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ABSTRACT
This s tudy outlines a  provisional" Holocene
paleoenvironmental model for Clements Markham Inlet, a major

northeast trending reentrant on the northern coast of

Ellesmere Island, N. W. T., Canada. Specific evidence dealt

with ipcludes: 1)the general depositional environment of

certain. raised marine deposits of postglacial age; 2)fhe,

']

identification and interpretation of macrofossils (marine

molluscs - and terrestrial {plants) repor ted from  these

deposits; 3)the history and  significance of driftwood "

!

penetration into the inlet head: 4)radiocarbon dates on
collected macrofossils and driftwood which provide a
provisional time framework for 1-3 above.

Abundant fossil plants were coliected from the broximal
bottomset beds of a local mar}ne delta graded to a 43m
relat{ye sea level which is dated 6400 BP on the provisional
‘emé;gence curve. The fossil p]anté-aléo dated 6400x60 BP
(SIY4314) and contain a-highlyfdiverse bhyophyle/@lora with
a minimum of 21 genera and 25 species. Limgtula (Lima)
stubauriculata, a small marine pelecypod, was /éollected in
deposits laterally continuous with the dat#g plants. This
species’ contemporary distribution is prédominant]y
Atlantic-Mediterranean extendiﬂg to Jan ‘Mayen Island and
into the subarctic waters alonbﬂQest Greenlqug\lts disjunct
(?) oécurrence here is intérpreted as a range extension in

. response to ameliorated (warmer) marine conditions resulting

in less abundant summer sea ice and thus more available

iv -
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summer mdisture: The . abundant fossil plants are therefore
interpretgd to represent the commencement of increased plant
productivity in response to increased summer precipitation
in this érid polar environment. This interpretat{gﬁj is
consistent with driftwood zonation within inner Clements
Markham Injef. |

sDriftwood‘ penefration or exclusion from Clements
Markham Inlet is prjmarily dependent upon the stability of
the landfast sea ice cover at the inlet mouth. Periods of
driftwood exclusion indicate cold summers when the landfast.
sea ice remains in place. Convergely, periods of driftwood
abundance indicate warm summers when the landfast sea ice
decays. Four postgiacial driftwood abundance zones are
indicated -on emerged shor;\ines below the local Holocene
marine limit: sporadic driftwood ca.. 7800 BP to 6500 BP;
abundant driftwood ca. 6500 BP to 4500 BP; greatly reduced
driftwood 4500 BP to ca. 500 BP (?); and abundant driftwood
on the present shOreline‘with penetration Qeginning'as early
as 500 BP (?). This zonation is similar to that demonstratéd
on southern Ellesmere Island ana a histégnam of . driftwood
radiocaréon dates from the Canadién and Greenlandic High
Arctic indi?ate that this is likely a regional trend. |

The collective data presented here. - driftwood, fossil
p]ants,:mérine mol]uscs.- suggests consistent intervals of
amelioration andcooling on northern Ellesmere Island. This
provisidnal model shows much greater variabilitQ during the

- Holocene than previgusly interpreted Arctic Ocean deep sea

|
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cores and is directiy cdmparab1e~t0'isotopic records of high

latitude ice cores.

A}
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1. STUDY AREA AND PURPOSE

1.1 Introduction

The first impetus for Quaternary research on northern
Ellesmere }s]ahd followed upon the discovery of "ice
islands’ in the Arctié‘Ocean durinéf;gé late 1940's. These
ice islands were found to be fragments of the (sea ice) ice .
shelves which éxist along thé north coast of Ellesmere
I§land today and much work was subsequently concentrated on
the genesis, Qhronology and bdynamics ~of Vthesé features
(Koenig et al. 1952: Marshall 1955; Crary 1956 1958, 1960:
Hattersley-Smith 1957, / 1963b; Lyons' et al. 1972; Dorrer
-1871; Holdsworth 1971;.Lyons and Mielke 1973). Knowledge of -
the surrounding environment expanded with thé establishment
of the A]éft Weather Station in 1950 and the numerous
studies conducted by the Defence Researqh‘ Board (DRB,
Oitawa) during, /and subéeduent to, the International
Geophysical Year . (IGY, 1957/58) at Lake Hazen (Figure 1;
Jackson 1959, 3960; Maxwell 1960: Powell 1961, Oliver and
Corbet 1866; Leech 1966).~Investigation of the contemporary
glaciefizati?n and gfacial history of the region began with
these previous studies (e.g; Hattersley-Smith 1960a{ 1963a,
- 1969; Christie.1967)fand remains in progress (Englanq 1974,
1976a, 1976b, 1978; England and Bradley 1978f}‘1n additiq&,
isotopic stﬁdies of ice cores'from‘northerh Ellesmere Islénd
_are also being conducted (cf. Koerner 1979). |

The presént study is a result of field investigations

- a



‘i' 2
in Clements ~Mafkham Inlet, northern Ellesmere Island
(Figures 1 and éf.m}his pafticular inlet was first examined
in 1953 (BlacKkadar 1954; Hattersley-Smith et al. 1955) and a
reconnaissance of the Quaternary deposits and present
glacier margins was conducted in conjunction with other
DRB/1GY investigations in 1958 ( Christie 1964, 1967; R.L.
Christie, personal communication, 1979). Since these initial
investigations of Clemehts Markham Inlet % great deal of
research has béen conducted on the isotopic and
stratigraphic record of high latitude ice cores which
provides considerable resolution 6n late Quatérnary climatic
change (Danigaard et al. 1969, 1971; Paierson et al. 1977;
Hammer et al. 1978). However, despite continually expanding
Quaternary research throughout the Canadian arctic very
S little Ho]oceng paleoenvironmental in%ormation exists for
‘the northernmost portion of Ellesmere lsland.‘ Such
infqrmation is particularly pertinent to vthe continuing
isotopic studies in this area {cf. Koerner 1979) and it
compliments investigations 1in other areas of E]iesmere‘
Igland and the High Arctic in general. The present study
ﬁrovides new Holocene paleoenvirénmental.'information from
inner Clements Markham Inlet and is specifically concerned
wifhﬁ )
| 1)The general depositional environment of . certain -
haised‘harine deposite of postglacial age.

.Z)The'identification and- interpretation 6f maérofossi]s

(marine molluscs and terrestrial plants) reported from these

0 r-



deposits.

3)The history and significance of driftwood penetration
into the inlet head. |

4)Rédiocarbon dates . on collected macrofossils and
driftwoodlwhich.pﬁévide a provisional time framework‘for 1-3
above. o ;

N

1.2 Study Area

The sthdy area 1is locafed at - the head of Clementé )
Markham Inlet, northern Ellesmere. Island, Northwest
Territories, Canada (82° 37" N latitude, 68" 30" W
longitude; Figures 1 and 2). Clements Markham Inlet is a
ma jor réentrant, 45km long and T7km ‘wide, which extends-
southwestward from the Arctic Ocean-Lincoln Sea into the
northern flank of the United Stateszthe. Sprrounding the
thekinlet head is a large lowland ﬁ]ain :(ca. 200Kkm2)
occupiedr by the ébntemporary sandurs of che Clements
Markham, Gypsum Piper Pass and Arrowhead (unoff1C1a1 néhef:
rivers Postglacial raised marine deltas and silt depos1ts
are also. extensive here_  and much Qf the present.
1nvestlgat1on focused on these sed1ments 7

The mouth of the 1nlet forms a broad open1ng into the
Arctic Ocean which in turnvexerts‘cons1derab]e influence on
temperature, moi;turé avaflability, cloud cover and sea ice
severity. Near the central portion of the inlet the mountain
ridges' aVérage about' 700m asl (above sea level) r1s1ng to

about 1600m as1 near the inlet head. The h1gher peaks in the
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United States Range exceed 2000m asl and Mt. Barbeau, the
highest peak in the range (ca. 2700m asl), is 200km to the
southwest of the study area. Piper Pass at ca. 350m as]l
forms a major topographic depression through the United
States Range leading south to the Hazen Plateau %rom the
inlet head (Figure-2).

The mountains surrounding inner Clemen?s Markham Inlep
are covered by extensive icecaps and all 'the ' loca] rivers
are in part glacier fed Outiet glaciers from these icecaps
often follow strike valleys or sp1]l over bedrock sills to
obstruct strike or féb]t blocK valleys. A fine example of
this Jlatter situation occurs in P1perLlPass where two
glaciers from the Grant Ice Cap and one from the United
States Range 1cecap reach the valley floor'icreat1ng three .

ice-dammed ‘lakes (Figure 2).

1.2.1 Bedrock Geology
Northern Ellesmere Island - lies within the Ifnuition
Orogenic System which includes an  older
intrusive-metamorphic terrane tow the north and several
geosynclinal belts cumposed of sedimentary roeks‘ of early
'Paleozo1c to Tertiary == to the south (Fort1er et al. 1954,
Trett1n 1972} A1l of tr. major orogenic units are 1mportaet
n ‘the study area (Figure 3). The oldest un1t is Eae
intrusive-metamorphic terrane of ate Proterozo1c age wh1ch'
extends along the north coast of Ellesmere Island to the

west of Clements Markham Inlet (Blackadar 1854 ; Ohr1st1e
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1964; Frisch 1974). This complex, originally designated the
Cape Columbia Group (Blackadar 1954) 1is composed of
ultramafic _intrusibns, granitic and pegmatitic dikes and
gfanitic gneisses and Schists (Frisch 1974). These rocks
once formed the Pearya Geantic}inerwhich pré@ided many of /
the clastic sediments to the younger éeosync]ines to the
south (Trettin 1971). It is also an important source for
ice-rafted gneissic erratics at the head of Clements Markham
Inlet. Ice-rafted materials of similar appéarance may also
originéte from the Greenland . Precambian Shield (see
discussion below of former activity Qf.the Greenland Ice
Sheet) .

The next youngest borogenic unit -is' the lower to

mid-Paleozoic Fﬁanklinian Eugeosynctine which'eXfends across

to northwestern Greenland (Surlyk et al. 1980).. The,
principal lithologies  are sandstone, slate, grayWacke,
limestone and some ‘conglomerate (Christie 1964).. The

ﬁid-?aleozoic ETlesmerian Orogeny folded these Franklinian
euéeosyncli;al séaimentsA into tight: northeasf trending,
anticlines and 'synclines which are exposed éﬁong the
southern margin of the United” States Range on thef Hazen
Plateau (Trettin 1971). South of the the Hazen Plateau, the
clastjp rocks give way to ingreaéing carbonate rocks present
in‘thé miogeosyncline (Figure 3). |

_The next ybungeét;unit is the Sverdrup Basin deposits:

of Carboniferous to- éarly Tertiary age which were

superimposed over the.;FranK]in_ geosyncline in a narrow

™



e
/ 9

,//'

7

trough. Af/ Clements Markham Inlet the Sverdrup Basin
lithologies are chert pebble conglomerate,  limestone,
1ﬁmest6ne breccia, sandstone, quartzife'ana gypsum (Christig
1964i. In mid-Tertiary time the Eurekan Orogeny thrust tﬁé
Cape Columbia Group, Franklinian Eugeosyncline hhd'Sverdrup
Basin deposits to the south. On northeastern Ellesmere
Istand the souther# extent of this thrust is the Lake Hazen
Thrust Zone which forms the abrupt southeﬁn' margin of the
United States Range (Treggin 1971) . Sométime after this
orogenic period block #éulting also occurred to the north of
this thrust zone (Trettin 1971). One such normal fault, the
Porter Bay Fault Zone, now forms the approximate northern
boundary of tHe' United States Range and is subparaT]gl to
Clements Markham Mhiet (fretgin 1971) which may also be a
structurally controlled graben.

1.2.2 Climate ®

. The nearest weather station to Clements Markham Iniet
-4

s Alert, 100km to the east on the shore of the Lincoln Sea

(Figure 1). Climatic data for Alert (Meteorological Branch

-18970) are shown .iﬁ ngure 4. A]ertfg* mean 'annual air
' temperature is -17;8fC with-a ‘mean annua’l precipitation of
only 14.7cm. As a result of these ]oy; tempefaturés frozen
ground is present below ca. 30cm (July) and periglacial
features such as ice wedge ‘polygons »aré -widespread. The
combination of. low temperatures énd"rainfall,.plus'an,annual

water balancé near zero, places northern El]esmere Island in
J o e
i ) _\\A—/—u
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the c%tegory of a true polar desert (Bovis and Barry 1974) .
Although there is great year to year variability daily
mean Femperatures usually rise above 0°C in early to
mid-Juhe and remaiﬁ'above freezing until mid- or late Augusf'
(Barry and~JacKson 1969). During the 1979 °‘field season in
Clements Markham Inlet maximum daily temperatures were
generally below 7'p between early June and early August. The
frost free season in the region 1is usually 50-80 days

(Corbet 1967; Barry and QacKson 1969; Jackson 1969; ' Corbet

and Danks 1974). The actual growing season for plants,

however, is greatly affected by site specific éondition§
such as 'snow cover and aspect. Mean annual snowfall 1s 1 2m
at'Aiert (Metéorplogica] Branch 1970} * but snow//dépth is/

generally less than .5m except where wind drif;éd (BcaSsard

- A~
% s
. »

1971a, p. 240). o . : A ,// .

R

Because of the low overall pre01p1tQX1on and the
tendency for snow to sublimate 1n, the/éprlng (Brassard
1971a) glacier melt is the ma;or//pbntr1butor to river

runoff. Duking the 1979 f1er,/season the. me1t1ng of the

/!

seasonal snowcover respon%/ble/fé} the n1va1 flood (Church

1974) was essent&allyz’coméqeted by 10 July. In the major

o

rivers this nival f] /produced only a small hydrograph

. 7
.rise and the m {sp/floods did not beg1n until early August

when‘glaciel

fed gun

Lt reached its peak. In the smaller, non-ice
/7

e :
systems which occur in extensive raised marine

si ts the n1va1 per1od apparently produces the only major

strgﬁmflow and it s only at this time that significant
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sediment transcort occurs.

Despite the pronounced. aridity of the region the
climatic severity of northern Ellesmere Island is well
“reflected in its glaciation fTevels. Ontthe:outer coast,
bordering the Arctic Ocean; Miller et al. (1975) report

g]aciation levels doWn to 400m asl and equilibrium line

altitudes (ELA's) down to 200m -sl whil glaciers

numerous
descend to sea'level. Additionally, during some years
may even accumulate at"sea level on the ice shelves
~(Marshall 1955). The Arctic Ocean is obviously an important
contributor to this low glaciation level since extensive sea
‘ice and ;low water temperaturesf- combihed with frequent
stratus bclouds’ and fog, reduce summer tempertures and .
ablation. Paterson 1969) con51dered that the high freguency
Sf coastal fog and low cloud generated by the Arctic Ocean
was a partjal cause of .reduced summer ablation on the
Meighen Ice Cap (Figure 1). Alt (1979) showed that virtually
the onJ&’poSitiVe mass'balance years on'thevMeighen Ice Cap
were associated with ‘Polar Ocean Flow.’ This northerly air
. flow resulted an r1m1ng of the ice cap surface byxiog and it
also decreased “thel sur face albedo because ' df trace
snowfalls. Similarly, low ablatlon caused d//abundant fog
and ' low temperatures along the Arctic /ﬁcean “coast of

northern E]]esmere Island also contr butes ‘to the ex1stence

of the various ice shelves wh1ch/are un1que 1n the ‘northern

_hemisphere (e.g. the Ward ﬂunftlce‘Shelf, Hattersley-Smith
and Serson 1970),/T6Qardsathe interior of Clements Markham
T i
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Inlet, however, the pPolar Ocean influence deéreases and
continentality increaseg’ nesulting 'in rising g]aciation
levels and ELA's (ca. 1050m and 850m, reséectiyely) (Miller

-

et al.1975; A1t 1979; Koerner 1979).

A process which 1likely contriblites to the generat
continentélity of these fiord ;nteriors and‘therefore‘ fhis
inland ' rise of glaciation level, is the ation of local
chinook winds in the fiordheads. Barry and Jackson (1969)
found fhat the -head of Tanquary Fiord (Figure 1) had higher
mean summer temperatures than EurekéF west-central Ellesmere
Island, which is the warmes£ of all the Hfgh Arctjc weather
stations (Bradley and England 1979). Inspection of ‘combined

wind and temperature data revealed that Tanquary Fiord’'s

e

warm suﬁmer temperatures were principally due to
intermittent'nigh temperatures produced during conditions of .
4descending'afr or chinooks (Barry and Jackson 1969). Similar
conditions of »ldéal summer wafming qafféé\by chincoks have.
" also been reported from north- centra] Dévon MIsland. where .a
‘thermal oasis’ occurs in the Truelove Lowlands (Courtjn and
Labine 1977). This more continengal "‘climate and chinook
effect jn the 1nter1or of fiords is also w1de1y recogn1zed
in Greenland (Trans 1955; Funder 1978).

In -C]ements Markham Inlet a rmarked ch1nook was .
" experienced by our field party on 30 July 1979 when strong
(>30km/hr), warm southerly winds were channelled out of
Piper Paes' qu several houre clearly. pEOducing' stnong

ablation on the numerous outlet glaciers in the area.
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- Additionally, 1érge amounts of windblown silt were deposited
on these ;lacieré with resultant decreases in their alb?does
and increased melt (cf. Hattersleijmifh 1961a). Although
the frequency of these winds is presently unknown the
concentration- of-aeolian landforms in this.vic3nity suggests
considerable persistence through fime. For exémple, on-.a.
bedfock‘ridge (175m. asl) ‘betﬁeen- Piper Pass and lower

/, Clements Markﬁamﬂ Inlet, many rocks form highly polished

" ventifacts with pronounced- sand shadows ‘on their leeb
(northern) sides. Raised mar ine silf benches (40ﬁ asl) to
the north of_ this same ridge” also contain several
wind-eroded yardangs with similaﬁ orientations ‘to the
aforementioned~sandshaggws and Piper Pass. These yardangs
ére prominent featufes, Tong enough to be visible on aerial

photographs (1:60000 scale) and some are over 3m in relief.

1.2.3 Vegetation | e
The vegetation ‘of nor thern Ellesmere Island is
characterized by spafse ‘plant. cover” and great species
diversity (Brassard 1§71a4 18976). Water and nutrient -
avéilibi]ity ih particular, plus'tgé IEmgth'of-thelgrowing
season in general, are thé primaryvijmiting factors/to' both
vascular plant and bryophyte growth (Bruggeman and Calder
1953; Schuster et al. 1959; Powell 1961; Corbet 1969;
-Bragéard 1971a). In‘springj p]anf growth is-first initiated
on thése sites which.first become sﬁowfree even though air

temperatures mayf{not yet be above O'C, For example,
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Saxifraga oppositifolia, which is noted for its early
growth, was a]eeedy in bloom on snowfree sites when we
arrived in the field on 15 June 1879 when temperatures were
72.O'C. In lower Clements Markham Inlet the greatest plant
cover was observed in the continuously moist to wet habitats
of 1eke margins. Here_plant cover may reach 100% although
these are very Tocaliied and‘rare sites. Another habitat
favoring plant growth is earth tumnocks 'aﬁd' other sites
»where a silty éand.matrix apparently provides adequate water
holding eapecity; On,such‘sites plants may comprise 10-49% ‘
of the surface cover. Elsewhere plants tehd'to‘grow in
_specializéd habitats adjacent to snow patches,tyater source)
or on bird perches "(nitrogen source). In tower Clements
Markham Intet there are extensive raised marine silts which
are ‘extremely xeric habitats and these rarely support plant
life except where there has been“ah incorporation of sand

' part1cl»s due to wave action dur1ng land emergence
Contrasting this very 1imi ted plant b1omass on northern
El]esmere Island is the considerable diversity of the flora
which includes 166 spec1es of bryophytes and 125 species of
vascular plants (Brassard 1971a, 1971b, 1976). ‘Brassard
(1976) suggests that any area with a suitable variety of
- ‘habitats on ‘northern -E]]esmere_ Island should support a
bryophyte . flora of approximately 100-125 species. Such a
population represents greater floristic diversity than has

bgen reported from northern Greenland (Peary Land) and many

other High Arctic areas to the south (Holmen 1957, 1960;. Muc
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and Blizg 1977). On the basis of this evidence together with
the presence of a variety of disjunct and endemic High
Arctic bryphytes, Brassard (1971a) suggests that' a late

W}sconsin refugia persisted somewhere on horthern E]lesmere»~
Island and oossibly on its previously exposed continental
shelf:. Leech (1966) has also discussed evidence for refugia
on northern Ellesmere Island baeed on entomological data

froﬁ the Lake Hazen area.

1.3 Northern E1lesmere Island Glacial Record

| Northern Ellesmere Island exhibits widespread
- geomorphic evidence of exteosive former .glaciations. To
account . for the deeply eroded fiords on the'horthwestern.
side of the island, Taylor (1955) suggested“that, much of
northerh' Ellesmere Island was overridden by the Greenlahd.
c--Ice Sheet . However, this concept Was rejected by Soith
(1961) and Christie (1967) in favor>‘of an independent
outflow of ice rrom the United States: Range THis forher
outflow s marked by high elevat1on mora1nes, errat1cs and
meltwater channels together w;th g]ac1ally abraded terra1n'
occasionally over1a1n by 1ce transported shells (Nares 1878;
Smith 1961; Chr1st1e 1967, England. 1878). However, the
history of'thie max imum g]acierizatjon is unknown. Christie
(1967) also _showed that the advance of the Greenland Ice

Sheet onto Ellesmere Island was of much more 11m1ted extent -

than Taylor (1955) originally hypothesized (see below) .
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On the | basis of field work in Tanquary Fiord
Hattersley-Smith (1969) reported eviden e of ~ extensive
glac}erization but he also suggested that tkis was fo]lowéd
by glacier advances of 1esseé magnitude. That these advances
were of different ages was suggested by the more advanced
weathering of the uppermost-giacia]*aéposits together with
their greater redistribution by mass movement.~The'date oﬁ
| deglaciation at the head of‘Tanquary Fiord is unknown but it
must be o]dér than marine shells dated at §820i140/BP
(éSC—373). : ,. *
| On northeastern Ellesmefe Island Christie (1967)
provided numerOQS observations on | former ice flow
directions, the‘distribution of erratics, thedgzcurrenCe of
marine shells fq; postglacial deposits, and an-vinitiall
integprefation o% %hé deglaciation of‘the area. Although he
concluded that most of the glacial.feétures inrtﬁe area were
the product of logal ice from the United 'States Range he
é]so recognized kthat ‘granite and gneiss erratics on dudge
Daly Promontbry and the northeastern Hazen Piatequ recordéd_
a limited advance of the Green]andblce Sheet onto Ellesmere
Island. He also recognized that many of these érénite and
gnéiss erratics, befow the local marine limits, had been sea
ice-rafted into the area. In véévéra] localities Christie
(1967) recorded therhéghest'elevat%ons of marine silts and
 ghefl$ thereby providing preiiminary data on the-pbofile, of
vrthe’Holdcenekmarine limits. These observations fo1lowed upon

the initial, speculative map of marine 1imit elevations

0
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constructed for northern Ellesmere Island and, Greenland by
Farrand and Gajda (1965).”’Eina11y,_several of Christie’s
(1967) observations in Clements Markham Inlet provided the
impetus for the present investigation and these are
discussed below where appropriate. | -
Subsequent f1eldwork on northeastérn Ellesmere Islana
by England! (1974, 1976a, 1976b, 1978) and England and
Bradley (f978) has greatly expanded the avéi]éblé data on.
Quaternary stratigraphy,’ cﬁrdnoiogyA and glacio-isostasy.
This work collectively shows thét' fhe. advance of lthe
Greenland Icé Sheet onto norfheastern Ellesmere Is}and is of
great antiquity. This is based on the advanced.weathéiing of
its surficial deposits toéether with a tentative amino acid
age estimate of >80,000 BP on anh’ associated shelly till.
This zong of ‘max i mum Greenland ice céver-was subsequent ly
cross-cufuby the oﬁtermost advance of the 'Eliesmeﬁé‘ Island.
ice which haé bgen dated by both'radiocarbon and amino acid
methods at >28 000 BP and >35 000 BP, respectively »(England,
“and Bradley 1978) | _ - | |
Dur1ng the last glac1at1on/L restr1cted ice advance out
of the upland icefields deposited the Hazen Mora1nes wh1ch
| form a d1scont1nq9ps boundary extend1ng only to the
Fiordheads of innerS Archer Fidrdeady Franklin Bay and
generélly well inland of the present coast line elsewhe;e‘ih
this area (England 1978). In one locality thesé\mgrainés are
associated with a marine limit of ca. 105m asl that is

radiocarbon dated at ca. 8200 BP which isAvery»similar (£200



19

. . //’
years) to other datfgs on initial emé?ﬁéneéﬁggyahd this ice

1978; England and Bradley 1978). Note that

N
)

margin (England

ast or ‘late Wisconsin’ glaciation extended
to Hqlocene time amd that it left considerable
ortheastern Ellesmere'A Island ice-free.
Similarly ciated areas also existed,ébove the.earlfer'
and outermost Ellesmere Island and northwest Greenland ice
advances (see England and Bradley 1978, their Figure 2). As
yet no evidence has been found to demonstrate that fhe
_ Greenland Ice Sheet reached the northeast Ellesmere Island
coast during the last glaciation (Davies 1972; Weideck 1972,
"1976) and hence iI’iglpresently concluded that an ibe-freé
corridor existed along much of'Ropeson ahd Kennedy Channels
‘at this time (Englanq and Bradley 1978). This is also
indiéated-by_the initial synchronous emergence (ca. 8200 BP)
-in fthe proposed ice-freé zone whjch.shggests the unloading
of an ice-margninal depreSsion‘(cf. Walcétt - 1970; England
1978)7' At - present ho evidence'has Seén reported on'g]ac{al
évents intermediafe in age between the Hazen Moraines'\(ca. ~
8200 BP) and ‘thé ogtermost ElTéémere.island ice advance

(>35,000 BP, England and Bradley 1978)..

1.4 The Holocene Paleoenvironment of Clements Markham Inlet
fhe.study df Holocené paleoehvironments emb]o}s a wide

rangé 6f, techniques determined by‘the types of information

.SOUth7and~perhaps more often by the types of evidence lihat

can be found in the field. In the high latitudes of North
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Amer%ca and Greenland paleéenvironmental' data' has beén
prévided by palynology and lake sediment cores (Hegg 1563;
Colinvéux 1867; Fredskild 1967; 1973; Hyvarinen 1872; Funder
1978); Prcheolog{cal"recoﬁstruction (Knuth 1967;‘ McGhee
1972; Barry et al. 1977; Schiedermann 1880); marine faunal
‘migrations (Andrews 1972; Hjort ‘and Funder 1974; Weideck
1976; Street 1977); snowfield and ice core stratigraphy
(Hattersley-Smith 19604, 1960b), 1963b; Koérner and Paterson
1974; Koerner 1977, \1979); isotopic studies (Dansgaard et
al.l1969, 1971{ﬂAndrews 1973, Paterson et al. 1977; Koerner
aﬁd ﬁugse}]/ 1979); ice sheff strafigraphy (Marshall 1955;‘
Crary 1960; Lyons et al. 1971); and driftwood penetration
into the interisland channelé of the Queen Elizabeth Islands
:(B1ake 1972, 1975). The / present  study deals with three
specjffc types of data from inner Clements Markham Inlet.
These'inclﬁde a fossil plant dEposit; the postg]acfal marine
* molluscan fauna,. ahd variations in’dbiftWoéd.abundance on
emerged Hojocene shofelines. “> |
‘.;Of“ pérticular' fnterest ito ) the . pa1eoenvinoﬁﬁental
jhistory of this area are depos%ts at- the head of Clemenfs
Markham Inlet which Christie (1967, p. 20) deScribqs as
"cyclica]ly deposited .béds of silt, sand and plant
remains...expOSed’in a region of thickv marige éi]ts." He
adds that "the relation of-fhe-plant bear ing deposité to"fhe
Imarine»silts iéuunknown."_AIfhougB Christie (1967)'describes
a similar_ deposit in lacustrine sediments sdhth of Piper

Pass (Figure 1) such. extensive pfant remains . are



21

comparitively rare and may therefore provide a unique view
of the paleovegetation of northern E]]esmere Island
/ - The present study of “these deposits includes an

the

‘inteEpretation of* their depost1ona1 environment an
idenfification and radiocarbon dating of the}r fossil plant
assem@]age. Since these aeSOSits occur among exteniive
harine siits the general stratigraphy of the area,was~a1so
investigated; Chapter 2 discusses the nature of these
sediments and the énclosed plant mdterial. -
Mar ine. pelecypods and gastropods are also common in tﬁ
marine sediments 6f inner Clements Markham Inlet. On ééﬁter
: Béffin Island and eastern Greenland Andrews (1972), Hjort
and Funder (1é74) and Street (1977) have all' demonstrated :
the northward expansion of subarctlc mar ine mo]luscs dur1ng
a postglacial ‘climatic opt1mum spec1f1c to each area.
Collections of marine molluscs in Clements Markham Inlet
were therefore made to determine their faunal affihities and
a]so ‘to determine if‘{hefe.had been any alzeratioh in the
spec1es compos1t13n of th1s fauna dur1ng the Ho]ocene These
. datauare dyscussed 1n.Chapter 4, |
Another major aspect of the fpreéeht. study is the
elevatibna] ;QisiributionA}énd abundance -of dniftwood"on
emerged qudcqne shore]ines in Clements Markhém Inlet. On
sbutherﬁ.Eilesmehe island&;§jmilar Observatiéns AhaVe begp'
. used as a relative index 'of summei'séa'ice'éévéﬁity during
thé Hblocene. Elevat1onal zones of abundant driftwood are

interpreted as tlmes of reduced summer sea ‘ice due to an

a
b2



22

ameliorated summer climate (Blake 1972). Blake (1972, 1975)
dated the initial posfélacial dr i f twood penetretion intd the
interislend channels of the Queen Elizabeth Islands at ca.
8500 BP with the most abundant dr{ftwood accumulating
between ca. 6500 BP and “4500 BP. This was followed by a_
Qe&line in driftwood abundance until ca. 500 BP after which
driftwood again increased. - ~
The' time-elevetiona1 Vdﬁstribution of ‘dfiftwoodw

Clements Markham Inlet provides an important index of summe -
sea ice severity and inferred summer climete in this region
of northernmost North America (cf. Knuth 1967; Blake 1972).
Sucﬁ observations on -eea ice history are of particular
interest on northern E{fesmere Istand as thjs_area presently
’ supports‘ the only (sea icef ice shelves in'the nor thern
hemisphere. These 1CF shelves beg1n 1mmed1ate1y to the west
of »Clements ‘Markham Inlet and the most noteable and best
studied ice*sﬁe]f;(the,waﬁa Hunt Ice Shelf) surrounds Ward
Hunt Ie]and' and blocks Disreelih Fiord ca. 80km west of
VCIemente Markham Inlet (Figure 1).‘Crary .(1966)“Qri§inally
cencluded that the ihitiatfon of lhe Ward Hunt Ice Shelf . -
postdated the depos1t1on of low ~elevation dr1ftwood found_e
within DLsrae11 F1ord which dated ca 3000 BP ~The local
record of driftwoqd‘penetrat1on in Clements Markham In]et
therefore, presents"additional\ data‘ on landfast sea ice
stability border1ng the Arctic Ocean and is also pertihent
~to-'determining the simjlarities of sea ice h?story~between

- ¢ A
northern and southern Ellesmere Island (cf. Blake 1972).
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Th{s”data can\also provide a framework for éomparison ‘with
other  péleoclimafic models in this  region (e.g. the
developiné_icegcore record).@Addjtiénql]yJ the high latitude
position of' northern vEllesmere Island within the Arctic
éasin means that data from this locality may be ‘applicéﬁ?e‘
to interpreting Holocene variations in the sea ﬁceVCOveF of .
the Arctic,Ocean.proper; A discussion of Holocene driftwood -
variations in Cfemenjs . Markham Inlet | and its

paleoenvironmental significance is presented in Chapfer 3.



2. STRATIGRAPHY -AND FOSSIL PLANTS

2.1 Introduction

This chapter discusses the fossil plant deposits f;om
Inner .Clemgnts .Markham Inlet ‘originally. descr fbed by
Hattersley-Smith ~ (1960b) and Christie (1967). This
discussion inc]ﬁde§ their depotitional enviréﬁment. floral
composition, radiometric age and palebenvironme%tal
significanée. These topics are preceded by a general account
of the Quaterna&y stratigraphy of the area including the

1

deltaic complex in which the plant fossils are foundﬂ

2.2 General .Stratigraphy o | , J
" The lower portion of Clements Markham Inlet receives
drainage ‘from four river systems plus several tributaries
"(Figdre é). Glaciers termfhate in these major river valleys
within 7-25km of‘ present sea level and their contemporary
sandurs grade to a depositiénal plain of approximate1y
200km? at the inlet head. RecOnnajssance-of‘this 1atter'area.
by Cfkistie (1967), the author and . Bednarski (personal
1_Communicat{oh 1980) shows a wide variety,pf glacial, fluvial
fand marine deposits. These include -till, Kames, monaines,

kettled sandufs, aeolian deposits, marine deltas and_raised'

.

- marine silts. Talus, qobk glacieré and rock—glacierized'
moraines (cf. England 1978) are also common on the valley
‘sides. -The 4presen¢e ‘of till-covered bedrock, a Kettled

'bsandur' and - two well developed kames, all contacting

24
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glac1o mar1ne deltas of Holocene age indicate that glaciers

'/reached fhe 1n1et head during the last g]a01at1on Howevez,

there are no well developed glacial »features beyond :the
constriction in the inner inlet (Figure 2) which also
coincides with .the abrupt termination of the massive raised'
marine silts in the area. This locality, therefore, may/ﬁerk

the maximum extent of the last or late Wisconsin ‘8Iacfetion

though  work on the Queternary - glaeiatieés and °
‘ s T . /u/ - .
glacio-isostatic adjustments is still in progress (J.

. 7
BednarsKi , personal communication 1980).

A proVﬁsionel cqmposite diagram of the eerly’Holocene.
strat1graphy in lower Clements Markham Inlet is shown in
F1gure £°5. It represents only the dgpos1t1onal environment
during the estab11shment of the lecal marine limit (i.e. thef
uppermost ~ elevation of ! the ‘blate-glaeia] maﬁihe
tbansgreSsion, Ahdrews 1970). This sequence begins with ti1
debosited ‘over bedrock during the last glaciation. During
deglac1at1on there was a marine transgre551on across~ the

glac1o isostatically depressed 1andscape and dep051t1on of_'

rhythmically bedded s1lts over this t1]1 Chr1stve.(1967, p.

- 32) recogn1zed that "The extens1ve, uniformtdepositanf"

marine’ silt 'pnesumably represent a ]5rge ‘vvolume of
silt-laden water such as would derive from a retreating ice
sheet...." and "that the 'silt carrying flood occurred either

just before oﬁ: just after marine submergence/redched its

maximum, " ‘At all sites examined (J. Bednarski, personal

communication 1980) _the . lowest silts, stratigraphically,
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were ~-barren of mari. < macrofauna (pe]eCypods and
gastropods). This suggests that these silts were_deposited
either before sUch?fauna hadgﬁi@é to migrate into this area
or that the fauna-was present locally but could not occupy
this zone because the initial postglacial environment was
unfavorable due to hibh sedimentation rates and low salinity
(cf. Ocklemann 1958). The barren marine silts grade up into
similar rhyth1m1ca1ly bedded marine silts wh1ch do contain’a
qm\£1ne&\\\hna- These marine shells .are likely slightly
younger than the establishment of the marine limit deltas at
ca. 100m as| (prOVisiondi ma;ine‘1imit for the inlet head
determined.by du‘Bednah%Ki, personal communication 198D).
Postglacial emergence has subsequent]y resulted in the
d1ssect1on of these marine 1imit sediments producing several
inset deltas graded tdmbrogress1vely lower and younger sea
levels.;These telescop1ng deltas result in tQ? prograding of
coarse, shallow water delta1c sed1ments over fine grained,
deeper water sed1ments F1gure 6 is a generalized )
11thofac1es diagram of this sequence which ehows, froﬁ left
to r1ght a progressiVe ’decbease in- time and sea level
elevation »asfxounger de]faic‘sediments and marine silts are
.pregﬁaded over the previodsly' transgressive ‘barren marine .
: eﬁlts (see discussioq of emergence curve, Chapter 3).'The
barren marine silts attain theiF greatest th%ckness ‘and
height in close prox1m1ty to the marine limit deltas and are -

therefore shown decreas1ng in th1ckness away from the inlet

head.
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2.3 Generaiized SUrficﬁa‘ Geology of Delta Complex #2

The plant bear]ng beds originally described by
Hattersley-Smith (1960b) and Christie (1967) are exposed in
several gullies incised into Delta Comp]ex #2 along the
south shore of inner Clements Markham Inlet (Sites 1 and 2,
Figure 7 and 8). Thfs delta complex is related to
distributany ice from Piper Pass (area of kettled sandur on
Figure 7). The predominance of rounded cobbles and coarse
gravels with four well ~developed kettle lakes onQ\this
‘trfbutary valley supface‘ suggest that the retreafing ice
stagnated here and was ‘then covered by-.glacial outwash.
Presently, the main drainage from the kettled sandur is a
lake-fed stream which is depositing an aliUvia] fan into the
~inlet head. | | |

A marine limit delta is developed here at ca. 95f asl
(J. Bednarski, personal'pommunication 1980) and lafeb delta
surfaces ‘grading to ca. 72m. 69m, and 43m asl were observed
downvalley frem the ke}tled sandur (Figures 7 and 8). There
- is -also a de]ta sur%acethich has been truncated by later

i

stream erosion; its lo&est point is presently at ca. 33m as{
and it. liKely relafes' to . Pn unknown relative sea 1e¢e1~
slightly lower than this e]evat1on , Since the barren marinev
silts reach an altitude of ca 70m as| 1t is apparent thatt
-the lower delta surfaces havb been inset w1th1n them. There

are also two distinct de]ta surfaces on the east sid€ of the
Arrowhead River as shown in‘Figure 7. The first is a defta_
gbaded to a former sea level at'7m asl (see Chapter 3,

-
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q

Figure 8, Overvigw of. Delta Complex #2. Horiionta]
, arfow’ iﬁdicates brominent 43m Ade]ta']ip.4Vertica1 arrows
show location of site 1 ahq 2, left to right, reépectivély.
Contemporary’ sandUr of._ Arrowhead River at. leff and

- foreground. View is to the solutheast.

>
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discussion  of radiocarbon date GSC-3031, 218060 BP).
Between this former shoreline and the higher raised deltas
to the west is the -contemporary sandur-fan delta of the
Arrowhead_River. Erosion along its western boundary has

created a 1.5km long exposure through the distal portion of

the emerged delta systems.

. 2.4 Fossil Plant Beds
Sites 1 and 2, Figure 7, both contain allochthonous
plant rematns and because of their proximity and similar
elevations (ca. 8 25m asl) these deposits are interpreted as
being | laterally /equ1valent and~ therefore synchronous
Although both s1tes contain recognizeable plant remains. they
are much more - abundant at Site 1 which is ]1Kely the one
~ described by Hattersley-Smith (1960b) -and Christie (1967).
Figures .9, ' 0 ‘ahd 11 show deta1ls of the stratlgraphy of
SHT/’1 (Flgure 7) whlch forms a section ca. 80m long and ca. |
10m high at the gully ~mouth This section cons1sts of
,‘rhythm1cally bedded sands and s1]ts whlch d1p ca. 3° seaward
(Figure 9). Pebbles are rare and individual beds are
generally contlnuous along the exposure. Some sedtmentary
structdres are present the most . common being - r1pp1e '
'formsets with draped laminations overlying them. Small scale
load casts and convoluted bedd1ng (ampl1tude ca. 0. 5m see
1gure 10) are common. Marine pe lecypods and gastropods are

present but not common. In this exposure the plant remains

- are generally w1th1n the sandy basal port1on of a coup]et or
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Figure 9. site 1, Delta Complex #2. Note Jrhythmic

sedimentation plus overturning of beds at right center.
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Figure 10, Convoluted bedding, site 1, Delta Complex:

#2. Shovel is .7m; divisions-on rule are 1 inch.
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series of sandy laminae (Figure 11). The plants are both
abundant and well preserved. Within® an individual layer
entire handfuls of plants may be removed at one time. Intact

vascular plant specimens (roots, stems, leaves.) are common

and easily recognizeable. Bryophyte specimens are equally-

well preserved and are morei abundanf than the vascular
plants. Speciméns from this .exposure, collected at ca.
16-17m asl, were identified and radiocarbon déted (see
Hiscussi@n\beloﬁ). -

Site 2, Figure 7, is apprbgdmatelyIQOOm to the west of
Site 1. At the base of this section is a dense, massive,
silty clay overlain by about 6-7m of “rhythmicaW]y bedded,

sands and silts similar ‘to those “at Site 1. Marine

pelecypods and gastropods are fairly common in both ‘units.

The ' lower, massive silty ‘clay ‘contains gﬁe disjunct (?)

pelecypod Limatula (Lima) subauriculata which is discussed |

in Chapter 4. The rhythmically bedded sands and silts also

contain recoghizeab]e vascular plant and bryophyte remains
though ~they are far less abundant than at Site t. Also in

contrast to Site 1 the plant remains in. the - rhythmically

bedded uhit are often sandwiched betweenfthe sand layers and o

'the'overlyingnsilt']ayers. At thié :ﬁte the - beds can be
traced to the edgé éf the 43m de]ta~lip shown in #igures 7
and 8. The conta@t between foresété of .the 43m delta and
these bedded deposits -was not obsebved but their
relationship can be iﬁferred fromfiadioﬁétric evidence (see

~

following discussion).

5
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Figure 11. Detail of bedéing, site 1, Delta Complex #2.

Note layer ofvplants at top. /
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2.4 1 Depos1t1onal Env1ronment of the Fossil Plants

Fossil plants collected from Site f (Figures 7 and 8) -
were radiocarbon dated at 6400+60 BP (S1-4314). In addition,
‘\drﬁftwood collected from the f1ordhead at an elevation of
43m dated 6445265 BP (SI-4315) and this provides a maximum®
date for the 43m shoreline since’ some downslope movement of
this sample cannot be d1scounted Due to the similarity in
the radiometric ages on the fossil' plants and_the 43m
driftwood it is concluded that the plants were deposited
into a similar former sea level and consequent ly they are
contemporaneous with the construction‘or‘alteration ‘of the
nearby 43m delta surface peneath which the plant beds appear
to extend. SInce these plants were collected at 18f17m as] »
"it is apparent that they were depos1ted at a depth of at
least 26m below sea level The prosence of coarse to fine
gra1ned sands imply proximity to a sediment source whereas
the silts imply periods of sedimentation from suspension
under more quiescent conditions. The ripples on the other
hand 1nd1cate sand transportat1on by tractlve currents and
the rapidly alternat1ng depositional sequence also 1nd1cates
pulsating 1nputs of sediment . The depOSItIOnal env1ronment‘
of the foss1l plants is therefore 1nterpreted as a marine,
prcx1mal bottomset facies. | |
2.4.2 Fossil Plants-Paleoenvironmental Inferences

Table 1 is a species_llst of plants identified / from
._Site' 1. Bryopnytes were identified by J. Janssens

t
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TABLE 17 FOSSIL BRYOMYTES AND VASCULAR
" CLEMENTS MARWHAM INLET,
&
'SPECIES
BRYOPUYTES

Aulacermiwn turgidum
Catascopiwn nigritum
Disticitum capillaceum
Ditrichum flexricaule
Drepunocladus uncinatus
Bncalpyta alpina '
Grirmia alpiccla "
Hygrohypnica luridum
Hypnum bambergeri
Hyprnum revolutum
Meesia uligincea
Mnium humenapliylloides
Mnium-orthorrhynchun
Orthothsciwn chrysewn
var. cocileartifoliwn
Philonotis fontana var. pumila

" Poganatwr dentatum

Polytrichun juniperinun
Timtia austriaca
Tomenthypnum niteng
Tortella arctica

Brywn cf. pseudotriquétyun
Encalypta cf. procera
Orthotrichwn cf .- speciosum
Pohlia species

cf. Tortula mucronifolia.

VASCULAR PLANTSV

Saliz arctica
Saxafraga oppositifolia
Dryas integrifolia

1 - Based on Brassard 1971a 1971b, 1976

2 ~ Based on Porsild 1957
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PLANTS COLLECTLD FROM SITﬁ;l, DELTA COMPLEX #2,

Restricted ~ generally abundant
Rare - very restricted

‘Videspread

Widespread

Widespread - only. locally abundant

Widespread

Rare - abundant specific sites on

Rare

Widespread - abundant on N. coast
-Widespread « very common

Rare - nowhere abundant
Widespread

Widespread - common all localities
Widespread - among most ubiquitous plants

Videspread - abundant.on north coast

Restricted

Restricted - not abundant anywhere

Widespread
Widespread

Rare - abundant specific sites on N, coast

’

DISTRIBUTION2

Citcuﬁpolar; arctic—-alpine

Circumpolan, wide ranging arctic-alpine
N. America, wide ranging, arctic

2.

}j. coast

‘o

"PRESENT OCCURRENCE ON NORTHERN ELLESMERE ISLAND1



39

;(Bryolooical Report 401a. and subsequent reports’ in this
series, on file Boreal Institdte“ for Northern Sfudies,
University .of A1berta)--The vascular pfants~were 1dent1f1edr
by the author. A1l spec1es are present]y extant on. northern,
Ellesmere Island and their habitat preferences and .relatIye
abundance in the present vegetation are indicated in Tahle
. For'the bryophyte speciee three genera]ized habitats are
’ indicaféd“‘ rich fen (bog), dry tundra and riverine (J.
danssens, personal commun1cat1on 1980) . }he vascular plants
T grow in a var1ety of habitats but these are allspenerally
xer1c For the bryOphytes there areva m1SQmum of 21 genera

and 25 spec1es conta1ned in the sample wh1ch is aghigher
species diversity than most foeijl eamples (J. ‘danseens,

‘ personal cohmunication '1980) This diversityn plus the
extremely well preserved cond1t1on of the specimens suggests -

"they were _hot transported any great distance and they mUSt.
"have originated near the 43m delta sur face.

» It is'proposed that the plants originated from . an
environment qu1te s1m11ar to that found on the contemporary
kettled sandur (F1gure 7). Former lakes or. ponded areas
would have allowed growth .of -a'rfch fen (bog) cohmdnity
whereas the :maJor1ty of the sandur surface was 11ke1y
covered w1th Dryas lntegnlfolla~Sale arctlca geXIfraga'
oppos:tlfolla and other plants and bryophytes typ1cal of dry

, tundra commun1t1es occupy1ng well drained gravelly and

: ' sandy-silty‘deposits or ice wedge depressions: The remaining

riverine bryophytes probably grew in smaller feeder channels
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draining impto -the lakegy as its unlikely~they wou'ld grow

along the larger, swifter moving r1vers Stream channel.

migration could well hgbe cut across these sandur dep051ts

1

and into such lake ' marg1ns or ¢ ponded depress1ons

cConsequently, streams could have ensra1ned plants from these .

two hab1tats plus bryophytes” growing in fhe adgacent smaller‘

N

stream channels transport1ng them to.the delta front where
they settled from suspension 1nto the bottomset deposits. -
.The cause and paleocl1mat1c sngn1f1cance of this fen
growth however s - more problematacal. Miller (1973)h;nd
N1chols (1975) suggest that in arct1c areas the" initiation
"and cessat1on of peat growth represents amelioration and
deter1orat1on (warm1ng and cool1ng) respect1vely Based on

pollen ev1dence from northern Greenland FredsK1ld (1969,

-, 1973) cons1ders intensified piant growth to nepresent " not

only warmer summer temperatures’ but dalso "higher plant/

productivity and precipitation-during (the) summers, (which
js) a reSult”of the open fjords in Peary Land.and more open
water in the Arctic Ocean" (Fredskild 1969, p. 581). In
‘.Clements Markham Inlet warmer summers after ca. 6500 BP are
also suggested by the presence of abundant dr1ftwood 1n this
t1me-elevatlonal zone - (see Chapter 3). On southern Ellesmere
Island Blake (1972, 1975) afso provides driftWoOdj evidence
for this period of warmer summers with reduced sea jce. It
is possjble therefore that the 6400t60 BP date on the fossil
plants  in Clements Markham Inlet corresponds fo - the
;beg1nn1ng of h1gher plant product1v1ty and 1b\j1at1on of fen

1
\

O
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Dreflect a climatic amelioration

growth which in turn may
characterizeo by less extensive summer sea»ice'and greater
summer_hum%dity. Regtonaltj_two‘other‘radiooarbon 'datesvbon
basal peat also suggest initiatioh.of greater plant growth
in this:same general period The first, from Tanquary Fioro
(Figure 1), dated 6480+200 BP (SI-468, Hattersley- Sm1th and
Long 1967). The second from the Carey Islande: nor thwest

Greenland (Figure 1) dated 628080 BP (GSC-2368, Brassard

and Blake”1978).'These‘two'sites are, reépectively, 200 Kkm

warh 'y

to the southwest and 625 km to the south of Clements Markhijg:

Inlet. , | N
‘If these. peat deposits do; in fact reflect summer
ahelioration then peat. accumglation at ,these sites shoutd_
have‘ceased ca. 4500.BP since after thiéfvoate “dri f twood
accumulatlon on ‘southern Ellesmere Island (Blake 1972, 1975)
and in Clements Markham Inlet (see Chapter 3) become less
abundant. Th1s dr1Ftwood reduct1on 1mpl1es the retention of

1andfast'sea ice during the ‘summers (post ,4500 BP).'and

therefore lower -ablation season temperatures On the'Carey :

Is]ands peat growth d1d terminate at 4360+140 BP (GSC-2415,

:Brassard and Blake 1978) The Jnterpretatton that 1ate'lying -

snowpatches on this _.northwest-facing site (therefore‘

1mp1y1ng 1ower © summer ,temperatures) prevented bog growth

pr1or to 6500 BP and after 4500 BP is reasonable

& _
That bog growth heed not be controlled by such 1arge

scale ameliorations, however, is shown by, a basal peat date

~ of 8930+90 BP (G_SC-2440) 'from an interior site on & Carey‘s.\;'

) ? o - ‘J

.',‘;’ &

e
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Islands (Brassard and Bla&é 1978) .. This indicates that' bog
growth and peat accumulation was \oocurring there much
,earl1er than the cl1mat1c amellorat1on at 6500 BP.. Ahother
example 1is Nichol's (1969) report of a radjocarbon date of
7800+200 BP (L109A)Mon bryophytes from foreset beds in a-
raised marine delta “at Rensselaer ‘Bugt on northﬁest
Greenland (Figure 1). .Though the species are not listed,
these bryophytes were also interpreted as having\growh in//ﬁ
"wet places on land" (Nichols 1969, -p. 28) and might be’

/

interpreted as evidence of climatic amelioration. In the
zqidlenyironment of the High  Arctic, however,

arid(to semi -a|
it is likely that'feh growth and related peat accumulation
can be as dependent‘ on toce] 'site .conditions 'as  on \gg\
macrocl1mat1c changes Boulton et al. {1976), for exampie,
report the 1n1t1at1on of peat growth at a site on‘ Baffin
‘Elsland durlng a climatic deterioration whiich they relate to
pond1ng result1ng from a rising permafrost;table Fen growth
cou1d - therefore be controlled by localized moisture
availibility provided by. lakes or 'ponded depressions: ]Ih; .
this  regard 'it'Should be noted that there isufeh.growth on%‘
‘the contemporary kettled sandur in Cjements_ Markham Inletf
:and also on .port1ons of northeastern EITesmere Islande
(Radforth 1965). | |
O Whether thish contemporary fen growth in Clements
‘Markham Inlet relates only to local site cond1t1ons or large
scale ame]1orat1on however, is difficult to interpret.

" - Brassard and Blake (1878), for eiample, found ogly"very thin

(91
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of peat growth above their uppermost dated samples

1mplying that growth was only recently renewed. Fredskild
(1973). on the other hand, provides radiocarbon dates from
Peary lLand, north Greenland which may 1ndicate essentially
continuous_ peat growth since Qa 1500 BP. Since peat
sections on northern Ellesmere Islaﬁd have not been dated in
detail the present fen growth there may indicate either a

climatic amelioration or vsimply' favorable site specific

’/conditions With such a -small number ?of available

radiocarbon dated samples from northern Ellesmere Island and
the High Arctic in general it is stressed that local Site :
conditions may have been very 51gnif1cant for past- fen and
peat occurrences and caution should be exerc1sed in drawing
strictly paleoclimatic conclus1ons from these dated samples
Giveén the above considerdtions. two alternative
interpnet&?ions of .the 6400t60 BP date: (SI -4314) on the
fossil plants inp Clements Markham Inlet 'are warranted.

First _primary plant productiv1ty prior  to 6400 BP was

L

,restricted by shorter growing seasons and greater arf%ity'

resulting from a combination of ~cooler . summers, lower

ablation, and thev:retentgon of sea ice during summers,

Climatic amelioration post 6400 BP would have moderated

; the!! conditions causing increased plant production and the

beginninq of fen growth This 1nterpretation gains added :
support in that the plants aré, on the local emergence curve
(Chapter 3) contemporaneous with the nearby 43m delta and"

therefore do not represent older peat incorporated -into

i
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these deposits. ATternatively, the second explanation QoUld
assert that fen growth had been occuring throughout
postglac1al time in local1zed habitats. The bryOphytes‘found
in the proximal bottomset beds of the 43m delta could then
‘represent stream channel m1grat1on“mwthch by chance
intercepted one of these fen microhabitats thereby providing
a random incorporation of localized plant life at ca. 6400
BP..Barring'the presence of any locally extinct species thls
would,belof no soecific paleoolimatic.ﬁmportance thoqgh it
would indioate that these plants were present at this tine .
Because of the 1ndependent evidence suggesting amelioration
beginning at 6500 BP in Clements MarKham Inlet (see Chapters
3 and 4 on dr1ftwood penetrat1on and the disjunct .(?).
- pelecypod leatula subauriculata, respectivély)' the
synchronelty of the plants and the 43m delta, plus eV1dence
for synchronous amel1orat1on elsewhere in the Canadian High
l ArCt1c (Blake 1972, 1975; Brassard .and Blake 1978) the
first explanation  is prOvisionally accepted..forthur fiéld
data, however; is required, to test this preliminary
paleoclimatic mode] . o |
The. foss1l d1vers1ty 1n this deposit may indicate that
the h1gh spec1es d1Ver51ty of .the contemporary northern
Ellesmere Island bryophyte flora &Brassard 1971a b, 1976,_‘
_Muc and Bl1ss 1977) was already establ1shed at ca. 6400 BP.
‘Whether these plant depos1ts relate to a poss1ble glac1al'
refug1um on northern Ellesmere Island however, (cf.

Brassard 1871a) is uncerta1n DeglaC1at1on on northeastern
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Ellesmere lsland,' as indicated by. the majority of dates on

~ initial postglacial emergence, was likely in the 8000 to
8500 BP range (England and Bradley/lQ?S)(-The‘high species
diversity present in this fossil deposit, ca. 2000 years
after- deglaciation, plus the presence of a well defined fen
coomunitiy similar to present day. analogues,. may well
indicate a long period of plant establishment dating back to’
full glacial time in some nearby areas. Conversely, it s
also p]auslble_ that 2000 -years. was ‘sufficient time tor
bryophytes to . miérate “ from ungla01ated or already

- deglac1ated areas to the south (e g., the Carey Islands,

| 8930+90 BP, GSC 2440, Brassard and Blake 1978) . |

| Although ﬁhe present geomorph1c evidence ‘'suggests 'the

, poss1bl1ty that outer Clements Markham Inlet was unglac1ated.‘
during the last glaciation (J. . Bednarski, »personal
communicat}on, 11980) 'the present'fossil bbtanical evidence
from, thts area does not perm1t a def1n1t1ve statement on the

‘ ex1stence of a. late W1scons1n refug1um on northern Ellesmere
Island. Additional 1ce—free»areas dqr1ng the last glaciation
have been discussed on the SOUth side of the United States
.Range and could also have served as botanlcal refugia (cf.
«&ngland ‘1978, England and Bradley 1978) If such a refugium
did exist then eventually organieldeposits should be found_l
which are oldeh' that initial 'postglacial emetgenee and
consequently older than initial deglac1at10n ' ' . ?f
IR summary, the foss1l plants or1g+nally. descr1bed by

Hattersley Smith (1960b) and- Chr1st1e (1967) occur iR’ mar1ne

N Y
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proximal bottomset T beds related to the formation or
alteration of the 43m delta in Delta Complex #2. The plants
dated 6400+60 BP (SI-4314) and are contemporaneous Wftﬁ the
43m relati?e sea level._They do_ not - represent older peat

deposits‘transponted tquthis site. The -fossil plants have an
'-espeéiélly diverse bryophyte component rebresenting three
generalized . ‘habitats: rich fen (bog), ‘dry tUndra and
Arivefine. Independent " evidence demonstrates climatic
kémelioration and less abundantléummer sea. ice beginning ca.

SSOQkBP. The vfossi1. plants 'ére therefofe Vbrovisionally
‘accepted as représénting'the.commenCement.of gFeafer plant'
| pfoductivity’in pespdnée  to .lohger> growing seasons ' and
greéter moisfure ‘availfbflity‘ ~in 'this' érﬁat polaf '

—

environment .

6 .

r



3. HOLOCENE DRIFTWOOD VARIATIONS

3.1 Introduction
This chapter examines ‘the _yar1at1ons in/‘Holocene
_ driftwood abundance on ra1sed marine deposits in Clements
Markham Inlet and cons1ders ~both its local and regional
implications. The time-e]evational distribut;on of this
drﬁftwodd _showsv disfinct periods of varying -driftwdod
abundance‘which are, in turn; related to the 1landfast sea
‘ice cpnditions along the north coast of Ellesmere Island
'Thev pyegenp data snows ;that thel chronology of . these
variafions is similar to those described by Blake (13972) who
reported initial 'driftwood-_pehetratidp into the Queen .
Elizabeth Islands ca. 8500 BP; followed by abundant
dr i f twood between ca. 6500-4500 BP; and greatly reduced-
' driftwood lbetween, ca. 4500-500 BP Wfth an' increase
thereafter. An:attempf is also made to evaluate dr1ftwood r
~variations ‘in'the lan 4500 years, dur1ng wh1ch the overal]-
'drIftwood data and high latltude 1ce core records 1nd1cate a
‘general cooling w1th more severe summer .sea ice cond1t1ons
(Paterson et al. 1977 Koerner 1977b) This, however, does V
‘npt pre¢1ude 1ntervals of.amel1orat1on during this period"
“such as the apparent warm1ng ca. 3500 BP and ca; 1060 BP
_ when respectIvely, Independence I and Thule paleoesk1mos
-expanded 1nto the High Arct1c (McGhee 1972, 1976; Barry et |
1977) | : .

‘The documentatfon of these driftwood-sea ice variations

-

1 4
-
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is relevant to both the timing of Holocene ice shelf
initiation on northern Ellesmere Island (Crary 1960 Lyons
and Mielke 1973) and to evaluation of the timing of = late
Holocene glacial- advances in the region. ObServations in.
Clements Markham Inlet‘indicate that most glaciers in . this
locality are at, or in retreat'from, theirvnost advanced -
positions since deglaciation and sinilar: conditions have
been noted by ‘several investigators in this. region
(Hattersley-Smith 1969; Blake 1975; England 1978). -The
driftwood variations discussed in  this . chapter are also
relevant to 1nvestigations of climatic -oceanographic changes
within the Arctic Basin immediately - to the north. There-
,extremely low .sedihentation rates throughouti the late
' Cenozoic (ca. 2mm/ 1000 years) redhce the paleoclimatic’
resolution prov1ded by deep sea core studﬁes such that only
‘the most dramatic changes can be discerned (cf. Hermannxand
| Hopkins 1980) - The present s tudy demonstrates however, that
'_the examination of driftwood variations on bemerged
Shorelines has a much finer _resolution~ for the study of
Holocene' sea ice variations. Indeed ev1dence of the warmer
interval from"6500-4500. BP, : which must have been -
characteriZed by reduced summer sea 1ce w1th1n the Arctic
Ocean, has never been observed in the ex1st1ng ocean core

research
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3.2 Arctic Ocean Characteristics
The Arctic OCean's mos t striktng feature is its
seasonally 'f}uctqatingr ioe:_coverr‘ A]though there js:wide
spatial and temporal variability breakup usually_ occurs
be tween May and' August with  freezeup commencing from
September to November ,and lasting until the following spring
(Billelo 1961, 1980a, 1980b; Barry‘et alf 1978, 1979; Weeks

1978; .Jacobs and Newell 1979). Breakup- and freezeup are

o primarily temperature related and can be reasonably well

modeled by considering - accumu]ated thaw1ng degree days and
frost days, respectlvely -~ (usually tak1ng a base of 0°C,
‘Billelol 1961,  1980a, 198“05'; . Barry et .al. 1978).
Consequently, they are‘ affeoted by the overall 'energy
balance and advection ' of warm or cold air ‘(Maykut and
Untersteiner 1969 Budyko 1966; Barry et al. 1978; Crane
1978, ,1979' Billelo 198ba} 1880b) . Locat winds can also be
1mportant to the d1str1but1on of sea 1ce s1nce the 1ce cover'
" may comp]ete]y breakup yet w1nds may cause the fragmented:
'ice to concentrate so that an essent1a1]y .continuous cover
remains Converse]y, w1nds can- exped1te early breakup by
export1ng ice from one area to another (W1nchester and Bates

1958; Markham 1975 Sanderson 1975 Rogers 1978; Jacobs and
Newell 1979; Barry et al. 1979).

At the end of w1nter in the northern hehisphere sea ice
4_coveré ca. 14.1 x 106_km5 with a reductton toca. 7 x 106
km? at. the end of summer (Walsh and Johnson 1979): During

'__Qinter tnere are areas of-open water (both tempo’!ry leads‘

\, s ~
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and polynyas)‘wheref there is divergenf ice movement or
advection of warmer water but these generally amount to'less
than 2% of the total surface area within the-(Aretic Basin
proper (Koerner 1973; Parkinson and Washington 1979).

The Arctic Ocean sea ice cover consists of many
recognxzeable ice types and subtypes but only the following

are pertinent here: first year ice, multi-year ice, landfast

or faet ice,‘and ice shelves (all followlng definitiohs,from

World Meteorlogical Organization (1970) unless otherwise
indicated). First year ice is ice of not MQre than one
winter’s growth .and Vbsually has a thickness of .3-2m.
Multi-year ice is ice which has survived at least two
summer’ s ‘melt aftainihg a thlckness of 2-3m ‘or more.
Multl-year-ioe' also‘referred fo ae pack-ice, is a principal
compOnent‘ of the central Arctic Ocean sea ice. Fast jice is»
.coastal ice wh1ch remains attached to the land. Because its

'] .
landward, port1on is often grounded it is relatively stable'

and unridged compared to the  continuously moving back ice gf“

the adjacent ’open’ ocean (cf. Reimnilz'et'al 1978 Barry

. : /
et al. 1979). Fast ice can be more than one year old in

~which case it is prefixed with an appropriate age category.

'Many'bays ‘and fiords on vnorthern Ellesmere 1sland are‘

presently blocked by multi-year. fast ice (Hattersley Sm1th>

1962, bay iee in  his term1nology) as were many bays
- described by Greely (1885) along western Kennedy Channel in
August fgﬁl When landfast sea ice grows to attain. a: rel1ef

| of.\2-50m above ‘sea level (i.e. 2-50m of freeboard) 1t_1sa



51

considered ah ice shelf. In the literature on northern
Ellesmere ‘Island (e.g.. Lyons et al. 1971) floating ice
shelves are differentiated'from groUnded ice shelves. lhese
greunded portlens‘are referredvlo as ice rises. (lreeboard |
ca. 30m) thougn by ‘strict,definition they are synonymous’
with ﬁheir floating ‘counterparts. '

The ma jor surface currents in -the Arctic Ocean are

.sngyﬁagﬁn Figure 12. The original investigatioh of these

currents and Arctic dceanbdraphy resulted from occupation of
a variety 'of 'driftingv stations' in the Arct1c Bas1n

Initial scientific 1nqu1ry began in the late 1800 s with the
drift ~of the ~vessel‘ Fram across: the Arctic Basin (see,
below)."This Was?followed in the early 1900’ s by the Russian
investigatlen‘ of the norfheast‘bassage (Gordiehko 1961) and
in the 193Q’s by Russian research conducted on floating packv
ice , (Sater 1969). North American work began in the 1950's

after the discovery and occupation of the ‘ice islands’

‘which have broken off the lce»shel@es of northern'Ellesmere '
- Island (Koenig et al. 1952; Sater 1968). Investigations have
" become .increaslngly /sophlsticated~-wifn the\hse of;nuclear.
- smear1nes, remote sen51ng and unmanned telemetr1c stationS?

'(Sater 1969 Pr1tcharg 1980) .

W1th1n the" Arct1c Bas1n, the. most importa currents in
terms of drlftwodd or1gln are the Beaufort Sea: Gyre, the

currents along the coast of S1ber1a and the Transpolar Dr1ftv°

'(F1gure 12) ~The Beaufort Gyre and Transpolar Drlft converge-

“on. northern Ellesmere Island and Greenland respect1vely. so-
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that driftwood deposited along these coastlines may be
Eurastan or North American in origin (Blake 1972, 1978) . Sea
ice: as well as-drjftwood, is transported by these currents
”so-this.is also a region where such ice .convergence on these
‘coastlines resu]ts/in,substantjal compression, deformation
and erosion (Weeks 1978).'EVidence of this‘compression_is
shown bywthe intensity of sea ice ridging along nor thern

E]lesmerel Island and Greenland which attains ca. 600-900

ridges/30 nautical mi]es,‘even at the end of the summer.

season, with the highest area of compression occurring where
" the Transpolar Drift contacts northeast Green]and {(Wittman
‘and Schule 1966) . |

Although the major currents that converge on the

»

nor thern " Ellesmere Island c0a$tlﬁne move off to the

west-southwest there is also a probable eastward current
fiowing at least 1nterm1ttent1y along this coast as
evidenced by the eastward drift of an ice island (W-5) which

broke off the Ward Hunt Ice Shelf in 1961 and by spits at

Alert and Cape Aldrich (Hattersley—Smith 1963a). Additional

‘supbort_for\thjs is suggested by the* possibly. wind-induced
' east-west - ponds on the ice shelves (Hattersley Smith 1957)
together w1th the contemporary wind-drifted winter snow on
the north coast_wh1ch‘1s strongly sastrugied from the west.
The ice rafted erratics in Clements'Markham Inlet which come

from the Cape- Columb1a Group to the northwest indicate that

similar currents or wind d1rect1ons also existed during »the ,

Holocene .
A

»

—
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3. 3 Arctic Ocean Dr1ftwood

/

Driftwood:is a common feature in the “Arctic Basin and

it has long been of interest to Arctic habitation,

[

exploration and SCientifiCH“enquiry. ‘Most driftwood s

transported to the Arctic Basin from the lwrgé'rivers?of

. Siberia and North America. That massive amounts of dr i f twood

can be transported \By these rivers 15 shown by Meck1ng s

_(1928 p. 131): photographs of dr1ftwood p1led along ize
a

. shores  of the Kolyma and Mackenzie Rivers (Siberia a

St

Canada, respectively; see also Kindle~5921) Lesser amounts

_ of dr1ftwood orlglnate from northwestern Europe and. from the

Gu}f Stream (G1dd1ngs 1943; Eurola, 1971). Arct1c Dcean
currents distribute “this driftwood throughout the Arct1c
Basin where it 1s depos1ted on the surrounqsng coast11nes

In some regions of the Arctic Basin driftwood is quite

?ﬁabundantxand one of the earliest European exp]orers, William

’

'Bérénte, when' - shipwrecked on northern  Novaya Zemlya

(Siberga) in .1596/97,. was able to spend.the winter in a

~ cabin built of, and heated by, driftwood (Eurola 1971;

. Modgttﬁe]d: 1974, p.38). Paleoeskimos on northern'Greenﬂahd

also used driftwood for fires‘tKhuth 1967) and on "qorthernv

. ¥ , ! N ,>,
Ellesmere Island explorers and scientists“'neturatly>,

cont inued the traditioh (Nares_ 1878; Greeiy_"1885}

Hattersley-Smith et al. 1955) ,
Driftwood also prov1ded some ‘of the impetus for the

_ - i
initial sc1ent1f1c 1nq r1es 1n Arct1c oceanography The

first agtempts ;to reach the Nor th Po]e were by sh1p and

PR
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several expedittons were halted when the ships ;were
destroyed by sea{ice. For example, in the summer of 1881 the
vessel Jeannette was sunk by -tpe near Wrangell Island
(nOrtheast Siberia) and three years later art1cles from - her
were found on the southwest shore of Green]and ca. 6500km

away (Mecking 1822). This and other driftwood found on

. southwest Greenland, zncludlng a throw1ng st1ck originating

from northwest Alaska (Mecking 1928), convinced Fridtjof
Nansen of the exxstence of a trans-Arctic Ocean current

This led to the building of. the vessel ¢ram "which was

de]1ber y frozen into the ice north of the Laptev Sea on™"’

e

: 25 September 1893. It successfully dr1fted across the Arctic
'Ocean and emerged north of Spitsbergen’ on 13 June 1896, a

travel t1me of 35 months, and thus establlshed the ex1stence

-

wiiiof ra1sed mar1ne shorellnes upon wh1ch it
Snded (Blake 1961 1975 onson,vand Blake 1961;
rdh~1962 Washburn -and Stu1ver 1962 Hume 1965
i3 55%9 | Andrews 1870; Barnett 1872;. England 1976a;

/,.: My

Y-Jon sea 1ce features (Crary 1960 Blake 1970,

1973)

"°?for document1qg' the~e§ extens1veness of storm surgesr,

'??ﬁns et al. 1979d Re1mn1tz and Maurer 1879). For an

v-’“‘

3

dr1ftwood has been' used for the

Jvaﬁarnett 1979) fo prov1d1ng paleocl1mat1c

eﬁcellent rev1ew of _Arctic Ocean driftwood investigations

aq&;part1cularly references to the eariy: and non-Engljsh E

X Pl e mea -

e
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-~
literature see Eurola (1971). .
- | | o .
3.4 Driftwood Variations: Methodology , oo

3

~This investigation assumes™that driftwood floating in

»Clements Markham Inlet during the Holocene became stranded

- on its contemparary ,3hbreline, as postglacial emergence

progressed (cf. Andrews 1970). Blake (1975) has documented

this process by showing the consistent re]ationship between

increasing age and sample elevation at Cape Storm, southern"

E11e§mere Island, where 26 driftwood dates are’ plotted on

the emergence curve together with corrobor&¢1ve rad1ocarbonA‘

A

dates on whale-bones and marine pelecypods. However, the
. - 2y .

of stranded driftwood: .both to date 1sostat1cally raised

4

-shorelines or to make paleocl1mat1c, assessments, does

-

'involve ‘some uncerta1nt1es S1nce it takes driftwood some‘

B kA

time to travel from its place of orlg1n to its place of -

depos1t1on, any part1cu1ar p1ece of wood will only prov1de a .

max1mum date on that shorellne, 1 e., the shoreline cannot
.;x

3' be o1der than the°dr1ftwood (Blake 1961). dudg1ng f?om the

‘t rates of 1ce movement and dr1ft stud1es (Meck1ng
re51dence t1me for dr1ftwood in the%Krct1c Ocean
\1s est1mated to be in the order of 3-50 yearsa S1nce this .is

l

gﬁks than the average standard error on H61ocene radlocarbon

' age determinat1ons and since rad1ocarbon dates on . dr1ftWood4p

5. at present sea level are often modern (see, for example,

4 ,1’ drlftwood on. a spec1f1c‘shore11he is considered to give a

- o

. ‘»’/;W ) . - ~

Use.‘-

2 “dates B- 433 65C-1352, GSC- 1378 in Tab]e 11) the - youngest N

¥
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-reasonable "age estimate for it.

"¥ There dre examples of young driftwood moved to.higher
eleQations, perhaps by humans or animals, and there i< also

a/fs1ngle example‘ of contemporary drlftwood found on the

g “Vﬁfocean bottom (see QSC 2437~and GSC-2097, ifpect1vely, in

'ﬂé

. Lowden and Blake’ f979)ﬁ The -mos K common prob%ém however, is

“the ddwns4ébé moﬁﬂhent of dnaftwood after land emergence ‘and

_,,..x

;O1f this ﬁDCCurs then’the shoreline is much younger than the
; radxecarbon da§e on 1t lef. England 1974). To help e11m1nate

; this problemw Blake (1970, 1972 11975) only uses driftwood

which 1s'Wel1 1mbedded in the gnavel of a ra1sed beach In

C]ements Markham InTet_th1s approach was not possible s1nce’d

mar ine silts by a regressing sea and therefore it is rarely

' found on eas11y recogn1zeable strandlines. Most dri f twood

.much of the driftwood was draped over previously.'deposited'

used in. the present study, however, was at least’partially'

[

'imbedded in the'marine silts and often on low ang]e siopes.

Since .in many cases some downslope movement of both mar1ne

silts and driftwood could not be .ﬂticounted ‘oa- ’spec1a].

effort ‘was-jmade to find drlftwood >.7m in lengtb which,

because of its s1ze,¢'was less likely to have moved
downslope . Driftwood - a?h gullles was .lgnored\ unless ~1't
occurredbat elevatnons whese dr1ftwood was rare (e.g. very
h1gh dr1£twood >55m), or in a few 1nstances where its

or1g1na1 elevat1on coulq be reasonably 1nferred (e. g near

;the upper ln51t of §uch gullied s1lts) The pr1mary area,

3

Fexam1ned was between the Arrowhead and Clements Markham

e
o ¥
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Rivers (Figure 2) and here it is likely that nearly 100% of
the driftwood present was found Some observations were made
outside these limits but the northern shore of the inlet was

t
not examined.

Most driftwood elevations were determined with a Paulin

micro-altimeter with at least two and up to five independent

readings. These readings were corrected for both'temperatpre

and‘pressure and comparisons'with data obtained by Tevel]tng,

LR

~ ',

A N "
A *
:L )

. .

ipax *

indicate ‘an accuracy of #2m above ca. 10m asl (at lower

elevations accuracy was ca. =*=1im). Elevations of some

driftwood below b7m, ere determined by hand levelling (i.e.-

' Abney .level) together®with the altimetry. Driftwood which
was‘ obviously‘ part of. the present beach is considered

contemporary and p]otted at Om Four pieces of dri f twood

ﬁ~“from this study were radiocarbon dated and together w1th one'

previous'ly publ1shed date (Crary 1960 are«{ﬂed to construct

a provisional .emergence curve for inner Clements. MarKham

Inlet. The a1t1metered elevations of 36 pieces Qih dr1ftwood

~ that occur_j above f the contemporary, beach’ were then

HEY

 super imposed on this emergence curve in order\ to determine
their time-elevational distribution and these prov1de the

'datanbase for‘the following discussion.
3.5 Emergence Curve and Driftwood Zonation

Flgure 13 shows the prov1s1ona1 emergence curve for the

head “of Clements‘ Markham Inlet.. Elevations have not beeni

correctedﬁfor eustatic changes (cf. Blake 1975) so -the

-u‘:'-.! _-_‘, - - . N ] ) ; .A

- e & .

i 1%
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relative sea level cowrespond+ng“to“§ach rad1ocarbon date is

plotted immediately below the fleld elevat1on of that

driftwood sample.. The highest driftwood'samplelobSenved was

collected at 72m asl and this provides a date for initial

Holocene driftwood penetrat1on into Clements Markham Inlet.

Th1s sample was found lying in a gully eroded 1nto mar ine
4 T
he bedrock valley wall and

silts which are draped agalnstf

these silts extend ca. 10m higher than the dr1ftwood sample ‘

The amount of downslope movement that has occurred, however,

cannot yet be determ1ned because there are ‘no  other

available radiocarbon dates which relate to this relat1ve

sea level. Th1s sample dated 7830+80 BP (GSC- 2975) The next.

- dated sample was collected at_ 43m asl’in a broad, silt

covered passﬁ’The highest po1nt i
asl and this shOuld be the maxi um relative.sea level for
this dr1ftwood t This sample dated 6445+65 BP (SI 4315)

" Three Targe driftwood logs

A

prominent 'raised "beach at ca. 21m as] (F1gure 14). These

samples were located in a small valley on the south side ofb

‘the Clements Markham R1ver about 5km from the inlet head

dudgingAFrom 1ocal dra1nage d1v1de elevat1ons this valley

/&—&.
formed aQ?Small i rine embayment when relat1ve sea levels

were befweert,c:a 30 1%; above present One of these logs was

-radmocéﬁbon dated at 4680+6Q Bpw(esc -2973) and this likely
prov1des a good age estlmaga,on‘the 21m shorelme Another

.'Ldniftwood log was found bur1ed in mar1ne silts at ca. 4.5m
O
asl. This was 1mmed1ately downslope from a gravelly

. N

the pass is only ca. 45m

‘were also found on .a -

Ry
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» Figu‘re 14, Driftwood logs on 21m shoreline which dated
466060 BP (GSC-2973). . .

-
. 4“,‘}.
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ice-pushed ridge developed on an extensive 7m delta surfgpe

_east of the - Arrowhead . River tunofficial name) where it

drains into lower Clements Markham Inlet (7m shoreline i#y
Finure 7). Because of its burial in the silts and its
location just below the ice-pushed ridge it was interpreted
as having;beenfground into the sitts‘by overriding sea ‘ice

which formed the ice pushed ridge. This sample dated 218060

BP (GSC-3031) and the interpretation that it relates to the

m relative sea level is reinforced by its close

‘corrgspondance to a previously collecté@ .sample, also at. 7m

~asl in this same aréa, wh1ch dated- 2190+150 BP (L2518, Crary'

1960). ;;ft§7 - S

wi? ‘
" When ail of the elevafHons of the observed dr1ftwood ,

samples are plotted on the prov1s1onal/emergence curve four
time-elevational zones of dr1ftwood abundance or sparc1ty.'

e A
become’apparent (Figure 15). Zone 1 extends from the initial

\ driftwood penetrat1on at 7830+80 BP ‘(GSC-2975) until ca.

\500 BP. Although driftwood is present in th1s zone it it

- nhot abundant (6 pieces in a total of 36). Zone 2 -extends
'frdm ca. 6500.BP until ¢a. 4500 Bp and dur1ng this interval

"=dr1f wood becomestnotably more abundant (25 p1eces)ﬁ«Zone 3

extends from Ca 4500 BP to ca. 500 BP (7) .and driftwood in

this zoke 1s not1ceably depauperate (5 p1eces) ~Finally,

zohe 4\ the contemporary shore11ne which contains

s much - dr1ftwood as the rest of the higher
elevat1ons \omb1ned (>30 p1eces) The t1me break between

zZones 3 and 4 depends on- the age of the - abundant dr1ftwood‘
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vbdrdering the contemporary shoreline and this is considered
in more detail in section 3.6.1. These = zones of fdrt?twood
abundance and scarcity durtng the postglacial period compare
| closely with _thosel presented by Blake (1972, 1875) on
southern Ellesmere Is]and\implying similar variations on a
regional scale. o
The broad zones'of vdriftwood >~ abundance just deftned
also paralle] 1nterpretatlons of isotopic var1at1ons w1th1n
ice cores from the H1gh Arct1c The most compiete record
publ1shed' for the Holocene is - that .df_Dansgaard et a]t
(1971)'from the Camp Century core near Thule, Greenland‘
._(Figure :1), This record indicates a postglacial elimz’ic
._opﬁﬁmum between ‘8000 and 4000 ' BP corresponding to’ the
initial penetration. and maximum abundance of dr1ftwood in
C]ements MarKham Inlet (Zones *1 and 2, respect1ve1y, F1gure
I‘4) and the Queen El1zabeth Islands (Blake 1972) A varlable
cool1ng trend 1s 1nd1cated by Dansgaard et al. (1971) after
ca. 4000 BPgw¢1ch paralle]s the decline 1n.driftwood noted %@3
_ in zone 3. ‘Th“{ Devon Island ice core (Figure 1) also |
1nd1cates a cooling trend after ca. 5000+800 BP (Paterson. et’
al. ?977) The Mer de Glace Agass1z ice core (F1gure 1) has
not - yet been fully. analyzed but . pre11m1nary data suggest a
onstglacval warm1ng ‘trend extend1ng from ca. 10, OOO BP to a
maximum at ca. 5500.BP followed by a genera] cool1ng towards '
the present (W.S.B. Paterson personal commun1cat1on to J.
_ England, %979). - - ,:.‘ o, |
Angther- means of evaluating these Holocene climatic ”‘d

- .
St . ' °
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' trends is by cons1der1ng the publ1shed rad1ocarbon dates on
all dated dr1ftwood samples - ppesent]y available }frpm the -
H1gh Arctic. Figure 16 ,aé a hisjogram of such dates from
Axel Hieberg, E]iesmere,'northern DeVen and ‘Ellef Rignes
islands plus additional data from northern Greenland. This
histogram is blotted. using '100 .year -intervals with the
occurrenee of a drift@ood'Sémpleefn any specific interval
“dependent  upon its radiometrfC'age (see list of radiecarbon
'dates in . Tablef 2). These radiocarbon dates (96 in total) .
'probably do %bt represent a true random sample as many
pieces Qf‘ dri f twood have_ubeen \cellected and daled from
'Singie horizons (such~as‘archeo10gicaﬂusites) and represent
a Speciffc bias in sampling (e.g. Knuth.1967). NPnetheless.'
this histogram does show certain patterns which suggest
variations in the sunmef sea ice cover of the Canadian and
Gﬁeenlandic'Hi_gh Arctic. Specifically, in ‘:F‘igure‘ 16, the .
thfee 'elder- ioneS‘(143) discussed abeve are again eyfdent.
Drifiwoed in the H1gh Q§Ft1c was present but not
part1cu1ar]y abundant from ca. 8500- 6500 BP (zone 1) it was:
abundant from ca. 6500-4500 £P (zone 2) - followed by a
_=deeline in frequency thereafter‘ (zone 3). Some 1mportant '
’Vvar1at1ons post 4500 BP are evident and these are dlscussed

' below. e o ’
So far in th1s discussion dr1ftwood abundance dur1ng_'
.fne postglacial . ‘period has’ been analyzed without any
consideration- the veonditions ‘under which. driftwood is
‘admifted op'ex?EEEZE\from Clements Markhamléplet. Today in
o SR : B~ . '

.
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Y

many local1t1es on nor@aern Ellesmere Island driftwood from

the Arg'fzc OCean 1sgprevented ‘from penetratmg‘ the f1ord

or

LU o LT «
-.systems becauswe persidftance’ of local ice shelves and
t (Hattersley- Sm1th . 1962) and. ‘not

necessa,rlly because the Arct1c Ocean proper is n;gfre or less

frozen dur‘rh@y particular season.. Eyen “in late wmter
o ' N

when the sea 1ce is: most severe\,. the Af‘Cth Ocean 1ce cover

l$ : v

remams in constanj, mot'lon and .

of up tCWSOKm/day, have be&‘h reported (Relmmtz“et &e,»f’gm

"’W,é( 2

[ q,'};«.‘ ‘

o w_}’thm the Arct1c Ooean is contmualfy Jn trans1t ancT& ﬂence

M v‘

0, 1

}a"-ays ava1lable for penetrat1on Hwto;(the f1or;ds of ﬁﬁ*thern

Ellesmereé Island Conseqt)ently, 1t" l1kely that, 1ce

she)ves or fast 1ce 1n theseo fi is the controlhng

¥ pros

factorzl% Ms regard. to dr f’ftwood penef
Ocea% Dr1ftwood penetratwn mto Clements Markrﬁm Inlet

therefore, ib’sh mterpreted ‘to prmcvpall,y represent t‘he“

sea-sonal, breaKUp of. ~the \fast- ice:- cover caused by warmer
summer terrperatures By extens1on, prolonged" per1ods of

sumner amehoratvon and -resultant Mood penetrat1on

1nd1cate cond1t1ons unfayorable for the mamtenance of locatl"

ice. shelves “such - those found along the north coast of

"Barry et al 1979) Tlaerefore, it uQ"hkely thaj; dr1ftwood '

¥ from “the Arct1c "

.:-’5 ta

LR

E‘]lesmere Island today The present dr1ftwood data would'

A

' therefore ) suggest that these ice she‘lves d1d not "'for‘m until

after ca. 4500 BP (see below) Because of’ the constant 1ce

' dl"lft mentioned above the Argttc Ocean need not necessamly

-O"



‘-ﬁ&helﬁ

l do ’ .
L]

have Héen more open.th%p at present to prov1de dr1ftwood for

'these fiords. However, 1t 1s most probable that extended

-4

per1ods- of climattc amel1orat1on 'sdch“' “ that lnferred‘

? e

"between 6500-4500 BP would also result in more extended og%né

'.i water cond1t1ons énd ngater"sea ice mob1l1ty within the
B APCth Ocean dur1ng-§ummers and agtu,ﬁs Tcf. Park1n50n' and |
‘Kellogg .1979). Convénsely, pér1o§s Qf dr;ftwood eXclUs1on

imply 1Q9reased stab1l1ty of ska i

‘ cond1t1ons- dur1ng fhe _ablat1oh *%eésoﬂvabpeclf1cally for
e
Clements Markhém Inlettahd m&re generally, For&the adJaGentf .

"” : % 5 o
' Arct1c~Ba$:n ; o . ‘§ o . Y Y
¢ Y, @ . 0’(} ‘b‘"i ."v."r b'.. ! .'.; .6.' . » ;ﬁﬁ:‘” o ,\. . @0 “u
3 6‘Clunq;1o Varaat@oqg s1nce 4500 BP .- L ',' T,

Ihe cl1matlc deteriorat1on '51nce 4500 BP lntﬁlements:
§

&
Mankham Inlet is documented by the decgpase in dr1ftWoéd'

abundance w1th'n thts txme elevat al .Zone. ALE e» zone 3,

"
L

“1975) the term1natTon .of peat growth in the Care* Isbénds"

,w1onally, the Qr1ftwood dafa of Blake (1972 -

(Brassard and BlaKe 1978) the ice core data dISCussed'i-

above and the h1stogram of radxocarbon dates on H1gh Arct:c'n
,dr1ftWood (F1gure 16) all 1nd1cate ‘this, is @n evént of

fireg1onal-s1gn1f1cance 'Nonetheless the data in F1gure 16 do

SN

show several s1gn1f1cant van1at19ns w1th1n lthe .lastt 4500

‘ *years o .;5‘. B ﬂb-; _

| !ith1n th1s per1od the maJor peak in this h1stogq§m off
-'dr1ftwood dates occurs between ca 3000 4000 BP The

.-hl.magnatude of. th1s peak is somewhat “artificial as seven

o
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“‘m

‘were  specifically collected :to

73

N -~ . %
o - .

radlocarbon dates within this range are from dr1ftwood

ch‘arcoal in hearths of Independgnc

date these 'bcultura_l

,occupat'ionc , Rd’dlocarbon dates from Indépendence Fiord,

" nor‘thern Greenland ‘however, are ~also on hearth charcoal

[N

-

- _"
o g

M |

from locally' derwed Sallx sp. as well as driftwood and they-

demonstrate the synchrone1ty of Independence Icultural'

occupat1on and driftwood presence (Knuth 1967) From this
Knuth (1967) was able to dedu¢e that from at least ca. 3600

to 4000 BP parleoesklmos in khls 'area u‘fve&- collectmg 'and >
burmng dr1ftwood which \S 'floatmg ashome on the b

5contenporary beach Th1s 1nd1cates that bsunmer*s were wa\‘rm

enough for Independence 7 F1ord to become clear of sea “ice .

' o
umllke }Qe present s1tuat1on when the f1ord 1s : frozen year B

round @(Knuth 1/967) Fredsk1ld (1969) aé;o c‘o’hcluded that

th1s re'duchon in s%r s€a 1ce locally favored more h0m1d '

L) v

ev1dence from -.Jorgen Brﬁlund F1ord north Greenland

At Tanquary F1ord Ellesmere Island Independence ,I‘

I I s1 tes an&hesg‘-

-summers and greater vegetahve product1on .based on pollen

s

occupatoen has 'also been dated a% ca 3700 4000 BP (Tauber v. '

1968) No dr1ftwood.»has»been dated from these hearths so 'sea .

lce condltions are more d1ff1cult to deduce Bradley and

England (1977) however, do report a dr1ftwpod date of 3650

dr1ftwood in the samﬂelevahonal range : (6 lOm asl) Thls

d

1npl1es relat}vely open water durmg sunmer months at th'ls '

o f“tlme (Bradley”and Eng nd 1977 p 142.1 and 1t 1s prd»-ble

v
R . . e B N .
A . L A
' . . Lo
Rl A - -~

B.P (DIC 552) from Alert and note a relatwe abundance of L |

"t
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that simllar conditions existed in this interval.fn Tanquary

Flord which is noted for jtsﬁrelatively warm‘summer-climatg‘

f(Barry and Jackson 1969). The synchronelty of .. Independence L

‘.:II occupat1on (ca. 3000 BP ?) and driftwood presence is less

well documented (cf. Knuth 1967) but the number of
rad1ocarbon dates' between 3000 3600 B (Figure 16) shows
that dr1f¥§&bd was penetrat1ng 1nto the Tegion at thts t1me

‘él jglhe . Camp Century lsotop1c wrecord also fsuggests an’
. amel1orat1on at ca. 3000 3300 BP (Dansgaard - et al. 1971).

v

Overall these comb1ned data suggest a probable climatic

*:‘”%.‘ratlon of: reg1onal extent lﬁﬁween QOOO 4000 BP The
"fggﬁt data, however. d?3hdt'have suff1c1ent resolut1on to

-

'subs?antlate _ . reJect tgﬁ. m1d 3000 BFLir cl1mat1c'a/ '

'LJdeter1orat1on suggested by Knuth ($567) %o account for fhe-5

aftlme break between Independence I and II occupatlons : _ d
In relat1on to the- 1ce shelves along no:thern Ellesmere

.Island Crary | (1960) | orlg1n§jly ‘%ugg;sted that the’f

initj qn/of the Ward Hunt 1ce shelf (F1gure '1) postdated h,f

Jthe younQESt rad1ocarbon dates on dr1ftWood found beh1nd thel”
| '1ce shelf 1n'Disrael1ﬂF10rd'4@400+lSO and 3000+200 BP L254A
g".and k2540, respeotiyely) ‘Lyons and M1elRe (1973L, however.fLJ
osuggested that ice ,shelf 1n1t1at1on correspondéd to the .

i. cl1mat1c deter1orat1on 'at ca 4100 BP based 1nd1rectly on

) Dansgaard 6‘ 1971) | They also suggested that a short» -

"'% ‘.term amelorat1on (ca 3000 BP) could have allowed moat,;. “

format1on ’ along ‘the lce shelf' ' landward marg1n thusl,u
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-

_éérmitting' the entrance of . Crary s dated dr1ftwood samples
1nto pwsrael1 Fiord. The Clements Markham Inlet driftwoodg.
data (F1gure 15) prov1de 1nd1rect but complementary ev1dencef.
“that 1ce shelf 1n1t1at‘ n could well haVe begun at ca. -1ﬂbo

&
BP -as  this llkely dates the beg1nn1ng of semi permanent

landfast sea ice at least around: ‘the mouth of tﬂb~1nlgt As. .
Just’ dlscussed \ however the, h1stogram of dr1ftwood dates

(Flgure 16) does-vndlcate a.second maJor warm peak ~at Ga

'-c

3000 4000 BP and 1ce shelf grqyth may: not have begun unt1lu,ﬁ
after th is per1&d Addltqonal “data from f1ords presently

blocked by 1ce shelves along northern Ellesmere Island 1s

_ needed before this;prbblem of ice shelf.rnnltvat1on can’ be"'
. L 9 - . ‘A e », B . ~.~ ’ . * '.:‘.' . E . W "_'_, < L
resolved ' T NN

w.«l. After ‘ca. 3000 BP Flgure éaﬂ'hgws a’decline in-dated

. drif&wood fréquency whlch generally parallels ;'theiﬁ'
progress]ve cl1mat1c deter1orat1on shown 1n th1s t1me range’..
by the Devon Island ice core (Paterson et -al. 1977) The
relat1vely l1m1ted amount of dr1ftwood after 3000 -BP (F1gure

: 16) mos t llkely represents local1zed or short- term lseau_ice -

:1 reduct1ons in the m1dst oﬁ | a general rnterval of sea ice .

severtty Some correspondence tween( dates however "isf )

shown at’ certa1n local1t1es Fod example three dates at ca h

2000 apafrom northern Ellesmere Islang (GSc- 3031 and L261B

from élements . Markham Anlet? %?xhgafg%om Alert, Table 2)". -
‘... ) Q R . E .-:; o~ “ P~ . -.fh - ..- v ; .

“fuaddltwonal data from other 50urces 1s clearly needed to B
substantlate thIstevent, Also, two drlftwood radlocarbon s

¢ H
. e
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from Alert (St-4341, L261A, Table 2)

dates at ca. 900 'B

1nctde'hwlth the V1k1ng occupat1on of North Amerwca and

L .,'Greenland and the e?pans1on of lhule pale eskimos into the

& : s

EGanad1an Arctlc (cf ‘McGhee 1972 1976 ; Barry et al.'1977;
= Schledermann‘ 1978 '*t980) Hgttersley Smi th (1973) also

reportg? a . date of 107D+ ‘Q?O BP (G§C 1770) from charred
o

‘%ck1ftwood 1n a hearth west of Alert and numérous Thule -

“sites ha@e beeh found 1n the Archer F1ord Lady Frankf1n Bay

area (Maxwell 19609 ‘d; England, ,personal ‘cemmunlcat1onff

9 . Y s T,

' t,.;,I:n adddt1on 'nging ‘;he 1980 f1eld season a
g -
k1mo tentyu1ng'w£s located at 5m .on the nonth s1de of

-
N

.
-

; communicat1on, 1980) ~and qt ‘ lgkely 72represents‘ Thule

“Y _'.w’

paleoeskqmo presehce Ji thrs area Thus 1t appears that a

cl1mat1c amellorat1on correspona1ng 1‘to thws \ cultural

occupatvon d1d occur on northern Ellesmere Islahd lt shouﬁy

ﬁmxw

- be po1nted out howeverr that the | quftéhod abundance at

o

this time 1n Clements MarKham Inlet (F1gure 15) .does not

'?“ show these events Therefore the poss1b1l1ty that these

S,
~events are obscured by paleoesk1mo collectlon of dr1ftwood

K]

must be con51dered _d'f’.': »§¢fa~ . R

/

e

I “".m*,' e e RURVRS
3.6 1 Drlftwood on Modern Beaches ‘ o

. Th1s exam1natlon of Holocene drlftwood var1at1on can ‘be

L g

; concluded w1th an ‘evaluat1on of dr1ftwood on the modern-"
beaehes of northern Ellesmere Island In Clements MarKhamh f

Inlet ‘as . prev1ously ment1oned dr1ftwood is most common't

< .r"-"» ~

T L ) T . . . :
e . . . . . . S

o Clements Markham‘ﬁ”lnlet Qd England , personald?
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- along the contempoezry sherel1ne and similar observations

have been made by Maxwell (1960) and Hattersley Smith (1973)

‘_ngr_ two small bays in Lady Frank]1n Bay and D15rae11 Fiord,
respect1ve1y,, Blake (1922) also A notgg” more- abundant

7 dr1ftwood on the modern beaches of southern Ellesmere Island

than on the 1mmed1ately h1gher raxsed shorelines. ~

.Hattersley Smith’ (19§%t~surveyed the 1ce cond1t1ons of f~

Y¥he north coast ,of Elﬁigmere Island in 1961 and compared

them- w1th aer1a1 photographs taken between 1947 1952 and - "

.also w1th the sea 1ce descr1pt10ns of early explorers in. theﬁ

area. He foncluded;that ;gege had been no maJor changes”ijn;W, ~

the  existing blockaqglglfégwe fiords’ and bays in this areaeft?“

thus imptying-that.the 3“~~@'ood on modern beaches must have1}74;
‘sbeen dep051ted pr1or to the Lfttle Ice Age perhaps ear11er n
that the ¥7th céhtury In Clements Markham’ Inlet however ;
i gremnants of a sh1p wreckage (or. dock planklng ?) conta1n1ng
. e

sp1kes were . found on the modern beach | S1m1larly,~ Maxwe1l

(1960), also” reports sh1p wreckage ~ﬁence pickets, telegraphb

poles and other cultural debris on the modern beach in Lady

e us.

’Frank]1n Bay The sp1Kes contatned Ih fhe Clements Markham

. Inlet debr1s‘}f??d1ff1cult to date prec1sely but  they are.

: mach1ne wrought -and are” apparent]y not older than m1d 19th

= century and more 11ke1y ]ate 19th .or .early 20th century

h(RobErt McGhee wr1tten communlcation 1980) The likel1hoodvf

. of dr1ftwood penetrat1on dur1ng th1s per1od'1s re1pforced by

f?ablat1on - ev1dence ' ;on”_ the ,.Ward Hunt Xpe ’ Shelft'

h;(Hattersley Sm1th and Serson 1970) and f1rn stud1es on .the
e ‘ ’ E ‘

-
. - ; . . .
s e B o N ° R A
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1925, respectively.

R .
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Gi Iman Glac1er (Hattersley- Sm1th 1963b) wh1ch show high melt

and consequently warm summer temperatures after 1910 and
[ "t L3

* ¢

This strong ablation period preceded by .a .cold
period in the 17th, 18th and.19th c;ntur1es (i.e. the Little

Ice Age) when sea jce in the arch1pelago was probably, more ;.

N ' E
severe than  at present (cf. Koermer .1977). From aﬂﬁ@

vexam1nat10n of cl1mat1c events and the1r 1nfluence on anﬁmal

vpopu]at1ons Vibe (1967) 11kew1se 1nfers a, colder per1od w1th
‘more severe sea ice on the Arctic Ocean around northeast

_ GreenIand“ from 1810 to 1860. Thus it is likely that the

" e

;above menttoned sh1p wreckage or dock plank1nggpostdates the -

L1tt1e Ice Age and was transported tQ this site in the early

:bs20th century If the sea ice. block1ng ClementégMarkham Inlet
. d1d not break up between 1947-1961 (Hattersley Sm1th 1962)

’then the inlet must have been open, perhaps numerous times,

',-Hhtween 1910 and 1947 or- after 1961 (Iess Tikely given the .

age of the wreckage c1ted) Howewar xﬂt is also lwkely that

“‘some of the dr1ftwood on or adJacent to the modern, bea hes

n ' Clements Markham Inlet“—or1g1nated before the | 17th

.fcentury ' Add1t1onally, occas1onal catastrophic breakups of’

}'n the - Iandfast sea’ ice thought to befblock1ng Clements Markham

- In]et dur1ng the L1ttle Ice Age cannot be~d1scounted (cf.

Hattersley $m1th 1963a, Ho]dsworth " 1971): Therefore. “the

- y
: .d1vid1ng date betweed~the scarse to abundant dr1ftwood zones

v‘(zone 3 and 4, F1gure 15) is tentat1vely placed at . cat\ SOOA';

BP Addttlon rad1ocarbon dating of samplee grom th\s zone of»
R : Lom > : ' .".- |
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aid in

i

b'

'3.6.%: Post 4500 BP Climatic Deterioration and Glacial

Expansion | . °

Another ' necessary .consideration of the post 4500 BP

climé&ic'deterioration is its obvious importance to 'the

-expansive glacter1zat1on which occurs on northern Ellesmere

Island today (Cf{ *Hattersley Sm1th 1960b) Not only- do
glaclatton ‘levels and ELA's decline to near sea level along-

the.north coast,, part1ally because of the Arct1c Ocean

-influence,'(cf. Miller et al f975 tersley Smlth and
] .
Serson 1870;. A1t 1979 oeﬁk 497 but numerous

‘ overr1d1ng Holocene ra1sed beaches (Hattersley Sm1th et al.

1955; Blake 1975) and well vegetated and l1chen encrusted

7surfaces (Hattersley Sm1th 1969 Englaqp 12]!9 Maxwell
(1960) -noted ‘a glac1er w1thin 1. 7km of paleoesk1mo ‘tent j

_'r1ngs and concluded that the glac1er wasr'atﬂ or n%ar' its

-

.max1mum posit1on of the last’ 400 years. England (19?8) also

descrlbes an. outie¢ g 01er in. Lady Frankl1n Bay overr1d1ng»}~

'3

¢ XS

-:;{h&estigators’ have .also ' n ;sthat many contemporary
glacters» are 'at,_ Or retreat1ng from,»l the1r ‘-max1mum* o
postglacwal pos1t10ns B Glac1ers haVe y been observed'

fglac1ofluv1al terrace& w1th1n :5km of marlne depos1ts datedwf'

-6595+250cBP (St 4098) . In add1t1on, radzo echo sound1ng of'

E 1ce caps ‘1n th1s area has revealed subglaC1al rldges near

: : CE e
~/v, .

WY SRR S

f the snouts of some gla01ers and these may represent mora1nesf
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' %m'recent glactal ‘advances (Hatterstey Smith et

al. 19695 ‘Although many glac1ers are at:‘their maximum
postglac1al pesitions HattersTey Sm1th (1969) also descr1bed
--numerous g]ac1ers wh1ch were reced1ng from. mora1nes marktng
the1r _max1mum postglacial extent, Smith (1961) also
codtluded that a drained Take. along ‘the margin of the

Henrietta Nesmith Glacier'(near Lake Hazen)'was due to ‘very

Coa

' recent glac1er thinning. |
Observat1ons ‘made in Clements Markham Inlet 1nd1cate
s1m11ar late Holocene glac1er. act1v1ty at . th1s local1ty CI

Christie (1967) “and Hattersley- Smith” (19&ﬁig?

tth .note that
. the Clements Markham Glac1er (F1gure 2) wasmwja§anc1ng into

1 f1 1 14 Ch (1967)*%@.;,
g acqg uvia gu 1es - r§s§1e 5%,

U ety
glac1er overr1d1ng g]ac1a1 vce wh1ch was covery,g~A

”'icoarse gravels and sands These sediments form a series of

e

"'.two to three very well vegetated ~terrace levels ~at  the .-

: g]ac1er “shout - Chrlst1e (1967 -P- g9) stated that nTmﬁ}w

'\

‘41ce 1s exposed by meltwater streams and 1n t?ﬁ waﬂls of as -

L moul1n -that has been partlally destroyed by me1t1ng The
moul1n is about 300 feé& ‘from the ex1st1ng pl1ff 1ike
'snout " When examlned on 27 dune 1979 dggé moul1n was ca

H‘10 15m from the glaC1er snout ind1cat1ng an advance . of . 7
- perhaps 80m dur1ng the 21 years s1nce it was f1rst observed
had -

| (25 May 1958, h L. Chr1st1e persona] commun%%at1on, 1979)

Str1k1ng ev1dence that th1s g]acver is lndeed advanc1ng and
o overr1d1ng these terrace gravels and glac1al 1ce is. shown 1n

P1gure 17 | It 1s also clear&from-thjs photograph'that-the
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v F1gure 17 Cl1ff GlaC1enrsnout Qverr1d1ng and- thrust1ng

well vegetated sandur ¢ Vlew 15 to the north F1gure 18 taKen

from breached vegetatlon mat, to r1ght of center
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two‘apparent terraces were prev1ously level and- thatk the
adyanctng glac1er is ln.the process of thrust1ng a portlon
of th1s\ terrace remnant over 1tself Format)on of the
\-resultantt decollement has dtsrupted the vegetatlve mat and
the ex sed gravels are now sp1ll1ng onto the lower surface

17 and 18). As noted by Christie’ (1967) the age of

the underly1ng glac1al 1ce‘.§ unknown - and it could be a

? ", remnant ofwgate Wlscons1n 1te or a later Holocene advance
"Q‘; 3fm At the Arrowhead Glacwer (unoff1c1al Name, headwaters
'~oﬁ%the Arrowheed River, Fagﬁge 7) well developed vegetatxon
: ‘;;3@ found rtght ‘up to “the glac1er snout. No acr%inles were.: '

bbserved downvalley from'thts glaoter and it is® l1kely at o

: ,&bts' 'mum postglac1al p051t1on Several other glac1ers 1n
f the l' _: 1nlet however, are retreat1ng from moraines whlch‘
seem | ( ark the1r max1mumgpbstglaC1al extent (e g. thure .’»
‘ 19.) o 4 S * . ? :!\ﬁ. : " ‘*f : '

@

o ) This- very recent retreat of ‘many’ glacjers 1s consrdered

response fo the post 1910-1925 clamattc amel1orat10n in

‘his' ,anea &(Cf Hattersley Smith 1960b) whwch 'ﬁ"?
i ‘;,; haractertzed by rel3t1ve summer warmth (Bradley aﬁ& Englahd
, f}\i,1978) As Hattersley Sm1th notes, it is predom1nantly the
.h ;‘Alsmaller glac1ers wh1ch are presently retreat1ng wh1le the'
- ‘l;glac1ers wh1ch dratn mueh larger reserv1ors of upland ice"’
.are .’ stable or advanclﬁg It is also probable that many of
,Jthe advanc1ng glacters are still respondtng to% the L1ttle
:Ice Age cltmat]e detertoratlon (England \1978 p.. B12) . )
-.Considering the lou activ:ty indices forgtArcth vglaciers, .
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Figure 18. Disrupted vegetation mat, Cliff Glacier
snout. Figure 17 taken from small remnant of sandur at upper

center. This remnant is aiso well vegetated.

s
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Figure 19. Glacier flowing from United States Range ice

cap into west central Piper Pass. Note withdrawal from
prominent trimline and moraine which likely mark its maximum
postglacial extent. Vertical zlief in photograph

approximately 300m. View is slightly west of south.

s



(Andrews 1975; Sugden and John 1976) the period of the
Little "Ice Age a]one‘seems'tod sho:t a time to account for
the extr;mely advgnced glacier positions on Ellesmere
Island. Jhese postglacial maximum positions, the _io .
likely imply an already expanding regime at the bec nnin~ ¢
the Little Icgw Age which was in turn superimpose” on ‘h .
preceding peridﬁ of rejuvenation. ’

A possible maximum date én the initiation of these
postglacial dadvances on Ellesmere Island is given by B1lake
(19751 who reports g]aéfers overriding raised beache§ forﬁed
more récently than 5000 BP. Dyck and Fyles (1963) similarly
ret a radiocarbon date of 4190+130 BP (GSC-105) on peat
¢ leced within a few hundred feet of a piedmont g]acier.
(8. =¢ N, 82°17' W) which therefore advanced to its present
position sometime after 4000 BP. Also, a radiocarbon date of
3000 BP on bicarbonate from sea water now trapped within
Lake Tuborg implies a glacial advance cutting off the inner
fiord of Antoinette Bay (Figure 1) at about this time (Long
1867). On the Hazen Plateau recent retreat of the Gilman
Glacier has exposed vegetation dated 96575 BP (1-428,
frautnan 1963) indicating a glacial advance reaching this
point sometime after the vegetation was established.
Collectively, this limited dating implies that the present
glacier positions are the result of a generai expansioh due
to the post 4500 BP climatic deterioration with only limited

interruptions due to periods of climatic amelioration.

2
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‘3.7 Hfgh Arctic Driftwood and the Study of Arctic Ocean Sea
Ice Variations

| Most previous investigations that have dealt with
Arctic Ocean sec ice variations have utilized deep ocean
sediment cores ie.g. Clarke 1870, 1971; Hermann 1974). These
cores provide a long record extendingﬂback to the Pliocene
(Hermann and Hopkins 1980) but their usefulness is hampered
by extremely low sedimentation rates which significantly
reduﬁe their paleoclimatic resolution. Most Holocene
sedimentation rates, for example, are on the order;of
2-8mm/ 1000 years (Hunkins and KL&séhale 1867; Hunk%ns/étyél.
1971: Cambell and Clarke 1977) and similar rafes are
suggested for the entire sedimentary record (Ku and Broecker
1967; Clarke 1970). This poor resolution has so far
precluded recognition of any but the major, iong-term
C]imatic—océanggraphic events in thé‘Arct{c Basiq and even
these afe controversial (Clarke 1971, 1977: Herman and
Hopkins 1980; Margolis and " Herman 1980). Though some
inVest{gators recognize lon9 term variations of Arctic Ocean
sea ice (1068 years; Herman 1974; Herman and Hopkins 1980)

others suggest extremely long periods of ice cover similar

to or worse than the present (Clark 1971, 1977; Hunkins et
al. 1971) and no sea ice variations during the Holocene have
ever been documented by these investigations.

The data presented here and in Blake (1972), howeQer,
showkthat_at léast ngring the Holocene there have been

substantial variations of landfast sea ice cover along
]
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northern and southern Ellesmere Island and that many of
these variations Tikely reflect climatic éhanges of regional
significance. In particular, the zone of mak{mum drif twood
abundance, ca. 6500-4500 BP, represents a prolonged period
of climatic amelioration at high latitudes in the Canadian
Arctic Archipelago and northern Greenland. Although at
present. we can only conjecture as to the magnitude of this
amelioration within the central Arctic Basin we can
Jjustifiably infer that it must have had some effect on sea
ice thickness, mob.lity and open water conditions during the
summer seasons (cf. Parkinson ?nd Kellogg 1979; ParKinson
and Washington 1979). ' |

Holocere variations in  Arctic Ocean driftwood
penetration and, conseqUently, sea icev stability, are
eépecia]ly pertinent to climatic (Fletcher 1966 Maykﬁt and
Untersteiner 1868: Herman and Johnson 1978), glacio-climatic
(A1t 1978, 1979; Bradley and England 1978, 1973: Koerner
1978), biological (McClaren 1958; Vibe 1967; Sergeant and
Hoek 1974; Stir]ing et al. 1977; Stirling 1980) and
arcﬁeo]ogica] studies (McGhee 1972, 1976; Barry et al.,1977;
Schlederman 1978, 1980)1 fhe unique position of the Canadian
High Arétic and northern Greenfand at the outflow of the
Arctic Ocean, plus their’gagh latitude projection into the
Arctic Basin, provide an excellent field laboratory for the
study of Holocene driftwood variafions , and their
implications  for Arctic P Ocean sea ice history. The

importance of this high resolution driftwood record is
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heightened by the much poorer resolution of the available’

~ Arctic Ocean cores and by the significant environmental role

of sea ice within the Arctic Basin and its peripheral

landmasses.

o



4. MARINE MOLLUSCS

4.1 Introduction

This chapter discusses the fossil pe lecypods and
gastropods co]lecfed from the raised, marine deposits in
Clements Markham Inlet. The collections discussed were most
6ften made Ain"conjunct{on with other observations rather
than as a specific and systematic effort to provide
facies-community correlations. Despite this generalized
: apbrbéch to samp]ihg two basic community types can be
recognized. One type represents bot tom communities
relatively uninfiuenced by freshwater influx and the other
represents deltaic =zones influenced by lowered salinities,
higher oxygination and high sedimentation rates.

Though maring shells have been used extensively for
dating former relative sea levels on northeastern Ellesmere
Island (e.g. England 1976a) few species lists from this
region have been published (Christie 1967; lyons: and Mielke*
1973). Such 1nformat10n on Holocene marine species d1vers1ty
is particularly 1mportant cons1der1ng-the well documented
range expansions of some subarctic molluscs in the Canadian
Arctic Archipelago and along the coasts of Greénland during
the postglacial period (Andrews 1972# Street 13977). The
fossi]t faunas collected in Cleﬁents Markham Inlet presently
indicate that arctic marine cond1t10ns have prevailed there
throughout the Ho]ocene However, the fossil occurrence of

" the subarctic pelecyp&b Limatula (Lima) subau(iculata may

»

89 -
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indicate ameliorated marine conditions along the north coast

of Ellesmere Island at 6400 BP or earlier.

4.2 The Arctic Marine Environment

The contemporary distribution of arctic marine molluscs

is predominantly controlled by specific water .masses -

refiecting faunal respdnses to . their attendant salinity,
temperature apd nutrient characteristics. Hence species
migration in the past ' )ikely reflect changes in the
characteristics or distribution of these water bodies and
these variations are of obvious paleoenvironmental
impor tance. ) '

On the basis of temperature and salinity three water
masses can be distinquished with depth in the Arctic Ocean.
The 'surface layer 'is Known as the Arctic Water and it
extends to depths of ca. 200m {Coachman and Aagaard 1974).
On northern Ellesmere Island Holocene, raised marine deposits
are generally less than 120m as] (Eng]and 1978) and hencs

their associated fauna likely originate exc]us1ve1y from
this zone (cf. Andrews 1972). Because of its salinity the
Arctic Water does not freeze until -1.0° to -2.0°C (Pounder
1965). Salinities are generally 33.0 to 34.5 ppt.(parts per
thousand) and may be 27.0 to 30.0 ppt or lower 1in areas of
freshwater mixing. Near surface sal1n1t1es in Nares Strait
(F1gure \1) have been measured at ca. 31‘0 ppt and increase
to 34.0 ppt at 200m (Sadier 1976). In more enclosed bas1ns

sea ice may rema1n intact well into the ab]at1on season so
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that terrestrial runoff and sea ice meltwater can produce a
freshwaierblayer several meters in thickness beneath the sea
ice (cf. Thorson 1933). Keys (1977) found fresh water to
depths of 44m in Disraeli Fiord behind the Ward Hunf ice
shelf (Figure 1) and there is evidence that such discharge
is sufficient to generate estuarine circufation in fiords
(Ford and Hattersley-Smith 1965; Lake and Walker 1976).

Below the Arctic Water 1is the Atlantic Layer which
extends from ca. 200 to 900m in depth. Depending on the
locality temperatures rise to a maximum of about +1.0°C

.between 250-500m and then decline to near 0°C at ca. 900m.
Sa]initfes are uniform and range from 34!92 to 34.99 ppt
(Coachmen and Aagaard 1974). Below ca. 900m is “the Bottom
Water with temperatures everywhere less than 0°C, and
usually between -0.4 and'-0.9°C. Salinities here are also
uniformly between 34.92 and 34.99 ppt (Coachman and Aagaard
1874). The depth boundaries between these three water maeses
vary in differeni parts of the Arctic Basin being shallower
in the European portions and deepest in the Ellesmere
Island-Greenland area (Coachman and Aagaard 1974).

Arctic Ocean surface currents are shown in Figure 12
(Chapter 3). In general, these include eutflow of Arctic’
Water through .thRe {nterisland channels of the Canadian
Arctic Archipe]ago and elso along the east Green]and coasf
as the East Greenland Current. Warmer, more saline Atlantic
water from the North Atfantic Drift.enters the Arctic Basin

from ‘the northeast Atlantic Ocean,,principally‘throUgh the

-~
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Norwegian Sea, and it subsequent ly submerges beneath the
Arctic Water. These Aflantic waters also arch southward -
along the southeast coast of Greenland where they mix with
.the East Greenland Currentas These mixed, . but still
ameliorated, waters then filow northward along the west coast
of Greenland where they meet outflowing  Arctic Water from
Nares Strait and are again deflected south (Tooma 1978) .
Areally, then, colder, less saline Arctic wéter predominates
in the interisland channels of the Canadian Arctic
Archipeiago, as well as along eastern Baffin Island and
eastern Greenland, whereas warmer, more saline Subarctic
waters influence the southern and west coasts of Greenland.
Therefore,- wést to east across Baffin Bay-Davis Strait
shallow water (Jess than 200m) marine faunas change from
Arctic to Subarctié affinities in response to changes in
water masses.

Though contemporary subarctic molluscs .do not reach
past Thule, Greenland (Figure 1) Atlantic water copepods can
be traced as far north as Smith Sound (Tidmarsh 1972). Their
distribution here closély coincides with the recurring
polynya in northern Baffin Bay-Smi th Sound Kknown as the
North Water [Nutt 1969; Dunbar and Dunbar 1972; Tidmarsh
1972). In this area the subarctic molluscs Mytilus edulis
and Chlamys (Pecten) Islandicus have also been collected in
pre-Holocene " deposits from, respectively, northwestern

Baffin Bay (Blake 1973) and northeastern Smith Sound
(Weideck 1976) .
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- Another constraint on the marine fauna, independent of
water mass characteristics, is sea ice which, because of.ft'“

\\4

scouring and grinding action along the cog?tl1ne.,g%ea$esw
unfavorable conditions for most mar1ne éérfus¢s§:§% o1 h
Hiatella arctica and M. edulis are sometumes fo&\d aImost to
high t1de level (Vibe 1950; Petersen 19{2) true »Lnttoral
faunal communities are rare in the Hqghkl:giwc (E]l;s 1960;
E1lis and*Wilce 1961) and marine macrofauna become prominent

only at depths below 3 to 5m (Thorson 1933: Ocklemann 1958).

4.3 Marine Community Types in Clements Markham Inilet

4.3.1 Bottom Communities - |

A prominent feature of the raised marine deposits in .
Clements Markham Inlet are the sloping silt benches which
océur at a variety of elevations below the local marine
limit. Though these silts have been dissected by badland
gullying _(Christie 1967), and are modified by mass wasting,
many of these benches appear to be remnants o% original
deposdtiona] surfaces, i.e? former sea beds (cf. Donner and
Jungner 1875). These benches appear to have formed in small
embayments or other localities not directly associated Qith
deltaic sedimentation. The ma jority of collections
}nterpreted as bottom comunities were made from these
surfaces whose fine-grainéd sediments imply environments of
slow sedimentation and minimal freshwater input.
DccasionalTy infaunal (burrowing) species such as Mya

truncata were in obvious growth position although specimens
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had often been transported downslope. In many collettions
this redeposition probably did not amount to more than a few
meters as numerous shells still occurred as whole bivalves
with the periostrachum unworn and with siphons .still

attached. . ’ ' .

These sites and their contained species appear to be
similar to contemporary surfaces called clay bottom or lfvel
bottom communities by Thorson (19gé;*1934; 1957), Ocklemann
(1958) and Ellis {1960! in the fiords of east and west
Greenland and the Canadian Arctic Archipelago. The community
most widely recognized by these authors 1is the Macoma
calcar?a community at depths of ca. 5 to 45m. Although
Macoma calcarea is not Known to occur on northern é11%§mere

Island (Lubinsky 1972) the’Targe number of Astarte warhami
found in Clements Markham Inlet does suggest similarities Fo
the upper Astarte zone of the Macoma community (cf. Thorson
1833, 1934; Ellis 1960). ‘

, The following species seem most representative of these
bottom communities based wnor their observed occurrence in
Clements Markham Inlet anc fronm literature records: Mya
tr*uncafa, Astarte warhami, Bathyarca glacialis, Limatula
(Lima) subauriculata, Thyasira equalis, Hiatella arctica,
Colus togatus, and Trichotropis boreal is (Ocklemaﬁn 1958;
Lubinsky 1872; Wagner 1977). In Clements Marhham Inlet these
shell specimens were generally conceﬁtratéd in small

patches, several square meters in extent, interspersed

within much larger areas which appeared barren of fauna.

I
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Similar observations have peen made in contemporary dredge
studies (Ellis 1960) and Spjeldnaes (1978) also noted
similar faunal patchiness én emerged fiord deposits in
Norway . Thése spatial variations may be related to small
changes in the original compacfness of the sediment
(Spjeldnes 1978) or to other little understood énvfronmentai
differences/}Carey and.Ruéf 1877). In blementS'MarKham fnTet
another reason for this variability may simply be that many
of the .infaunal (burrowing)_Jspecié;ﬂane sti,],l,,bur_ied_,and——i,.u_w
therefore are not yet visible at the surfaée (cf. Funder
1978 . |
'4.3.2 Deltaic Zones )

Specimens collected in deltaic zones were obtained from
facies ideﬁtified as deltaic foreset beds and proximal
bottomset beds (e.g. Sites 1 and 2, Figure 7). Th%§e are
areas where rapig' sedimeﬁkation “and varying influxes of
fresh water ‘pUt extreme environmental stress oh the marine
fauna (Thorsom 1833, 1934; Ocklemann . 1958). The greatest
number of gpecies were collected from this ione, almost
exclusively .in proximal bottomset -beds. However, the
increased species diversity in this zone is most likély due
to the increased sampling which was done in‘ébnjunction'With
the fossil plant studies.

FSpecies, common in this zone afe Portlandia arctica
portiandia, = Thracia myopsis; _Yoldiella \‘ frigida,

Delectopecten groenlandicus, Thyasira dunbari’ Hiatella
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arctica and Siphonodental ium 1obatum. Espegsally well Known
from this environment are P. arctica portlandia, T. dunbari

and D.t_groenlandicus and this association has been widely

'recognized as the = Portlandia arctica community (Thorson

1933 1934 Ocklemann 1958). P, anctlca portlandia (cf.

| Lub1éeﬁy 1972) is also known as an early m1grator 1nto this

-

..zpne and is therefore often the only species found in marine

« 1tids also 3ae

.

.“

1¥mit deltas (J. England, personal communication 1980).

Hiatella arctica is generally reported as being a
byssally attached 3member of the epifauna (Ocklemann 1958:
Snel1 and Ste1nnes 1975). Its common occurrence in coarse,

° L}
de]ta1¢ foreset beds may indicatz trat in this environment

-
&
NS

sed1ment burrower . Though Strauch (1968)
mentions~ that H. arctica can live in relatively
unconsol1dated» sed1ment its occurrence in such foreset

sect1ons may s1mﬁﬂy reflect deltaic progradat1on and burial

rathgr than burrowing. More detailed observations are

. necessary. before‘tne»mdde of attachment in this habitat can

be determined. e

Ll SO A; vt -
. - ,., o
o 7

4.4 Mar1ne Mo]]uscs from C]ements Markham In]et

P The marlne macrofauna”co]]ected from the ra1sed marine
N

deposits in Clements ‘Markham Inlet are listed in Tab]e 3

A

(pelecypods and gastropods identified by Or. Irene Lubinsky

-and ElizabéTQ Macpherson, respectively). A total of 21

marine molluscs were identified including 15 pelecypodg (9

families), s gastropods ' (3 families) and 1 scaphopod (1
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family). As = shown in Table 111 these species are
predominantly high: arctic to panarcti. (i.e. circumpolar) in
distribution with Mya truncata and Hiatella arctica
extending to more southerly seas. Species such as Bathyarca
glacialis and Thyasira equalis are also found in the
Atlantic Ocean altHough there they occur in the deeper
abyésa] zones rather than on the continental shelves or in
coastal envﬁronmentsI(Ocklemann‘1958). Although = radiocarbon
dates are not available for the existing Clements Mérkham
Inlet collection (Table Ill) these samples can be inferred
vto represenf most of postglacial time sincg they were
obtained from raiséd marine deposits covering a wide
elevational ‘range. This implies that Clements Markham Inlet
has.remained a high arctic to arctic marine enviroment since
deglaciation. The presenée of the . possibly disjunct
pé]ecypod Limatula (Lima) subéuricu]ata in deposits 'dated
ca. 6400 BR)(however, may indicafe»ame1ioration ét that t{me
and this is discussed below.

Also of‘interest in these collections is the presence -
of Thyasira dunbari a species endemic to the Canadian and
Greenlandic High Arctic (Lubfnsky,1972j 1976). This species
was first described in 1972 and since it can be mistaken for
other members of the genus or for Axinopsida orbiculata it
is not surprising' that this is its first reported fossil
occurrence. It was found within Delta Complex #2 (Site 1,
Figure 7, Chapter 2) in degésits which also contained the

“ fossil  plants dated 6400:60 BP  (SI-4314). . In the

"
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nor fhwestern Archipé]ago and northern Ellesmere Island
Thyasira dunbari ‘"was collected in fiords aﬁd bays at a
depth of 10 to'79m, on muddy bottoms, often close to the
outwash fan of rivers" (Lubinsky 1976, p. 1668). This
environmental infonmation reinfdrces the interpretgtion that
the deposits at Site 1 are proximal bottomsets to the 4§$ k
o T~
‘delta (see Chapter 2). ! ’
Two- other sam;}es containing T. dunbari webé collected
from Delta Complex #2 (Site 2, Figure 7). The deposits at
this site are interpreted as being laterally equivalent to
the deposits at Site 1 as previously discussed (see Chapter
2). At this site 7. dunbari occurs immediately above a mUddy
horizon containing Limatula (Lima) Subauriculata. It is
interesting that the first reported ?ossil occurrence of T.
dunbari, a high arctic endemic, 1is juxtaposed with the
second reported high arctic fossil occurrence of L.

subauriculata, a probable subarctic-Atlantic disjunct. _

4.4.1 Limatula (Lima) subauﬁiculata ' N
L}matula (Lima) subauriculata is a sma]l.(3.5 x 5.5 x
3mm, length x height x breadth of shell) ebifauna] pelecypod
whigh usually inhabits muddy substrates and is considered to
have a subarctic-boreal& Mediterranean-Atlantic range
(Ock lemann 1958; Abbot 1974). Its present range is.reported
-_to extend to 72°47'N in the warmer, subarctiC'Waters of west
Greenland whereas it does not extend béyond the southeﬁnmost

portion of the island on the colder east  coast (ca. 60°N,
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Ocklemann 1958). To date, only one specimen has been
collected in the waters of the Canadian Arctic Archipelago,
thris being immediately southwest of bDevon Island (Figure 1)

during the 19th century (Reeve 1855). However, it was not

_foundFin any of the extensive contemporary collections from

the Canadian Arctic Archipelago examined by Lubinsky (1972).
One specimen has also been collected from dan Mayen Island,
north of lceland (71°N 8°W, Sneli and Steinnes 1975). The
fauna there is predominantly arctic but the abundénce of the
subarctic species Chlamys fPecten) islandicus and the lack
of typical arctic forms such  as Astarte warﬁgmi also
indicates subarctic affinities at this site (Sne]i and
Steinnes 1975). The occur?ence of L. subauriculaté southwest
of Devon Island and at Jan Mayen IsLand may represent fe]ict
populations from. range extentions which occurred during
previous climatic ameliorations. A similar interpretation
hasibeen made of isolated populations of C. islandicus which
occur  north of their. normal range in east Greenland
(Ocklemann 1958; Hjort and Funder 1874; Street 1977; Funder
1978) . Tﬁis has also been suggested for simi]ér disjunct
poﬁu]ations of M. edulis n Baffin Island (Andrews 1972).
L. subauriculata hasipeen found as a fossil in  west

Greenland - by Laursen (1944. 1950{ and Kelly (1973). Laursen
(1950) reports L. subauriculata from 17 sites but all are
south of 72°N and all contain such 'warm’ water mo11uscs as
C. islandicus or Mytilus edulis. Léufsen A(1950) considered

all these assembleges to be subarctic in his stratigraphic
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nomenclature ' ('arctic’ by his original terminology). Kelly
(1873) reports L. subauriculata in two fossil samples from

west Greenland at 68°N which dated 7550+130 BP and 7320%130
” BP (K-1557 and K-1551 respectively). Both of these samples
contained C. islandicus and one also contained M. edulis.
The presence of M. edulis and C. islandicus at 9070160 BP
and 90901140’BP (K-1337 and K-1549 respective]y, Kelly 1973)
indicates the’ early establishment of subarctic mar ine
conditions on west Gréenland. This imp]ie; that inall
Holocene fossil occurrences in this area L. subauriculata
inhabited a subarctic marine environment .(cf.. Laursen 1950).
From the above citations it is evident that both the
contemporary and fossil rang® of L. subauriculata is a]moﬁt
»exclusively subarctic to boreal, though it borders on Arctic

areas. { .
1

In. more northern' sites L. subauriculata has been
collected solely as a fossil ana at only two locatities. The
first is from northweét‘ Greenland at 82°50'N, 43°30'W
(Laursen 1954) and the second is from Clements Markham Inlet
(this study). Lyons and Mielke (1973) also report the genus
Limatula from Ward Hunt Is]andﬂbut they only list it _,as a
.footnote to their Table 1 and no other information is
provided. Since Limatula hyperbbﬁea'is a high arctic species
which ocCur; in this region no conclusions can be drawn from
their feport of the genus. In northwest Greenland L.
subauriculata was co]lectéd from raised marine deposits

along with 18 other arctic species of pelecypods and

nN
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gastropods, however, no rédiocarbon dates are available fdr
this deposit (Laursen:1954).‘Laursen felt the presence of L.
subauriculata indicated that the postglacial warm period had
affected the coast of northern Greenland but because of the
lack "of distributional infbnmation on this species he
concluded that it would be "pﬁemature to draw a final
conclugion from a single finding of Lima subauriculata
(Mont.)" (Laursen 1954, p. 23).

IH Clements Markham Intet L. subauriculata was
collected from réised mafine deposits at ca. 10m asl (Sjte
2, Figure- 7) where it ﬁkcurred in a dense mud overlain by
rhythmica]ly-Bedded sands and sj]tf. Thig wupper layer is
considered to be contemporaneous with the prS&ima]:bottomset
beds at Site 1 (Figure 7) which contained the:foséil plants

ddated 6400160 BP (SI-4314). At this site L. subauriculata
also occurs in assbciation with such arctic species as
Portlandia arctica portlandia, Astabte warhami, and Thyasira
dunbar i (cf. Laursen 1954).

This presence of L.‘subauniculata in Clements Markham
Inlet occurs during a time.interval which several lines of
independent evidence ir ‘cate to be a period of _c]ihate ,
amelioration (i.e waﬁﬁe: summer témperatures or a more
northerly extent df subarc narine waters). Such evidence
includes: aQundant driftwo. ' penetration on southern and
northern, E11esméfe Island _ ke 972 and Chapter 3,1
Pgsbectively); greater pian produ-tivi*, in Clements

Markham Inlet at 6400x60 BF (37-4314, Chapter 2) -and
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initiation of peat: accumulation!| at) Tanquary Fiord at

6480+200 BP (Hattersley-Smith 1869) and on the Carey Islands-

at 6280:80 BP (GSC-2368, Brassard and Blake 1978); an

expanded range of subarctic marine molluscs in the Canadian

Archipelago and Greenland (Andrews ~ 1972, 1973; Hjort and

Fﬁnder 1974; Donner and dungnér 1975; Street 1977; Funder
" 1978); and finally an increase in '80 in the Camp Century
and Devon Island ice cores (Dansgaaird et al. 1971: Paterson
et al. 1977).

The fossil presence of L. subauriculata in Clements
Markham Inlet is therefore provisionally accepted as a range
extension due to ameliorated marine conditions at or
preceeding 6400 BP. Ameliorated conditions in the marine
environment may be due to temperature or salinity changes
(cf. Andrews 1972,.1973) or increased nutrient availibility
because of increased fiord-circu]atﬁon due in turn to more
open water conditions ana increased input from glacier me1t
{cf. Sparck 1933). Assuming the occurrénce of a regional
amelioration in the' %rctic it seems likely that_uall these
factors 'woq]d ’ be interacting to produce favorable -
environmentai changes.lPrevious studies of subarctic marine
mo 1 lusc rénge extensions have dealt with C. islandicqs, M.
edulis and Macoma balthica (Andrews. 1972, 1973; Hjort and
Fundér 1974, Street 1977). The disjunct fossil presence 'of
L. szauricuIata on northwest Greéhland-(Laursen 19547 and
in-CTements MarKham Inlet indicates that this speéies may

o

53156 be useful for interpreting former Holocene marine
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conditions in the High Arctic. A more detailed Knowledge of
its present range and ecologic requirements, however, will
beu required in order to determine hOW'uséFul this species
may be:iﬁ this regard. Also, Bernard (1979) 'éﬁggests that

the species designations withing this genus may require

revision.



5. CONCLUSIONS

5.1 Introduction

The previous chapters in this thesis outline
environmental change in Clements Markham -Inlet during the
postglacial period. The following briefly summar izes these
findings and also disgysses needed impfovements in the data

base.

5.2 Review

The 1last or late-Wisconsin glaciation occupied inner
Clements Markham Inlet_ and portions. of the north and‘
northeast coasts of Elilesmehe Island may have ﬁemained
unglaciated (cf. England 1978; J. ‘gednafski, persoha]
communication, 1980}. The time of deglacia}ion at the inlet
head is‘pﬁesently undated but it muft be ‘older than the
driftwood radiocarbon date of 7830%80 BP (GSC-2975) and it
could be as young as ca. 8000-8500 BP based upoﬁ initia]'
emergence on northeéstern Ellesmere Island (cf. England and
Bradley 1978). During deglaciation marine de]tas; Qere
established and 1anéé" qﬁantities of marine silts were
deposited within the inner inlet. This massive sedimentation
and associated freshwater ihfluxlprohfbited marine molluscs
from occﬁpying the inlet h;ad for “some unkrmown period
following deglaciation. Postglacial émergenée to ca. 100m
asl cauéed stream incision into these raised mééine deposits
resulting in the ‘formaé;on /of inset deltas graded to

~—— T
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progressively lower and younger sea levels.

Subsequent to deglaciation the variability of driftw
penetration into Clements Markham Inlet is considered to
represent sea ice changes at the inlet mouth. Thus during
cold summers,..when landfast sea ice did not breakup, the
outer inlet was blocked and driftwood was excluded. However,
during warm summers,‘when the landfast sea ice did breakup,
available driftwood entered into the lower inlet and became
stranded on the contemborary shorgeline (cf. Blake 1872). By
ca. 7800 BP driftwood began entering Clements Markham Iniet
and sporad{c driftwood penetration continued until ca. 6500
BP indicating at least occasional breakup rof. the landfast
sea 1ice cover during this interval (zone 1, Figure 14).

Driftwood ‘abundance reached its max imum between ca. 6500 and

4500 BP (zone 2, Figure 14) and though fast ice breakup may

_be catastrophic (cf. Hattersley-Smith 1963a; Holdsworth

1971) prolongedy¥ periods of driftwood penetration such as

this likely imp]y-freqyent fast 1ice deterioration due to

increased summer temperatures.
14

In Clements Markham Inlet the fossh1l presence of the

apparent subarctic disjunct Limatula Alima) subauriculata

also suggests amelioration of mgfine conditions at or
ear]%er than 6400 BP: In addjfion, *the abundant plant
remains apd diverse Sryoph e f]dré_found in Delta Comp lex
#2 (Site 1, ﬁjgure 7) sydgests higher plant productivity at
6400460 BP " (SI1-43147 as well. Higher plant productivity in

the arid High- Arcti is likely a respéhse to increased
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moisfure availability due to more open.water in. the Jlocal
fiords and the adjacent Arctic Ocean (cf. Fredskild 1969).
Collectivaly, therefore, the driftwood zonation, fossil
vegetation and mmarine mollusc evidence suggest that warmer
summers and more open water conditions began at ca.| 6500 BEP

The existing driftwood model provisionally [ suggests
that the period of abundant driftwood penetration (warmef
summers)c lasted until ca. 4660460 BP"(GSC-2973) ' when
driftwood abruptly dec1ined indicating the beginning of a
period of colder summers with more stable landfast sea ice
(zone 3, Figure 14) The driftwood data from Clementé Markham
Inlet indicates this colder and likely drier period lasted
until driftwood again became abundant at ca. 500 BP (zone 4,;
Figure 14) Howevef, a review of driftwood radiqcérbon daées
from the High Arctic also suggests that other bérjods of
warmiﬁg and reduced summér sea ice occurréa betweén
3000-2000 BP, at ca. 2000 BP ahd 1000 BP. This regional
variability is beyond the.resolution of 'the present_Clements
Markham Inlet data base.’hence the existence of t;;;e.short
term ame]ioration§wcannot- be discounted 1in the author’s
field éreé. Also,ikhe octurrence of Thule culture hearths in
Archer Fiord-Lady Frankainr Bay and‘ in the Alert area
indicates that the Thule qulture expansion into the High
Arctic at ca. TOOO-QOO”BP (McGhee 1972, 1976; Barry et al.
1977) extended all the way to northermmost Ellesmere Island.

Collectively, this vHolocege.‘ paleoenvironmental mode 1

compares well with the existing isotopic record from high

R
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latitude ice cores (Dansgqard et al.1971; Paterson .et
al.1977).

- An important aspect of the c 1temporary environment in
Clements Markham Inlet is the advanced .position of many.
outletlg]aciers. Similar observations have also beén made by
-several investigators on E]lesmer Island (Hattersley-Smith
1969; BlaRe 1975; England e19;/8). Th expansion is
interpreted to bé a responée to,fﬂe climatic deteriorati
which has occurred since 4500, BP. The recent 4nd minor
retreat of these glaciers Qn“the-other hand is most likely a
response to the post 1910-1925 'ciimatic ‘warming in fhis_
.région  (cf. Hattersley-Smith 1960b, 1963c) which was

characterized by generally warmer summer temperatures yntil

ca. 1963 (Bradley and England 1978). This is also the period

-~
9

when ship Wreckgge (or dock planking)'wifh attached spikes
floated into Clements Markham Iniet indicating that this
short term amelioration was sufficignt to cause
deterioration of the landfast sea ice cover uwihich may have
blocked the inlet at 1least between 1947 and 1861 (cf.
Hattersley-Smith 1962) .

. 5.3 Suggestions for FunthurfReséarch

In terms  of the present postglacial model for
environmental change in Clements Markgam Inlet there ‘is room
vfor refinement and expanéion 6f the data base. Perhaps the

most obvious opportunity is to test the various zones by -

continued location = and levelling of driftwood p]u%'

1
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additional radiometrié control. Particularly, a more
detailed survey of the inlet in the post 4500 BP range (less
than 2im asl) may help evaf&ate the extent of the climatic
ameliorations indicated'within this period by other workers
(cf. Figure 16: Knuth 1967; Fredskild 1969: McGhee 1872;
Barry et al. 1977). Additionally’: the dating of the apparent -
Thule culture hearth found on the north éide of f;neg
Clements Markham Inlet wou ld help to clarify the
relationship betweenvthisncu]tunaT’occupation and dri ftwood
abundance. Evidence of Independeﬁce I and 11 paleoceskimo
occupation in this area wou]d likewise refine the
c]imaiic-cu]tura]-driftwood re]ationship”in the poét‘4500 BP
zohe (cf. Knuth 1967).

| Continuing examination of the bnyophyteé in the fossil
plant deposits is still yielding' additional species (d.
Janssens, personal communipation, 1980) and disjunct or
1oca1iy extinct sbecies may yet be encountered. Also, ihe
identification and dating 6f plaﬁt remains reported in
lacustrine sediments immediately south of - Piper bass
(Christie 1967) would provide an %mpoptant comparison with
the fossil plants from Clement§ Markham Inlet. In addition,
pollen analysis of ]aké' sediments or péats in this area
would be an excellent means of egtab]ishing 'vegetation
yariations through time | and wou 1d éi]ow 'a petter
paleoenvironmenta] integration of Ehe macrofossil materials
and driftwood data.

With regara to the marine fauna a more detailed

/
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examination of -the fossil d%versity in this region may well
provide an important and comparable paleoenvironmental

record over a.larger area (cf. Andrews 1872; Street 1977) .

Particularly, more detailed taxonomic, ecologic and
distributional (fossil and contemporary) information on
Limatula (Lima)  subauriculata wou id enhance our

unQersténdjng of its disjunct character and its potential as
a‘paleoenvironmenta] indicator.

As more refined contemporary and paleocenvironmental
data become available an improved model of Holocene climatic
change in the Canadian High  Arctic should emerge.
Particularly useful would be the :integration of ongoing
research in synoptic q]imato]ogy,'glacier.mass balance and
isotop%c variations (E?. dacksoh 1960; Markham 1975; A1t
1978, 1979, Bradley énd Eng]agd 1978, 1979; Crane 1978,
1979; Koerner 1879, °© Moritz 1979) with the Holocene

paleoenvironmental data base.
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