types of glaciofluvial,terracea
are crucial_to the interpretation of relative sea levels. ,Sandar
remnants depict fbfmer surfaces which grade .to specific relative sea .
levels and they coﬁmonly terminatevat delta terraces constructed into.
that sea level Cleafly, kame.terracee whose downslope sides were

buttressed by glaciers, bear no such relatlonshlp to sea 1evel

_leferentlatlon is most 1mportant when deallng ‘with ice contact
deltas, where kame and delta terraces may be found in close prox1m1ty,

especially where parts of the glacier terminus contacted the sea.

4.2.4 Glaciomarine Sediments’

6
Fine grained, raised marine deposits form the most widespread
surficial unit 3“ the‘area.otheg,than rock. These deposits are
predominantly horizontally strafified silt and fine sand, and comprise.

the bottomsetfbeds,of several delta systems at the head of the Inlet. A
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Although nﬁmerous broad valley bottoms are in fact below the marine
limit - for considerable distaﬁces inland, they lack fine marine
deposits due to subsequent river erosion. Nonetheless, some
flat~lying areas'within a few kilometres of the Inlet are mantleﬁ by
thick silts which‘are‘exﬁensively gullied. ' The silts contain Varying

amounts of dropstones which form a surface lag in some areas.

4.,2.5 Minor Matekials

A nﬁmber of surficl.l units mapped are very local in extent.
The most‘cxmnmn of these are alluvial féﬁ and colluvial deposits
mantling the valley slopesj Soliflucﬁion and debris flows appear to
be the dominant processes transporting the material from weathered

rock upslope.. As noted, the tills in the area are often difficult to

distingusi the weathered rock, hence the glacigenic contribution
to theé‘s cannot be discerned. ~Furtherhore, local talus
proddction’itself contributes s&bstantiélly to lateral moraine
production in alpine areas. Further mOdification may also take place
should the valley—side;material become rock glacierized. A;number of

areas designated on the map are thought to be rock glacierized lateral

moraines (cf. England, 1978).

4.2.6 Discussion
- The Surficial Map shows a complex association ofjmoraines,
and marine and glaciofluvial deposits within the valleys:fnd'élong the

shores of Clements Markham Inlet. Because most main valle
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experienced glaciation, followed by a marine transgr6531onw§pd%

glacial emergence, the spatial grganization of deposité Qithin
individual valleys follows a similar pattern. The glaéierq provided a
major source of runoff and sedi:ment, hence large'delta>complexes are
found at the mouths of formerly gléciated valleys. Furthermore. the
mouths of the valleys qually contain kames, moraines, and‘flat—topped(

glaciofluvial terraces sugéesting~glacial'stillstands during these‘m
higher sea levels. The marine limit is usuall& marked by uppermost
terraces which progradéd from these ice—contagt déposits; ﬁéch deita
also usually contains a se}ies of descending delta terraces which lie
seaward of the marine limit terrace. These delta terraces may have
corresponding sandar terraces upvalley. Occasional fofeset.bedding
depicts the progradation of the terrace over deeper-water sedimgnps,
thever, the terraces are alsé frequentiy inset into the .underlying

‘ -

material with a cut and fill relationship. : |

|

Deep water, bottomset sediments often lie in the outer

3

perimeter of each delta. These deposits are composed of horizontally
~ stratified silts and.fine sands, often 5-10 m thick. The sediments
are locally fossiliferous and may contain a preponderance of

2
ice-rafted material.

Upvalley from the delta systems the surficial cover is
predominantly till veneers or colluvium, otherwise the surface is

comprised of bedrock (Fig. 4.2%. The till deposits are not extensive -

i
4

enough to describe a coherent pattern of former_ibeg¢over%

4

However,

9 v

remnants of ice marginal:dpai annel SHon -l
. I Lo B




depict former glacier occupatién; ‘These features were used
. - e

extensively to construct tHe ice retreat map (Sec. 4.4).

4.3 Site Analyses

| This section deals wg detailed geomorphology of '
specific areas within Clement ‘ }kham Inlet. Although deposits and
A ,
glacial features were mappedffn the highlands of upper Clements

Markham River and its majdr,tributafies, detailed field work

*

concentrated on deposits.f@und along the coastline ?ﬁiziszggsures and
fossiliferous sediments’are common. The folloQingnsite descriptions
begin at the ‘head of Clements Markham Inlet and first follow along the
NW coast for 55 km to Cape Colan, bordering the Lingoln Sea. The next
Set of descriptions follow its SE coastline from' the mouth of Piper
Pass to Hamilton Bluff bordering Parker Bay (Fig. 4.1). Each site is
discqssed in'the following order: genéfal description; geomorphology,
Uénd stratigraphy; and intérpretation., Official and unofficial place
"names ére given in Figure 2.1. |

{

)

4.3.1 The Lower Cleménfs Markham River

4.3.1.1 General Description

IS

The area of lower: Clements Markham River is a broad plain
which is occupied by the modern sandar, a large lake (ca. 8 kmz), and

extensively gullied, .raised marine silts (Fig. 4.2). The Crescent
\ . . '

Glacier and the Barrier Glacier.lie ca. 25 km upvalley (Fiéé. é.1 and .

-
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~underlying the silts. Christie (1967) referred to this area as Till

78

'4.2), whereas the Lime Cliff Glacier marks the western boundary (ca. 4

km WSW of theulake, Fig. 4.3, Plate 4.1). Glaciofluvial and delta
terraces, rising above the silts, form the N and S boundaries'of this
plain and ooour along the sides of the main NW-SE oriented valley.

Thg majority of the thick silt deposits are found in two
bodiea on eiﬁher side of the Clements Markham River. One deposit (ca.
7 km by 1.5 km) lies 1mmed1ate1y S and SW of the lake, and the other
deposit (ca. 3 km by 1. 5 km) borders the southern side of the river
valley These silt bodies are considered to form a single unit" which
once occupied the entire lowland area, prlor to being separated by
subsequent fluvial erosion. The contemporary Clements Markham Rlver
sandur (ca. 2 km wide) now separates these silt bodies. 'River-ero;ioni
into the northern.silt body exposed a diamicton layer (c;;‘3 m ﬁhick)

- Island (Fig, 4.3). ; - N

i
|

_ ! :
The southérn silt body is bounded by a large delta system to

the S (Corner Delta). The Corner Delta emanates from th7’mouth#of a

P

valley wh1ch lies parallel to, and midway between the Wbuths of the

¢ i

Clements Markham River and P1per Pass * Two glac1ers lme‘at the head

of this valley ca. 13 km from the apex of the delta (Figs. 2.1 and[

/
4.2). - /

4.3.1.2 Geomorphology and Stratigraphy

N Three principal areas are describedi Till'IslandV Corner

\ ' J
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Glaciers near the head of Clements Markham Inlet

g northwest. The snout of the Lime Cliff Glacier is

nly seen %it overliea an outlier of ice-cored outwash.
glacie

are ca. 8 km from the present shore of the
the gullied marine deposits in the t‘oreground

11 as the contemporary ‘sandar associated with these

The Corner Delta is directly beneath the

] photographer (Fig. 4.3).

i

T
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Plate 4.2 The exposure alona the aouthust side or Till

Island (Fig. 4.3). Polished gypsum and dolomitic breccia is
overlain by till which is, in- turn, ocntombly overluin by
stratified marine silts and fine sands.




Lm m or it m nm q-nd m dimtim ,md: wltmn t.hc |
p.mormu o] Above this, the marine udimmsfom |
mdisturbod. horisonm of silt and fim *&nd m. udiunu aro

»'mrouuitm -u oonum/ tcw drop stones. The drop obouu ™
-morm«-mmuouunmfmornnmm D

/ Lo

1

. mm«mmummmmmmi
’ ,within the sbovo upom (Fi‘ 4, 3. Plate '0 2). Both sim contained
m.nrous strism ond faootod limstom, quartzite, snd smdstone \
. olasts, but Sito 2 oontlinod more pos sizod and roundod material. The
: rlbrio obtainsd ot Site 1 shows a relatively strong sligmont with the
‘long axis of tho valley, and honoo "the inferred glaoisl flow (NNW to -
NW). Tne Site 2 fabric, on the other hand, has a strong bimodal
| distriwtion with a seoondary orientation orthogorfgl to the valley. A
| similar sequence of bedrock, till, ‘and mrino deposit.s is found within
‘ ﬁhe second mJor silt body to the S and near the Corner Dolt.a

Tho Comor Delta is omprisod of a serics of desoendins
"tmms ovorlying the straum&aim (Plate 4.3, m. . 3). Major
terraces have lip olovstions at 101, 84, 70, 46 and 37 m,
'irospeotivoly. The tsrraoes oonprised of moonsolidated sands and

| , gravols uhioh hlvo indistinot., steeply Qipping bedding. 'me uppermost N

terraoe grsdes rapi}dly upvalloy to an arouste zone of l'unooky,

o boulder sravol lyiyh across the valley (110 m a. s.l. ). Sevoral large

deprossions d:ninate this ared. . As with tho Till Island deposits, no

in situ marine bivalvos were found in thd strotified silts underlying

l:h_e Corner Delta' oanplex However, whole valves of t,he marine biv_alve



Plate 5.3 The Corner Delts. This delts . olearly shows the .
. terminal positicn of ioe which ooo:giod the mouth of the

‘valley during the time the delta terrace was being
constructed into a 101 m relative sea level (Fig. 4.3). This
‘is {sidicated by the arcuate zone of kettled outwash across
the mouth of the valley.in the center of the photograph.

Note the . proximity of the glaciers upvalley. Also note the

dissected silts exposed on the right flank of the delta. The
l(am silts honta}nod ahella which dated 7635 + 80 BP
‘ . - S . ? #

oo/

£
B .
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_g'm;; A&{.L g8 were found cnoloud/ in a lobe of colluvisted silts at
an elevation of 82 m (site 1). Tm colluvial deposit is'ca. 30 om
| thick and ovorlin mdilturbod nilts 1n turn, the 101 m terrace lies
. immediately upalopo from this d.posit The radiocarbon age of the
: lhllls (7635 + 80 BP, 81-&761) providu a u:lnuw age catuutc for the
formation of the upper t.crrm :
|

The .L ;g Clifre Glacior/ lies 7 lm to the NW of the COrner
Dclt.a, on the oppoaitc side of the Clmnt.a Markham River valley (Fig.

. . ) River. Christie (1967), _
Stewart (1981) md Stewart and England (1983) repo?ted on abutting,
ice-cored, outwash terraces which are currently being overthrust by

; 1Y
the advancing glacier. These terraces were once part of a contiguous

sur/face which k:as been displaced to form three distinct levels.
Moreover, the terrace fragments are polygonal in plan view suggesting,
‘that decollement _took place along a" pre-existing network of ice wedge
; polygons. Similar glaciotectonic features havelbeen desCf-ibed on Axel
Heiberg Island (Kilin, 1971) and Bylot Island (Klassen, 1982). In
addition, the ice oore, expoaed along a strean cut, lies 2 m below the
surfaoe and contains d:lrty and bubbly bands w:l’ch pronounced dounvalley
dips. Christie (1«967)5 suggested that t;he core may be glacial ice o
dating from a lgte Wisconsin or later Holocene advance. Of interest
to this study is that these terraces my be an outwash surface which
graded into a former sea level. The upper surface of thd thrusted
terrace is at 121 to 123 m, uhereas‘a relatively mdisturbed\surface

occurs at ca. 117 m. Ope km to the NE of the Lime Cliff Glacier,
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another large, flit-topped sand. nd gravel terrdos ooours on the
‘valloy :ido at 10&-106 m, and it nly roprccont tho same graded surface
to a local marine limit of ca, 104 m (Fig. 4.3).
| N—
| Similarly, a third large terrsce is found 4.5 km to the NE of
the Lime CLiff Glacief. This messive terrace rises steeply, 100 m
' above theriake, to 102 m (Fig. 4.3). It sppeers to be oomposed
entirely of loose sand and gravel lying at’the angle of repose,
IIWIIW silt tlicrsmtomdm itsflmktoca. wm.
Although no buried icc was socn beneath this terrace, a very large
depression aopcrltoa it fran the adJacont valley side. A circuitoua
channcl running through @ spectacular limestone gorge drains the
‘dcpreaaion into the lake.
. ; . | !

The last praminent terrace found in this area lies ca. 3m 3
of the Lime Cliff Glacier and ca. 1l km from the sea. This terrace is
:an campriaed of sands and gravels and it has a large depression
occupied by a lika on the upvalley side. Its flat topped surface lies

‘j 101 m and may correspond with sandur remnants found farther up the
j Clements Markham River valley (Fig. 4.3).

4.3.1.3 Interpretation

A discussion of the sediunggc found at Till Island will be
~ presented first. These deposits are significant because they are
centrally located in the lower Cluments Markham River valley, and

87

C consequently ‘they record the late Quaternary events in the main valley»



system. |

The principel conoern here, u well as at aum' sbm
ducribod in later uot;om, deals with m origin of tbo di-iotona.
Is the dismicton a till deposited by a ;romdod ‘glacier, or is it a
glaciomarine unit relessed from an overlying ioe shelf? As noted in
~ previous chapters, oont.ﬁprary ice ‘d'nl‘voa ocour oxWively in the
fiords of northernmost Ellesmere Island and they were probsbiy more
extensive during pest tll.inl cycles. However, given the preferred
orientation and characteristics of shear preserved in the unit, the
dinict.on layer found throughout the lower Clement / Markham River area
is interpretod to be an orthic till, deposited up-ice from the
grounding line at the base of a glacier.

The stratigraphic sequence of Till Island is interpreted as
representing a glacial advance-retreat dycle accompanied by a marine
transgression. The initial advance scoured the valley floor,
polishing bedrock surfates and trimming off protuberances. A
downvalley direction of shear stress is evident where resulting "rock
debris is incorporated into the lower part of the till. ‘Subsequent
deposition of till and retreat of the glacier was coupled with marine
inundation resulting in horizontally stratified silts lying
conformably over the till. In some parts, the highly deformable
nature of the uter-sat;waéed’tm resulted in the mixing of the two
units. Generally, howeverx, the contact is sharp and no intervening
glacioﬂuvial or littoral sediments occur/ This overstep relation

1
b

means that glacial retreat was rapid (see Ch. III). Conversely,
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coerse sediments overlying the marine silts sre also sbeent. The lack
of an overlying rod'mln tnt;l suggests um .poatglacial amergence

after the deep water phase was also very rapid. Large areas of silts

form plains exposed st the surface where they are subject to deflation
lng intensive gullying. Only where coerse sediment input was huh

uuch s at valhvmutha are the silts omod with ;rmls.
/

!

The preceding analysis indicstes that most of the fine .
Grained sediment in this ares was deposited in a short interval
betw-;en rapid glacial recession and subsequent rapid ‘uurgeno@e. This .
implies that sedimentation rates during this time were extremely high
in order for thick.bc:dies of silt to be deposited. This may also be
indicated by the absence of any marine fauna within these silts. High
sedimentation rates, coupled with brackish water conditions caused by
rapidly meltim ice, may have prevented invasion by niarine fauna.
Horeover, marine shells were only found in beds at higher
stratigraphic posit.:lona, 1ndicatirg that envirommental eonditions for
marine fauna improved only_ in late phases of deglaciation The above
sedmentary history is dipaililar to paleoenviroments farther down
the Inlet which will be digcussed in later sections.

After the main glacler x;qtreated from' the lower‘ Clements
Markham River valley the narine lim:[t terrace of the Corner Delta
prograded into the high sea at 101 m. Consequently, the sediments of
the Corner Delta represent a later gtage in deglaciation when the
. upland valleys were still occupied y ice. The arcuate zone of

glaciofluvial ridges and kpttles atf t:he apex of this delta complex



[
/

indioste that the terminus of the tributary glacier was immediately
upvelley st this time and smple coarse sediment wes supplied for
;rrcnmum (Plate 4.3). The rndio’cgrbm date suggests that t.h“wu
happening prior to cs. 7.6 ka BP, ”

-

Whersas' the origin of the Corner Delta terrsces is clear, the

large gravel terraces bordering the Lime Cliff Glacier are more
difficult to interpret (problems of tn\urprot,inu terrace genesis were
discussed in Sec. #.2.3). ‘nna: tm;ces are not part of a oﬁntinuous
delts system, but rather they are found as isolated bodies abutting
the valicy sides. Consequently, they may have been formed aipng the
margins of glaciers as indicated by their kettled nature. The terrace
contacting the Lime Cliff Glacier, which presently contains a glacial
ice core, may provide an analog for such a glaciofluvial t.errace.
Nonetheless, the similarity in elevation between the flat tops of the
glaciofluvial terraces (104 m) and the marine limit at the Corner
Delta (101 m), spggésts that they prograded, or were regraded, to a

si.nilar" relative sea level.

4.322 Owl Perch Delta

li. 3.2.1 General Description

The Owl Perch Delta lies on the NW shore at the head of
Clements Markham Inlet, immediately to the NNE of the protﬁinent lake
(Figs. 4.1, 4.4). Sediment and meltwater are currently supplied to

the watersheq by small glaciers on the flank of - Mt. Rawlinson, about 6



(EL1-€0991-V ‘Aaeuqr ojouduty TeUOTIRY)-

"000°0£:1 FTEOF 1| °G aTqel UT pIQTIOSIP ST SI[TS OUTJEW PIsTEJ PIJOISSTP

N3 UL punoj g oﬁﬂn_ uoquedoipey " (Y) @Bprd Noodpdg ((S) UOTIOes ul pues
PI1JTI®NG (1) UCTIONN UT TITL :230U OBTY °3IX93 3Y3 UT PISSNOSIP SUOTFO9S
SROTJIEA 1BOIPUT SMOLIY  °(7]) S§30BUII] ButasnoeTOTORTE pue (W) Souteacw
BuTpnrou] $9JNJE3j 10BJUCO 0T snoJaunu Aq pexJem sT BITap Y3 Jo aJed seddn
YL “"TTsTe W (6 je JTWI] SUTJEW Y] WO $I0RUUI} B33P Bujpusossp Y3 930N

"BIT3Q Uo43d MO h°h 3Ny



92



93

S :{T’

km Upvalley (Fig. 2.1). This watershed (ca. 60 km ) is’ comprised of

v

several subparallel tributaries which merge above the apex of the

delta located at the valley mouth. The main channel shows thick

'

accumulations of sediment overlying bedrock. However some of the
surface relief within the delta is a result of underlying bedrock

ridges which trend obliquely dcross thevmain channel.

.

4

4.3,2.2 Geomorphology and Stratigraphy‘

Like the Corner Delta, the apex of the Owl Perch Delta is
characterized by thick depos1ts of angular clasts in a sand ‘and gravel
matrix. Large depre531ons are found on its surface near the valley
sides. Some of the depressions are bounded on the seaward side by
descending, arcuate. ridges hav1ng asmnnetrical cross sectiohs. The
‘inward slopes‘of the ridges tend to be steeper than the seaward facing

slopes, suggesting an ice-contact origin.

— P N

k]

" S :
‘About 1 km upvalley from the delta apex,’ benches of
~horizontally stratified; indurated silt lie at the confluence.of two
main tributary valleys at 130 m and 190 m (site L, Fng‘U,Z). These

~ silts are unfossiliferous and contain abundant dropstones: Seaward of
the delta apex a series~of.descending delta terraces occur at 93, 81,
69-70, 47, 30 and 21 m. The 70 and 93 m terraces are paired whereas
the lower terraces are non paired and concentrated on the W side.
;Dissected marine silts are exposed along the periphery of the delta
2terraces, particularly on the E side of the delta system (Fig 4, 4)

Abundant marine pelecypods in growth position were found protruding -



from!the surface of a silt plain at 60 m (site 8). A radiocarbon age
of 7540 + 95 BP (UQ-260) was obtained from massive Mya truncata at
this site. ‘ |

. b o -

Local exposures show$a‘variety of deposits within this delta
camplex. A river cut near the valley mouth exhibits an indurated
dianicton 3 m thick overlying bedrock‘(site T, Fig. M:H).. The
diamicton, which contains striated clasts, is in turn, overlain by
”unconsolidated:gravel lying on the surface. ?urther downstream, the
diamicton is absent, and current bedded sands comprise the baseof the

section. ’I‘hese sands contain sparse Portlandia arctica pel*bhs and

plant debris, and in turn, are overlain by an. unfossiliferous, coarse
sand and gravel delta terracer(ca. 70 m). Because bedrock is'not

- exposed at this site; the relationship of these sands to the diamicton
is unknown. 1In other sections within the delta, stratified silts
abruptly overlie glacially polished hedrock. "

On the NW side of the Owl Perch Delta a continuous section
through a delta terrace lying at 47 m (Fig. u u) shows a- progressive
shift in sediment character related to distance fram the former delta
apex. Although the surface of the terrace is comprised of loose sand
and gravel the exposure shows that the terrace is in fact underlain
by fine stratified sediments. The distal end of the section shows
silts and fine sands having a gentle seaward dip. ‘About 50 m closer
oto the delta apex, these sediments contain an increasing amount of -
roek debris. Simultaneously, there is a gradual shift in the fines'to

more sand and finally dominantly sand. After 100 m laterally these

N
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sediments are obscured by loose sand and gravel which comprises the

fdelta terrace surface.

The last stratigraphicisection'to be discussed is a ridge

. which lies transversely to the delta on the NE side of the river
(site R, Fig. 4.4). ‘The sediment exposed here is unlike any other in
~this area. The most striking characteristics of the~sedimeﬂt is that
it is extremely indurated and hasfa distinctly salty taste. The“
material uithin the W end of the exposure is coarse grained and poorly
.“sorted. Generally the base of the section contains a heterogeneous
mixtureaof rounded clasts supported by a matrix of si}ty sand.
Conversely, the upper parts.of the section contain lenticular beds of
sorted gravels and numerous scour and fill"~ structures. Eastward,' |
these structures are lost and the entire section is a diamicton. The
" flanks of the ridge are confonnably-mantled by marine silts that ’

~comprise‘the upper unit in the section.

4,3.2.3. Interpretation

Y

The .histor§ of ‘the Owl Perch Delta resembles that of the
Corner Delta. Ice-contact, glaciofluvial ridges and kettles attest
that a tribufary glacier occupied the mouth of the Owl Perch vailey
during initi 1 stagés of delta building Prior to this, more |

extensive ie deposited till further downvalley, and this event may
represent period when the,tributary glacier merged with ‘the main

E trunk glaeier occupying the Clements Markham River valley.



| A subsequent position of the glacier‘terminus'nay be masked
by the transverse-lying ridge in the lower delta, however, genesis of
this deposit is uncertain.‘ The west end of the ridge appears to be"
comprised of bedload and channel £i11 de sits, whereas the eastern
~end of the exposure may be till althoush striated clasts are absent
:and the transition between these sediments is gradational. Hhether »
glaoigenie or not, the overlying marine silts indicate that the ridge
predates the postglacial transgression by tne sea. - Furthermore, it is
probable this.deposit is indurated beoause of the cementing by salts,
but to uhat extent this indicates age is not known. This deposit is
« certainly mOre indurated than<any of the other Quaternary deposits s
found in- the area. Christie (1967) reported widespread caliche

deposits whioh he speculated were depoSited during upward movement and
evaporatiqn of water from $hawing ground.

. \. . “ |
S~

| When- tributary glaciens occupieg\the Owl Perch valley,

f pro acial lakes formed at high elevations be use the iee impeded .

' ainage in the lower valley. 'The silt benches at 130.m and‘190vm .
 -are considered to be glaciolacustrine rather than m:i&@\e they

are unfossiliferous, and'they oceur considerably above the loéal\\' o

marine limit at 93 mw‘ Furthermore, they are a pale briown colour (10-

YR 6/3 d) and are ‘more indurated compared to the grey colour (10 YR

‘3/1 d) and friability of the fOssiliferous marine silts at lower

elevations. This difference probably reflects their different

s;dimentary environments. Finally, proglacial lakes are common in the

present enviromment in similar settings.

\» : , | - .o
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During doglaciation ice in the vicinity oi‘ the delta apex |
provided sediment which prcgraded into the sea at 93 m. The minimun . },
" - age estimate for this event (75% + 95 BP, UQ-260) is provided by.
shells from the bottcmset silts exposed :ln the distal parts of the _
delta ocompl ex (site 8). Insufficient de&rital organics or :;e\l‘ls were
retrieved from the more proximal current bedded sands bordering the
river channel. However, these sedi.ments may postdate the wine li.mit
phase if they are part of the same prograding sequence which led to :
the i‘om'\ation of the overlying svand at':d gravel terrace. at 70 m. "l'he .
section described' on the NW side of the Owl Perch De-lta, which cuts |

through a’ 140 m delta terrace, clearly depicts such a facies shift

-laterally as one moves: ﬁ’om distal to proximal locations.

i
*

4,3.3 Girpsun,River Area S I . -

4.3.3.1 General Description

" The Gypsum ‘River area provides the moststratigr‘aphic and, |
geomorphic detail ih the Clements Markham Inlet (Figs. 4.1, 4.5; Plate
4.4). The river lies in a broad’ valley which is bordered to the W by
an ice cap that supplies meltwater along the 35 hn .of river course
into Clements Markham Inlet (Fig. 4.2). Although the upper part of
the river flows SE, the lower part swings NE as it flows along a major ‘
strike. trough which parallels the Inlet. The intervenin_gv ridge to the |
S, which separates"the Wer tlr'an' the’Inlet, is f’-lat—to’pped and ~
'forms ‘a plateau whose SW end abuts a pyramidal mountain rising to ca.

750 m (Plate 4.4). To the NE the plateau is crosseut by a narrow .



Plate 4.4 The bluffs of the Gypsum River area locking =
soythwest, -up the Inlet. Ioe marginal channels on the .
sSeaward side of" %l pyramidal mountain in the background mark
the approximate position of a major trunk glacier within
Clements Markham Inlet ca. 10,000 BP. The bluffs formthe .
seaward edge of a plateau over which lobes of ice from the
right spilled into a high sea at 124 m a.s.1c. .

A
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gorge which sharply diverts the last part of the Gypsum River to the !¢
S. The mouth of the gorge forms the apex of the delta, 3 km from the
shoreline (Fig. 4.5)., ” : ok

4.3.3.2 Geomorphology and Stratigraphy

The. surficial map (Fig 4.2) ‘shows a variety of deposits in .
the Gypsum River area. The contorted nature of the valleys, the
product of structural oontrol has led to a complex assemblage of '
landf‘orms The previously describéd plateau, S of the Gypsum River's
' prcminent bend, deflected glaoiers flowing down the Gypsum River
valley. 'I'he SW part of the platea: has widespread glaqiof‘luvial
deposits and extensive ice-contact topography is found there, )

- includirx moraines, kame terraces and kettled surf'aces/’ The moraines
‘ (up to 8 m in relief) have a configuration that depicts at least three
terminal positions of‘ the ice which crossed the plateau obliquely

(Fig. 4.5). Integrated networks of t‘onner meltwater channels commonly

truncate these moraines and join many of the larger kettles. A number

- of these channels also terminate on the steep seaward (Inlet) side of

" the plateau.} Strean cuts along the lower seaward slopes of the
“plateau exhibit fine grained sediments of marine origin at 13 m. A
~ radfocarbon age on in Ssitu shells of y_y_ truncata ‘and Hiatella arctica

' -frcm these sedimem:s (site 19) yielded an age of 5720 + 150-BP ~
(WR-258).  * -

The mrine limit in the area is clearly marked by the
termination of a large flat terrace, ca. 0 5 km in width that extends
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,/ | |
along the /ateep seaward alde‘qf the platnn. The seaward facing
horizontal 1ip of this sand and gravel terrace lies at 124 m, whereas
the adjacent ‘sides of the terrace terminate at till covered, bedrock
protuberances. Toward the NW, in an icép‘roxlmal direction, the
terrace slopes gently upward and clast sizes increase. Eventually the
~proximal end of the terrace surface terminates at small asymmetric
moraine ridges which mark the ed\sp of a kettle ca. 160 m (Fig. 4.5).

. 0}
y

The landward side of the plateau is dominated by fluvial
gravels and flights of ice-contact ridges and terraces which descend
to the contemporary Gypsun River sandw'. A complex sequence of base
level changes is 1ndicated by these succeasive terrace.s that must be
the result of retreatlng glaciers and land emergence, opupled with

gorge cutting by meltwatera.

In the eaatern' sections of the Gypsum ] ver delta large

- volmes- of outwaah ‘at-'hi'gh elev‘ations are 1 n. However, a
bedrock ridge the structural 'continuation of the plateau W of the

- gorge, has a gravel bench runnim along its seaward side at 110 m
(Fig y, 5) - This feature has a hunnocky tread (+ O. 5 m), nonetheless,
1t is level for a distance of ca. 750 m and it is interpreted ‘as a.
beach mrking a relative sea level at 110 m. An important aspect of _
this beach is that it was partially formed on the landward, |
ice~proximal side, of the bedrock r'idge». Beclause this ridge also
‘formed an abutment for any glaciers flowing down the Gypsum River

" valley, it f‘ollows that this area must have been j.ce-ﬂ"ee before, the
time of the 110 m relative sea 1evel (Fig. H 5) A number of small



f

moraines in the trough along the landward side of the ridge trace the
retreat of the ice upvalley.

Smaller, fine gr‘aineq delta terraces mark former sea levels
at 84, 70 and 69 m, respectively. Like the SW sector of the Gypsum
River delta, the .lower seaward slopes of the NE sector are also
mantled with fine grained deep water, marine sedinent.s which form
very light-toned :areas on Figure 4.5. A horizontally stratified silt
outlier, ca. 35 m thick, forms a prominent ridge running parallel to
the shore, and transversely across the delta for ca. 500 m (Fig. 4.5),
Abundant, articulafed shells protruding from the sﬁrf‘ace of the
outlier (65 m, site 23) in;tially yielded the old:st date yet recorded
on marine sediments within Clements Harkhan Inlet (10,690 + 520 BP;
1S=-2137). Nevertheless,. a second date on the same sample produced an
age of 7940 + 130 (5_-3483) suggesting that the first date is in error
-because of a pfoblen w;.thin the radiocarbon laboratory.

The most distil sections of the Gypsum River delta are ‘
dominated by several very large terraces lying between 9 and 23 m.
'These more recent stages of delta building are centered on outflow
f‘ran the mouth of the gorge{ and truncate the older marine deposits.
: Channel cuts into the contemporary delta surface expose well developed
,f‘.oreseb.-topset’, sequences suggesting that active progradation is still

iri progress.

Numerous gullies cut into the seawar;d slopes of the Gypsun

River delta expose complex sequences of glacigenic and marine f‘acies

103



The general succession of facies throughout the area is similar.
Figure 4.6 illustrates five representative sections within the Gypsum

River delta, from the SW side to the NE.

The first section (A) exhibits a well indurgted, grey
diamicton overlying bedrock. The diamicton is 3 m thick and contains
striated and faceted clasts similar in appearance to the till
described in the Owl Perch delta. Fabric analysis indicates a
preferred orientation of 152° TN, and a 13° d

n the seaward
direction (Fig. 4.6). Therefore the diamicton i%/considered to be a

basal till. The till 1.7. overlain along a sharp ontact by 4 m of
horizontally stratified silts. The silt, in tdrn, is overlain by
unconsolidated gravels which comprise the upperi\delta terrace. The
contact betwé,en the latter two units is not ‘clear.
Section B, a short distance NE, shows a different \diamicton
overlying bedrock. This diamicton is darker, has a sandier \matrix,
and contains clastﬁS that are more rounded and less faceted, than those
in the till of section A. The upper contact of the diamicton is
undulating (+ 50 cm) and bedded silts confonnably overlie it. These
silts, in turn, are overlain by a 2 m thick diamicton having similar
character'istics‘to the till described at sité VA, containing nunerou‘;s
faceted .iand s'cr:iated clasts. Silts interbedded with thin, steeply
dipping Qdialn;cton bands overlie the dianicton layer. The silt beds *
show signs of kdist.:urbance, but undisturbed silt beds ca. 4 m thick and

having a 6° SE dip, overlie this zone of intercalation. The thick,

i

« undisturbed silt unit is grey in colour and unfossilferous, however
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‘uppermost 8ilt beds.

- <L 106
| . ,

i

the uppermost beds change to a pale brown colour and coarsen into
e .

stratified sands. Occasional Portlandia arctica wé;e seen in the
. : . . : ' »

-~
{

The overlyihg stratified sands are at least 13 m‘thibk and

are wideiy exposed along the SW side of-the Gybsum River delta.

' Ndmerous primary sedimentary structures associated with current O

deposition are'préseht, including. climbing ripples, large scale trough
crossbedding, and piane beds. OCQesional gravel bands and clay

laminae are also found. These structures indicate a general

paleocurrent direction of 144° TN, which is approximately the same

_ } ‘ , - G
directich as the 15-—20o dip exhibited by the uppermost sand beds of
this unit. o .
A - ‘/,/ ) ‘ . “”r
) #*

The upper part of the sand unit contains layers of detrital
plant remains as well as EEISitu pelecypods. . A number of paired
yalvés were found at the top of vertical burrows cutting through the

sand layers. These infilled burrows show the adaptation of the

pelecypods to the répid deposition of sand (cf. Reineck and Singh,

1980, p. 172). A radiocarbon age of 8660 + 155 BP (S-2124) was

» obtained on shells collected from these sands (site 21). The sand

unit, in turn, is overlain by sands and'gravels of a 96 m delta_v

terrace.

Section C, near the mouth of the gorge (Fig. 4.6) exposes a

thick deposit (40 m) of sand and gravel, inset into stratified silts.

The sands provide a matrix which supports larger clasts and bedding is
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: absent. This unit is overlain by the stratified sands that extend

‘from section B.

Section D, at the mouth of the Gypsum River gorge; has a more
ﬂg'cdmplicatéd‘sequenée. The lowermost unit in -the section‘is 5m of
: imbricated gra§els dipping 20° in a general SE-direction. The gravels
are well rounded with only occasional striated and faceted clasts.
Colluvium obscures the base;pf the unit, whereas the tbp consistes 6?¢V&T
30 cm of bedded silts containing a-feQ-dropstones., The silté, in’
turn, are éverlaih by 1.5 m of séndy gravel Qﬁich truncates: the ;iits;(
No bedding was evident within the gravel. The uppef’limit of the
gravel unit is composed of intercalated bands of gravel and silt. The
silts are usually foided, hoéever, a- number of rotated~51Ump blocks of
8ilt are also présent. Gradually the zone of-disturbanée iszoverlain
:'by S"mvéf undisturbed silts. " These éilts, in tufn, are overlain by
current bedded sand recérding a paleocurrent to the E.

¥ Invéontrast to section B, no hérine)pglecypods were found within
section D. Although the stratifiedbsands are\similar in gppearénce to
those in sections B and C, they hav; a q;rférent baleoflowvdireetion,
?Néneﬁheless, a single trunk ofu§§liz Sp. incorporated into these sands

(site 22) dated 23,850 + 850 BP (S-2140).

Section E is found on the NE périphery of the Gypsum River
. ‘ N : ;
area. This section is one of several similar exposures produced by
N-S trending gullies oriented toward the mouth of the next valley'to

 the NE (Moraine Creek area). Undulating gypsum bedrock forms the base



.

‘of the ;ection. Generally-a well indurated, sandy diamicton, up to
4 m thicki overiie§~the bedrock, but it is absent in some expogures.
The dianictoﬁ-cdgiains many rounded clasts, particularly gypsum, and
its matrix has a salty taste. Fabric analysis ihdicates strbng
clusperiné.drientéd 2079‘TN, with a 29° dip, whichviS'from‘the

direction of Moraine Creek valley (Figs. 4.1, 4.5).

‘\ The .diamicton and/or bedrock is abruptly overiain by'ca: 2 m.

of stratifiéd'grey silts that are unbesiliferous. These barren
"silts, iq turn, are overlain by fossiliferous, pa}e—brown'silts. The
transitién between the two'silt'uniﬁs is marked Sy aipernating strata
of pale brown and grey siit. In situ Shgils éollected fr;m the upper
~: péle 5rown silts at U5 m (site 24) dated 6865 1:130'BP (s-2135)..
i'Thésé silts gradually coérseh ih£o sands whose beds dip gently to the
‘ SSW, ~The sands form the uppermostvuhit_and are covered by a lég of
lipeg gravel at the surface. A series of incipient beach ridges

superimposed on this surface extend up to -ca. 89 m.

¢
§

4,3.3.3 Interpretation-

The geéﬁofphology and stratigraphy of the Gypsum River'areé
exhibit thedretfeat Qf glaciers from positiéns along the shore“of,
'élements Markham Inlet. The:giaciers that flbwed down the valléy
~during their qﬁtensive stage héd to fiow’upslope to surmount the
plateau whichfseparates the main vélIey from-the Inlet. This would
lead tova-thinning of ice over thévplateéu.~50h the steep seaward side

‘of the plateau,'the ice then encountered a’high sea at least 124 m,

[}
Y
2

‘
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,
and consequently further advance was . inhibited by calving along the’
edge of the plateau. This semistable ice front is documented by
moraines trending across the plateau. Subsequ?nt moraines alSo mark.

the. retreat from this configuration (Fig.-4.5).

.‘» ’

The genefal stratigraphic séquence;suggests a single glacial
c&cle followed by-a marine transgression and postglacial rebound.
vHowever, the type of glacigenic deposit attributed to the glacial
advanceivaries‘between"sections.-’furthermore; tne relationships o
betweenjthese sediments and the ovenlying marine silts alsffdiffer.
Therefore the model of one glacial cycle recorded in these sediménts
‘may be simplistic. All the basal exposures along tne SW side of the
delta exhibit‘eitherba diamicton or coarse outwash OVerlpgdrock. ;ﬁo
distinct diamictons are present; one with faceted and stniated:Zlasts
enclosed,in a silty matrix, and the other with mainly'rounded clasts
in a sandy‘matrik. The former is similar to'tills reported from ’
nearby areas and it was probably deposited by a glacier. The Prigin
~ of the latter diamicton is less obuious'as,clearly defined analogs‘afe

_ absent. The two diamictons are mutually exclusive in-all but section = -

B where the sandy diamicton is stratigfaphically lower than the till.

%

Section A cOntains the diamicton'that is unqueStionably a
till. The stratigraphic sequence here is similar to the one descrlbed
vat Till Island (Sec. 4.3.1).. A grounded glacier apparently advanced
across the-bedrocklsurface'depgsiting till whereas .its subsequent |
retreat was followed by a marine transgression. Till fabrics indicate

R - :
that the glacier flowed down from the plateau to this area, whereas
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the abrupt contact with the overlying silts indicates a rapid retreat
and transgression. Unlike the other sections described, an absence of
'v: intercalating'beds of marine and glacigenic deposits in section A,
suggests that a quasi-stable ice front did. (t»exist”In’tﬁis_area :
"during initial postglacial transgression. The ice flowing off the
plateau Qas more extensive at this site.f The reason may'be that
section A lies downslope from a shallow trough which crossesbthe J
“'plateau and ice-contact featureskin icate that it was'occupied,by a
tongue of ice. Local thickening of 1ce.f10uing seanara, together ;1th»"
'ﬁa more'gradual seaward slope, allowed for a more extensiye advance : |

here compared to thinner, 'more7restricted .ice'elsewhere on the _.'

plateau. An alternate source of till being deposited here could be

.- from main ice in the Inlet but the fabric within .the till suggests

'tnat_flow was perpendicular to what would be expected.

‘The above £111 unitvis also recognized in section B;;bgtvin
i this case the till is underlain by marine silts and tbe-sandy ~
diamicton. Thersandy diamictdn records an earlier event possibly
nrelated to the glacial advance recorded in section A. HoweVer its
absolute age and origin are presently unknown:. Because the two.units
are so dissimilar ‘the genesis of ‘the sandy diamicton may be - | |
glaciomarine or even colluvial’ relating to a period of slope

‘ instability. This period of instability could be the result of high
poTe water pre83ures induced by the 1nitial transgression early in the
‘glacial cycle. The overlying silt unit may also relate to the
transgression. Nonetheless, as the glacial cycle proceeded a glacier

"advancéd'onto the silfs, depoSiting the upper till. The_coptact with
. - : - J .
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lmarine deposits indicating a proximal, ice marginal environment.

& .
\

the till indicates a complex alternation'of coarse glaéigenic~and'

' Proglacial fans or debris. flows, 1ssuing from the ice front,
- episodically disturbed yndepositional marine silts in deeper water
~more‘dista1 to the'ice.

f

Following the retreat of the ice front the deposition of .

f marine silt became dominant with only minor disturbance from

.f ice—rafted clasts. The sequence of. channels and moraines indicate the

‘suocessive margins of an iee front retreating north-westward across

‘the plateau.' As end moraines were being’ produced at an elevation of

ca. 160 m, an outwash terrace was built into a sea-124 m. above

present Subsequent to the narine limit stage, the focus of meltwater

, outflov shifted to the NE, toward the present delta apex, ‘where large
" terraces prograded_into 107_m and 96 m relative seas. Eventually the

: environment became favourable for marine fauna sometime before 8.7 ka

‘BP and the prograding delta deposited sands which eventually covered

the area

Where the massive sand and gravel deposit of section C (Fig;
4.6) fits into the above scenerio is not known. This 40 m unit is
inset in the silts. If the silts relate to the last glacial cycle,
the massive unit may indicate extreme sedimentation at a former center

of meltwater outflow near the ice margin, perhaps in a " subaqueous
t . . .., & . .

enviromment .

- Section D, on the~other hand;~has no till but contains~

RN
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imbricate gravels of glaciofluvial origin which may be the facies

equivalent of the tills deposited in. sections A and B and the massive

» gravels of seotion<C. Their deposition probably occurred in a

submarine environment, perbaps fed by subglacial drainage issuing from
the bedrock trough Nonétheless marine deposition followed for a
short interval which in turn, was succeeded by a phase of
fluctuating sedimentary ponditions under which intercalated - Sequences
of coarse graveisland silt beds were deposited. Coarse sedimentation

7,‘from the gdge of the ice. front occurred intermittently, defbrming the
";-silt beds which were deposited during intervening periods of '

quiescence The sedimentary environment is interpreted as a proximal |

proglacial zone characterized. by calving, ice—rafting, sediment flow,

S

‘and seasonal meltwater production. L e

Section E, on the NE extremity of the delta, exhibits a sandy
diamicton at 'its base. This diamicton has the samefappearance‘aS'the

diamictons:of uncertain origin described in the other sections.

Furthermore “the saIt taste and induration are similar to‘the

diamicton described at the Owl Perch Delta, perhaps indicating a

comparable age._ However, there may be no such relationship because of

- the ubiquitous gypsum in the area. Nonetheless, if the fabric'offthiS“ '

unit is a result of glacial transport, the indicated flow is from a
~small valley and;transverse to the flow from the main Gypsum River

. valley. Alternatively, if the deposit relates to a~much older glacial

| epiSode, it may have been deposited by ice flowingfdown Inlet.

Material identified -as till is not found in the locality of Section E,

o



however it is fbund at the mouth of the small adjacent valley to: the,

NE (Moraine Creek Fig 4.5).

In section E, grey marine silts abruptly overlie both the'i‘
fsandy diamicton and the bedrock, suggesting a rapid marine
transgression. These barren silts in turn grade into the .
-;foSsllifercus pale brown silts which dated 6.8 ka BP. Although the
sedimentation between the two silt umits appears continuous the date
.conflicts with older datesagghnd upvalley, hence a hiatus in the |

section seems probable, ! : o ‘ff

- In summary, the stratigraphy of the Gypsum River area shows -
that glaciers, emanating frcm the valley, advanced into Clements
_ Markham Inlet, during the last glaciation. The extent of the-advance
in this area depended on the gradient of the submarine elope and the'
local variation in ice thickness. Generally, the ice remained in a

quasi-stable posltion:along the edge of the plateau, calying and

dumping material into the sea. This glaciomarine environment was . .

established sometime Beforea8.7 ka BP and it may have existed
“ considerably earlier: (> 10 ka BP), as will be-proposedtin.a later
" chapter. Subsequent ice retreat‘and emergence from a marine 1limit at
. 124 m occurred before 8.7 ka BP when major delta terraces were

constructed

-

13



4.3,4w;M9raine Creek Area..

u.3;u.1 Generalibesoribtion'

Moraine Creek flows in a narrow valley which is ca. 3 km NE
of the Gypsum River (Fig. 4. 1 " Plate 4.,5). ,‘The valley is only 6 km in
length and presently contains no glaciers. However‘ given'the:)
orientation of the valley, it must have comprised part of the expanded.
‘valley glacier network flowing down the’Gypsum River valley during the’
_“last glaciation. The ‘narrow mouth of the valley lies ca. 2 km from |
the Inlet shore, and a bedrock ridge 100 m in elevation lies along the

shore, enclosing an intervening basin (Fig. L, 7)

u,3.u;2' Geooorphology and Stratigraphy

Generally the lower slopes in tnis area‘are covered byAmarine
silts up to 100 m. Lateral moraines at the‘narrow‘mouth of'the valley
rise from 140 to ca. 200 m within 1 km upvalley Very‘coarse and |
angular gravel terraces, at. ‘elevations from 130-180 m, are associated :
with these moraines K, Fig. 4.7). Numerous kettles and small,

4 snarp-crested, arcuate ridges within the terraces suggests that these
are icefcontact featﬁres. Some distance_doanalley, terraces
~comprised of finer sands and gravelsfarevgraded to a local marine
limit of 110—111 n. At lower elevations the basin contains outliers
of till and marine silts:mantled-by soliflucted material. The bedrock
ridge borderingitne'lnlet,:on the other hand;,is covered‘by_;g_gigg

frost‘shattered pedrock, erratic rock debris, and marine silt. - Shell



. Plate 4.5 - The northwest shore of the Inlet looking southwest
from the marine limit terrace (114 m a.s.l.) above Omega Bay.
The mouths of four valleys are visible in the distance;
including Eider Delta, Moraine Creek, and finally Gypsum
5iz§r where the marine limit rises to 124 m a.s.l. (Plate

Plate 4.6 A view of the 114 m a.s.l. marine limit terrace
above Qmega Bay, looking south across the Inlet toward the
Grant Ice Cap.

15
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fragments within this frost churned silt (site 27) dated 8605 + 140 BP
(8-2115).

At lower. elevations in the basin, 500 m from the mouth of the
valley, gullies expose a till containing many striated and faceted
clasts. The till has similar characteristics to the other definite
tills described previously. Elongated clasts within the till indicate
a predominant ‘fabric aligned ﬁ;th the mouth of the valley. The till
overlies bedrock and, in turn, is abruptly overlain by horizontally
stratified marine silts. The silts contain in situ shells (site 26)
dated 9270 + 265 BP (S-2105). Approximately 600 m seaward of this
site, extensive silts at the sanebeleQation contain shells (site 25)
which dated 9845 + 485 BP (5-2123). These silts occur above thick,

barren silts overlying bedrock.

4.3.4.3 Interpretation O

The Moraine Creek area stratigraphicaily records a marine
transgression following the retreat of the ice front. ;ce flowing
from the Moraine Creek valley occupied the. basin and as‘it
subsequently underwent retreat, it exposed the peripheral areas to the
sea by at léast 9845 BP. Further inland, the sharp contact between
the till and overlying silts sﬁégests a rapid transgression following
ice retreat. The minimum estimate for deglaciation here is 575 years
(9270 BP) later than in the lower valley, and suggests a rate of

retreat of < 1 myr™

dates it is not possible to.determine precise retreat rates. Numerous

. However, given the large standard errors on the

118
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kame terraces at the valley mouth suggest a number of stillstands in
this vicinity. The major one occurred during moraine formation after

9.2 ka BP,

The precise extent of the last glaciaton in this area is not
known, however, if the sandy diamicton described on the NE side of the
Gypsum River area is till (4.3.3.2, section B), it may have originated
from Moraine Crgek. Alternatively; the bedrock ridge, which formed a
seaward buttress to the ice occupying the basin, may have remained
ice-free. Till was not found in‘this area, rather only frost churned

marine silt and local rock occur together with some ice-rafted debris.

4.3.5 Eider Delta Area -

.M.B.M.1 General Description

The Eider Delta lies at the mouth of a valley drainingbsmall
cirque glaciers ca. 20 km upstream (Figs. 4.1, 4.7). The watershed
lies entirely within the mountains of the horthern coastal region
which are free of iée caps. The narrow valley leading from the
interior\terminates ca. 2 km from the Inlet shore where initial délta
building took place. Presently a deep gorge cut into limestoné
breccia connects the valley mouth with the contgmporary apex of the
delta. 7The upper seaward slopes contain a number of shallow troughs =

* which trend E-W to the mouth of Moraine Creek.
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4,.3.5.2 '%gfmorphology'and Stratigraphy u . Lt

Like Moraine Creek, the mouth of the Eidér‘valley contains
several coérse glaciofluvial terraces recordiﬁg glacial retreat and
“ outwash'production into a hiéh sea level. Several former drainage
ﬁetworks, marking former ice margins,‘aré found on the E side. The
uplands are generally éovered by a thin till veneer, whereas-@inon
till ridges occur immediately above and below the marine limit. An
extensi;e, well-washed, sand and grével terrace marks the marine limit
“at 118 m (Plate 4.5). 'fhe slopes below the marine limit are‘mantleq
- with silts whlch are in turn capped with angular rock debris. The
uppermost f033111ferous 31lts occur on the E side of the river (site
29, Fig. 4.7) and dated 8535 + 140 BP (S-2106). Shells collected from
silts at 78 m on the W side .of the river (site 28) dated 7640+ 140
- (8-2136). The shell samples were collected from the surface of the
silts and both whole valves and fragments were used for dating. A
series of sand'and gravel delta terraces are inset into the silts

formingqterraCes at 103, 41, 37, 30 and 9 m.

4,3.5.3 Interpretation

A glacier occupied the mouth of tbe valley<and contacted a
former sea level at 118 m a.s.l.. Becausé_exgosures in the gullies
and river bank beyond the valley mouﬁh'conQained only deltaic gravels,

'the extent of the ice is not known. Nonetheless, the large volume of.
Eurface lag gravels on the marine silﬁs may indicaté’that a floating
;

-ice tongue or an actively calving ice/frqnt existed,neafby.
: j



Deglac1ation of the eastern side of the Eider Delta and

establlshment of the marine limit (118 m) occurred sometime before 8 5

‘ka BP However, the western s&de of the delta may not have become :
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1ce—free until ca. 900 years later. however both‘dated shell samples

were surface collections from sites that may still have been covered
by ice during the establishment of the adjacent marine limit.

Consequently these dates may only indicate that subsequent marine

incursion was earlier on the eastern side of the Delta than on the

bed

western'side, and no relationship.exists with the marine limit

‘terrace.

As the ice retreated from the valley mouth and emergence

‘began, large volumes of meltwater issued from the valley and produced

several shifting channels before the present gorge was excavated
Early outflow of meltwater was concentrated on the E side which ‘left

large volumes of sands and gravels deposited there (Fig,fu.a).

4.3.6 Omega Bay Area

4.3.6.1 General Description

The Omega Bav%area contains two converging delta systems.
The rivers which formed the deltas originate from presently vacant
cirques in the nearby mountains. Similar to other areas described
along this segment of the Inlet an elevated plateau of 1-2 km in
width lies along: the foot of the nbuntains The plateau contains a

'number of strike-controlled valleys and shallow troughs which trend
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E-W, obliquely toward the Inlet shore. (As the rivers flow into the

Inlet, they trpncaté the piatead forming gorges (Fig. 4.8).

.The area between the Eider Delta and Omega Bay is included in

the discussion of Omega Bay. This area is comprised of a broad,

"hanging valley which has a central basin occupied by a lake. Preseht'

drainage from the lake is not directly seaward but connects to the

- Omega Bay drainage to the E (Fig. 4.8,vP1ate 4.5).

4.3.6.? Geomorphology and Stratigfaphx

The mouth of the broad, hanging Qalley between Eider Delta
and Cmega Bay is deséribed first. A surface mosaic of bedrock and
ai;ﬁurbed marine siifs, mixed with fock debris and gravel, occurs on |
the seawahd Slopéslup to 50 m., Outwashland‘ti;l exhibiting numerous ‘
minor morainic;ridges cover the surface at ﬁigher elevations. A largé
moraine dams fhé above described lake at éa. 160 m, above which lie
flat terraces of angular gra%?l; Two major terraces on the W side of
the lake occur at 163 and.170 m, and extend horizontauy for ca. 500 m
toward the sea, terminating abruptly on the slope (Fig. 4.8).

9

A S
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The local sandston_e. bedrock, expo,sed'jon the slopes above the "

terraces, exhibits a distinct weathering break at 320 m. The break is
characterized by increased surface weathering above this elevation,
where inclusions within the rock were inset and etched up to 3 om in

depth; Conversely, below this level, inclusions were flush with the

‘relatively smooth bedrock surface. Unfortunitely, this weathering
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,‘break could only be discerned in this one locality because different
lithologies elsewhere did- not exhibit it. Moreover, no indication of
a weathering break was fqund on till veneer covering a hill (ca. 306
m) which separates this area;from the SW river at Omega Bay'(Fig.‘

4.8).

\ Moving to the Omega Bay area proper the apex of the delta
system comprising the SW sector of Qnega Bay contains a praninent sand
-and angular - gravel terrace abutting a weathered bedrock protuberance.
.The terrace fbrms ‘a horizontal surface at 11& m and marks the marine
i limit in the area (Plates u.s,‘u.6). To the N, just*across the
‘southernmost river, a subdued moraine occurs.at about the Same g
elevation. The morainetterminates at the steep’mouth_of the valley
'where it is obscured by colluvium. ﬁownslope, the SW delta<system «
\ { also contains gravel . terraces at 19, 36, 40, U6 1hd 56'm lip B
“elevations (Fig. 4.8; due to the close spacing of these terraces, all

-are not shown). . )

The seaward.slope of the intervening area between the SW and
iNE’delta'sjstems of QOmega Bay has a long, well‘developedbbeach at
- 110 m. The beach is comprised of well rounded, pea sized gravels and
sand, andfis level for 200 m. Furthermore, this elevation coincides
with a notch cut. along the .hillslope farther to the W. Oonversely,
‘the E end of the beach abruptly tenminates at the edge of a shallow
- trough, a former channel of the NE river (Fig 4.8). Conglomerate
bedrock exposed upslope indicates that the well rounded nature of the

. gravels comprising the beach is an artifact of the conglomerate and



126

-

not due t? recent water action. No dateable material could be found
associated with this beach, and the highest leyel of marinevsiltS'lies'
downslope at'69 m. The silts are disturbed and overrun by -
~ solifluction lobes which contained shell fragments (site 31) dated
1275 + 133 BP’ (S—2127) A - ‘ T L,
, - Theblower course.of the NE river valley in dmegavBay is
characterized b;/a windingtbedrock'canyon which cuts through the
plateau. A broad strike trough crosscuts the river valley ca. 2 km
from its nouth.j The rim of the resulting basin contains numerous
terraces of coarse angdlar‘gravell The upper terrace, Just‘uoslope
from the 110 m ‘beach near the junction of the trough and the NE
valley,flies at 119 m and it rises steeply)up the trough (K, Fig.
4.8). The NE delta contains a series.of lower terraces at 15, 22, 25,

and 34 m which are.comprisedkof foreset bedded sand and gravel.

The NE extremity of Chega Bay is characterized by flat

——

'uplands near the marine limit truncated by strike troughs. Lower'

' Abedrock knobs are flat-topped»and mantled with well rounded gravels.

Although moraines are absent, a higher bedrock ridge is breached in a
number of - places by gravel floored channels, suggesting an ice—contact ‘
environment along its landward side. A horizontal gravel beach lies.
on the seaward flank of this ridge at 116 m. Seaward from this in .
lowland areas, depressions are filled with horizontally stratified
“marine silts extending up to 74 m. A sample of a few-in situ shells'
and fragments ‘from these silts (site 34) dated 7850 + 130 BP (S-2117)

Farther to the NE a praninent sand and gravel terrace at 71 m marks a
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subsequent sea fevel on the Inlet side.

‘ Exposnres,along‘the»river of the SW delta exhibit crossbedded
fine sands»and silts overlying bedrock. This nnit is overlainvby
horizontally bedded silts which exhibit reverse grading into foreset
"beds of silty sand which in turn are overlain by gravel delta .
terraces.‘ An important aspect of the delta stratigraphy is indicated
along this section. The sections show that the uppermost-foreset beds.
begin at a notch in the hillslope at U5 ‘m with each successive, |
prograded bed running continuously to the valley bottam at an angle of
25°. From this, it is clear that the subsequently formed delta’
”terraces at 40, 36, and 19 m were cut into the pre—existing delta
These terraces have no relationship to the foresets which comprise
them. This stratigraphic evidence is critical when interpreting in
Ssitu shells obtained from the fOreset beds (site 30) .which dated 6860
~ + 80 BP (S-U4765). Clearly the minimun sea level estimate is 46 m, or
higher. | |

- Sections along cuts within the NE delta system display
barren, horizontally bedded silts abruptly overlain by poorly
stratified sand and‘gravel The sands. and gravels which comprise the
delta terraces form an erosive boundary and are fnset into the silts.
Foreset bedding is—evident with alternating -bands of loose sand and
gravel dipping seaward at 25°. A unit of coarse topset beds ca. 50 cm
thick forms the treads of the terraces. Two in situ shell samples :
were obtaired fram the foreset beds of two terraces. The foreset beds

of both could be traced to intersecting topset beds indicating
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4relééive sea ievels at 40 and 15 m (sites 33 and 32). Thé ages
obtained were 6195 + 120 BP (S-2126), and 5255 + 110 BP (S-2125) -
reSpectively,' The‘latter'shell date is clearly too old for the 15 m
relative sea level (see below), indicétiqg that the 15'm terrace level
has been cut into én older, higher'delta terrace. This similar

condition was noted in the SW delta system (further shown in Ch. V). *

4.3.6.3 Interpretation
This area is similar £o,Eider Delta in that numerous kame
"terr'aces and moraine; in the upper parts of dnega Bay indicate that
glaciers reached the lower valleys, however, their outermost extent
cannot be discerne&. Although a'diamicﬁon Veneer nantles‘large areas
_below the marine limit, it is thoroughly mixed with silt and therefore
’ it is probably"glaciomarine in origin (i.e. formed from ice rafting,
or an ice sheif).u HOwever; in the SW area, till veneer on the upiands
and sumnits, above the preserved Qeathering break at 320 m a.s.l.,
indicates a more extensive glacial cover: of unknown age. The
' weathering break itself indiéétes a stillstand or subsequent readvance
'during which the ice was ca./200 m thick in the SW.area. The third
méjor ice extent in this area is indicéted, downslope of the
wea%hening break, by the kane terr?ce at 170 m. This terracé‘may
inaicate the ice extent during which time the marine‘lﬁnit formédvbut
it cannot be traced directly to a marine limit‘indicator.
Nonetheless, ‘Numerous lower kame f.erréces and moraines recdrd the
subsequent retreat }ran this 1ast pbsition. These retrea; patterns

will be illustrated and discussed in Section 4.4. - An alternative
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hypothesis is that the 170 m terrace records a sea level which
predates the last glaciation. If so, this would be the only example

yet found in Clements Markham Inlet.

Like a number of other areas previously described,
determining the madlne limit is difficult where kame terraces,
moraines and marine limits occur at approximately the same elevatlon.
For example, if all these features coincide in elevation near the
mouth of a valley, it suggests that the former ice. thickness |
approached th depth of water. 1In this case the glac1er may have been
sufficiently‘:Lin that.it was forced to flqgt as it debouched intoothe
Sea. Seaward of the grounding line the surface gradient of the4ice
would be h r1Fontal and lateral flow would produce horizontal//‘
ice-contact\ features (cf. Ehgland et al., 1978). Furthermore, should
outwash or slope debris accumulate along these horizontal margins they
would produce kame terraces or moraines at approx1mately the freeboard
elevation of the glacier. Conversely, aboye the grounding line
concentrations of marginaﬂ outwash or slope debris would have a
gradient controlled by the glacier abutting the valley sides.

Given the above problems, the difficulty of discerning an
ice-contact marine limit may be considerable. Nonetheless two main
criteria were used to differentiate the likely origin of terraces in
'such environments. A primary condition for defining a marine feature
is its horizontality and its lateral continuity as indicated by other

strandline indicators such as delta terrages, wave-cut notches, etc.

(see Ch. III). Secondly, marine terraces tend to contain more rounded



. and finer Sediﬁént than kaﬁe terraces whicg, in turn, contain coarser
_ angul ar ma;erial with a high incidence‘bf striated clasts.

The Omega Bay area characterizes the hypothetlcal problems

| described above. For example, the 114 m marine limit terrace at the

SW delta must have formed when the valley glacier occupied the valley

mouth Here moraines indicate that the water depth and the ice

thickness were similar sSuch that thé,terminus was probably buoyant

beyond the mbuth of the valley. Similarly, glaciers occupying the

_ upper valleys leading ?o the NE delta systém prﬁduced the upper kame

terrace which grades down to 117 m at the valley mouth where it

terminates. The long 110 m beach which lies just below this point was

formed after the glacier vacated the valley‘mouth, Marine shells

provide a minimm estimate for local deglaciation ca. 7850 BP and this

event is marked by prograding'ohtwash, forming distinct delté
terfaces. As previously described, substantial outwash production
continued until relative sea level fell to ca. 56 m. Subsequently,
lower terraces were cut into these sediments. The period of low
sedlment input after the ca. 56 m relative sea 1s thought to 1ndicate
the demlse of the local glaciers within the Cmega Bay watershed (ca.
16.5-7 ka BP).
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4.3.f Windswept Valley

4,3.7.1 General Description

Windswept Valley lies about two-thirds the way down Clements
Markham'Iniet and it comprises the lést ma jor catchmént (126 km2)
draining‘into the Inlet's NW shore (Fig. 4.1). At present the
southern part of‘this drainage basin is ice-freé, however, the
‘nOrthern part contains a number of sﬁall glaciers and permanent
snowbanks in cirques and cols on Mount Foster, Mount Gladstone, and
Mount Disraeli (Figs. 2.1, 4.2). Windswept Valley is gelLerally
steep-sided and narrow, however, as with a number of va{leys on this
side of the Inlet, a bedrock 8ill runs across the valley near its
mouth. The sill forms a dam, having a steep seaward slope and a

-

gradual landward slope, which the river has truncated (Fig. 4.9).

Three minor valleys, with steep gradients, lie adjacent to

Widdswept Valley and are also included in the description of this

area. Two of the valleys, which lie to the NE are connected with the

‘main valley by high passes (ca. 180 m, Fig. 4.9). The mouth of the

third valley lies 1 km SW of the mouth of Windswept Valley.

4,3.7.2 Geomorphology and Stratigraphy

o

Benches ‘cut in bedrock at.elevations extending from just

below the mountain summits to near "the valley bottoms form prominent

features along the valley sides. These benches may relate to'scouring

;
I
{
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N
;‘by former 1ce marginal drainage systems which. exp101ted the weak beds
in sedlmentary rock. Some support for this is given by isolated
gravels, perched on the valley sides, and in particular .by a
flat—topped lateral moraine nested on the steep valley 51de at 3“3 m
(ca. 5 km upvalley) This moraine segment fbrms a_continuum with
ad jacent bedrock benches, suggestlng a cmnmxxmargin of a. former
valley glacier. . |
: .25
Evidence of ;reater.}oe cover in this area is indicated by an
erratic of well rounded silicious tuff whléh was found near the sumnit
of a minor mountain at 383 m, 6 km NW from the mouth of Windswept
Valley (E, Fig. 4/9). Its provenance is restlcted to small outcrops
of lower Pale0201c volcanics S of Mount Rawllnson, and NE of Mount
Frere (Fig. 2.2), ca. 40 km to the SW (Trettin; pers. comn. , 19812.
The implication isithat at some time in the past a major ice sheet
flowed in a NE direction parallel to the Inlet, Furthermore several
mountain barriers greater than 1070 m along this route must have been

surmounted by the ice in order for the erratics to reach this 51te

The age of this advance

The lower slopes of Windswgpt Valley are covered by

colluvium, but less steep areas have till veneers. " Thicker

accumulatlons of till fOrm minor moraine ridges, usually at the
o e
confluence of trlbutary and fain valleys. Moralnes wlth sharp orests

and a fresh appearance also oceur near the mouths of vacant 01rques

Striated bedrock also oceurs on the floor of W1ndSWept Valley.
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Windswept Valley cohtains a numbép'of coarse gravel river
terraces. Thg largest pf;these éccurg at the junction Qith the
tributary vélle}‘that divides Mount Gladstone and Mount Foster (Fig.
4.9). The uppermost terrace on the NE side of‘the Windswept river
grades from 120"£o 117 m, over a distancelof 238 m. Farther
downvalley, on.the SW side, terracé reﬁnants lie.at 112 m andv107 m.
'Still farther downvalley a major }emnant descends'froh 98 m to 86 m
over a distance of 600 m. In the lowermost cburse small rémnants also
occur at 72 to T4 m and at 50 m. The 72 m éérracé on the NE| side bf
the rivgr is composed of frost churned graQel aﬁd silty sand which

AN \ :
& _ .
contains Portlandia arctica, 2.5 km inland. Finally, the mouth of

Windswept Valley contaihs&a single delta terracé made of coarse sand
and gféyel with an outer Iip at 25.5 m. A plot of-the terraces
vdeScribed aboVe“is shown in Figuf§”4.10; and their discussion folléws
‘in a subéeqﬁent section.
_ , i _

The:lower course of Windswept Valley also contains Steeply
dipping_aliuvial fans. K promineﬁf bfeak in slope occurs on the fan
deposits at ca. 114 m a.s.l., 3 km.from the sea. Gullies cut to
bedrock exhibit thick accumulations of alluvium at this 1eve1,.and-two
phases-of géadéﬁioh aré evidéhtj one té the upper level (114 m), and |
the second to the Vélley floor. In addition, lateral moraines
descénding from a-tributary valley also terminate at approximately

114 m (Fig. 4.9) and this elevation could mark the marine limit within

the valley..

" As noted, the mouth of Wind§web§‘Valley is 5locked by a ’

02 .

3 - LA . o L ‘
’ i o s 1 13 Zf,
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bedrock sill.. The bedrock in this area is composed of extremely frost
shattered shale and mudstone. A number of bedded silt outliers lie on
the l‘andwar'd flank of this sill up to 102 m. Scattered she\i‘i
fragments of H. arctica,' collected on the surf‘ac;,e' at 81 m (site 40)
dated 8935 + 145 BP (S~2114). Further upslope, é‘tv ca. 110 m, .the
silts become thoroughiy mixed with angular gravel and frost shattered
bedrock. In some areas pockets of relatively undisturbed silts
overlie outcrops of extremely frost shattered bedrock. Clearly, the

bedrock was weathered before silt deposition occurred. No marine

limit terrace was found in this area, but above ca. 110 m the silt

‘matrix diminishes within the mixture of lecally derived rock debris.

On the seaward side of the sill,' colluviated silts at 84 m (site 41)

contain whole hélves of H. ai‘ctica which dated 9195 + 275 BP (S-2133).

No shells were found within the single delta terrace that lies at

38

25.5 m, however surface shells f‘r‘

7250 + 365 BP (S-2134),

1ly cut into the delta dated |

Striae were found along the shore of the Inlet between the

‘mouth of Windswept Valley and the minor valley 1 km SW of it.  The %

- bedrock exposures occurred where recent Sea ice action removed the

overburden. The orientation of the striae is with the ‘long axis of
the Inlet (SW-NE) and may be the product of the sea ice.

The adjoining valley, 1 km SW of Windswept Valley, contains

’ . LN 7 .
lateral moraines with maroon conglomerate erratics high on the valley
sides. The moraines descend to 130 m and 117 m at the seaward end of

the valley (near site 39, Fig. 4.9). On the S side, the slope below -
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the moraine has a series of descending mounds and swales made of
’“wangular gravel fbllowedwby a:beach at 95 m. Whole valves of Hiatella
arctica exposed by frost ‘action in the beach gravels (site 39) dated
8605 + 260 BP (S-é107), and these provide a minimum age for the beach.
The highest marine silts in the area were found on the N side of the
river at 43 m, and these are generally mixed with rock debris. A

_ prominent delta terrace also lies at this elevation.

The two adjacent valleys, to the NE, connect to w1ndswept
Valley via high passes (Fig. 4.9). One of the valleys contains
striated and sculptured bedrocgjindicating.an eastward ice flow
direction which diverged from Windswept Valley. Weathered, maroon,
conglomerate erratics were found near the summit of 'the pasS: and also
at the month of the valley, in a flat-topped moraine just above:a
Steep scree slope. The top of'the uoraine lies at 121 m and surfacev>
clasts, including a few chert pebble conglomerates, appear weathered
with pitted and etched ‘surfaces.

= :
vThe mouth of the se¢ond yalley to the NE is flat-lying and |
contains gullied ﬁarine silts overlying conglomeratic sandstone
bedrock at ca. 30 m. Where recently eiposed, the bedrock ietsnooth
andlpossibly ice;molded but no striae were found. Outliers of silt
could be traced upslope where they become admixed with the underlying
shattered rock. Here the underlying bedrock and the outcrops are very
weatheredl A silt pocket at 85 m (site 43) contains abundant shell
fragments of H. arctica and M. truncata which dated 835 + 140 BP

(S-2113). Upslope an accumulation of diamicton forms a hummocky

A
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tarrace at ca. 116-117 m. The mouth of the second valley is partially
obstructed by a large, flat-topped ridge made “entirely of gravel, |
lying at the angle of repose. The upper sur@ace of this ridge occurs
at 111 m, indicating an accumulation of ca. 80 m. A broad channel
lies along the langgard side of this ridge which in turn is bounded
on the upslope side by a terrace comprised of angular debris (ca.

126 m), followed by frost shattered bedrock containing occasional

conglomerate erratics (Fig; ﬁ.9).

Owing to the steep and’narrow natune of the valleys in this
area, there are few exposures of anything other than colluvium.
Exposures along upper Windswept Valley exhibit unconsolidated rock iﬁ
debris of various sizes, and till is not apparent. The major river
terraces are -comprised of more rounded; coarSe sediment overlying
bedrock. Further downvailey, the marine silts mantle very weathered
bedrock, although at higher elevations the silts are thoroughly mixed
with rock debris. | Dl |

A large section was. found in the minor valley 1 km SW of '
Windswept Valley. The exposure extends ca. 75 m and is ca. 25 m thick
S(S Fig. 4.9). The base of the section exhibits bedrock overlain by
-silty colluvium, containing many blocky clasts, which in turn, is
overlain by stratified silts containing occasional dropstones. The
silts are overlain by alm thick bed of very fine sands with massive
ibedding, and these, in turn, are overlain by silts containing a large
volumezof angular rock debris. Finally, the sandy gravels comprising

the 43 m delta»ternace form the uppermost unit in the section.
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4,3.7.3 Interpretation

\ The evidence presented from Windswept Valley depicts several
degrees of glaciation. The most extensive of these is marked by the
erratic of volcanic tuff deposited by a former ice sheet which
:inundated mountain summits. This, however, is the sole evidence for
such an advance. Furthermore, the configuration of the‘fOrmer ice
sheet produced flow patterns'that are dissimilar to those of the |
contemporary ice caps, even if they'were a few hundred metres_thicker.
The flowline indicated by the provenance of the erratic is parallel to

' the Inlet, and it seems surprising that a major re-entrant such as
Clements Markham Inlet did not dirert this floﬁ. Nevertheless, recent-

| computer modelling has indicated that a maJor ice sheet} grounded
along the Continental Shelf of northern Ellesmere Island to 100 m
below sea level would produce a weaR ice strean crossing the high
terrain Just NW of Clements Markham Inlet and would explain the
occurrence of this erratic (Fisher, pers. comm., 1983). Further
evidence of such an extens(ve ice -cover may be provided by the chert
pebble conglomerate erratics which are found within some of the
moraines in Windswept Valley and are also reported throughout northern
Ellesmere Island (Christie, 1967) However, these rocks outcrop on

thhe SE side_of Clements Markham Inlet'and's of harkham Fiord, and may
not have required a large iee‘sheet to depbsit'then (Fig; 2.2; Mayr_gt
al., 1982).

~

The second most extensive glaciation is recorded by moraine
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remnants, striae, and a series of nign;level ice marginal channels.

- These features were caused by a local valley:glacier system.
Downwasting and upvalley retreat of these valley glaciers resulted in
tLe nesting of successive landforms, upvalley to the local cirques.

though this succession exists it should be cautioned that these

~ features may not necessarigy relate to deglaciation from the same
glacial cycle. For example, the style of glaciation may have ‘been
similar during several glacial cycles, only their relative extent
could have differed. Certainly, time-breaks are indicated by the

lrelative extent of weathering between: the moraines near the eirques,v
the moraines further downvalley or upslope, and the isolated erratics
within weathered bedrock. However these differences are only
relativé and greater resolution cannot be obtained. Moreover,
changing lithologies'and\microenvironmenta in the area produce

inconsistencies which hamper the‘temporal quantification of weathering
izones;‘ | |
: : B

Evidence indicating the maximum extent of these valley
‘glaciers into Clements Markham Inleﬁ Qas not found. Nevertheless,
- when entering‘the proglaeial sea that inundated the valley moughs; the
glaciers may have calved or flowed into ice shelves.» Calving
certainly ocqurred during theadeglacial staée as indicated by the
section 1 km‘SU of Windswept Valléy-described above. ' Here, the
lowermost silty colluvium is interpreted as’ £he product of slope
instability brought on by the marine transgression early in the
glacial cycle. This material is of/upslo?e origin and clasts are

i,
angular ancf‘;iocky, with no glacial modification indicated. After



this initial period, more quiescen;, deép water conditions prevailed

. during which time silt was depoéited'in horizontal beds. A gradual
incréase of rock debris within the stratified silts may indicate the
gpproach of a glacler producing large volumés of ice—raftedadebris. -
Uﬁlike the lowermost ﬁnit, this rock debris contains occdsional
erratics and faéeted clasts. Finally, uppermost sandy gravels mark
the postglécial regression of the sea. The high volumes §f ice;rafted
debris described above may indicate the fbrmer presence Qf an ;ce.
shelf.or'floating.glac1er‘tongue. Elsewﬁ;re, especially near ﬁhe
mohth of WindSwépt Valley, surface silts of marine origin mixed with
rock debris are widespread on the upper slopes. However, this silt
covef is thin and the relative amougg_gi/suﬁsequent, subaerial mixing
with the underlying weathered rock is not known.

Additional evidence for floating, or at leaét calving
glaciers in.the valley 1 km SW of Windswept Valley is provided by the
95 m beach and the bordering lateral moraine at-130 m. Silt deposits
in Windswept Yalley indicate that the marine limit in ﬁhis area is
- above 103 m. Because the highes%_water level indicated in the SW
valley is only ?5 m, a glacier occupying the valley must have
prevented the séa from making contact with the land when tﬁe sea stood
" higher. It should be noted that it is not a coincidence that the -
lateral moraine lies at 130 m. Giveﬁ the elevation of bedrock in the
valley floor, the glaciér that formed the lateral moraihe must have
been at least 111 m ﬁhick. Because the average density of glaciér ice
is 0.88 gnm cm'a (Paterson, 1969), about 98 m of water was required to

float the snout of this former glacier. Hence, the ratio of ice

142
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thickness to water depth Fequired to float the glacier is clearly
.demonstrated at this site. Moreover, because calving is mofe
effective than melting for disposing of glacier mass, a stillstand
will occur when a glacier attempts to advance, or retreat, beyond its
grounding line ﬁhile the glacier adjusts‘ﬁo the new ablation regime.
Lastly, thé ca. 8.6 ka BP age obtained for the beéch also provides an

‘estimate for the age of the lateral moraines within this valley.

The older shell dates repofted from this area provide minimum
estimates for local degléciation. Nonetheless, the dates indicate —
that the mouth of Windswept Valley was ice-free ca. 660 years before
the smaller'SW valley (althoqgh the large standard erfors may place
the events closer together). 1In addition, the differqnce‘qf 266 years
on $hell dates from the seaward (9195;BP) and the landward (8935 BP)
slopes of the bedfock 8ill (crossing the mouth 6f Qind;wept Valley)

may indicate a gradual retreat over several hundred meters. After

this, rapid retrea 1gated by marine—figgf/gpuﬁd é.S km upvalley

ca. 72 m (estimated at >ca. 7.8 kaBP, Ch. V). It is surprising
that marine bivalves (P. arctica) cguld Successfuily invéde such a

’ nafrow valley, far inland where fréshwater input was likely

| -substantial. Of course, if the marine ihnit~(ca. 114 m) initially
extended further upvalley;‘és shown in Figure 4.10, these dates would

not reflqct glacial retreat.

The marine limit within Windswept Valley is difficult to
determine because colluvium from rapidly weathering bedrock has buried

or destroyed any strandlines above 103 m. Silty rock debris is found

-
¥
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above 103 m, however, this may have originatéd from subaerially
weathered mudstone in the area. Alternativély, the gravel terraces up
tp ]26 m within Windswept Valley may mark the marine limit. However,
when all the terraces are plotted within the longitudina1.prof11e of
Windswept Valley (Fig. 4.10), it is apparent that they may repregent '
only a siﬁélg former river profile gradéd.to a sea levg; of 25.; m..
Alternatively, their ages may be dissimilar so that tﬁéy represent
remnants of auécessively lower river g‘adients which deyeloped as the
sea regressea downvalley. Lastly, if the glacier within Windswept
Valley'had retreated upvélley of the fossiliferous Site, ca. 2.5 km .
inland, during the marine limit stage,!the abrubt termination of
déscending lateral’moraines, together with the high base level of
alluvial fan gradation ca. 114 m, may indicate the marine limit at ca.
114 m (Fig. 4.10). |

4.3.8 The Outermost NW Shore of Clements Markham Inlet to Cape

Colan

4.3.8:1. General Description

|
Thg; area is characterized by'the steep, SE f;cing
flanks of Mount Foster (ca. 920 m) and a smaller unnamed mountain
=7 km to the NE (650 m, Fig. 4.2). The sieep seaward slopes are
interrupted by seVeral short valleys leading from small, ice-free
' c;rques_a few kilometers inland. A broad valley and bay separate

these uplands from Cape Colan, which forms the NW entrance into

Clements Markham Inlet (Fig. 4.11). Cape Colan has a low summit
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(ca. 160 m) which descends abruptly on the E side to a lowland.
The steep E slope contains a number of incipient cirques occupied

by permanent snowbanks.

4.3.8.2 Geomorphology and Stratigraphy

The cirque floors on Mount Foster are generally covered
by coarse till and colluvium and minor moraine remnants are found
near the valley mouths. Small, raised deltas are also found at
the valley mouths, however, distinct higher terraces are scarce.
The largest delta, SE of Mount Foster, has the highest terrace in
this area at 99 m. It is comprised of very coarse angular |
debris, including large subrounded boulders. An adjacent lower
delta occurs at 73 m. The valley mouth E of Mount Foster

contains isolated deposits of silty gravel with large clasts and

rudimentary foreset bedding. Relative sea level could not be
"

determined at the latter site because subsed b regrading to

~ lower levels at 31 and 35 m had taken place.

The small unnamed mountain NE of Mount Foster has lower
slopés that are slightly less steep, consequently more sediment

accumulated here. The upper seaward slopes are covered by

Wl

coarse,'angular rock rubbﬂé containing infrequent subrounded
erratics. The colluvium forms a bench (rock glacier?) at ca.
106 m. Marine silts lie on the mountain side‘up,to 87 m (near )}
site 44, Fig. 4.11). As well, a small horizontally strati%i%d-
8ilt outlier abruptly overlies smooth, striated bedrock in a 5

¢

LY



level area at 84 m. The’striae show a SW to NE orientation,

approximately parallel to the long axis of the Inlet (Fig. 4.11).

{

The underlying limestone must weather rapidly because striae are

absent and fretting is prevalent where the surface is'exposed; a

¢

few centimeters from the covering silts. Abundant shells of H.

arctica, in growth position “were obtained from the silt outlier

(31te 44) and these dated 8905 + 150 BP (S-2104). No relative
sea level for this sample could _be determined (87-95 m). A
major silt, sand and gravel bench, immediately to the S, lies at
84 m._'.' : : ' : #

27

An outlying ridge of extremely frost shattered shale,

ca. 1 km to the NE of the above site, also has a silt mantle. At -

its ubper limit the silt is thoroughly mixed with angular bedrock

fragments:(95‘m) Conversely, the seaward slope bears a well

.developed beach at 78 m, and pockets of undisturbed silt lie near

present sea 1eve1. The contemporary littoral zone 1s exten31ve1y
bulldozed by sea ice movement from the ENE. Thls process of sea
ice abrasion was also found on older raised shorelines several

meters higher.

Cape,Colan'represents the northernmost part of the study
area. Most of the.gentle’slopes are covered hy soliflucting rock
debris, whereas more stable surfaces contain patterned ground .and
desert varnish. Nuierous permanent snowbanks occupy
low—elevation'hollows. Limestone.outcrops near the summit

exhibit ice-molded forms which have subsequently undergone
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intensive frost‘Shattering, surface scalloping, and joint-block
heaving. Although no striae were observed here during this
study, Christie (1967) reported striae having a NW-SE orientation

in this area. Nevertheless, this worker felt the gross
e '

x

of the ice-molded forms indicate a former flow to the

&

The steep slope, E of the summit at‘Cape Colan, contains
several nivation hollows or ;hcipient cirques. Near one of tif@se
featureé, an arcuate moraine emanates frqn the cliff face for a
distance of 100 m at 93 m. The moraine is comprised of silfy
rock debris, similar td the surrounding material. Rare shell
fragments were found just downslope,.at 67 m, where silts with é
high content of angular;fock4rubblé cohtain whole valves of H.

- arctica and isolated baﬁds of redeposited plant materigl (site
45). The shells dated 8550 + 135 BP (S-2116). The inusually
high cSnteht of rock~débris does not decrease significantly in

these silt bodies untfl ca. 1 km downslope from the moraine at

16 m.. ' f ’
f ) 1

]
éteep slopgé anq’rapidly weathering bedrock charactérize
the outer Nw‘coast éf Cleﬁénts Markham Inlet, consequently no
till sections were‘fbund. Furthermore, where till was observedr
it occurs only as thin diséontinuous veneers that indicate minor
glacial deposition and insufficieht sediment supply for |
subsequent delta building; Significant amounts of fine grained

sedimepts were found only in the Cape Colan area. Here, tHe

Ll
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general sfratigraphic sequence depicts glacial action, of some
unknown age, preceding marine deposition which is followed by

' reg%essive deposits. The exceptlon to this occurs where moraines

are parﬁially derived from the marine sedlments.

4.3.8.3 Interpretation

{ :
The preceding descriptions indicate that the cirdues on
MQggEﬂFosterqaupported small glaciers, but their seaward extemt
i; unknown, ’The lack of prominent raised deltas in thie/area
could have been caused by two conditions. First, there may have
been insuf?fieent sediment input for delta building due to the, .
small catchment areas, and secbnd, very steep submarine slopes
- disperse incoming sedimenﬁs sO-thaﬁfdelta building 1s inhibited,
‘particularly during rapid postglacial emergence. 'Nonetheless, 8
minor terraces were built'during later thnes of decelerated

emergence. . "

% _ The date on féssiliferous silts NE of Mount Foster
suggeagthhat local deglac1ation occurred Just prior to ca. 8.9

‘”ka BP. The abruptness of the contact between striated bedrock
and the silts indicates that deglaciation was rapid. However,
the apparent age of this g1a01al abrasion, coupled with the
orlentation/of the striae, is enigmatic. Indicated ice flow is
parallel t? the Inlet and suggests ? major trunk glacier flo;ing -
down Inlet; just before the marine 1n0ur51on ca. 8.9 ka BP. If
this is thf case, the presence of such a gla01er is contradlcted

[

l
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by older dates (ca. 9.8 ka BP) on in situ shells found at
numerous sites further up the Inlet. A chronologicél hiatus may
explain the ihcongruity, but it is unlikely that the underlying
striae would be so well preserved if they are mhch older than the
silts. Although, if the site remained below sea level, the
striae, could be indefinitely preserved: The most likely ’ i
explanations are that: the flow was from a local cirque %lacier
whose seaward flow was‘diverted N by topography; or.that theée
sﬁriae were due to the geomorphic action of an ice shelf of

either glacial or sea ice origin. In either of these cases, an

< Inundation up the Inlet is not prevented and
therefore these explanations do not contradict the older dates

previously discussed.

The sculptured bedrock forms on the summit of Cape Colan

aléo suggest overriding by ice, however, as with other

. high-elevation features in Clements Markham Inlet the absolute

age of this event is presently indetenminable. -Nhat'is known is
that the lowlands were inundated by the sea at least by ca. 8.6
ka BP and probably much sooner (ége Ch,lv),krVery high amounts of
rqck debris within the mariﬁe si;ts~indicaté frequent ice—réfiing
either from glaciers or an‘iceishélf environnent.. Moraines
dep031ted by ice from 1ncipient cirques bordering the marine
11m1t at Cape Colan could either have been built into the marlne
l%git sea (ca. 95 m)vby niche glaciers, or they postdate the

fiarine transgression entirely, being neoglacial in age. In the K

latter case, it would mean that no evidence of pre-emergence ice

’
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margins was found in the Cape Colan area other than an isolated
bench of colluvium at 98 m. In any event, plant debris within

the locél silts suggests ice-free areas existed by at least
8.6 ka EP.

4.3.9 Piper Pass

‘4.3.9.1 General Description

7/

T preceding ;ections described the NW coast of Clements
Markham Iniet, whereas Piper Pass is the firstvaréa described on fhe
SE coast, béginning at_the_mouﬁh_of the Clgments Markham River. The N
end of Piper Pass forms part of the.lowland occupying the head of “the

Inlet. To the S, it becomes a narrow trough <2 km wide with 1000 m of

. relief where it cuts through the United StateS‘Rangé to join the Lake

‘Hazen Basin (Fig. 1.1). At present Piper Pass is f%ee of major
glaciers, howeVef, several smaller glaciers, dauming three lakes on s
thg valley flbor, extend fram goﬁhtain ice'céps on either side'of_the
trough (Figs. 2.1, 4.2). |

4,3.9.2 Geomgkphology and Stratigraphy?

‘ Most of Pipgt Pass is occupied by a contemporafy sandur and
several 1o&-1eve1 terraces. Threellarger side glaciers, flowing'from
the ice caps, completely obstruct the N flow of the drainage,

consequently forming the ice-dammed lakes. Sevéfal former water
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levels are indicated around these lakes and they are probably related
to stages of glacial expansion or base level changes caused by changes
in sea level. However, these distinct 1ake41evels were observed only
from aircraft and no ground observations were obtained because the
lakes oceur in central and southern Piper Pass, outside -the field
area. The .side glaciers have formed trimlines and mﬁgainel a few

- hundred meters from present margins. Numerous rock glaciers, -
particularly along the W facing valley side, have complex fbrms’and E
may be. in part, modified lateral moraihes. Furthermore, thermokarst
features on many valley-side deposits attest to high ice contents.

) Coarse grained alluvial fans are also common in the area and a few
open.system pingos were observed oq;them.

‘The north end of Piper Pass is mantled by thick deposits of
marine silts up to 85 m. These glaciomarine silts are extensively
gullied and in places have a sparse lag of surface debris. A cover of
"coarse;rock‘debris, including chert conglomerate erratics, mantles

bedrock up to 160 m. Striations in the north—central part indicate a
N flow aligned with Piper Pass (Fig. 4.12).

Active Sand wedges, ventifacts, and desert varnish attest to-
'a harsh contemporary environment in this area. The marine silts also
, exhibit distinet N-S flutings and yardangs which indicate strong winds
from Piper Pass. Athough such winds were experienced during the
1979-1980 and 1981 field seasons, nunerous fluted areas have been
subsequently truncated by majggegully erosion suggesting that the ..
large flutes were, fonmed long ago, possibly during initial emergence.

P Y



Figure 4.12 North End of Piper Pass.

Note the kettled, glaciofluvial terraces built into a 103 m a.s.l.
marine limit (upper right). Striae indicate a northward flow of ice
from Piper Pass (. ). The arrow points to the till exposure
deseriibed in the text. Radiocarbon dates 4 to 6 refer to Table 5.1;
scale 1:60,000. (National Airphoto Library, A-16603-112)

7
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‘A small valley, trending almost perpendicular to Piper Pass
vand parallel to the Inlet, connects the NE»end of the Pass to the
Arrowhead Delta complex (Fig. 4.12, upper right). The flat floor of
this valiey is composed of coarse sandy gravel with a number of ketple
lakes. Large terraces of the gravel lie within Piper Pass at the SW
end of this valley at 103 m and 96 m. Marine silts are exposed on the
‘flanks of these terraces, however their exact stratiq:aphic
relationship to the terraces is difficult to detenhiné (discussed
later). A number of silt outiiers form distinct benches at lower
elevationsxon the steep slopes of these terraces. The flatdupper
surface ofkbne of these silt outliers contained abundant in situ H.

arctica at 67 m (site 6) which dated 7860 + 330 BP (UQ-262).

Two main sections wefe diScoveredlin the N end‘of Piper Pass.
The fi;St of ihese'occurs downslope from the 103 m gravel terrace.
Here, the base shows cé. 3.m of‘sand exhibiting qross—Stratified and
dipping plane beds which have subseguently been faulted.‘ The sands .

are abruptly overlain by generally barren silts wﬁose beds dip 5o to
the SSW. The silts are up to 10 m thick and some upper beds are o
fossiliferous, éontaining several spéciés of bivalvps.; As reported-
above, a. sample of these shells dated.ca. 7860 BP. These bed$ also
contain intercalated mats of hair-like organic fibre'a few centimeters
thick. Tﬁe stfatigraphic relationship~between the sii;s and the
\abﬁtting gravel térraces is difficult to establish because loose
material from the terraces obscures the contact. Nonetheless; it is

likely that these terraces rebresent-a cqarsening towards the valley

sides due to increased proximity of the ice.
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-The second section was observed where the river flowing from
Piper Pass is diverted NE by a bedrock ridge as it enters the Inlet
(Fig. 4. 12). The cut—?ank exhibits a1 to 2 m layer of till overlying .
planed—off limestone aﬁd gypsum bedrock which, fin turn, is overlain by
stratified marine silts. This sequence is similar to the one :
described at Till Island (sec. 4.3.1), and the NE flow indicated by
its fabric could be reléted to ice frem either the Clements Markham

River valley or Piper Pass. However, no.fOrmal fabric analysis was

" undertaken at this site.

4.3.9.3 Interpretation

. . N

Erratics, striaé, and till in northern.Piper Béss\indicate
the nresence of.e former valley glecier flowing northward. Whether
this ice merged with the élaciers in the Clements Markham River valley
is not known, as medial moraines are absent. The retreat of the
glacier from northern Piper Pass is marked by glaciofluvial terraces
which graded into the'marine-limit sea at 103 m. During this time
(ca. 7860 BP or earlier), a smaller glacier occupied the |
aforementioned cross valley at the NE end of Piper Pass. No evidence-.

~of the terminal position. of thexmain glacier in Piper Pass was _
discovered, but fine grained mai;ne deposits, 5 km up Piper Pass,.

suggest that the terminus was beyond this point during the marine
limit stage.

{ stratigraphic sequence generally depictq rapid

recession from tgegerea of confluence of Piber Pass ‘and the Clements

]
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Markham River valley. However, in the area of the marine limit
glaciofluQial terface, the marine silts are undefléin.by cross-
stratified sands rather than till. Given this fining-upward sequence,
several interpretations can be pfoposed using the model discussed in
Chapter III. The first.interpretation Suggests that the fining-upward
séquence reflects a gradual ri;e in sea'levelyup to the marine limit.
However, tﬁis condition 1s inconsistent with glaciers blocking a-high
sea from this area, because a rapid transgression would follow ice
retreat in such a case. The second interpretation is that the
stratified saﬁds could have been deposited during the initial
transgression, early in thé'glacial cycle, when?the ice front was
still a considerable distance upvalley, and therefore a hiatus could
exist between the sand unit and the overlying silt unit. In fact, the
sharp boundary between the two units may be erosive, and'furthermore;
feulting'withiﬂ the sands may have been caused by sub;equent’
overriding by ice. A third interpretation is that the sands were
deposited in a ﬁréglacial, subaqueous environment by a center of
meltwaterioutflow which later shifted anq allowed silt deposition

- during the subsequent quiescent interval. In summary, the proglacial
enQirorment bunder which the sands were deposited may héve béen marine,
glaciomarine, or even glaciolacustrine. As noted, contemporary
proglacial lakes are comﬁon within Piper Pass. Moreover, Christie
(1967) suggested the existence of a former proglacial lake at the S
end pf Piper Pass,>30 km NE of Lake Hazen. -The existence of a former
proglacial lakerat the NE end of Piper Pass, therefore, remains a

possibility if it was dammed by the main Inlet ice.
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4.3.10 ' Arrowhead Delta
7 . '
4.3.10.1 General Description

The Arrowhead Delta is a complex delta sy;tem found
immediately to the E of Piper Pass (Figg 4.13). The Arrowhead valley
lies parillel to Piper Pass and is headed by.a major outlet glacier
from the Grant Ice Cap‘i1 km from the coastline (Fig. 4.2). Tte mouth
of this valley is connected to Piper Pass via the cross valley
described in the previous section, whereas a NW trending trough
connects the head of the valley to the Breakthrough Delta (next
section). Raised marine sediments at the mouth of the Arrowhead River
were first described by Christie (1967) and a gravity station
established there during 1957/58 is still shown on the 1:250,000

topographic map>of Clements Markham . Inlet

4.3.10.2 Geomorphology anc Stratigraphy
The overall distribution of: sediménts in this delta (Plate
4.7) is similar to other deltaic sequences described. An outer belt,
- of thick, horizcntally bedded and gullied, marine silt ca.v1.5 km wide
represents bottomset deposition (Plate 4.8). The silts are, in turn,
_ overlain by proglacial, sandy gravel terraces at higher elevations.
—Near the delta apex numerous kettles and humnocks suggest an
& ice-contact glaciofluvial origin for the grave}s. These terraces

generally grade down to a lip elevation of ca. 103 m. Subsequent

river degradation has incised both the upper terraces and thick silt

v



Figure 4.13 Arrowhead Delta.

The upper delta lies at the confluence of ‘the Arrowhead Valley and the
cross valley to Piper Pass (upper right corner of the photo). Note
the kettled, ice contact topography with numerous former meltwater.

- channels. Kame térraces and outwash surfaces grade down to the marine
limit at ca. 103 m a.s.l.. Several rock glaciers (RG) have developed
below steep cliff-faces and may in part be lateral moraines. Also .
note the descending delta terraces and the gullied bottomset silts.
Radiocarbon dates 9 to 16 are described in Table 5.1; scale’ 1:30,000.
(National Airphoto Library, A-16607-103)
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Plate 4.7 The Arrowhead Delta. The Arrowhead glacier
occupied the right of the photo and emitted sediment ‘into a
high sea of 103 m a.s.l. at ca. 8,000 BP. Coarse terraces
formed near the ice front, meanwhile bottomset silts and fine
_sands settled out in deeper, more distal areas. Several
coarser terraces prograded over the fines as sea level
dropped. - Al1so note the rock glaciers which formed along the
base of the steep cliffs in the upper center. Some of these

may be rock glacierized lateral moraines (Fig. 4,13). ;\ta

Plate 4.8 Thick deposits of bottomset sITés in-the Arrownhead
Delta are dissected by asymmetric gullies up to 40 m deep.
North is to the left of the photograph. " ’

e
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deposltsrto form several lower delta terraces at 70, 50 and 33 m %
Q.13). :The Arrowhead.Delta has been fqrther altened.by a secondarb
;fstream to the W. Moreover, buried bedrock ridges and protuberances
have redirected drainage and formed gorges during sea level lowering.m
The end result is that a complex series of smaller deltas lie inset
and superimposed ‘on the initial deposits.

The area upslope of the delta apex contalns till veneers,
coarse gla01ofluv1al terraces, and 1ateral moraines ca. 120 m.' Many
of the moraines have'beén rocklglac1erlzed. - : ’

s

///;,/,///
Stream cuts on the W side of the delta complex have exposed a
basal unit of cross strat1f1ed sands and gravels, 10 m thick, overlain
by 3 m of d1am1cton contalnlng many gravels similar to the umderlylng
.unlt, plus occa51ona1 strlated clasts, The diamicton is interpreted
as a till, but it was not exposed for more than 50 m laterally in
section. Ten meters of rhythmlcally beddéd 511ts comprlse the
' uppermost ‘unit in the sectlon. Seaward along the same cut, only
‘cross stratlfied sands underl*e the upper silt un1t whereas further-
'seaward the 31lts are underlain by horlzontally lamlnated fine sand.
Like the other~areas described, the stratlgraphlcally lowest silts are,
barren in this-area. However; somefstratigrapnically low; | i
'fossiliferons silts were found on the E s}de of the Arrowhead River at’
60 m;(site 16); as well as on the W side at 75 m (site 9). These in
situ shells of H. arctlca\and M. truncata dated 7965 + 65 BP (SIa4316)

and 7900 '+ 335 BP (UQ—263) respectively.

: g =
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Younger silt bodles are inset into/the seaward periphery of
.the Arrowhead Delta. One such_deposit orié&nally reported by Christie
(1967) contains detrital plant beds (site 13) which dated 6400 + 60 BP
| (SI-4314; Stewart, 1981). Stewart (1981) and Stewart and England
(1983)‘d180ussed the envirormental implicatiens of the varlous fossil

species and they suggested that ameliorated conditions occurred at

*\ . . .
this time. Hiatella arctica in growth position were collected from

bottomset sands; overlain by foreset sands grading to 39 m (site 12);‘
and dated 6050 *+ 300 (WQ-277). This sample is considered to provide
the maximum age estimate for .the 39 m relative sea level The W side

of the delta conta%ged tﬂg'oldest driftwood - yet found within Clements
- « v
Markham Inlet These samples fbund on the surface of dissected

Foy

" marine silts at 93 and 83 m (sites 10, 11), dated 8545 + 110 BP

(S—2210) and 8915 + 115 BP (S-2211), respectlvely (Stewart and

.

uEngland 1983)

a

4.3.10.3 Interpretation

Loed

;floefcontact glacfgtluvial sediments and moraines indicate \7955“\
that thevArrOWhead Glacier reached Clements'Markham Ihlet. EMring‘. g
.this stage a tongue of ice also flowed NE from Plper Pass, through the‘
eross .valley,. and merged with the Arrowhead Gla01er. The limits of .
.these glaciers are unknown, but the old driftwood suggest that this
part of Clements Markham Inlet was 1ce-free by at least 8.9 ka BP.
However, deglaciation of the delta zone d1d not occur unt11 8 ka BP,

 as at the mouth of Piper Pass. While the narrow mouth of the

Arrowhead Valley was occupied by the glac1er the marine 11m1t formed 1

| EERE T M ) .
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downv lley at 103-104 m. Stagnant ide within the cross valley also

prodbced large volumes of glaciofluvial sedlments whlch prograded into

the marme limit sea.

,/
j ' :

Following the establishment of the marine limit, postglacial

e

emergence continued and was accompanied by discrete pulses of deltaic

progradation.‘ Paleoenvironmental fluctﬁations duriﬂg this interval

are discussed in detailvby Stewart (1981) and Stewaft and England

(1983).

4.3.11 Breakthrough Delta V - /

4,3.11.1 General Description

Breakthrough Delta lies 7 km to the E of the Arrowhead Delta
complex (Fig. 4.1). It 1s the Iast major raised delta system along
the SE eoastline of Clements Markham Inlet. The delta lies at the
mouth of a valley petwork which presently drains a glagier emanating

from the Grant Ice gap and a number of smaller cirque glaciers, ce. 9

'km inland. One of the ma1n tributaries 13 connected to the Arrowhead

Gla01er Valley via an upper col. Consequently, given the past
expansioq of the Arrewhead Glacier, add;tlonal ice would have entered
the Breakthrough drainage baein (Fig. 4.2). The'lower pert of the
drainagexbasin becames progressively morevflaffiying and open,

allowing for the accumulation of sediment during the last

: tranSgressive/regressive cycle.

5
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4.3.11.2 Geomorphology and Stratigraphy | .

Till yeneers)and minor moraine riéges chéracterize the flat

lying areas of the Breakthrough Delta reézon above 120 m a.s.l..
Several subdued moraines “#nd ridges éf ice;contact gravels lie close
to the apex of the delta proper. Also, small arcuate till ridées, and
till veneers are found adjacent to the>de1ta at lower e1evétions,»some'
extending below the marine limit (Fig. 4.14).

Breakthrough Delta is composed of a series of descending
_ gravel terraces which have prograded over deep-water silts. Silt

outliers are also found in the periphery of the delta where mofern

fluvial erosion has ‘isolated them. . Majdr gravel terraces occur a

317.5‘m and 70 m. Abundant, disarticulate H. arctica valves were
v\ . 4' N
found in a silt pocket .at 100 m, about 200 m downslope from the

uppermost terrace (site 17). These shells dated 9745 + 255 BP.
(5-1981). Subsequent, lower terraces are associated with a seaward

shift in the apex of the&%;l@a, as the river progressively downcut
through the bedrock. ‘

4.3.11.3 Interpretation

The distribution of the moraines in-the flat;lying areas
‘below the junction of the main tfibutary valleys; indicates that the
area was‘occupied by a numbekvof glaciers that coalesced. At some
point in time, ce;tainly before 9745 + 255 BP (S-1981), thafglaciers

extended ca. 6 km beyond their present margins. During this stage, an

L) ' s: '
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cice contact marine limit delta was built'intora relative sea level of
ca., 117 m.v Subsequent stages of glacier retreat are documented by
minor moraine remnants at‘variousgpositions_upvalley (Fig.'ﬁ.lS). The
moraines shown arekthought to have been produced by glaciers which
flowed into the Inletﬁfrom the side valleys, rather‘thanvby main ice
in the Inlet, because the delta was prograding into the Inlet'(hence
the Inlet was ice-free) at the same time side glaciers we#z still

occupying the mouths of the side valleys.

e . Co ',\“- -

4.3.12.1 General Description
“;“’ ) ({ T

.

e

The SE coast of Clements MarkhamLInlet, NE from Breakthrough

&
Delta, to Hamilton Bluff, is characterized by ca. 35 km of steep

w

mountain flanks truncated by two major valleys and a number of

, Smaller ones heao@y ci_rques (Fig. 4.2). The two major valleys; one

2‘ km E of the' Breakthrough Delta and the other 7 km SW of Mount
Beverley, cqntain sandar which drain a number of glaciers occupying

the Nw flanks of the United States Range (Fig.é%ﬂi)

valley, adjacent to Bneakthrough Delta, is formed by the Junction of

@

three main tributary valleys ca. 3 km from the sea. In'the second

’ﬂ“ valley, the sandur terminates in a lake which, in tuﬁﬁ%?erLns into a

large bay on the central SE shore of the Inlet (R;GELH .2). The
coastline, from this bay to Hamilton Bluff, is bordered by several
valleys leading to ice-free 01rques. !Tnese valleys decrease in size

down‘Inlet.

o
S
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4.3.12.2 Geomorphology and Stratigraphy .

a :

Although the two main valleys which presently contain
glaciers have most of the'glacigenic sediments; even these do not have
significant sﬁratigraphic sections. Conséquently it was not possible

e

to find sufffcient marine fauna for dating control.

In the major valley difectly E of Breakthrough Delta, the
ﬁpper reaches of the three tributary valleys contain large areas of
local rock.rubble, colluvium and'thin, discontinuous till veneers.
Marine sedimenté are'fbund only downvalley where the three tributary (/
valleyé meet. - These marine sediments are comprlsed of isolated gr?Yel ’
térraceslat.Qariou§*elevatidhs; and horizontally-bedded silts ‘abutting
steep hillslobes. The mouth of the E tributa;y valley contains a

flat—topped sand and gravel terrace at ca. 111 m and a number of

subdued moraines lie jdst upslope%" Below the jungtion of the

vtributaries, the valley :bottom is dominated by a large outWash fan
‘ buildlng into the sea. A steep cliff fonning the E boundary of the

fan, is covered with colluvium, associated rock glaciers, and lateral

moraine temnants. The lateral moraines have also become rock

. glacierized in several areas.

. In the second major valfey molded and striated bedrock was
observed up to-at least 350 m along the W side of the large bay. The
striae are alighed parallel with the’bay (NW-SE) and &re formed on

L

oxidlzed orange—brown dolomitic sandstone and mudrock of the Imina

Formation (Mayr, et al., 1982). Qﬁly the striated surfaces appear

&
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oiidized because freshly exposed, frost-rived surfaces are grey in
colour. At approximately the same elevation on the opposite 31de of
tne bay a number of benches are cut into.the side of Mount Beverley
across the bedrock strike. Flat uplands and broad hanging valleys
are covered by till veneers.
>

Concentrations of marine washed till and outwash separate the “Q:,
head of the bay from the large lake. Gravelly moraines, containing‘ ‘
large boulders, lie on the valley sides bordering this lake (Fig.
H.2). The moraines grade dognvalley from ca, 100 m to 90 m,
terminating in the vicinity of till concentratlons at the head of the
"'bay. The lake also has a number of strandlines f‘oﬁhed above 1t, and a
prominent gravel terrace lies at ca. 90 m, 1 km upvalley from the ‘
lake. Further upstream, the valley is dominated by the contemporary

[

sandur with scree slopes lateral moraine remnants and outwash

terraces along the valley sides.

The remainder of the SE coast of Glements Markham Inlet out
to Hamilton Bluff, has only small deltas at some . valley mouths,
whereas, thin, dlscontlnuous tills, mixed with high proportions of
local rock. rubble, occupy the highlands. . Stream~cuts through the
deltaic sediments show coarse, cobbly gravels whereas finer sediments
- are rare. The largest of these deltas lies 5 km W of Mount Beveérley
* and at this 31te two in situ ‘shell sanples were obtained from sandy
'gravel foreset beds. A sample of H. arctica obtained from an
regraded 42.m terrace (site 38) dated 6595 + 125 BP (SI-4317) wheneas

the other, obtained fran foreset beds related to a relative sea level
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of at least 55 m (site 37), dated 6480 + 130 BP (UQ-261). The two
outermost deltas, near Hamilton Bluff had minor terraces and gravel
accumulations at 55 and 42 m respectively. Neither df'these terraces

was found to be fossiliferous.

B.3.12.3, Interpretation

Moraines, ice marginal channels cut in bedrock, and high
level striae indicate that major coalescent glaciers, emanating from
the Grant Ice Cap, occupied parts of the SE coastline\of Clements
Markham Inlet especially in the vicinity of the two maJor valleys
described.

&

Although datlng control is lacking, the major valley _
immediately E of Breakthrough Delta does contain a local maripe limit
terrace at ca. 1l1'ﬁ. This elevation suggeats that deglaciation, to
at least the Junction of the three main triggtary valleys occurred
' sometime not long. after the marine limit was estaﬁlished at the
Breakthrough Delta where shells at 100 m,’related to the 117 m Sea
level, dated ca. 9.7 ka BP.

| Less is known about the major valley and bay sw of Mount
Beverley. However, the Striae indicate that a glacier, at least 350 m
thick occupled the mouth of the Bay at some unknown time in the past
During this stage smaller glaciers probably flowed from the upland
cirques on Mount Beverley,fcoalescing with the main glacier. fThis

stage of ice_advance may correlate with the extensive advance

w
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indicated by the outermost moraines in the previousl¥ described valley
E of Breakthrough Delta (Fig. 4.2). If this advance is‘older,thaq ca.
9.7 ka BP, the striae have remained intact despite subaerialieXposure
for at least fhe duratipn of the Holécen . Although registance to-
surface weathering may be a ¢haracteristic of the Imina Formation, it
is noteworthy that striae o; other lithologies within the study area
are ohly found on recentl& exhumed surfaces. Because the striated
surfaces have an orange—b;own oxidation, recent exhumation of an old
striated surface cannot be invoked here in order to explain their
preservation. Furthermore, thi.'ice molded rock is undergoing
destruction under the present environment, and presuming that these
conditions ﬂ;ve prevailed for some time(?thégg forms shouid have been
obliterated. Moreover,wif this destructive weathering has prevailed

since deglaciation of the site the orange-brown surface oxidation

would not ed in the first place. Consequently, because the
oxidized su present, the immediate enviromment after

<?9deglaciation may have been dissimii%?fgg‘gg;: and/gr the oxidation may

have case-hardened the surface so-that. the. striae are preserved,
despite their age. A significant ice margin within the limits of the .
outermost advance is indicated by the moraines at 90 to 100 m;.inland
from the‘large bay. The glacier probébly tenningted on the seaward
bide.of the lake at this time. Although several lake levels are
indicatéd at lower elevations, the uppef‘levels iﬁdicated b& terraces
at ca. 90 m are probably not lacustrine but related to.marine
incursion which followed ice retéeat. The marine limit on the
opposite shore of thé Inlet suggests that the limit in this bay should
be at least 110 m. \ |
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Evidence of glacial'action along the outermost SELCoagg;oﬂmj &)
Clements Markham Inlet is very limijed and stratigréphic sécﬁidnstwere
not found. Till veneers are méinly comprised of local bedrock rubble,
and are difficult to distinguish from colluvium. Sediment ;roduction,
in general, was anq still is very small so that deltas ‘are 1imitea.
Raised deltas appear as non-graded cones that may represent submarine
fans because, based on the elevation of the marine limit on the
opposite shore of the Inlet, the marine limit sea did not register in
" this area. Furthefmore, inhibited delta puilding during the.tiﬁ; of
the marine limit sea iﬁplies that the former glaciers; which would
have supplied most of the sediment, must have also been small at this
time. This contrasts markedly with the large deltaé, and
corresponding evidence of extensive glaciation, at the head of the
Inlet. Like the NW shore of Clements Markham Inlet, evidence on the
SE shore indicates progressively leés»extensive'glaciation as &he

moves from the head of the Inlet to the outermost coast. L

u.h ‘Ice Retreat Map

An ig;egrated'summary of the surficial geology (Fig.'4.25 and
geomorphic descriptions (Sec. 4.3) Qipﬁin Clements Markham Inlet is
provided by the Ice Retreat Mapi(Fig. 4.15). 1In the previgus section,
numerous ice—coﬁtact’indicators such as kame terraces, moraines,
meitwater channels (Plate 4.9), and perched deltas were identified
within the study area. These features were mapped and correlated(in

order to approximate former ice configurations within ppe area. .The =

?

. 8 ' | . L N
resulting sequences of nesh@dﬁ;cgig;' 19,008
_ . ) R A v\ -+

Al
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Plate 4.9 Ice marginal channels near the head of the Inlet,
along the northwest side. These nested channels dip down the
Inlet to the right and mark the terminus of a trunk glacier
which once occupied the head of Clements Markham Inlet. The
Gypsum River delta lies to the right of .the photograph. .

-

B
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suggest a pattern of glacier retreat from the Inlet shore to. the
contemporary ice Margins. Although most of the inner margins remain

undated, ages of the ice margins along the coastline can be esﬁimated

from the dated fossiliferous marine deposits.

4.4.1 Construétion

Constructing the Ice Retreat Mép involved plotting the known

. ,
ice marginal features derived from airphotos and field work on a base
' £
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map. Secondly, all adjacent features which were thought to depict -the

same glacier profile were connected up and downvalley. Lastly, a.
certain amount of a cross-valley symmetry was assumed so that
corresponding glacier margins, where’miésing, were pldtted at éhe same
eleQation on.opbosite sides of the valley. Obviousl;‘the map contains
a ce?tain amount of ihterﬁolatiqn becéu§e evidence of glacier termini-
occupying valley bottoms is commonly ab%ént}due to postglacial sandur
activity. Furthermore, nb provision wa% madé for floating ice tongues
oruice shelves within the Inlet which,‘due to calving, may have had
more abrupﬁ termini than shown .in Figure 4.15. Nevthheless; rapidly

descending ice margins near valley floors could be p}ojected to

approximate terminal positions] Additional problemé also arise when

the ice thlckness was greater than the height of/#he valley 31hes

because in such a case no estimate of ice extenb/(thickness) can be
made. Moféover, present_glacierslin t?is areaJhave a wide range of
pfofiles, frbm very steep to nearly horizontal, depending on
underly;ng topography, so that correlation along the valley may be

inaccurate.

©l

LT
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Despite the‘above constraints the Ice Retreat Map is'théught
to give‘a good impression of successive glacier margins af they |
occurred within Clements Markham Inlet. Retreat to contémporary
" margins appears to nave takenvplace from expanded ice caps having a
COnfiguration similar to present. Altnough the spatial distributionf
of radiocarbon dates on.the marine.deposits(provides chronological
~ control ‘for. some of ‘vthe m‘avgins, it is felt that a number of the
northernmost ice margins, particularly thmse constructed entirely from

0

ice marginal annels may,represent an older’ glacial cycle. These
undated features may belong to one, or several, more extensive glacial
cycles ‘which preceded the last ice limit. Discussion af this\aspect~

» will follow in 1ater chapters.

Gross chronological eontrol provided by the location of dated
marine shells, indicates that the maJority of Clements Markham Inlet
was free of a fiord glacier before 9845 + 485 BP (25, -Table 5. 1)
whereas, the head of the’Inlet was occupied by<glaciers until ca. 8 ka
BP. ‘The early inEbrval"depicted in Figure 4.15, is cnaracterized by

a grounded glacier at the head of the Inlet while smaller -gide

glaciers along the sides of the Inlet lie in contact wiah the high

176

proglacial sSea (full glacial sea). It will be. proposed in the _4¢3

subsequent chapters that the ice margins which existed before 10 ka BP
are the limits of the last glaciation (Plate 4.9). .Subsequently, a
number of sequential dates in the Moraine»Creek area and the mouth of -

Windswept Valley (Figs. 4.7, 4.9) suggest‘slow retreat during the
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| peried ca. 10£9 ka Bl’" In fact, the glacier at the head of

| Breakthrough Delta was only 6 km from the contemporary t.er'minus at 9.7

~ka BP. -This period of ulow retreat probably continued until 8 ka _BP,

| during which time large valley glaciers stood at the mouths ofv Piper

“?ass and Arrouhead Valley. Folloé&ng 8 ka"BP' 'rapid degl'aciat‘ioﬁ
resulted in the ent:lre lower Clenents MarikHam RiVer Valley becoming
ce-m‘ee within a few mndred years (by 7 6 ka BP) |

/ . “
e ~. ‘ ¢

The Ioe Retreat Map also depicts numerous younger st}ll-
“stands during Kession upvalley These were pr'obably ‘caused by minor
glacioclimatic } f'luctuations that occ{xrr;ed‘ while the valley glaci_er'

’ network discon/nected.f 'lhe ﬂuctuations Rrobably have. related
inégals of. delta building uhi& could be dated but the’existing
strat;igraphic reeord does not permit this correlation with specific
ice margiﬁ However, because sigrnificant deltaic progradation ceased
along the NW coast of the Inlet in, the Wﬁ (e. g.
Omega Bay), the vall_ey_s‘ in this area\,may have been entir‘ely’
deglactated by this time. A

{ /
'I'he scenario presented in Figure 4. 15 is also confirmed by
~ the stratigraphy of the Inlet. The Nw shore 1s characterized by
intercalated sequences of maripeb and glacigenif: sediments suggesting -
that the aide glaclers were. calving or f‘loatif'xg' into a high ‘f'elatiye
sSea level (v10.-8 ka BP). On the other hand, exposures in inner
Clements Markham Inlet show a clayey till bVerlylng bedrack,
suggesting the presence of "a, grounded ice’ mass dUring this time.

«

Further@ore, subsequent overstep conditions intd marine sediments .



- Clements Markham Inlet in mapter V. . - /i e

depict rapid marine 1nmdation with an absence of interoalated

' sequences which would be produced by sediment.ation t‘rom a nearby lce

[y

uiargin . ' |

W
%

"Further~ interpretation of the events deacribed in this ”

‘chapter is provided by reconstructins the sea level history of .

. -
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Chapter V : - . /

SeavLevel History"

v LT o

——

5.1 Introduction T : ' ~o

Chapter IV presented the geomorphic and stratigraphic data
and, together with 15 radiocarbon dates, a general model of ice
retreat was proposed In this chapter further interpretatio s of
these radiocarbon dates are made and the associated relative sea
levels are discussed in terms of glacioisostatic adjustmept l It will
be shown that\sea~1evel changes'and differential emergence through

time provide ‘addftional information on the glacial history introduced
Cin Chapter v. e

Table 5.1 lists the available radiocarbon dates from the
study area and indicates their related Sea 1evels. »The specific .
location of" each sample is shown in the figures within Chapter IV.
Most dates are from marine shells whose stratigraphic positions were’
discussed in Chapter IV. However additional dates were obtained/on

driftwood samples bollected from fihe marine sediments or from beaches

where the related sea\level could. be determined.

295.2 Emergence Curves

E

The theory of postglacial emergence in the High Arctic has

179
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Ty - e Y L “e '
been discussed in Chapter “I11. m.rgenoe curVea portray the poaition
/ . } of relative sea level i‘orr a.specific site through time; but, because
/ / of differential lnqrgenoe (Ch. II), they do not portray sea level / ‘
Y

]

/

‘: ”chanaea over a wider arep. Inf'omation provided in-the subsequent ’

N\

Ne to the abundance of low-elevation driftwood at the head
‘ of the Inlet, the most complete emergence curve was obtained from the
A,rrowhead Delta - Piper Pass area. Furthermore ,\ concurrence} of
'radiocarbon dates obtained on both marine shells and driftwood made it
possible to cross-check the sea level points, resulting in a more

reiiable curve. -
. : v
| Figure 5.1 ahows the pattern of emerge ce determined for the
head of thevInlet. Note that the style follows /a "normal’', smoothly
: _' dee'elerating cufve ﬁ"cm ca. 7'9. ka B‘P to the present (cf. Andrews,
1970; Blake, 1975). Hou’ever; the earliest sepnent is diseimilar,
*  showing ly slow emergence 4rom at least 11-10.5 ka to 7.9 ka BP-

8.72.1:1 100y .'; cf. England 1983)

Because the head of the Inlet uas not deglaciated until ca.
. 1.9 ka BP older dates on marine sediments can only come from outside
the Arrowhead - Piper Paas area. Breakthrough Delta. 1ies 7 km NE from
the head of the Inlet and here the local marine 1limit is recorded by -

an ice-contact delta terrace at 117 m. Immediately downslope from
( . A
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this gravel terrace, in situ shells of’ﬂ;;!ggsigg were collected from
silt at 100 m (site 17, Fig. R,S)‘tnd these provide a minimum age of
g7u5 + 255 BP (S-1981) for the marine limit. Plotted on Figure 5.1, .
it {s clear that the point 117 m at 9745 BP does not fall on the same
uniformly decelerating curve described by the next lower points at 7.9
ka BP. Moreover, Breakthrough Delta is so élm to these 7.9 ka BP
sites that it is' unlikely that this point could fall on a 'normal'
curve smplﬂsmrr..d in time due to its earlier deglaciation. In the
following section it will be shown that difrerential emergence in the
Inlet indicates that the Breakthrough Delta date (9745 BP) is /
neeessarily linked to very slow initial emergence prior to 7.9 Ke BP.
/

The highest sea level observed in Clements Markham Inlet
occurs in the Gypsum River Delta. This site is located on the
opposite side of the Inlet from Breakthrough Delta, however it lies on
‘approximately the same isobase (section 5.3, 5.4), and therefore, both
sites can be plotted on\the same emergence curve. In the lower Gypsum
River a former seallevel at 124 m is marked by an ice contact, marine
lim}t_terhace.' chause the elevation of this marine limit is7Tm
above the Breakthrough Delta marine limit, it must also be older than
9745 BP. A specific date on this marine limit was not found, but by
'proJeciing the slope of the epergence curve up to the 124 m marine
limit an approximate age for it is obtained (10.5 to. 11 ka BP).
Therefbre; the 124 m marine 1imit‘at the Gypsum River Delta suggests
that the period of slow emergence defined at the Arrowhead Delta and
the Breakthrough Delta began at least 10.5-11 ka ago. This period of

slow emehgence is a}so verified by two sea level estimates at Moraine



)
o

-/
) i
&:ok (2‘5,} 26; Table 5.1). However, these points fall gutﬁﬁy below
the emergence ocurve because this site is a short distqnoc down=isobase
from the Gypsum River Delta. )

On the other hand, if one argues thet the older dates are not
related to these assigned sea levels, but are actually related to much
hiahor, unrecognized sea levels which occurred in a preceding interval
of 'normal' postglacial emergence, then these sea levels 'must approach

200 m (given ca. 3.8 m 100 yr-'1

, the slope of the curve defined by the
post 8 ka BP eamergence). it should be noted here that Holocene marine
limits at this elevation have not been reported in the High Arctic.

In fact, the only comparable Holocene marine limits are found on the
Canadian mainland associated with the demise of the Layrentide Ice
Sheet (Dyke, 1979).

) The initiation of rapid emergence occurred at ca. 7.9 ka" BP
when relative sea level stood at 103-104 m. This bs based on three
separate, minimum estimates on the age of the local marine limit in
the Arrowhead Delta - Piper Pass area (7860 + 300 BP, UQ-262; 7900 +
335 BP, UQ-263; and 7965 + 65 BP, SI-4316; sites 6, 9, 16). In each

case, the shell samples were in situ M. truncata and H. arctica, found

in rhythmically bedded bottomset silts representing the earliest
migration of abundant fauna into the area following deglaciatiori (Fig.
4.15). Moreover ,". because these samples are from sites 2 to 3 km apart
anci elevations of 67, 75 and 60 m respectively, their similar ages
suggest the initial entry of a fauna, Because bottomset sediments are

commonly deposited contemporaneously Qith the marine limit topset

185



' | . 186

[y

sediments, it i3 oconcluded that these dates provide the best age
L

estimste for thg 103-104 m ice-contact terraces, and therefore the
minjmum age of deglagiation for this ares.

The youngast segment of the curve is derived frah driftwood
plogs found associsted uith prminont beaches. At the Arrowhead Delta
dates of 2180 + 60 BP (Gsc-3031\ and 2190 + 50 BP (L251-B) were
obuinhd on driftwood related to‘a Tm bnch (sites 14, 15; stmrt:{
1981‘ Crary, 1960; resmtively) A drif‘twood date of 4660 + 60 BP
(680-2973) associated with a 22.5 m beach (site 2); another &;'iftwood
date of 6445 + 65 BP (SI-4315) associated with a 45 m strandline (site
4); and a date of 6730 + 80 BP (UQ-282) associated with a 59 m
strandline (site 5), were obtained a few kilometers cloSer to the
Inlet head and these provide the upper driftwood points on the curve.
Moreover, a sﬁell date on a sample of in situ Hiatella arctica, (6050

+ 300 BP, UQ-277) collected from sandy foreset beds related to a
former sea level at ca. 39 m, is in good agreement with the slope of X

4 - H
the emergence curve indicated by the driftwood samples discussed

above.

Several other driftwood dates obtained fram this aréa gave .
anomalously old agés for their elevations (Table 5.1; sites 3, 7, 10,
11 and 18). The occurrences: of younger driftwood of shells at
elevations near, or above, these older samples clearly indicate that
the anomalous dates were obtained on driftwood that had been

redeposited downslope before becoming embedded in younger littoral
deposits.. ; |



The pattern of postglacial emergence directly reflects the
160 loed history which is responaible t‘o:: qbu orustal adjustments,
Therefore, the energence ocurve presented thc indicates a alowly
diminishing ioce mass from before 10 to 8 la BP, followed by 'd
retreat osusing unrestrained crustal rebound limillr to othor recently
deglaciated, "arctic areas (cf, Andrews, 1968, 1970). This
relationship 'appura valid as gecmorphic evidence presented in Chapter
IV substantistes m.linor retreat of mmall glaciers within the Inlet
10-9 ka BP' followed by rapid recession of the main glaciers at the
head of the Inlet ca. 8 ka BP.. |

The shape of the emergence curve has important implications.
The early period of slow emergence reflects the initial t.hinning of
ice following the culmination of the last glacial cycle. This segment
of the curve éould dnly have been recorded at or beyond the maximum
extent of the last élaciation. Moreover, major stillstands are marked
at the mouths of several valleys (Chapter IV), and although in a |
number of cases the maximum extent of glaciers could not be
determined, other areas indicate glaciers calving into a high sea
which likely represents their maximum positions with no evidence of
more extensive positions. -

A slow isostatic response to initialfthinning of ice before
the onset of rapid deglaciation has been suggested by Clark et al.,
(1978). Isostatic récovery occurringuprior to deglaciation is termed
restrained rebound. Although by strict definition resérained rebound

occurs only at a site covered by ‘thin‘ning ice and therefore cannot be

187
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observed (Andrews, 1970b), restrained rebound will nonetheleas be
recorded in the peripheral depression of the ice sheet (Walcott,
1970). Furthermore, a period of high, nean! stable sea levels
representing the apex of the glacial cycle should pr@dute the time of
slow emergence. This has recently been discussed by England (1983)

188

who presents evidence for a stable sea level, at the marine limit, for

several thousand years prior to initial emergadoa on NE Ellesmere

IsXand (the.full glacial sea), .

It is generally thought that there was a worldwide sea level
rise during early postglacial time due to water transfer as the
Laurentide and Fennoscandian Ice sheets melted (<18 ka BP; Andrews,
1970). However, argumeﬁts presented in Chapter III imply that for
relative sea level to be stable, isostatic gplift=and eustatic sea
level rise mhﬁt be of equal magnitude. Although in situ thinning of
‘ice sheets may cause restrained rebound, which could offset the
eustatic rise in sea level during this time, recent hydro—isg:tatic
modelliné of global sea level c¢changes suggests that the post-16 ka BP
eustatic sea level rise in high latitudes was < 0 (Clark et al.,
1978).. Moreover, Newman et al., (1979) could not find a coherent
world wide patteré of postglacial eustatic sea level rise, based on
current field data. Léstly, England (1983), did not find any evidence
"of ice recession in NE Ellesmere Island between 11-8 ka BP, although
relative sea level remained essentially stable, thereby implying no
local eustatic changes. It is therefore concluded that the eustatic
component in Clement; Markham Inlet was probably negligible and that

emergence history closely approximates true crustal uplift, hence the
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1ce load history during the early Holocene.

s
%

In sumary, the\emergence curve presented in Flgure 5.1
represents a site at thelmargln of a maJor ice limit and therefore
records the early proglacial as well as the postglacial, sea level

;‘history Slow emergence fran a high sea (124 m a.s. 1.) in the zone of
the perlpheral depression records the onset of deglaciatlon at least

. 11 10.5 ka BP, whereas rapid deg1301at10n,d1d not oceur until 8 ka BP

"Geomorphlc ev1dence (Ch. III) corroborates the ice load history
recorded by the shape of the’emergence curve. Flights of recently
emerged beaches at the head of the Inlet indicate that emergence

tkontlnues at. about 30 cm per cen@ury (Plate 5.1); therefore 1sostatlc

L

equilibriun;has not yet been achieved.

5.3 Equidistant Diagram

14

The elevations of sea level features along the sides of

'Clements Markham Inlet can be‘pIotted against distance (Figure 5.2).
The relative merIts_oﬁ)such equidistant diagrams were_discussed in N
Chapter III. 'Ideally, the‘distance axis on the_diagram should project
toward'the'center of maximum uplift so that it is orchogonal to the
"trend of 1sobases.= Because the isobase pattern was unknown the-
tdlstance axis was rotated until the best agreement was reached between
{the shoreline‘profiles and dated sea level features. The shoreline
remnants were_correiated by radiocarhonvdaies, or; where dafes were

not available, the ages of intervening features were derived frém the
v ) . 3 .



190

Plate 5.1 Recently emerged beaches (<1 m a.s.l.) near the .
Arrowhead Delta suggesting that emergence is still ongoing at
the head of the Inlet. The width of the flight of beaches
shown is ca. 100 m. . ' ) :

B
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of many sites having local marine~lgmits below the highest sea
indicate‘theipersistence of glaciers until later times (see Ch. IV).
Conversely, initial emergence fran'the.highest,strandline must have
occurred synchronously throughout the Inlet because it was initiated
'outside the last 'ice limit as’soon'as unloading began.

[ .-

l
)

The equidistant diagram (Fig. 5.2) indicates a number of i
’ discrete strandlines. 'As discussed in an earlier review #Ch IIIJ

reasons for shoreline and delta terracenfonnation are variable;»f/r
exanple, some features are erosional whereas others are depositional.
-Andrews (19%Oa),suggested that‘a gorrelation  between delta'formation j
and pulses of glacial activi7y was plausible. Although-some of the |
upper strandlines presented here are clearly related to fbrmer ice
marg&ns, the relationship of lower water planes to the 1ce margins 1s ’
not clear. Moreover, any number of water planes could be drawn to
explain the scattered intermediate sea levels shown in Figure 5.2;
Hence,che correlationpof various Holocene strandlines found.in'
,clements Markham Inlet to a.Neoglacial’record was not'attempted here.'

The tilting of the observed strandlines was caused by

increased rates of energence towards the former center of glacial

loading. This differential emergence resulted in a family of nested
: emergence curves within Clements Markham Inlet For exanple, y/
emergence curves derived from sites farther out the Inlet (i. e: distal Y
to the curve shown in Fig 5.1) mimic its shape, ‘but lie below it. -

curves approach each\other later 1n the Holocene when the tilt of
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‘ oo ; / .
emergence curve at the head of the Inlet‘ “Shoreline feature? of the
same age were joined by straight 1line segments which depict the
tilting of specific water planes. - The best-fit projection of the |
distance_axis has a bearing -of u9°, nearly parallel to the.Inlet.and
u approximately orthogonal to the nort ern coastline.

. \g
The equidistant diagram shows a seriesjof fonmer_watermplanes

that‘dip down the Inlet. This dip decreases with successively lower
and younger water planes. The uppermost-StrandIine, which must date -
between 11=-10. 5 ka BP, has a maximum elecation of 124 m, at the Gypsum
Rivef, and it declines to 92 m a.s.l. at Cape Colan, over a distance
of ca. 35 km. - This uppermost strandline is considered to represent
the proglacial sea which existed during the culmination of the last
glaciation (Sec. 5. 2) Subsequent lower strandlines are subparallel .
until ca. 8 ka BP, after whigh there is a rapid decay in the rate of -
diffe:ehtialvemergence. e

_

| . The elevation of the marine limit inereases from Cape Colan‘
lato the Gypsum River, whereas inland (SW) of the Gypéﬁm\giver it . drops
,‘jin elevation. This is because inland of the Gypsum River the\marine
1imit is younger-due to the exclusion of the older high sea by
glaciers. Consequently, in this area (within the ice limit) a certain .
amount of initial emergence occurred befbre ice recession allowed the ,
‘sea toﬁbontact the land. Similarly,,further out the Inlet, a- number
_aof valley mouths also do. not register the full glacial sea which
'suggests that glaciers occupied them during this early interval (ca.

111-10.5 ka. BP). As discussed in previous sections, the stratigraphy
: : B : . o f
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successivé water planes decreasés. In f'act dif‘t‘erential emergence of

the lower/ uater planes could not be resolvad in the field.

! I ' ) i ) . ‘ . 4 ’ '-
i i
' 'I'he strandlines are inclined toward the maximun f‘ormer ice
1oad which is toward present day ice caps in the heart of the Grant
- Land Mountains. Moreover, the uppe; strandline has a gradient of 0 9

mlan1

which is similar to values reported for early, postglacial

. shorelines in other Arctic areas (cf. Andrews, 1970b; England, 1983)
'l'he proje_ction of’ the uppermost shoreli,ne intersects present sea lev(el
) ~ca. 137 km NE of Gypsun Rive'r. Given th‘at the Gypsum River site lies Y

near the last glacial limit, the width of the peripheral depression

here is within the limits of the flexural parameter (cruital strength) |
calculated by walcott ¢ = 10—‘1 40; 1970) Furthermore,, given a ratio-
of mantle/ice depsity of ca. 3 7, it can be calculated:that almost 500
’m of ice occupied the head of the Inlet during the maximun of the last
glaciation. Because of the complexity introduced by mountainous

‘ topography on ice sheet configurations and thickness (Reeh, 1982) :
further predictions from geophysical models based on simple monolithic

ice sheet profiles are not attempted here.

5.14‘ " Isobases

]

e !’ .
The equidistant diagran indi,cates the magnitude and direction

'of shoreline diplacement within Clements Markham Inlet. This
 two~-dimensional inf‘ormation is now used ‘to reevaluate the pattern of‘
isobases on northern Ellesmere Island. The isobases describe the d

trend surfaces of shoreline displacements in the region for various
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times. . . f‘ g N

As ngted in thevreview chapter a number»of published isobase
maps exist for NE Ellesmere and NW Greenland (England, 1976, 1982,
‘Wiedick, 1976; pig- 5. 3)a' In each case
{from the Lincoln Sea, toward northern Elle ere Island and NW

e isobases increase in value

" Greenland. Moreover although England's an Hiedick's patterns are
? fundamentally different further inland on NW Greenland, both isobase
Jpatterns continue smoothly along the~norther¢moSt coast of Greenland

onto Ellesnere;lsland, where the isobases trend obliquely‘across the

northern'tip of theriSIand As discussed previously, the‘variance ‘L

between these two reconstructions is- largely due to the scarcity of

{

“data. In fact, England's (1976) depiction has only two control points<
on the N. coast of Ellesme . Island. With additional data, England

i (1982) showed essentially the same pattern but with higher values on

the N coast of the‘island.

The shoreline displacements presented in Figure 5 2 indicate

' an isobase pattern approximately orthogonal to Clements Markham Inlet.
'This suggestsathat the previoualy published isobases should swing more
sharply northward as they cross Robeson Charnel from Greenland.. :
Furthermore, shorelines within the Inlet are higher ‘than previously '
indicated for a given age, consequently the revised isobases must be -
displaced towards the Lincoln Sea. nFigures 5.4, 5f5, and 5.6 show the -
isobaseskfor 10, 8 and 6 ka BP respectively,‘based on the Clements.
Markham Inlet data plus additional information from NE Ellesmere .

’Island (England 1983) and preliminary results from Hall Land Nw
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Figure 5.4 Isobases on the 10,000 BP shoreline over northern
Ellesmere Island and northwestern Greenland (meters a.stl.).
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o Figure 5 5 Isobases on the 8000 BP shoreline over northern Ellesmere
-Island and nort.hwestem Greenland (meters a.s.1.).

R
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Figure 5.6 Isobasés on the 6000 BP shoreline over northern Ellesmere
Island and northwestern Greenland (meters a.s.l.).
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Greenland (England, pers. comm., 1983). Although the isobase pattern
at 6 ka BP 1; similar to those previously published (Fig. 5.3),
alterations of Pngland's 1976 and 1982 maps for earlier times are
warranted (Figs. 5.4 and 5.5). The revised isobase maps (Figures 5.4 {
and 5.5) indicate that the recession of the ice caps in the Grant Land/
Mountains had a more significant effect in déflecting the isobases l
from NW Greenland than was previously envisaged. A separate center of
uplift within the Grant Land Mountains produces amcell of low
emergence over the Hazen Plateau. The cell diminishes‘wifh continued
emergence of the Grant Land Mountains between 10 and 8 ka BP. )
Moreover, with post-8 ka BP accelerated-emergence, the ceil is gone by
6 ka BP (Fig. 5.6). "

&
L4

Much of the above scenario is governed by the different

" history of glﬁcial unloading, hence emergence, between northernmost
and NE Ellesmere Island (England, 1983). In NE Ellesmere Island,
England (1983) describe;‘a "full glacial Sea"'chafacterized by a high-
stable sea level that marks the marine limit from at least 11 to 8 ka
BP. The full glacial sea predates any glacial'unloading by at least

1 to 3 ka. This period.ﬁas fbllowed"by an interval of slow initial
emergence (0.7 m 100 yr'1) from 8 to 6.2 ka BP, and a subsequent
interval of 'normal', rapid emergence that extends to the present. As
can be seen, a time-lag of ca. 2 ka occurs between the onset of
initial élqw emergence in this area compared to the Clements Markham

' Inlet area where it began at least by ca. 11-10.5 ka BP (Fig. 5.1).

In fact, this earlier unipading history extends at least as far E as

Y

Alert, where England's (1983, Fig. 7) revised emergence curve is very

B
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similar to that for Clements Markham Inlet. However, despite the
different unloading histories between N and NE Ellesmere Island, the ,
isobases shown for 10 ka BP (Fig. 5.4) closely reflect the maximum |
depression, aﬁd hence, the total crustal loading caused by the last
glaciation. Consequently the low cell in the 1§obases described above
is nogﬂsimply an artifact of different glaciocli$atic responses
between these two areas in late glacial and early postglacial time,
but rather it reflects the relative distribution of the ice load.

Further clarification of the nonsynchronous nature of
regional emergence is provided in Figures 5.7 and 5.8. These figures
are derived from the isobase maps (Figs. 5.4, 5.5 and 5.6) and record
isopleths of the amount of emergence tha£ occurred between 10-8 ka,
and 8-6 ka BP respectively. Figure 5.7 depicts the interval 10-8 ka
BP during which uniform, slow emergence‘occurred over a large area in
. the NW (20 m), while the SE remained stable. Figure 5.8, on the other
hand, indicates rapid emergence post 8 ka BP in the NW sector, while
the formerly stable area in the SE begins to emerge at approximately
the same rate as did the NW sector in the earlier interval (10-8 ka
BP). Subsequently, the post 6 ka BP recovery along Nares Strait (Fig.
5.6) acquired -similar high values ‘as occurred in the NW in the post 8
ka BP period (ca.” 3.5 m 100 yr'1).

The isobase patterns describe a general:SE migration of
postglacial crustal response through the area during the early ¢
Holocene, with a 2 ka lag between the N coast and the northern part of

Nares Strait. Emergence along the Ellesmere Island side of Nares
]
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Figure 5;7 Emergence (meters) over northern Ellesmere Island and
northwestern Greenland between 10,000 and 8000 BP.
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Figure 5.8 Emergence (meters) over northern Ellesmere Island and
o northwestern Greenland between 8000 and 6000 BP.
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Strait is considered to be primarily governed by reduction in the NW

.Greenland ice load, (England, 1976, 1982, 1983). This may explain the
1ag inhinitial emergence in this- area as‘opposed to the earlier aﬁd
I1arge1y independent rebound further to the NW. Conseduently, eaclier
retreat of the Ellesmere Island ice may explain the time-step in
emergence between the N and NE (England, 1983; p. 911). Moreover, ip
has been suggeStéd that the 1argeiisotopic shift at ca. 10.5 ka BP in
the Greenland and Devon Island ice cores indicates an»abfupt climatic
amelioration (Dansgéérd‘gg_gl;i 1973; Koerner:and Fisher, 1981). If i
this interpretation ié correct; and the approximate response times for
the‘Ellésmere Island ice caps and the Greenland Ice Sheet are ca. 2;5-
ka and 4 ka respectively (Fisher, pers. comm. 1983), it is possible
that the Ellesmere Island ice reacted first ca. 8 ka BP, followed by -
the Greenland ice ca. 6.2 ka BP. Because it isElikély that some
reduction in‘glacief mass would occur after the onset of the propqséd
warming .at 10.5 ka BP, and before rapid’retreat (ca. 8-6 ka BP), this
may explain the slow glacial retreat that-was already under way in
Cleﬁents Markhéﬁ Inlet by ca. 9.8 ka BP.  On the other hand, England
(1982,_1983) found that glaciers on NE Ellesﬁére Island began to
slowly retreat ca. 8 ka BP; a time when déglaéiétion in Clements -
Markham was well under way . To reconéile earlier unloading in the N,
England (1983) suggested that a significant'difference_in‘
glacioclimatic regiﬁes may‘occﬁr betwéen the N and S sides of the
Grant Land Mountaiﬁsli It appéars that tﬁe daﬁed'ice margins bear this.

out.

5.5 Summarx

S
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} Shoreline‘displacements in Clements Markham Inlet indicate'
the sea level history for the last 11,000 years. The emergence curve
derived for the head of the Inlet islcharacterized.by two distinct
intervals: 1) slow emergence from 11-10.5 ka to 7.9 ka BP at a rate
of 0.72 m 100 yr-1; and 2) rapid emergence after 7.9 ka BP which
decelerated towards present sea level. :It is noteworthy that the slow
emergence in the first period is“similar, in rate, to the initial rateQ
reported on NE Ellesmere Island, which oceurred ca. 2 ka later
~(England, 1983; 0.7 m 100 yr 1). The two 1ntervals in Clements
‘Markham Inlet are con51dered to represent a perlod of slow unloadlng
by -ice, followed by rapld degla01at10n beginning ca. 8 ka BP, and this
is also conflrmed by the stratigraphy and geomorphology descrlbed in
Chapter IV. Because the complete energence curve is recorded near the
head of the Inlet, ‘and because the marine 11m1t extends from the .
outermost coast to this 51te ‘this synchronous marine limit ( 11-10.5
ka BP) records a full glacial sea which occupied areas beyond the
lnaxlmum‘extent of the last glaciation.i.This islalso partly |
substantiated by the stratigraphy near the Gypsum River, and at more d"
dlstal 31tes, where local glac1ers debouched 1nto ‘the full gla01al
sea. Ev1dence for an 1nter;al of earl1er emergence, 1ndlcat1ng
recession from a more extensive ice cover has not. been found The
equ1dlstant dlagram shows a series of water - planes tlltlng toward the
former center of maximum ice load w1th1n the Grant Land Mountalns, and
deflnes the trend of the isobases which run approx1mately parallel to
the northernmost coast. The uppermost water plane, defining the,
regional marine limit, marks the tilt of the full glacial sea.

Conversely, local marine limits at lower -elevations within certain
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valley mouths define the retreat of more extensive valley glaciérs

which contacted the full glacial sea. | .

On a regional scale, shoreline displacements along the

northern coast of Ellesmere ISlénd“are apparently beyond the isostatic

influence of the NW Greenlané Ice Sheet. New isobasé patterns based-
on this stud define a center of uplift in the northérn Grant Land
Mountains th in turn lead to a low cell in the Lake Hazen area, to
the soubﬁ. So ' sﬁ from the cell, shorelines rise toward the NW f» v
_Greenlahd.iée load (England, i976, 1983). ‘The local Grant Land’
Mountain. rebound decays fapidly after.ca, 8 ka BP, while thef
_depresSion on its SE Side is aaintained until ca. 6.2 ka BP. This
difference in emergence between the N and SEfsidésrof the Grant Land

- Mountains. is probably due to dissimilar gla01oclimatlc regimes, ‘as

welloas to the differential response times affecting the Greenland and
Ellesmere Island ice masses\(England,~1983,~this study) .
: y .



Chapter VI - °

6.1 Introduction

"The objective of this study<;as to expand the‘élacioisostat ¢
‘data base for northern Ellesnere Island and to relate it to the 1ate
glacial stratigraphy. It was assumed that - this area would have a
discrete isostatic response independent of the Greenland ice load and
thatrthe Arctic Ocean would have a greater glacioclimatic influence r
here than on NE Ellesmere Island. Furthermore the 1nfbrmation
concerning the Quaternar9 history of Clements Markham Inlet is
rel ?ant tp the duestion of ice-extent in high_latitudes during the
lasi\klaciatlon (late Wisconsin time).and this provides constraints
- for in\erpreting long-term'lce core records in the region. This . |
chapter\ sumnarlzes the major findings from Clements Markham Inlet in
vorder to further discuss the confllctlng hypotheses of minimum Versus ‘
-maximum ice coverage dur;ng the last glaciatlon.

PO

6.2,.Pa1quedgraphy and Chronology

S

In Chapter III a facies model for glac1omar1ne sedlmentatlon
. was presented which serves as an 1nterpret1ve tool for dlstinct
stratlgraphlc sequences within the study area. \This model stressed

that the comblnatlon of sediment input, ice proximity, and rate of

;o

—— ©
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emergence governs the facies transitions within a stratigraphic
colum. The resulting stratigraphic interpretations together with
various radiocarbon dates in Chapter IV, were complemented by detailed
’ mapping which led- tp a reconstruction of former ice margins in the
area. Moreover, numerous radiocarbon dates provid@d chronological
control for correlating sections and ice margins throughout Clements
Markham Inlet Lastly, reconstructing the sea level history in
Chapter v further refined the interpretations in Chapter IV by showing':v'
) the relationship between ice nargins and sea levels. Furthermore, the‘ |
differential emergence of raised shorelines defined isobase patterns
which provide-a regional perspective. The general unloading of

'northern Ellesmere Island was independent in relation to the emergence

on NE Ellesmere Island which reflects the influence of the borde[ing

. N . h .

In order to summarize the above information, the . | /‘

Greenland Ice Sheet.

paleogeography of Clements’ Markham Inlet is’ shown as 1t may have
occurred ca. 11 ka, 8 ka and 6 ka BP (Figs. 6 1, 6.2 and 6.3;
res;ectively)"'These ice margins, in relation to the forfier
coastlines, identify the zone of. interaction betweeh marine and
glacial environments during phases of deglaciation. Again, it is
possible that ice shelves formed within the Inlet during these stages,,
or that certain glaciers extended f‘urther into the sea than indicated.
At 11 ka BP (hig. 6.1) the head of Clements Markham Inlet was
’indundated by confluent glaciers emanating from'major vallei;systems

along the northern flanks of the'Grant;Land"Mountains. Major outlet
o : : S “ , AN



_FIGURE 6.1

Paleogeogrophy
il ko BP

FIGURE 6.2

Paleogeography
8ka BP .
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Paieogeography
6 ko BP

209



i - 210

glaciers advanced out of Piper Pass, Clements Markham River valley,
and Crescent Glacier valley (Fig. 2.1), extending 15 to 30 km from
present margins. The:OVerall ice coVer at 11 ka BP diminishes toward
~ the outer coast because the glaciers were smaller and confined to
separate valleys from which they calved into the sea along the steep
fsides of the Inlet (Fig. 6.1). ‘Widespread stratigraphic_sections near
the nouth of the Gyosum.River document these floating ice margins.
:The nelative sea level at ca. 11-10.5 ka BP was 124 m along the ice N
: limit near the head of the Inlet ard it graded down to 92 m at the
mouth of the Inlet at Cape %&an (Figs. 5. 2 6. .

The period between 11 ka and 8 ka BP was marked by slow
glacial retreat and slou initial energence Nonetheless by 9.7 ka BP
some glacier termini along the SE coast were’ ca. 6 km from the present
ice caps. Although at 8 ka BP (Fig. 6.2) the inner lowlands at the
head of Clements Markham Inlet were still inundated by ice, maJor :
-Vretreat of the smaller glaciers occurred'in the outermost region of
the Inlet. During this time the relative sea level dropped to 104 m }

~ near the. head of the Inlet (Flg. 6. 2)

°
g

_ ‘The period after 8 ka BP was marked by rapid deglaciation
icoupleduby falling sea levels that resulted in the head of the Inlet
‘becoming ice4free in less than 400 years.b As the valley bottoms

vibecame ice-free marine transgressions occurred to maximum distances of

i 10 km inland fran the present coastline. Deglaciatlon was such that

most glaciers probably reached TH#ir current positions or even

,.disappeared by ca.,6-5 ka RF  hen a large decrease in delta building - .

o
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is recorded Certainly, radiocarhon dates of 6-5 ka‘BP'obtainedpon .
organic material adjacent to present glaciers in other parts of
Ellesmere Island 1ndicate that these ice margins are as extensive now
as they have been in ‘the last 6000 years (e g. England 19783 Lowdon

and Blake, 1979, King, 1981, Vblk 1981).

The situation in Clements Markham' Inlet 10.5-11 ka BP is also
shoun in the cross-sectional profile (fig.to 4)1" This diagram‘shows
 the general stratignaphic sequences fbund throughout the: Inlet and it'”,

‘includes facies changes during subsequent 1ce retreat ‘and emergence

For example the centtal lowlands at the, Inlet head were occupied by
Athick ice which was “able to mold the bedrock and dep051t till (Fig
16.4,MSect1on.2).vvRap1d deglaciationfof this,area, ca. 8 ka BP, was
coupled with,a marine inundation resultingnin:an ouerstep‘condition
charaeterlaed”ty-fine hOttomset silts directly overlying'the tlll or :_
-glacially-scoured hedrock. .Moreover because these central areas aré
removed f‘rcm the imnediate sediment sources at the mouths of @valleys,
rapid postglacial energence exposed these silt pla;ns to extensive
isubaerial erosion. However, -areas of ,concentrated sediment influx
(i.e7 valley mouths) produced sufficient coarse debris to cap the
tfines, producing a flight of successively loyerwdelta terraces as sea

_ level regressed (Fig. 6.3, Section 1). As the rate of emergence

slowed in later times, wldespread deposition of littoral dep031ts’
" could occur (Fig. 6.4, Section 3);

Beyond the terminus of thick ice occupying the head of the

Inlet (Fig. 6. 1) there was a peripheral depre351on occupied by a full

Voo



212

AL ] S.S\ n&.tuE B

g

 %204peq g7 wnjAN||6 FZF) S0Ul) eUIIDW =

= 114 )

- 1001404 |0]90|0 WO}

Buijnse. .Aydoibyoiis e

.Ib/

J9A8] DIS WOSP W.. y ST w

\\\\\\\\\\\\\\

\ % ’
\\\\\\\\\\\“ \\\\\\ “\

&\)

"dg@ 0% Il DO i8JU| WDYNIDW S4UGWOID Ul

7 w :\\\\w\\ Wy v )
), . 5 | e
L \\ \\>\\\ \w\ mw <

19ABJD pUD puDS (7]

UoliD190|8 4O Ydi¥Ys o1jowpibolg

v'9 _34N9I4




213

glacial sea where shorelines formed during the period of slow
emergence 11 ka to 8 ka'BP.'.Thé stratigraphy in the fuil glaciél sea
is very diverse and depends oﬁ tﬁe‘proximity to, and thickness of, the
formerngaéiers flowihg out of the side valleys (Fig. 6.4, Sections 4,
5, 6). Genérally,.the stratigraphy is characterized By iﬁtercalated
._sequences“ofharine anq glécigenic AepOSits,‘ijdicating fluctuating
ice maréins that floated or calved into fhe fﬁll glacial sea. The
m;rine limit in §he full glacial'sea formed a continuous strandling
‘along the si&es.of the Inlet which was only broken in certain areas
where glacieré from side valleys debouched iﬁto the sea (Fig. 6.1).
-.The upper strandline abruptly ends at the.ice iimit near the Inlet
head, and sites which have local marine limits below the uppermost sea
- indicate glacier occupation., This is clearly exempiified by lower and
younger marine 1imits at the head of the Inlet, inside the fee limit.
. o )

From the evidepée presented in this study it is élear where
the major ‘11-10 ka BP ice limits were located. In Chapter IV it was
noted that the ice fetreat map (Fig. 4.155 Showed undated ice marginal
channels beyond theaproposea ice limit. However, it was suggested
that they could date from an older, more ;xtensive élacial cycle (prej
“last glacigtion). Furthermore, volcanic erratics on mountain sumits
near the outer coast imply a major ice flow parallel to Clements
Markham Inlet, which surmounted mountain barriers. Cértainly, this
implies completé inundation by ice during some unknown interval in the
past.' Nonetheless, a redeposited willow branch within‘delta sands
from the watershed SE of Mount Rawlinson, near the source of the

erratics, ‘provided a radiocarbon date indicéting that ice-free areas

~

‘#'
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existed ca. 23,850 + 850 BP (S-2140, assuming this is a fiﬁlte date) .
Trying to establi;httheﬁege of the more extensive fce cover by

defining zones of‘relative‘weathering‘is problematical because of the
fast weathering of the sedimentary rocks and varied microclimates. |
Generally, the northernmost, ice-free areas of Clements Markham Inlet
appear to have more frost shattered, rubble covered surfaceé than the
highlands adjacent to the ice caps, but these differences could not be |
systematically quantified. Consequently, the question 5? the glacial
history prior to ca. 11 ka BP can only be deduced from the current -

data and this will be attempted here.

There are two basic scenarios for Clements Markham Inlet.

The first is that'the‘maximun extent of the last glaciation is marked
by the ca. 11 ka BP margin which was limited to the Inlet head and the
mouths of some valleys (Fig \6 1). This hypothesis has already been
suggested in the dlscussion of sea level history. The alternative .

hypothesis is‘that the ca. 11 ka BP margins\are merely a recessional
stage from a more extensive glaciation. This major advance may, or

may not, be associated with the glacial stage during which an ice

sheet completely inundated the area and dispersed the moehtain summit
erratics. ’Ihe alternatiye hypdthesis;‘then, would imply that ell\tpe
margins sho&n on the ice retreat map are due to a single glacial cyeie*
during which a grounded fiord glacier, of ice‘stream, extended out

" into the Lincoln Sea (cf. Christie, 1967)l' Based oh available data
this scenario has several important conseqiences. First this glacial

advance must have occurred after 23.8 ka BP, as vegetated surfaces

presumably existed in more proxxmal areas during this time. Moreover,
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these sites must have been overrun as the ilce advanced to the more
distal sites. Secondly, because the marine limit rises toward the
head of the‘Inlet, the fiord glacier must have retreated rapidly (cf.
Andrews, 1975). If so, this rapid deglaciation started before 9.8 ka
BP, however, it must have slowed or ceased as the ice terminus reached
the Inlet head ca. 8 ka BP, causing subsequent proximal marine limits
to be lower. Third, sequential retreat of a fiord glacier would also

1uC dates on the marine limits should be progressively

imply that
younger as the head of thé#Inlet is reached (cf. Blake, 1972; England,
1983). Moreover, postglacial emergence of sites along the sides of
the Inlet should be characterized by a series of nested, "normal"

emergence curves.

Clearly, the consequences of this altefnative hypothesis do

not agree witﬁ most of the aata. First, a systematic deérease in the
age of tﬁé marine limit was not found as one goes up the Inlet. In
fact, the oldest sample was @pund near the head of the Inlet.
Therefore, it would have to be assumed that the age distribution of
the 45 radiocarbon dates isArandom, and that an age progression simply
was not found. Furthermore, if the marine limit at Cape Colan was
considerably older than a Gypsum River as wpuld bé expecfed if the ice -

limit reached the mouth of the Inlet or beyond, the ca. 10 ka BP
| shorelines wbuld lie well below 92 m at Cape Colan and older
shorelines would have much sieeﬁér tilts. Secondly, the determined
trend in marine limit elevations does not agree with Lhe established
emergence curve if the»ai£erdétng hypothesis -of exteﬁsive glaciation

prior to 9.8 ka BP was true. This is because the alternative
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hypothesis necgsnttntns that the marine limit be younger as {t rises
towards the head of the Inlet, In turn, this rise in marine limit
would mean that the presumed fiord glacler retreuated rapidly (ef.
Andrews, 1975), hence, crustal unloading should also be rapid ca. 9.8
ka BP. However, the emergence curve indicates slow unloading during
this time (10 to 8 ka BP) which 13 obviously in contradiction with the
rapid retreat. Clearly, the only way the emergence curve can agree
with the*trend in marine limit elevations within the Inlet is if the
marine limit ua$ formed synchronously, beyond the last ice limit.
Furthermore, the validity‘of the emergence curve was discussed in
Chapter V, where it was noted that even if only the younger part of
the curve is approximately correct (< 8 ka BP),‘then the sea levels
related to the older shell dates (9.8 ka BP) would have to be in
excess of any elevations yet observed on Holocene shorelines in the
entire Queen Elizabeth Islands (if 'normal' rapid emergence began at

9.8 ka BP instead of 7.9 ka BP).

In conclusion, although it may always be argued that the
absence of data does not necessarily preclude one or another
hypothesis, the first hypothesis, that the ca. 11 ka BP margin marks
the last ice limit, accommodates all the current data. Furthermore,
the detailed nature of the field work undertaken makes it unlikely
that the aated samples misrepyesent the overall data set. Lastly,
England (1983) also recognized at least two discrete glacial cycles
related to the expansion of Ellesmeré Island ice caps. Although, as

noted in Chapter V, the timing of deglaciation during the last cycle

appears ca. 2 ka out of phase with northernmost Ellesmere Island, the
.
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overall model from NE Ellesmere Island is quite similar; also

involv&a§ a full‘glacial‘sea beyond,the last ice limit.

The favoured hypothesis, howeder, does have two shortcomings
_nhich_are addressed here. The first of these deals with,the paucity
of dates related to the full glaoial sea. ‘Emergence from the full
glacial sea snould be synchronons, therefore the marine limit, outslde
the influence of local valley g1301ers should date the same
everywhere along the 51des of the Inlet (cf. England 1983) Although
there are several dates in the 10-9 ka BP range evenly dlstrlbuted
along the Inlet, these must relate to slightly lower sea levels;
Furthermore, the full glacial sea must-necessarily have been in
existence thrOUghout the 1ast glacial ecycle, but shells older than 9.8
ka BP ha?e not been found. Nonetheless,‘Clements Markham Inlet
containS'vast.areas'of barren silts which may predate 10 ka Bé and the
stratlgraphy in some areas shows that marine deposits underlle |
g1301genlc units which record the in1t1a1 transgre531on during the

A

onset of the last glaciation.

The second'snortcoming‘of the hypothesis is‘t?at, if the
major ice reacheddits:limit near the Inlet head, why ane.there no
hlgher older sea levels related to tn? earlier, more exten51ve
glaCLal cycle? This is an important point, but a possible explanation
ex1sts if the NW and SE shores of the Inlet are compared. ‘For
» example, although high sea levels frdn the last g1a01at10n are well
| documented on the NW side, there is no evidence of similar sea levels

on the SE side. As noted earlier, this is probably due to a
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combination of steepcslopes, rapid mass movement,iand little sediment

input which resulted in poor preservation of rudimentary sea level
indicators on- the SE631de | This example then, could be a pertinent
analog to explain the absenc% of the older sea 1eve1 1ndicators
Given  enough, time, even the raised shorelines on the Nw 51de of the

‘Inlet will likely be’ removed by prolonged weatherlng and erosion.
6.3 Conclusion’

The previons section summarized the data ohtained from ‘
Cl-ements Markham Inlet'.and‘rﬁwed arg\;ments pertaining to the

: location of the ice limit. it wasﬂconcluded that the ice retreat'map
shows the most plausible sequence of ice configurations during
deglaciation,»whereas, the most extensive margins probably relate to a
more ancient élacial cycle. Moreover, corroboration between' the
stratigraphy, sea level history, and age dlstribution of radiocarbon
dates is-best explained if the most recent glac1ation dld not .
completely inundate the Inlet but rather was restricted to about a 40
bkm advance from contemporaryrmargins in the major Valleys. Just as

- the extent of today's ice cover diminishes:from the ice caps of the
Grant Land Mountains to the 1ce—free areas near the mouth of the .
Inlet, so too did the relatlve intensity of the last g1a01ation
Confluent glaciers flowed from expanded ice caps invading the head of
the Inlet, while cirques in the cuter margins were re—occupied by

smaller gtéciers (Fig. 6.1).

" Finally, this study has answered questions pertaiming to the
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late Quaternary history of rorthernmost Ellesmere Island that were
preViodsly unaddressed. Nevertheless, as with most studies of this

)

-vnature many new questlons are ralsed Some of these questions are

P

summarlzed here and the direction of future work is 1ndlcated

(i)‘ The primary need is to fihd marine deposits beyond the last ice
limit that span the last gla01al cycle. Older shells may have
been .overlooked in the field, particularly at lower elevatlons,
~because no .simple relatlonshlp exists between the appearance of
‘such‘sﬁells,an thelr age. Perhaps bottom sampllng of the Inlet‘
wodlevprodgce t polder shells. Moreover, bathymetrlc studles )

 may also identify terminal moraines which would define the limit

of the major ice within the center of the Inlet.

E

(ii) Secdndl&,_because the thesis has proposed glacial limits
abutting a full glaeial sea, one wouid’expect‘to find evidence
of hiéher, older sea levels:related to pre&ious glacial cycles.
As noted t.hese were not observed in Clements Markham Inlet, t?ut
they mey exiSp in the nugferous bays and fiords along the
northernmosf coast of Ellesmere Island.

(iii) Furthermore, eaeh additional dated sea level in the area would
contribute to extendipg the isoba;es.»'Ihis study has shown that
the addition of a single emergence curve or cluster of points
from a small'afea can SUbstantially alter the isobese maps.
Therefore: (1) There is aﬁ%urgent need for studies of this

sort, and (2) debates about the extent of regichal ice cover and

—
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& - : . g - . :
‘ice mass geometry which rely on isobase maps for sole support

should cease until the data base is more sound“ For example,’

53

~ the emergence data 1dent1f1ed an independent center of

gla0101sostatlc response over the Grant Land Mountains, hence a .
simllar study is recommended on the SE side of these mountalns,
along Nansen Sound, in order to flx the position of th? uplift
center. This 1nformat10n would be valuable in assessing the

size and extent of the Ellesmere Island ice load relative to the

a

‘ Greenland ice and the larger Laurentide Ice Sheet to the south. ’

: Of partlcular interest 1s that thls study has shown that a

11m1ted advance of the glaclers 1n the Grant Land Mountalns (<40
km) produced up to 124 m of emergence near the ice, limit. This
is similar to the amount of emergence found in west—central

Ellesmere Island where Blake (1970) proposed the center of the.

Innu1t1an Ice Sheet to be. More work on NW Greenland may also <

" clarify the nature- of the emergence saddle 1n the Alert/Llncoln

Sea area. As data of this nature become available on northern
E'ere Island, controls will be provided for the appllcaton ‘
f

retical ice sheet and glac1o1sostatlc models (i.e. Reeh,
‘ ~

1982; Quinlan and Beaumont, 1981,‘respectively).
4

. This study has shown that the onset of deglaciation within

Clements Markham Inlet began ca. 2 ka sooner than south of the
Grant Land Mountains. This implies a dissimilar glacioclimatic
regime which deserves further study, particularly by thé ,
disciplines of glaciology and sfnoptic,climatology,fin order to

identify contemporary controls on mass balance. Once these



(v)

present controls are 1dentified the need for some presently
unknown,factors, such as changes in the sea-lce cover of the
Arctic Ocean, may be assessed.
Lastly, during the course of. this field uork,Aproblems arose
coneerning‘the genesfg of various ice-contact, glaciofluvial
features whieh ‘may be associated with floating or calving ice -

margins. Moreower, a number of these features may also be

indistingui;hable fran ‘those left by ice shelves (sea ice and

glacial types) Therefore it is reccmmended that more work on
the contemporary geomorphlc processes of present ice shelves be
undertaken (cf. Sugden and Clapperton 1981).. lsotoplc

variations within marine pelecypods, reflect1ng relatlve

- and ancient proglacial environments (180 13C cf

Hillaire-Marcel, C;T,J977, Stewart, unpublished).

[l
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-meltwater production may also shed llght on the types of modern v
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TABLE 4.1

Surficial Materials of Clements Markham Inlet -

» Legend‘for Figure 4.2

" Unit i .

C - Colluvium; unsorted rock debris/mantling valley slopes and floors,
soliflucted or washed from upslope weathered rock.

RG - Rock'Glacier; mobilized unsorted detritus containing an ice core

or interstitial ice, may be derived from lateral moraines or
colluv1um. : ' :

A - Alluvium; detrital material which has been traﬁsported by water

having no apparent glacial source, cmnnonly forms fans along'
steep valley 51des.

F - Fluylal sediments; Gravel and sand dep051ted on valley floors by

rivers having no apparent glacial source, rare in Clements .
Markham Inlet.

‘M --Marine sediments (cM - coarse; fM - fine); Glaciomarine sediments
. 'deposited in seawater, generally horizontally stratified
flnes canprlslng the bottomset component of a delta sequence.

M - Glaclomarlne sediments;. coarse unsorted debris, commanly"
overlying marine 31lt probably ice-rafted or ice shelf
deposits. 4 5

LG - Gla01olacustr1ne sedlments, proglac1al lake dep081ts

G - G1a01of1uv1al sediments; gravel and sand deposited beneath and in
front of the (marglnal zone of a glacier.

| T - Till' unsorted debris deposited directly by a glacier.
R - Rock various 11tholog1es and ages, but” ma1n1y sedlmentary rock

whlch 1s often very frost shattered

j,Descrlgtor

veneer, th1n dlscontlnuous, generally < 0.5 m thick

\'
b --blanket - |
t -

terﬁaced; inactive, eleveted above present level of activity

f - fan



delta; generally the downvalley end of a sandur being deposited in

(o
]

~ water _ .
i - ice-contact; perched or kettled deposit, e.g. kag? terrace (Gti)
p - plain; e.g. outwash plain (Gp)
r - ridged; e.g. beach ridges. (Mr)
Symbols

Cirque

Striae

o~

7 Drumlin
‘/”

v ’“’k.‘ Moraine

-

A Ice-contact face’

€D . 'Kettle hole

T <\ bandened channel (large, small, side hill)
= T Intermediate shoreline features .
s Escarpment |

(IEU Canyon -

2" Wind fluted silts
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