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Abstract

Nico W. Willemse. Holocene Sedimentation History of the Shallow Kangerlus-
suaq Lakes, West Greenland. Meddelelser om Grenland Geoscience 41. Copen-
hagen, Danish Polar Center, 2002.

The sedimentation history and Holocene development of seven small and
shallow closed-basin lakes in the continental Kangerlussuaq region of West
Greenland was studied by detailed analysis of their sedimentary infill,
chronology, and litho- and chronostratigraphy of sediment cores. The lakes are
situated between the present-day Inland Ice margin and Sukkertoppen Iskappe
and have generally simple basin morphometries. Accumulation and distribu-
tion of organic rich sediments indicate a rather regular lake infill since deglacia-
tion. According to AMS "C ages of basal organic sediments, start of organic
infill in the lakes follows the general timing for deglaciation as defined by
regional moraine chronostratigraphy, but include evidence for the diachronous
development of individual lakes. Holocene accumulation rates of organic-rich
sediments were rather constant over time, and the longest record extends back
to ca. 10,500 cal yrs B.P. Floristic shifts in the first diatom record presented from
this area record significant limnological changes, with relatively mesotrophic
conditions prevailing throughout lake history. Results of high-resolution loss-
on-ignition (LOI) analysis on diatomaceous and silt-rich organic sediments sug-
gest a dominant lacustrine signal in these lakes. A characteristic sedimentary
sequence occurs in all lakes investigated where highly variable LOI fluctuations
show a close correlation between sites, well corroborated by radiocarbon ages.
The results are discussed in the context of on-going investigations of the
palaeoenvironmental and climatic record in the continental interior of West
Greenland and present information on the environmental background, basin
characteristics, sediment stratigraphy, and chronostratigraphy of the shallow
Kangerlussuaq lakes.

Key words: Lake sediments, Greenland, stratigraphy, Holocene, AMS "C, cli-
mate change, diatoms.
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Introduction

Hindcasting climatic trends in the polar
region has become increasingly impor-
tant following the recognition of a prob-
able polar amplification to global warm-
ing (Kattenberg et al., 1996). High la-
titude feedback mechanisms play an im-
portant role in the climate system (Dick-
inson et al., 1996), but in the absence of
long term meteorological records, nat-
ural climate variability and feedback
mechanisms remain poorly understood
(Overpeck et al., 1997). Arctic areas are
often rich in lakes of all sizes and their
sediments contain one of the few contin-
uous archives for deciphering past
climate variability (Smol et al., 1996,
Hughen et al., 1996; Bradley et al., 1996).
Recent efforts focussed on the high-reso-
lution climate signal in annually lami-
nated lake sediments of the eastern
Canadian Arctic (Hughen et al., 1996;
Bradley et al., 1996; Lamoureux & Brad-
ley, 1996; Hardy et al., 1996). Apart from
ice core data from the Greenland Ice
Sheet (Johnsen et al., 1995; White et al.,
1997), no such detailed information is
yet available from West Greenland sites.
However, the marked geographical vari-
ability between palaeoclimate records
and instrumental data from the eastern
Canadian Arctic and Greenland point to
the importance of increasing spatial
coverage (Overpeck et al., 1997).

The present study aims at a more
comprehensive understanding of the
type of environmental signal archived in
sediment records from the numerous
small (0.5-2 ha) and shallow (3-8 m)
lakes in the West Greenland Kangerlus-
suaq area (Fig. 1), following previous
research on the postglacial sedimentary
record (Dijkmans, 1988; 1989; Dijkmans

& Tornqvist, 1991; Eisner et al., 1995). Pa-
laeolimnological and palaeoecological
approaches for several of the larger lakes
are currently under study (Anderson &
Bennike, 1997, Anderson et al., 1999;
Bennike, 2000; Anderson et al., 2000; Bro-
dersen & Anderson, 2000; Brodersen &
Anderson in press), but our efforts focus
on shallow lakes with comparable basin
morphometries, small drainage areas,
and no distinct inlets or outlets. Controls
on physical, chemical and biological
processes for such lakes are in general
relatively simple, and the response of
small lake-watershed systems to short
term (interannual) climate fluctuations
is likely to be maximal (e.g. Smol et al.,
1991; Douglas et al., 1994).

The majority of these lakes are un-
studied, but previous work in the area
showed the presence of a strong limno-
logical and climatic signal (Eisner et al.,
1995; Willemse & Tornqvist, 1999). Little
precise information is yet available
about the chronology, sedimentary infill
and sediment stratigraphy of these shal-
low lakes. The purpose of this paper is to
provide details on sediment and basin
characteristics, sediment stratigraphy,
environmental background, and the pa-
leoenvironmental signal recorded in
seven shallow lakes situated along a
roughly 120-km-long transect, exten-
ding from the present-day Inland Ice
margin towards Sukkertoppen Iskappe
(Fig. 1). A large number of new acceller-
ator mass spectrometry (AMS) "C ages
from Kangerlussuaq lake sediment re-
cords are presented, providing the chro-
nostratigraphic framework for recon-
structing the environmental and climatic
history.
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Fig. 1. Location of
sampling sites in the
Kangerlussuaq region
of West Greenland.
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Climatic significance of West

Greenland lakes

Climate variability and West
Greenland

The Baffin Bay region (Baffin Bay, West
Greenland, and Baffin Island) is excel-
lently suited for studying Arctic climate
variability. The present-day synoptic cli-
matology is influenced by a major fea-
ture of northern Hemisphere circulation:
a semi-permanent upper level trough in
the circumpolar westerly flow over Baf-
fin Bay (Jacobs et al., 1985; Barlow et al.,
1997). The Baffin Bay trough largely
reflects the northward diversion of de-
pression tracks from the central Cana-
dian Arctic due to blocking highs over
Greenland and the orographic influence
of the Greenland Ice Sheet (Putnins,
1970; Barry & Kiladis, 1982). Regional
atmospheric circulation, and the associ-
ated pattern of temperature and precipi-
tation in the Baffin Bay region are
strongly affected by changes in the posi-

tion of the trough axis (Fig. 2, also Keen,
1980; Williams & Bradley, 1985), which
exhibits interannual variability related
to the Icelandic Low and the North
Atlantic Oscillation (Barlow et al., 1997).
Below or above normal air temperatures
in Greenland are associated with an
eastward/westward shift of the trough
axis as a response to unusual stronger/
weaker westerlies over the North At-
lantic (Keen, 1980). In addition, oceano-
graphic and sea-ice conditions play an
important role in regional climatic dif-
ferences (Jacobs ef al., 1985; Williams &
Bradley, 1985). In contrast to most other
regions of the Earth, the Baffin Bay
region has experienced decreasing tem-
peratures over recent decades.
Temperature trends (from Nuuk since
1784, Tlulissat 1840) document drastic
interannual and decadal climate vari-
ability in the region over the last hun-
dred years (Fig. 3). Briefly, these general

Fig. 2. Changes in the
mean July 700 milli-
bar heights between
periods 1943-47 to
1951-60 and 1951-60
to 1964-73. From 1943
to 1960 the mean
trough position moved
westwards, resulting
in increased southerly
and westerly circula-
tion with moist and
warm maritime air
over West Greenland
and Baffin Island.
From 1964-73 the
mean trough position
was more east, with
enhanced northerly
and northeasterly air-
flow (cold and dry
arctic airmasses) over
the region (Williams &
Bradley, 1985).

A'Vo,ll

1951-60 to 1964-73 |
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CLIMATIC SIGNIFICANCE OF WEST GREENLAND LAKES
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Fig. 3. Selected West
Greenland coastal tem-
perature (°C) records
for the period 1878-
1971 (Illulissat) and
1878-1990 (Nuuk) and
summer (JJA) tempera-
ture departures relative
to 1866 to 1885 aver-
aged over Greenland
(Warrick & Oerle-
mans, 1990 and
National Climatic
Data Centre) compared
to Northern Hemi-
sphere combined
annual land-surface air
and sea surface temper-
ature anomalies (°C)
1864-1995, relative to
1961 to 1990.
(Nicholls et al., 1996).
Solid smoothed curves
are 20-yr running
averages of monthly
and annual means.
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climatic changes are associated with
variable cyclonic activity and depression
tracks over Greenland bringing either
warm/moist maritime or dry/cold arc-
tic air masses over West Greenland. As a
result, the inland regions experience
alternating phases of continental or mar-
itime conditions (Hasholt & Segaard,
1978). The influence of atmospheric cir-
culation shifts on cyclone tracks over the
Greenland Ice Sheet during major
Holocene warming and cooling phases
is also evident from snow accumulation
records (Kapsner et al., 1995) and long-
distance pollen records in the region
(Nichols et al., 1978; Fredskild, 1984).

Lake sediments as climate
archives

The biological, chemical and physical
cycles of lakes in extreme environments
with steep climatic gradients are strong-
ly influenced by meteorological vari-
ability (e.g. Welch et al., 1987; Schindler
et al., 1996; Hardy, 1996; Doran et al.,
1996). 7-9 months of lake ice cover and
the presence of catchment permafrost
prevents sediments and nutrients to
enter the water column during the larger
part of the year. As a result, sediment
fluxes and deposition in Arctic lakes are
usually strongly seasonal (e.g. Miller,
1992; Zolitschka, 1996). Moreover, the
opacity of thick, partially snow covered
ice and the low incident angle of sun-
light during the 7-9 months of complete
ice cover effectively reduces the active
biological period (Hobbie, 1973; Welch et
al., 1987; Fee et al., 1987; Smol et al., 1996;
Vincent & Pienitz, 1996). Like for other
Arctic regions, meteorological condi-
tions are notoriously variable, with dif-
ferences of 5°C in annual air amplitude
not being exceptional. Variable tempera-
ture and precipitation regimes greatly
affect important environmental condi-
tions, such as length of the ablation
season (Bradley & Miller, 1972; Tramoni
et al., 1985; Magnuson et al., 2000), grow-
ing season length (Myeni et al., 1997),
and the hydrological balance (e.g. Fritz
et al., 1999). Small lake ecosystems are
relatively simple and minor climatic
shifts are expected to generate large
changes in biota and depositional pro-
cesses. In combination with such lake
sensitivity, the majority of limnological
and sedimentological changes recorded
in lake sediments are, therefore, likely to
represent climate-lake-catchment inter-
actions.
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Environmental background

Physiography

The Kangerlussuaq region is situated in
the interior area of southern West Green-
land (Fig. 1). Together with the coastal
region, the inland area forms the most
extensive ice-free continuous land in
West Greenland. The Kangerlussuaq re-
gion can be characterized as a gentle
WSW-ENE trending hilly landscape.
Relief amplitude is of the order of 200-
300 m with a few summits exceeding 600
m a.s.l. where glacially abraded bedrock
knolls alternate with extensive plains
and large, bedrock controlled lakes
(Hansen, 1970).

Depositional features related to for-
mer ice expansion are widespread in the
area (Weidick & Ten Brink, 1970) and
include moraines, thin patches of loose
gravelly and sandy diamicton, and scat-
tered erratic boulders (Funder, 1989).
Glaciofluvial and fluvial sediments, out-
wash plains, and fluvial terraces cover
the floors of all major valleys. Deglacia-
tion and subsequent relative land uplift
resulted in terraced proglacial sediments
that grade down-valley from ice-mar-
ginal deposits into emerged marine del-
tas in the valley mouths near the fjord
(Ten Brink & Weidick, 1974; Van Taten-
hove et al., 1996). Usually the valleys
contain several generations of river ter-
races (Funder, 1989).

Floodplains provide the source of
widespread aeolian deposits in the area
(Hansen, 1970; Dijkmans & Tornqvist,
1991). Coarser sediments are deposited
as small dunes and sand sheet deposits
in the valleys. Silt-sized sediments are
carried over larger distances, and most
of the area close to the present Inland Ice
margin is covered by a thin (0.2-1.0-m-
thick) layer of loess (Bocher, 1949; Dijk-
mans & Tornqvist, 1991).

Geology and glacial history

The Kangerlussuaq area is dominated
by Precambrian crystalline metamorphic
rocks with a general ENE strike, be-
longing to the Nagssugtogidian mobile
belt (Escher et al., 1976). The bedrock
consists mainly of granodioritic gneisses
locally intruded by deformed amphi-
bolitic and doleritic dykes.

Ice cover extended beyond the present
day coastline during the larger parts of
the Sisimiut glaciation of Late Wiscon-
sinan-Weichselian age (Funder, 1989).
During the course of deglaciation, the
Inland Ice margin progressively re-
cessed about 175 km in central West
Greenland. Frequent halts or re-ad-
vances interrupted the retreat and for-
med extensive moraine systems, pro-
viding one of the most complete records
of Greenland deglaciation history (Ten
Brink & Weidick, 1974; Funder, 1989;
Van Tatenhove ef al., 1996). *C dating of
basal organic lake sediments indicated
that the terrain became ice free as early
as 7250 cal yrs B.P. (calendar years
before 1950) close to the present Inland
Ice margin (UtC-1987, Van Tatenhove et
al., 1996). Between 6000 and ca. 4000 cal
yrs B.P. the ice margin was behind its
present position (Weidick et al., 1990,
Anderson et al., 1999) followed by a gen-
eral readvance reported to begin at ca.
4500-4000 cal yrs B.P. (Anderson et al.,
1999; Bennike & Weidick, 1999).

Due to isostatic rebound, the Holo-
cene marine limit rises from approxi-
mately 40-60 m a. s. . at the head of Ka-
ngerlussuaq (oldest shells K-1664: 7140
+ 130 cal yrs B.P. and UtC-3522: 7100 =
70 cal yrs B.P,, reservoir corrected) to a
position 130-140 m above relative sea
level at the outer coast, reported to be
older than 9500 “C yrs B.P. (Ten Brink &
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Fig. 4. Climatological
data from the Kanger-
lussuaq Airport meteo-
rological station
(W.M.O 04231) for the
period 1974-1987
(Danish Meteorolog-
ical Institute, Copen-
hagen). A) Mean
monthly temperature.
B) Mean monthly pre-
cipitation, mm water
equivalent. C) White
bars: mean monthly
height of snow cover
for days with a com-
plete snowcover.
Shaded bars: mean
number of days per
month with a complete
snow cover. Numbers
in B) and C) indicate
one standard deviation.
D) Windrose for the
Kangerlussuaq Airport
meteorological station
showing total number
of 3-hour measure-
ments with a wind
speed > 5 m/s for the
period 1974-30/9/1988
(Dijkmans & Torn-
quist, 1991).

ENVIRONMENTAL BACKGROUND

D

Weidick, 1974). According to Weidick
(1993), isostatic adjustment ended after
ca. 3000 cal yrs B.P. followed by a subse-
quent transition to submergence as a
result of general ice expansion.

Climate and vegetation

Major climatic differences are observed
within the ice free area where the inte-
rior position and the proximity to the
Greenland Ice Sheet enhances the conti-
nentality of the Kangerlussuaq area. The
present-day climate is arid continental

subarctic (Fig. 4). There are about 4
months of continuous sunlight in sum-
mer and 2 months of complete darkness
in winter. Mean annual temperature for
Kangerlussuaq Airport weather station
is =5.2 °C (1943-1992). Average tempera-
ture for February is -26 °C and +11 °C
for July. Interannual temperature vari-
ability is large, especially during winter
months. Continuous permafrost occurs
throughout the region (Van Tatenhove
and Olesen, 1994).

Extremely low precipitation in the
inland areas compared to the coastal
region (Fig. 5) is due to the rain shadow
effect of the coastal ranges and the high-
lands around Sukkertoppen (Putnins,
1970; Reeh, 1989). Kangerlussuaq Air-
port weather station records a mean of
155 mm (period 1943-1992), with a
summer maximum when evapotranspi-
ration rates exceed net precipitation
(Rott & Obleitner, 1992). Excluding melt-
water discharge from the Inland Ice and
a brief spring meltwater peak, runoff is
very low.

Wind speed and direction close to the
Inland Ice margin is largely controlled
by the influence of the ice cap and the
effect of topography. Dominantly east-
erly winds at ground level reflect the
effects of both thermally induced kata-
batic (gravity) winds from the Inland Ice
and airflow channeling in the valleys
(Rott & Obleitner, 1992; Van den Broeke
et al., 1994). At greater altitudes, wind
directions show a much wider distribu-
tion and no pronounced maximum of
frequency (Hedegaard, 1982; Rott & Ob-
leitner, 1992). In general, wind speeds
are low (Hedegaard, 1982).

The dry climate, combined with the
scarcity of meltwater, limits the presence
of humid, luxuriant vegetation (Holt,
1980). Drier upland sites and south-
facing slopes support a variety of dwarf-
shrub heaths, dominated by the decid-
uous shrub Salix glauca, dwarf shrub
vegetation (Betula nana, Vaccinium uligi-
nosum), and steppe-like communities
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including xerophytic grasslands. Meso-
hygrophytic vegetation occurs on north-
facing slopes and in wet meadows
developed in depressions, where bryo-
phytes  (Aulacomnium spp., Sphag-
nacaea), sedges (Carex spp.) and grasses
(Poa, Calamagrostis) dominate. Most
lakes support a 2-10 m wide fringe of
aquatic macrophytes (Hippurus vulgaris,
Menyanthes trifoliata) together with sub-
merged species (Myriophyllum spicatum,
Potamogeton spp.) and aquatic bryo-
phytes.

Kangerlussuaq lakes

Lakes of all sizes are a conspicuous fea-
ture of the inland ice-free region, which
makes up about 5-10% of the surface
area (Table 1). The lakes are either large,
oblong shaped, bedrock controlled ba-
sins, ice-disintegration depressions for-
med in glaciofluvial sediments, or re-
lated to damming to varying degrees by
glacial drift (Fig. 6). Basin subsidence
due to degradation of ice-rich perma-
frost and/or buried glacial ice is thought
to be an important process for the for-
mation of many of the shallow lakes
used in this study. Surface lowering due
to melting of ground-ice in areas occu-
pied by lakes amounted up to 4.0 m in
the period 1943-1968 and 2.3 m for 1968-

ENVIRONMENTAL BACKGROUND
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BAFFIN BAY

Baffin Island

50w

1985 in recently deglaciated terrain (Van
Tatenhove, 1996). Small 1-2 m deep
thaw-lakes are another conspicuous fea-
ture in peat-filled basins, and most likely
develop from degraded ice-wedge poly-
gons (Billings & Peterson, 1980).

The most extensive limnological stu-
dies of West Greenland lakes are those of
Hansen (1967) and Anderson and co-
workers (Anderson et al, 1999; 2000;
2002; Brodersen & Anderson, 2000; Bro-

Table1. Percentage lake distribution in the ice-marginal Kangerlussuaq area (map co-ordinates (UTM) x:488

y:7449 and x:545 y:7410). Means for 5 randomly selected 5x5 km square areas. n denotes number of lakes.

Data based on Vandrekort Vestgrgnland, sheet Kangerlussuag 1:100.000 (Greenland Tourism A/S, 1996) and

aerial photographs (series 282 /1968/ scale 1:47.400).

Upland areas Ponds 0.5-2 ha 2-25 ha >25ha n
(300-800 m a.s.l.) (%) (%) (%) (%)

Mean 60,9 30,8 6,1 1,7 89,8
Standard dev. 7,5 7.8 3,7 1,2 6,6
Lowland areas

(0-300 m a.s.l.)

Mean 47,3 31,3 14,3 7,0 41,3
Standard dev. 27,8 9,9 8,9 9,8 13,6

MEDDELELSER OM GRONLAND, GEOSCIENCE 41

Fig. 5. General distri-
bution of precipitation
in western and
southern Greenland,
mm water equivalent
per year, based on
accumulation rates in
ice-covered areas and
recorded precipitation
at coastal weather sta-
tions (after Reeh,
1989). Note lee-effect
of mountain highlands
in the West Greenland
interior.
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ENVIRONMENTAL BACKGROUND
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Fig. 6. Oblique aerial photograph of the ice-marginal landscape east of the Kangerlussuaq Airport, showing the Greenland
Ice Sheet and the proglacial area in 1954. View is towards the east. Lower foreground: Russell and Leverett outlet glaciers,
the outwash plain, lakes in peat filled depressions (a), bedrock controlled basins (b) and glacially fed lakes (c). Photo B23
A-L, no. 87 (1954) (reproduced with permission of National Survey and Cadastre — Denmark).

dersen & Anderson, in press). Details on  Reen (1962), and Brodersen and Ander-
water chemistry and flora of the lakes in  son (in press). The shallow lakes are gen-
the Kangerlussuaq region are presented  erally moderately nutrient rich (total
in Bocher (1949), Brodersen & Anderson  phosphorus 7-34 pug/L), soft water lakes,
(in press), and Anderson ef al. (2002). although the dissolved chemical con-
Notes on lake fauna are provided in stituents and transparency due to dis-
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Water temperature (°C 4--4), pH (unito—0), dissolved oxygen (mg/l w—a)
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solved coloured organic matter varies
between lakes (Brodersen & Anderson,
in press; see also Table 4).

The lakes begin to freeze-up in late
September and ice grows to 1-2 m thick-
ness during winter. Ice-free conditions
extend from late May-early June to late
September, although spring thaw for the
larger and deep lakes can be some weeks
later (Hansen, 1967). Hansen (1967) sug-
gested that in the absence of strong
winds, a weak and shallow summer
stratification develops during summer,
where dilute sheltered lakes might have
two periods of full circulation through-
out the watercolumn (see also Brodersen
& Anderson, 2000). Spring warming
(Late April-May) brings dilute water
from the melting snowpack towards the
lakes. These combine with dilute waters
from the melting lake ice to generate a
spring/summer salinity gradient in
lakes with somewhat elevated salinities
of 400-1000 uS/cm, a condition that can
last throughout most of the summer
(Fig. 7).

Due to the dry climate and the thin
snowcover, meltwater flux and overland
flow towards the lakes is limited, and,
together with the lack of clear outflows,
the water balance is for most cases con-
trolled by spring overflow, direct precip-
itation and evaporative losses. Some
groundwater exchange may occur, how-
ever, through percolating water on the

T T T T T T T 1 T T T T T T T T T T T T T 1 T T T
0 200 400 600 800 1000 0 200 400 600 800 1000 O 200 400 600 800 1000 O

T T
200
Electrical Conductivity (uS/cm »- )

permafrost table and from the open talik
beneath lakes floored by mantels of
unconsolidated sediment. A number of
lakes have such high conductivities that
they can be classified as oligosaline lakes
(Bocher, 1949; Williams, 1991). Situated
well above the local marine limit, their
relative high salinity and conductivity is
most likely a result of the high evapora-
tion in relation to precipitation and lack
of a distinct overflow (Anderson & Ben-
nike, 1997; Anderson et al., 1999), and
most of these more saline lakes are me-
romictic (Brodersen & Anderson, 2000).

The biological structure of the small
and shallow lakes is in general simple.
Most lakes contain abundant aquatic
macrophytes in terms of biomass, in-
cluding emergent and submerged spe-
cies and aquatic bryophytes. In general,
the lakes support a large population of
zooplankton and benthic invertebrates.
The dominant groups of algae can vary
distinctly between the shallow lakes
(Hansen, 1967), but consist in general of
desmids and diatoms (periphytic and
benthic species). No fish species are
found in the shallow lakes owing to low
oxygen levels in the watercolumn
during the long ice-cover period (Fig. 7).

Typically, surficial sediments consist
of highly aqueous, olive green amor-
phous organic matter mixed to varying
degrees with silt-sized mineral grains
and limnic organic detritus (gyttja).
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Fig. 7. Profiles of water
temperature, dissolved
oxygen, electrical con-
ductivity (EC) and pH
for lake SFL4 during
four selected days
(April 24th, June 14th
(five days after ice-
out), August 29th and
October 4th, 2001)
plotted against depth
in the lake. Note the
EC gradient due to
dilute water input just
after the lake became
ice free and the
resulting density strat-
ification that developed
until its breakdown
end of August 2001.



Fieldwork and methods

Site selection and sampling

Bathymetry, sediment infill and sedi-
ment characteristics of 41 relatively small
(0.5-2 ha) and shallow (3-8 m) lakes were
surveyed during two summer field sea-
sons in 1991 and 1993. Most lakes are un-
named, and an un-official lake code was
assigned to each of these sites. Six lakes
were selected for detailed study in the
Sandflugtdalen area (Fig. 1). Data were
collected on bathymetry, basin mor-
phometry, lake area, drainage area, post-
glacial sediment thickness, and the ab-
sence of distinct inlet or outlet channels.
In addition, two more lakes were cored
along Kangerlussuaq in 1996.

Prior to sampling, the bathymetry and
postglacial sediment distribution were
mapped along 10x10 or 20x20 m rectan-
gular grids. Mapping included routine
sediment description (sediment texture,
colour, plant remains) with the aid of a
1.20 m long, 3.5 cm diameter Russian
sampler. A rubber boat, fixed to the
shoreline was used as a platform for
coring. A number of sediment cores
were taken in all lakes. Coring was car-
ried out using a modified Livingstone
sampler with a removable inner tube, a
length of 1.20 m, and an inner chamber
of ¥ 50 mm. Overlapping core segments
of at least 30 cm were taken throughout
each section. Sediment cores (piston
type @ 75 mm) from the uppermost
fragile ~60 cm were carefully collected
by a scuba diver, to minimize the risk of
non-recovery of topmost sediments.

Surface sediment samples (1-5 cm
thick, 100 cm?® from lake 17 in Sand-
flugtdalen (SFL17), were collected over a
regular (10x20 m) grid to analyze the
spatial variability and composition of
(sub)recent surficial sediments. In addi-
tion, surface water samples were col-

lected for chemical analysis during three
consecutive days in July 1997, together
with grab samples from the central surfi-
cial sediments. Subsamples for conduc-
tivity (EGV), alkalinity, pH, water tem-
perature and transparancy (Secchi-
depth) were measured in the field. Dis-
solved chemical constituency was mea-
sured on acidified subsamples using
colometry (FIA) and ICP-AES spectrom-
etry, together with bulk density esti-
mates, organic matter content and Kjehl-
dahl-N of surficial sediment samples.

Bathymetry, sediment volume
and distribution

Bathymetry and sediment distribution
was calculated by contouring the grid-
ded sampling points using the software
package SURFER and ordinary kriging
for interpolation. For some cases, per-
mafrost in shallow littoral areas (general-
ly <1 m water depth) inhibited penetrat-
ing deeper than 50 cm into the sediments.
For those cases the sediment thickness
was estimated by extrapolation from sur-
rounding points. Accordingly, subaque-
ous slopes were calculated throughout
the modern lakes in order to identify
lake-areas liable to sediment slumping
(Larsen & McDonald, 1993). Bathymetry
of the lakes prior to the start of organic
infill was calculated by subtracting post-
glacial sediment thickness from the mod-
ern bathymetrical maps. Although the
level of the lake surface at the time of
onset of organic sedimentation is not
known, it is assumed to be similar, or
close to the modern level.

Sediment analysis

Wet surficial samples (100 cm?®) were

MEDDELELSER OM GRONLAND, GEOSCIENCE 41



sieved over a 210-um screen to split
coarse particulate organic matter and
macrofossil remains from the bulk sedi-
ment matrix, and subsequently analy-
zed using a dissecting microscope. Both
fractions were thereafter oven-dried at
105°C for bulk weight and ashed in a
muffle furnace at 4 hours/550°C for
organic matter content (loss on ignition
(LOD), Dean, 1974).

Cores were split lengthwise and pho-
tographed at the Laboratory of Physical
Geography, Utrecht University. Precise
subsampling of the sediments was done
by allowing frozen sediment cores to
warm to —2°C overnight, after which the
sediments were sliced in contiguous 2-4
+ 0.3 mm samples in a refrigerated
room. Samples from selected core seg-
ments were split into two equal parts: I)
for LOI analysis, and II) to determine
biogenic silica concentrations and fur-
ther geochemical analysis. Sample I was
oven-dried at 105°C for 12 hours to
determine bulk dry weight, and subse-
quently at 550°C for 4 hours in a muffle
furnace for LOL The analytical error of
LOI estimates (0.8% for standard 0.5 g
dry weight samples) was determined by
measurement of 39 replicate samples.
Additionally, ashed samples were ana-
lyzed for remaining macrofossils. For
carbonate content, the ashed sample I
was placed in a muffle furnace at 950°C
for 4 hours. For sample II, dry bulk sam-
ples were oxidized to remove organic
matter. Authigenic mineral matter (for-
med within the lake proper) was sepa-
rated from allogenic (detrital) mineral
matter following extraction procedures
of Engstrom & Wright (1984). The bio-
genic silica concentration in the authi-
genic mineral fraction (selective dissolu-
tion with 0.2 M NaOH), and authigenic
and allogenic elemental composition
was measured using ICP-AES spectrom-
etry. The relative analytical error for bio-
genic silica content is ~15%.

FIELDWORK AND METHODS

Diatom and pollen analysis

Samples for diatom analysis were taken
from one of the lake cores at intervals of
5 cm. Preparation and analysis of diatom
samples followed standard techniques
of the Paleobotanical Laboratory, Geo-
logical Survey of the Netherlands. Brief-
ly, samples were treated with hydrogen
peroxide (H,O,) and hydrogen chlorid
acid (HCD) to digest organic material.
KMNO, was added to remove coarse
organic matter. Digested samples were
repeatedly rinsed to neutrality in dis-
tilled water. Mineral grains were re-
moved from the sample by bringing
samples in suspension and resettle for a
few seconds after which an 0.5 ml
sample was taken just above the surface
of the tube, and subsequently trans-
ferred and dried on 22x22 mm cover-
slips. Coverslips were mounted on
slides with Naphrax, a medium with a
high refractory index. For each sample
200-250 valves were counted and identi-
fied along random transects using oil
immersion objectives at magnifications
of 1000x or more. Identifications were
made with references to the works of
Foged (1958, 1972), Krammer & Lange-
Bertalot (1986), Hendey (1964) and
Patrick & Reimer (1966).

A small number of samples for de-
tailed pollen analysis were selected from
a new core, and the pollen diagram is
discussed in Eisner et al. (1995). A set of
subsamples were analysed from the
upper 40 cm of the sediment profile
from this lake, encompassing levels of
lithostratigraphic change with a com-
mon regional significance (Willemse &
Tornqvist, 1999). Subsamples were
taken, and prepared using standard
pollen procedures (Eisner ef al., 1995).

C analysis

Twenty eight accelerator mass spectrom-
etry (AMS) C ages were obtained for
temporal control. All samples are from
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FIELDWORK AND METHODS

bioturbated sediments and were col-
lected during subsampling. Macrofossil
remains, when present, were picked
from the central part of the sediment
surface during slicing, carefully cleaned,
and stored in distilled water acidified to
pH<2 with HCl before further identifica-
tion and preparation. In some cases bulk
sediment slices were sieved over a 350-
um mesh to extract macrofossil remains,
after removal of the outer, possibly con-
taminated, surface layer. As far as pos-
sible, samples were selected that: I) con-
tained sufficient and well preserved
identifiable terrestrial macrofossils for
AMS "C dating, and II) were evenly
spaced throughout the sequences. Be-
cause in a number of cases there was not
enough material to fulfil these criteria,
bulk sediment samples had to be used.
To determine possible reservoir effects,
comparitive dating between bulk sedi-
ment samples, terrestrial, and aquatic
macrofossil material was performed on
single samples.

Macrofossil material for “C analysis
was submitted within five months after
collection of the cores (Wohlfart et al.,
1998). AMS "*C measurements were car-
ried out at the Robert J. Van de Graaff
Laboratory, Utrecht University, and con-
verted to calendar years (cal yrs before
1950) using the CAL20 programme (Van
der Plicht, 1993) and smoothed calibra-
tion curves (Tornqvist & Bierkens, 1994).
Three samples were rejected from the
dataset. Two bulk gyttja samples yielded
ages that were too young (UtC-5602 and
UtC-1988, see Table 6). Both consisted of
fine detritus gyttja from cores (SFL17.1
and SFL4.2) collected from the marginal

parts of the lakes. Contamination is sus-
pected for these samples because this
sediment type may contain minute plant
rootlets. This problem is absent in cores
taken from the central parts of the lakes
where the sediments consist entirely of
structureless gyttja. One macrofossil
sample yielded an age inconsistent with
its stratigraphic position (UtC-5613) and
most likely consisted of reworked
(older) material from outside the lake
proper. Possible ageing of bulk sediment
samples (e.g. reservoir effects) is un-
likely due to the absence of carbonate
rocks, other rocks containing old carbon
in the catchments, and the rapid water
mixing in shallow lakes. The absence of
reservoir effects is also suggested by
replicate samples of terrestrial (Salix
glauca wood fragments) and (semi)-
aquatic (Hippuris vulgaris fruits) macro-
fossils from the same stratigraphic level
in core SFL17.1, yielding "C ages of 4016
+ 38 (UtC-5604) and 4037 + 39 (UtC-
5612), respectively. Bennike (2000) re-
ported a possible small hard-water effect
(50-100 yrs) in limnic fossil remains of
Store Saltsg, but the residence time in
this lake are likely longer than for the
smaller lakes, and effects of sediment
mixing on the sample time-width (T6rn-
qvist & Bierkens, 1994) have not been
accounted for. Radiocarbon ages from
the second core in lake SFL17 (SFL17.1)
are largely based on terrestrial macrofos-
sils. According to extrapolated ages the
timing of main lithostratigraphic chan-
ges are consistent with those reported
for the first core SFL17.2 (Eisner et al.,
1995), which were entirely based on bulk
gyttja material.
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Results

Bathymetry and sediment
distribution

Details on location, morphometry, dra-
inage area, hydrochemistry, sediment
infill, and sediment volume of the lakes
are presented in Tables 2 to 4. The
modern lakes have regular, slightly con-
cave shapes, with maximum depth

(Znax) being highly correlated to mean
depth (Z):r = 0968, and Z:Z,., ratios
averaging 0.33. Subaqueous slopes are
low, averaging 1.5-2°, with 3.4° + 3.1° for
the steepest lake SFL46, and, together
with the stabilising effect of benthic veg-
etation, gravity induced sediment rede-
position due to slumping is unlikely
(Larsen & McDonald, 1993). Drainage

Table 2. Location and morphometric parameters of shallow Kangerlussuaq lakes.

Lake Location Elevation L.? D D.: L, Zneart Zmax Zoean - Zmax NI
(ma.s.l.) (ha) (ha) (m) (m)

SFL4 67°05'11"N/50°17'22"W 247 2.17 17.95 8.27 1.58 5.30 0.30 450
SFL6 67° 04'56"N /50°20'37"W 261 1.05 4.37 4.16 1.39 5.37 0.26 23%
SFL17 67° 03'24"N /50°27'03"W 128 0.96 22.33 23.22 1.16 2.80 0.41 609
SFL35 67° 02'43"N/50°37'58"W 490 1.75 9.90 5.65 2.18 8.20 0.27 569
SFL46 67° 02'02"N/50°41'46"W 385 0.27 5.24 19.40 2.30 5.50 0.42 35@
SFL49 67° 01'37"N/50°44'15"W 465 1.15 8.16 7.09 1.31 4.20 0.31 108@©
ANGU2 66° 43'45"N /51°25'51"W 225 n n - 1.80 2.10 - 8

NAUJG1  66°40'01"N/51°58'11"W 300 0.56 23.31 41.44 1.15 3.15 0.37 259

?lake area; "drainage area excluding lake area; ‘waterdepth; “number of observations; €10 x 10 m coring grid; 20 x 20 m coring grid; 910 x

20 m coring grid; "restricted dataset available only for the western basin.

Table 3. Lake sediment distribution and basin volume.

Volume
Lake Simean’ Simax Srmean: Smax Basin® Sediment* S,:BJg Sy Le nf
(m) (m) m? x 10° m3x 10°
SFL4 1.22 3.25 0.37 62 30 0.48 13.8 45
SFL6 0.93 3.85 0.24 34 16 0.47 15.2 23
SFL17 1.35 2.30 0.59 419 219 - - 60
SFL35 1.68 3.20 0.53 59 30 0.51 17.1 56
SFL46 1.08 2.50 0.43 11 6 0.54 22.2 35
SFL49 1.14 2.40 0.48 28 12 0.42 10.4 108
ANGU2 1.80 2.80 0.64" n h - - 8
NAUJG1 1.10 2.45 0.45 19 9 0.52 16.1 25

postglacial sediment thickness; "waterdepth plus postglacial sediments; ‘excluding glaciolacustrine sedi-

ments; ratio sediment volume to basin volume; ¢ratio sediment volume to lake area; ‘number of observations;

9limited area only (see main text); "restricted dataset available only for the western basin.
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Fig. 8. Bathymetry and postglacial sediment infill of selected Kangerlussuaq lakes, showing the coring locations for lakes with
symmetrical sediment distributions (A) and a-symmetrical or complex sediment distribution (B). Postglacial sediment bodies and
bathymetrical maps shown as aligned 3D and 2D maps respectively (grid and depth scales in m).
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Table 4. Physical and chemical variables of Kangerlussuaq lakes.

RESULTS

19

Lake Cond®  Alk® pH  Sec Td Major hydrochemicals (mg/l)

(uS/ecm)  (mmol/l) (m) (C) SO, Cl Ca K Na Mg NH, TP (ug/l) NOs
SFL4e 497 0.9 8.95 >5 16.3 3.19 3948 1587 31.16 3424 3956 0.081 9.78 0.39
SFL6® 1131 1.6 845 4.2 16.2 3.87 1544 13.44 63.25 9284 7860 0.083 1043 0.55
SFL17¢ 229 2.0 7.04 2.1 15.3 403 13.01 1080 11.58 13.82  19.37 0.108 1499 234
SFL35¢ 90 0.7 6.81 3.8 17.6 2.05 1.17 7.47 2.08 3.87 451 0.103 17.28 2.21
SFL46® 57 0.6 6.9 2.2 17.1 52.6 1.17 4.97 2.05 2.73 3.83 0.066 9.78 1.23
SFL49¢ 66 0.55 6.92 2.0 17.0 59.5 1.78 5.06 2.15 3.59 3.78 0.145 19.56 1.85
ANGU2 &f 850 - 9.22 1.8 15.2 - - - - - - - - -
NAUJG1ef 120 - 7.06 1.3 12.1 - - - - - - - - -
Large lakes and salt lakes
Tasersuatsiaq 74 0.55 5.68 - 18,5 15.18 5.31 8.30 4.82 9.14 6.06 0.080 0.65 8.76
Mt. Evans® 375 0.1 6.65 - 17.5 15.177 33.48 2954 2384 56.36 29.08 0.065 10.76 0.47
Store Saltsg 2925 2.95 8.42 - 17.5 28.36 436.00 16.75 150.72 356.86 171.02 0.138 6.85 0.85
Hundesg 3950 3.65 9.01 - 18.3 16549 663.00 12.17 180.06 491.19 210.32 0.010 10.76 0.47

aconductivity; Palkalinity; ‘secchi depth; “water temperature (at ~1 m);éunofficial name; ‘no watersamples available.

areas are relatively small, with drainage
area to lake area ratios ranging from 5-
22. Fig. 8A-B show the bathymetry and
sediment distribution for six of the eight
lakes that were mapped in detail. Accu-
mulated organic rich sediments consist
of soft, unstructured, olive green pel-
leted organic detritus mixed with silt
sized mineral clasts. These are in general
overlying stiff, faintly laminated sandy
silts and fine sands, presumably of gla-
ciolacustrine origin. The transition be-
tween these deposits is in most cases
rather sharp, indicating a rapid change
from an open glacially fed system to a
closed system outside direct glacial
influence.

The distribution of organic-rich sedi-
ments is relatively regular (average
Siean:Smax=0.44). Sediment distribution
for topographically sheltered lakes with
a small effective fetch is highly symmet-
rical (Fig. 8A). For less sheltered lakes
(Fig. 8B), sediments have accumulated
rather asymmetrically, preferably to-
wards the downwind side of the lake
(Odgaard, 1993). Maximum sediment
thickness is generally found in close
relation with the initial shape of the

basin at the start of organic infill (e.g.
lake SFL6). For lake SFL17, the situation
is less clear (Fig. 8B). The modern lake is
situated within a large elongated peat
filled depression, probably a major for-
mer meltwater spillway. The presence of
permafrost outside the lake proper in-
hibited mapping of the subsurface
topography, but the distribution of accu-
mulated sediments within the lake sug-

Fig. 9. Plot of area (1)
vs. depth (z) for lakes
SFL 49 and SFL4,
where u is the per-
centage of the lake area
deeper than z. The dif-
ference between the
plot for the original
basin derived from
lowermost organic sed-
iments and the modern
basin represents accu-
mulated gyttja.

u = area (% of total surface area)

100 80 60 40 20 0
O 1 1 1 1 1 1 1 1 1
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_ basin
2 -
— ek
g 34 (//))(/é
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gests that the larger part of the original
basin has already been filled in.

The distribution and cumulative
thickness of organic sediments as a func-
tion of water depth are exemplified in
Fig. 9 for lakes SFL4 and SFL49. For lake
SFL49 sediment accumulated confor-
mably to the shape of the basin, sug-
gesting sediment focusing towards the
deeper parts of the lake to be the most
important control on sediment accumu-
lation. For the larger, more exposed lake
SFL4, sediments accumulated more uni-
formly across the lake floor, notably for
areas with overlying water deeper than
the 1.5 m isobath, suggesting a more
complex control on sediment accumula-
tion.

Fig. 10 A) Bathymetry and sampling points of
lake SFL17. Contour lines in m water depth; +:
Sampling point ; I-1I and A-B: transects for Figs.
10H and 14, repectively. B) Dry density for bulk
sediment samples (g/cm?). C) Dry mass of coarse
particulate organic matter (fraction > 210um in
g/dm? bulk sediment). D) Weight percentage
coarse particulate organic matter. E) Organic
matter content (%LOI) for 100 cm® bulk sam-
ples. F) Organic matter content (%LOI) gyttja
fraction < 210um. G) percentage difference LOI
bulk gyttja and Qyttja fraction < 210um. H) Rel-
ative abundance of macrofossils along transect I-
1.

Sediment volume to basin volume
ratios (S, : B,) average 0.49, indicating
that almost half of the lakes have filled
in since glacial influence halted. Total
postglacial sediment volume ranges
from 6 x 10° m?for the smallest lake to
over 60 x 10° m® for lake SFL4. Total sed-
iment volume to lake surface area ratios
are highly correlated (r=0.921), aver-
aging 16.7 = 3.9. Accumulated sediments
are only weakly related to the size of the
drainage area (r=0.292). This is in accor-
dance with the closed character of the
lakes, suggesting that accumulated sedi-
ments are primarily derived from with-
in-lake sources, or from regional aeolian
input.

Surficial sediments,
composition and spatial
patterns

Surficial sediments in lake SFL17 are
representative for the small and shallow
freshwater lakes around the head of Ka-
ngerlussuaq, and 47 evenly distributed
surficial samples were collected to ob-
tain information on the composition and
spatial pattern of subrecent sediments
(Fig. 10A). A sediment, pollen and ma-
crofossil record from this lake is
reported in Eisner et al., (1995), and is
based on a single core collected in 1985
by researchers from Stockholm Univer-
sity. Unfortunately, the precise location
of the lake was misidentified as lake
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SFL31 by the Swedish group, but a field
check aided by photographic documen-
tation pointed to lake SFL17 as the cor-
rect coring site.

Surficial sediments of lake SFL17 are
highly aqueous (95-98% water content),
and consist primarily of silt-sized de-
trital mineral grains (65-95% of bulk dry
weight). These are homogeneously mix-
ed with pelleted amorphous organic
matter, and, to varying degrees, with
organic detritus, mainly minute plant
rootlets and plant fragments. Siliceous
diatom cells, mainly epiphytic species,
are present but not abundant. Frag-
mented cells are common and found as
pelleted nests, indicating modification
by bottom fauna (‘coprogenesis’ sensu
Cole, 1994), and the accumulated sedi-
ments can be classified as gyttja. Com-
parison between grain-size data from
grab samples of the central surficial sed-
iments from all studied lakes with those
for aeolian silts in the area (Dijkmans &
Tornqvist, 1991) shows that the clastic
lake sediments are somewhat coarser
(Fig. 11). Although siliceous diatom frus-
tules (10-200 pm range) were not re-
moved from the lake samples, sorting of
the material suggests an aeolian origin
(Eisner et al., 1995).

The vegetation at water depths <2 m
consist of both submerged and emergent
species, is relatively rich in terms of
biomass, and zoned according to water
depth. This is reflected in the relative
content of coarse plant fragments and
plant microrhizomes in the sediment
matrix. Fig. 10B-G presents the spatial
characteristics of surficial sediments
over the lake floor. Mean dry bulk densi-
ties average 1.8 g cm™ with the lowest
values found within the lake area <2 m
depth (Fig. 10B). The most striking pat-
tern is the close relationship between
sediment composition and the depth of
the overlying water column. Coarse or-
ganic detritus (fraction > 210 pm) makes
up as much as 10% of bulk dry sediment
weight in areas <2 m, with gradually
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decreasing values to less than 1% below
the 2 m depth contour (Fig. 10C-D).

Figure 10H summarizes the relative
abundance of different macrofossil types
along a transect through the central
parts of the lake. The coarse organic
detritus in the shallower areas is domi-
nantly derived from limnic plants (Hip-
puris vulgaris, Menyanthes trifoliata, My-
riophyllum spicatum, Potamogeton spp.)
and aquatic bryophytes (Drepanocladus
spp.). Coarse organic detritus is largely
absent in the central parts of the lake,
and macrofossil material consists almost
entirely of chitineous filaments of crus-
taceans (Fig. 10C-D), suggesting little
zonal exchange of coarse organic mate-
rial

Lake-wide patterns of organic matter
content closely follow the zoned distri-
bution of coarse organic detritus (Fig.
10E-G). Sediments in the central part of
the lake are fine-grained with LOI va-
lues of 5-15%. Towards the shallower
areas LOI increases to values of 30%,
even if the coarse organic fraction is ex-
cluded from the analysis (Fig. 10F). Both
distributions suggest that benthic and
planctonic communities contribute or-
ganic matter directly from the overlying
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grain-size distributions
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al.(1995).
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Table 5. Bulk surface sediment composition of nonglacial lakes in West Greenland.

RESULTS

Lake? La° Znal  1/O¢  Lithology LOI TOCef N C/N  CaCO; Si¢
(ha) (m) % % % % %
1. Lake at Niagornat 8.0 3.0 C fine detritus gyttja 31.4 13.8 1.1 12 3.3 3.2
2. Lake at Ikerasak 0.8 6.0 o amorphous gyttja 47.0 18.6 1.8 10 2.3 10.0
3. Taserssuaq, Ataa 1060 135 i organic poor silt 4.7 2.4 0.6 4 0.7 10.8
4. Waterlake Qasigiannguit 2.0 4.0 i amorphous gyttja 35.8 18.2 1.7 11 0.8 10.1
5. Waterlake Aasiaat 40.0 8.0 i silty gyttja 21.2 10.0 1.3 8 0.4 14.3
6. Lake at Blaesedalen 7.5 5.0 o diatomaceous gyttja 15.3 7.3 1.0 8 24 224
7. Thygesens Sg, Qegertarsuagq 3.0 3.0 C diatomaceous gyttja 31.7 15.9 1.0 16 1.1 17.3
8. Lake on Kangaarssuk 24.0 7.0 i diatomaceous gyttja 40.0 16.7 1.3 13 1.5 197
9. Lake Evqgitsoq, Disko 12.0 5.5 i diatomaceous gyttja 13.9 9.1 1.3 7 1.8 356
10. Lillesg, Disko 7.0 12.5 o organic poor silt 7.2 1.9 04 5 3.2 3.2
11. Mellemsg, Disko 36.0 26.0 i organic poor silt 6.7 3.3 0.6 6 4.1 4.2
12. Lake at Qivitut, Disko 8.0 4.5 o organic poor silt 5.6 4.0 0.3 14 0.2 2.5
13. Sandflugtdalen SFL4 2.17 5.3 C silty amorphous gyttia ~ 18.3 8.6 0.9 10 0.3 -
14. Sandflugtdalen SFL6 1.05 5.4 C silty amorphous gyttia ~ 15.2 7.1 1.0 7 0.8 -
15. Sandflugtdalen SFL17 0.96 2.8 C silty amorphous gyttja  23.6 11.1 1.3 9 0.5 -
16. Sandflugtdalen SFL35 1.75 8.2 C silty amorphous gyttia  26.1 12.3 1.1 11 1.2 -
17. Sandflugtdalen SFL46 0.27 5.5 C silty amorphous gyttja  24.3 1.4 1.1 10 2.1 -
18. Sandflugtdalen SFL49 1.15 4.2 C silty amorphous gyttia  28.1 13.2 1.3 10 0.9 -
19. Angujaartorfik ANGU2 3.04 2.1 C calcareous gyttja 33.6 15.8 1.8 9 20.1 -
20. Naujaallup NAUJG1 0.56 3.2 C diatomaceous gyttja 36.1 16.9 1.9 9 1.3  20.0

21-12 data, site names and location in Hansen (1967), 13-20 this study; "lake area; “maximum water depth; “inlet/outlet or closed lake;

°total organic carbon; fusing conversion factor of 0.47 for % LOI (Dean, 1974) for 13-20; 9percentage biogenic silica of bulk dry weight.

watercolumn to the sediments, re-
flecting the zoned differences in produc-
tivity and the biological structure of the
overlying water column.

Under the microscope, amorphous
grey-brown aggregates dominate the
organic compounds, and the general
lack of terrestrial macrofossils in littoral
sediments suggests that terrestrial
sources for organic matter are limited.
This is consistent with the closed char-
acter of the lakes and the lack of signifi-
cant amounts of overland runoff. A
dominant aquatic source for sedimen-
tary organic matter in the lakes is also
evident from the low C/N ratios
(Meyers & Lallier-Verges, 1999) obtained
for surficial samples in the lakes (Table
5), which are comparable with those for
other West Greenland lakes (Hansen,
1967).

Sediment stratigraphy

Sediment stratigraphy for the different
lakes is illustrated by focusing on cores
taken from the central areas of four
widely separated lakes that exhibit three
distinctly different types of lithology
(Fig. 12).

Lakes with a large aeolian input,
dominated by highly organic silty
Qyttja

Lithologically, sediments from lakes
around the head of Kangerlussuaq are
characterized by a high proportion of
silt-sized aeolian grains (Eisner et al.,
1995). Core SFL4.1B was collected from
the western central part of lake SFL4
(Fig. 8). The lake is situated at an eleva-
tion of 247 m a.s.l. and only 4 km to the
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and to the east by a low ridge of glacial
the outer limits of the Orkendalen mo-
raine system (Ten Brink, 1975). A '“C age
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locality of the lake is a small peat filled  drift. Lake SFL4 is located just outside

basin. Northern and southern shorelines
are dammed by outcropping bedrock

Inland Ice margin (Figs 1 and 13A). The
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Fig. 13. Shallow lakes in the Kangerlussuaq region. A) Lake SFL4 (lower central lake) in Sandflugtdalen as seen from the west
(July 1995). In the background the Inland Ice, with the Russell (lower) and Leverett (upper) outlet glaciers. B) Lake SFL6 in
Sandflugtdalen as seen from the northwest (July 1991). In the background the Sandflugtdalen floodplain can been seen. Lake
SFL6 is a fresh-brackish soft water lake (conductivity in 1997: 1131 uS/cm) with abundant benthic Characeae. Note the rim of
exposed littoral sediments and littoral vegetation, indicating a recent drop in water level of ca. 30-50 cm. which is observed not to
be a-typical for interannual variations in water level. C) Lakes SFL16 (upper lake) and SFL17 (lower lake) in Sandflugtdalen as
seen from the west at an altitude of 500 m (August 1995). Both lakes are situated in a peat-filled former major meltwater channel,
in which peat forming wet-meadow vegetation predominates. Note the eroded frontal morainic ridges and the eolian deposits
(upper left corner). D) Lake NAUJG1 in the Naujaallup Nunaa area (June 1996). View is towards the northeast. White dingy for
scale. In the upper right background Kangerlussuaq and the 800-1000 m high Ivnajuagtoq Plateau. E) Lake ANGU2 just north-
east of the Angujaartorfik embayment (June 1996). View is towards the northwest and a white dingy for scale In the left central
background Kangerlussuagq.
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of the lowermost organic infill records a
Holocene deglaciation before 6380 + 100
"C yrs B.P. (UtC-1987, Van Tatenhove et
al., 1996).

The bathymetry of the lake is some-
what irregular, with Z : Zoo= 0.30 and
maximal 5.30 m water depth. The shal-
low eastern part reflects the presence of
a small sandy delta lobe, now buried by
organic rich sediments. Maximum sedi-
ment thickness (3.25 m) is found close to
the western shore of the modern lake,
which probably reflects preferential sed-
iment focusing towards the down-wind
site of the lake.

The basal part of core SFL4.1B consists
of laminated sands and silts of variable
thickness, lacking organic matter (< 1%).
Lowermost organic-rich sediments con-
sist of faintly laminated sandy/silty cal-
careous gyttja, exhibiting a gradually
upward decrease in detrital mineral
matter content. The uppermost 1.70 m of
accumulated sediments is completely
uniform and the lithological properties
are similar to those of the central surfi-
cial sediments in lake SFL17. It can be
described as a homogeneous silty gyttja
with a detrital mineral content of up to
90% and a mean organic matter content
of 18% of dry bulk weight and no car-
bonates. Throughout the core LOI va-
lues are highly variable, between 10-
27%, superimposed on a gradually vary-
ing trend. This succession of main litho-
facies is in general typical for non-glacial
Greenlandic lakes (Fredskild, 1977),
where glacially derived sediments are
usually succeeded by finely laminated
silty/clayey gyttja layers which after a
couple of centuries change often rather
suddenly into a 1.5-2.5 m thick com-
pletely uniform fine detritus gyttja.
According to Fredskild (1977), the gra-
dual change towards decreased minero-
genic content reflects the stabilization of
catchment soils by vegetation.

Sediment infill for lake SFL17 (Fig.
13C) is somewhat more complex. The
lake is situated 8 km west of lake SFL4
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(Fig. 1) and a basal age of 5030 + 60 "C
yrs B.P. (UtC-1586; Table 6) based on
core SFL17.2 (Eisner ef al., 1995) suggests
that glacial influence ceased 1500 yrs
later than lake SFL4. Basal sediments are
highly heterogeneous and range from
boulder sized material to coarse and fine
fluvioglacial sands. Cores penetrating
into the sandy/silty substratum con-
tained slightly peaty sands, including
wood fragments and coarse terrestrial
plant material, interpreted to reflect a
former soil. Detailed lithological cross-
sections of the sediment infill (Fig. 14)
shows a succession from basal peaty
sands to fine detritus gyttja which con-
tain numerous plant macrofossil re-
mains and are typical for modern littoral
sediments. The fine detritus gyttja
changes rather slowly into the extremely
fine gyttja that make up the central surfi-
cial sediments of the present lake, sug-
gesting a retraction of the littoral zone.
Based on the modern composition of
surficial sediments, it seems therefore
reasonable to argue that the mean lake-
wide sediment succession is consistent
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Fig. 14. Cross-sections
through the central
part of lake SFL17,
showing the distribu-
tion of main lithofacies
(for location see Fig.
10A). Most lithofacies
changes are gradual.
Depths are relative to
water level.
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Table 6. AMS '“C analytical data from West Greenland lake cores.

Core no. Depth Analysed Weight Lab-no. 813C 4C age Median 26-age

(m) fraction? (mg Q) %o (yr B.P) (cal yr B.P) range
(cal yr B.P)
SFL4.1B ¢ 0.110-0.120 silty gyttja 8,15 UtC-5605 -24.2 322+ 32 335 262- 398
- d 0.370-0.380 silty gyttja 1.98 UtC-3291 -21.5 700+ 70 670 550- 790
- d 0.945-0.955 silty gyttja 1.28 UtC-3290 244 2570+ 70 2664 2470-2830
- d 1.545-1.555 silty gyttja 2.10 UtC-3289 -15.2 4470 + 80 5103 4870-5330
- d 2.070-2.110 silty gyttja 0.73 UtC-1987 -21.5 6380 + 100 7250 7030-7430
SFL4.2Ad 0.700-0.710 silty gyttja 1.70 UtC-1988 -21.5 4460 £ 50 5088# 4930-5230
- N 0.700-0.710 Wi 0.55 UtC-1989 -28.4 5370 + 60 6159 6010-6290
SFL6.19 0.160-0.170 silty gyttja 1.06 UtC-3293 -23.3 900 + 60 836 710- 930
- d 0.700-0.710 silty gyttja 2.00 UtC-3292 -20.0 3940 + 100 4379 4090-4650
- d 1.200-1.220 silty gyttja 1.59 UtC-1990 -21.1 6090 + 50 6954 6830-7070
SFL17.24 0.060-0.070 silty gyttja 1.26 UtC-1583 -27.4 960 + 40 880 806- 950
- d 0.390-0.400 silty gyttja 2.30 UtC-1584 -28.5 2590 £ 40 2692 2590-2790
- d 0.650-0.660 silty gyttja 0.83 UtC-1585 -28.6 3950+ 50 4394 4250-4530
- d 0.910-0.920 sandy silt 1.39 UtC-1586 -24.1 5030+ 60 5786 5650-5910
SFL17.1¢ 0.120-0.130 Bn-Cyl-BI 0.36 UtC-5613 =27t 1960 + 70 1907# 1730-2070
- ¢ 0.735-0.745 Bn-Can-Hipn 0.15 UtC-5614 =27t 2010+ 90 1964 1750-2190
- ¢ 1.420-1.430 silty gyttja 2.34 UtC-5602 =271 3644 + 42 3964# 3830-4070
- ¢ 1.420-1.430 Salw 2.26 UtC-5604 -28.4 4016+ 38 4484 4370-4570
- N 1.420-1.430 21xHipn 2.27 UtC-5612 -27.1 4037 + 39 4511 4390-4610
NAUJG1T.1¢ 0.112-0.122 Emn-Erf-Colf 0.19 UtC-5615 =27t 990 + 90 908 730-1070
- ¢ 0.924-0.930 Emn-Bn 0.17 UtC-5616 =27t 3830+ 90 4225 3970-4470
- ¢ 1.414-1.420 Ern-LI 0.49 UtC-5617 =27t 5880 + 50 6715 6590-6830
- ¢ 1.914-1.944 Emn-Can 0.47 UtC-5618 =27%t 8150 + 60 9082 8910-9270
ANGU2.1¢ 0.360-0.380 BI-Cyn-Grn 0.08 UtC-5626 =27°t 2850 + 130 2996 2690-3310
- d 0.745-0.755 Bn-BI 0.05 UtC-5627 =27¢t 3250 += 150 3475 3090-3830
- < 1.745-1.755 Bn-Bl-Salf 0.29 UtC-5628 =27t 4230+ 70 4778 4550-4930
- d 2.607-2.615 Can-Cyn 0.11 UtC-5629 =27t 6710+ 110 7545 7330-7730
SFL28.14 0.700-0.720 silty gyttja 1.64 UtC-1991 -21.1 4830 + 60 5569 5410-5690
Lille Saltsg® 0.320-0.360 BI-Eml - AAR-3503f -26.6 1070 £ 55 964 909-1077
- ¢ 0.640-0.698 BI - AAR-3504f -25.6 2235+ 60 2291 2082-2354
- ¢ 1.120-1.160 Bl - AAR-3505f -24.4 4280+ 70 4849 4607-4996
- ¢ 1.620-1.660 DrL - AAR-3506 -24.8 6260+ 70 7180 6979-7263
- ¢ 1.750-1.760 Clay gyttja - AAR-3507f -18.2 7210+ 60 7976 7894-8099

3Bn: Betula nana nuts, Bl: Betula nana leaf fragments, Can: Carex spp. ahenes, Colf: fragments of Coleoptera, Cyn: Cyperaceae ahenes,
Cyl: Cyperaceae leaf fragments, DrL: Dryas integrifolia, Emn: Empetrum endocarps, Eml: Empetrum leaf fragments, Erw: Ericaceae wood
fragment, Erf: Ericaceae flower bud, Ern: Ericaceae endocarps, Grn: Gramineae seeds, Hipn: Hippuris vulgaris fruits, LI: Ledum leaf frag-
ments, Salw: Salix wood fragments, Wf: wood fragment undiff.; 2UtC: '*C measurements carried out at the AMS-facility of the Robert J.
Van de Graaff Laboratory, Utrecht University; AAR: AMS "C Dating Laboratory, Aarhus University; <calibration curve smoothing 100yr;

dealibration curve smoothing 200yr; data according to Bennike (in press); *tassumed; # rejected.
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with a slowly subsiding basin. This most
probably reflects the gradual desintegra-
tion of buried ice (e.g. Britt-Florin &
Wright, 1969), or subsidence due to
degradation of ice rich permafrost,
rather than the slow infill of a rapidly
isolated basin, which is often assumed
when interpreting basal dates from lakes
in previously glaciated areas.

Lakes dominated by carbonate-rich
highly organic silty gyttja

Core ANGU2.1 was collected from the
western central part of lake ANGU2 (Fig.
13E). The lake is situated at an elevation
of 225 m above the eastern shore of the
Angujaartorfik embayment, some 42 km
west of the head of Kangerlussuaq (Fig.
1). The locality of the lake is a relatively
low-relief complex of moraine ridges and
large erratic boulders belonging to outer
margins of the Fjord stade moraine com-
plex (7900 to 9100 cal yrs B.P., Ten Brink &
Weidick, 1974). The presence of a <20 cm-
thick loess cover found on flu-
vioglacial/glaciomarine terraces indi-
cates the rapid thinning of aeolian sedi-
ments with distance from the ice-
marginal area. Lake ANGU?2 consists of
two subbasins, a small and shallow west-
ern basin and a larger eastern basin. Be-
cause of limited equipment only the shal-
low western part of the lake was mapped.
The organic-rich sediments are up to 2.70
m thick. The maximum water depth was
1.90 m, which make the sediments liable
to disturbance by lake ice (Nichols, 1967).
The surficial sediments are highly aque-
ous and sampling of the uppermost 60
cm was extremely difficult.

The sediment matrix in general con-
sists of carbonate-rich (up to 30%) brow-
nish green silty gyttja with abundant
gastropod shells. Total organic matter
content is high (averaging 30%) and
detrital mineral grains make up 50% of
the sediments. The basal part of the core
is composed of homogeneous, slightly
humic, poorly sorted dark grey sandy

RESULTS

silt, sharply overlain by a thin (up to 20
cm) layer of brownish fine grained
strong silty gyttja with abundant gas-
tropod remains. Carbonate content is
low (> 2%) and likely derived entirely
from the calcareous shells. The upper-
most 2.50 m consists of indistinctly, pro-
bably disturbed, laminated carbonate-
rich silty gyttja. The top 45 cm is strong-
ly disrupted, probably as a result of
coring. Downcore proportions of espe-
cially carbonates, and to a lesser extent,
organic matter, are highly variable (5-
40% and 25-55%, respectively), whereas
the relative amount of detrital minero-
genic clasts is somewhat less variable
(20-45%) (Fig. 12). Relative contributions
of detrital mineral matter, organic car-
bon and CaCO; are inversely related
throughout the larger part of the se-
quence (Fig. 15). The components are
well balanced throughout the largest
part of the core, and the inverse relation
is a likely result of relative dilution.

Small discontinuous sections of the
sequence are composed of distinct dark-
brown/yellowish white laminae. They
vary in thickness and most commonly
are 0.1-1.4 mm thick. Under the micro-
scope the darkbrown layers appear as
amorphous organic-rich material, con-
taining small amounts of fine organic
detritus, while the light layers are com-
posed of coarse amorphous calcite crys-
tals, and show some resemblance to the
laminated biogenic sediments described
by Kelts & Hsii (1978). Silt-sized mineral
clasts are most common in the calcite
laminae but also occur within the
organic laminae. Individual laminae are
mostly irregularly formed, wrinkled and
broken and because of the many struc-
tural disturbances they are difficult to
trace laterally, limiting the clear identifi-
cation of separate laminae.

Laminated calcareous lake sediments
are relatively common for the more
saline lakes in West Greenland where
meromixis and anoxic bottom waters
prevent benthic activity (Anderson et al.,
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Fig. 15. Profiles of
CaCO?, organic carbon
and allochthonous
mineral matter in sedi-
ments from lake
ANGU2. Organic
carbon calculated
using conversion factor
of 0.47 for % LOI
(Dean, 1974; 1999).

1999; 2000). Sedimentation of calcareous
gyttja has been reported in North Green-
land (Fredskild, 1977), where carbonate
rocks are widespread. For the West
Greenland lakes the causal process
remains to be clarified, but most likely
relates to calcite deposition in strongly
alkaline lakes due to photosynthetically
induced inorganic precipitation associ-
ated with CO, consumption and in-
creased pH during phytoplankton
blooms (Kelts & Hsii, 1978).

Lakes dominated by highly organic
diatomaceous gyttja, lacking aeolian
input

Lake NAUJGI is a very small (0.56 ha)

roughly bowl shaped lake (Fig. 13D),
formed in a small peat-filled depression.
It is situated 70 km southwest of Kanger-
lussuaq Airport (Fig. 1), close to the east-
ern spurs of the coastal mountains and in
the vicinity of Sukkertoppen Iskappe
(Naujaallup Nunaa area). Relief extents
up to some 1000 m a.s.l. The lake is situat-
ed at an elevation of 300 m a.s.1., directly
above the northern shore of Kangerlus-
suaq, and in the westernmost part of a
hanging valley. The locality of the lake is
just on the inner limits of the Sarfar-
toq/Avadtleq moraine system (8600 to
9800 cal yrs B.P., Ten Brink & Weidick,
1974). Evidence for mass wasting, main-
ly gelifluction, is common on the western
slopes of the lower valley floor, but is ab-
sent in the immediate surroundings of
the lake. Western shorelines are bounded
by a small mire in front of a 600 m high
moderately steep convex bedrock slope,
while southern and southeastern shore-
lines are dammed by low relief bedrock.
A low ridge of presumably glacial sedi-
ments acts as a threshold for the north-
eastern shore of the lake. No active tribu-
taries, except a very small inactive ephe-
meral stream from the western slope, en-
ter the lake.

No aeolian silt cover was found in the
wider surroundings of the lake, and it
seems that atmospheric input of detrital
mineral grains is absent. Core
NAU]JGI1.1 was collected from the cen-
tral part of the lake (Fig. 8). Bathymetry
is quite simple, with Z: Zww = 0.37 and
maximal 3.15 m water depth. Accumu-
lated sediments are regularly distri-
buted over the lake floor, with max-
imum sediment thickness (2.20 m)
found in the central parts of the lake.
The basal part of the core consists of
compacted dark grey silts with only a
few minor sandy layers and no organic
matter. These sediments are sharply
overlain by a thin (up to 20 cm) layer of
brownish silty gyttja with overall ra-
pidly increasing LOI values (from < 1 to
30%). The uppermost 2.10 m of accumu-
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Table 7. Mean sediment accumulation rates (mean values + 10).

Sediment accumulation rate®

SAR® LOI DBS® TOM* CaCOs TMM¢

(cm/100 yr) (%) @m2yr’) m2yr7)  (@mZyr’) gm2yr)
SFL4A.TA 2.88 24 % 18344 72.4 +20.3 128+ 3.1 59.6 + 19.0
SFL17.1 31721 % 23.7+58 64.4 +20.2 149+ 49 535+ 82
SFL17.2 158+ 17 % 236+75 466+ 7.8 9.1+ 1.9 37.8+ 8.1
SFL6.1 1.74 + 18 % 11.6+56 499 +13.8 46+ 1.6 504 + 15.3
ANGU2.1f 1M1+715% 336+ 1.6 104.2 £ 46.0 326+ 131 173+ 155 58.7+20.6
NAUJG1.1 221211 % 36.1+3.6 36.7+ 9.6 131+ 2.8 91+ 239 236% 6.8

aSedimentation accumulation rates. Values for maximum or minimum sedimentation rates relative (%) to

overall mean. Maximum and minimum sedimentation rates were calculated for sections between two succe-

sive "“C-ages using +2c and —2¢ for maximum slope, and —2¢ and +2c for minimum slope; "SAR dry bulk sed-

iment; “SAR total organic matter; YSAR total minerogenic matter; ®mean sediment accumulation rates (+1c)

calculated from concentration data (g/cm?) and mean sedimentation rates; fcalculations for upper three "C-

ages only; 9biogenic silica (uppermost 45 cm only).

lated sediments is completely uniform,
apart from a thin (3 cm) intercalated silty
layer at 2.0 m. Under the microscope,
grain sizes seem highly uniform
throughout the core, and make up 50-
55% of the sediment matrix. Mean grain
size ranges from 8-32 um (Fig. 11), which
is finer than those typically found for
aeolian silts around the head of Kanger-
lussuaq (Dijkmans & Tornqvist, 1991).
Amorphous extremely fine flocculent
organic material and abundant diatom
cells (up to 20% of bulk dry weight, see
also Fig. 18) together make up 35 to 50%
of the sediment matrix and the complete
upper 2.10 m of the sediment profile
must be characterized as a diatomaceous
gyttja. Coarse particulate organic matter
is extremely sparse and macrofossil
remains are in general absent. Similar to
the other lakes, LOI properties are
highly variable throughout the core
superimposed on a more gradually
varying trend.

Radiocarbon chronology

Table 6 presents “C age determinations
for six of the nine lake sediment profiles.
Calibration results are reported as 2c

(95%) calendar-age ranges, with median
values derived from the cumulative cali-
bration probability distributions. In-
cluding previously published “C ages
(Eisner et al., 1995; Bennike, 2000), there
are 33 AMS "C ages constraining the
stratigraphic studies. The distribution of
C ages over depth suggests fairly uni-
form accumulation rates, and linear
interpolation between successive me-
dian values was used to extrapolate *C
ages towards intermediate depths (Fig.
16). Uppermost “C samples are not
located at the top of sediment cores be-
cause of the risk for sediment distur-
bance. The presence of in-situ aquatic
mosses and oxidized sediments (typi-
cally 2-3 cm thick) was taken as an indi-
cation for the recovery of the complete
water-sediment interface. Whenever
absent, the age of the uppermost de-
posits was obtained by extrapolation.
According to the age-depth curves,
uppermost  sediments  of  cores,
NAUJG1.1, SFL6.1 and ANGU2.1 were
lost during coring. For core ANGU2.1,
about 2800 yrs of sediment is missing,
which is likely due to a poor recovery of
the uppermost sediments, and/or lake
ice disturbance.
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Fig. 16. Age-depth plot
of Kangerlussuaq lake
cores. Data for Lille
Saltse (Bennike, 2000).
Solid boxes indicate
calibrated 206 1*C age
ranges and sample
thickness. T: terrestrial
plant macrofossils, B:
bulk sediment. Age-
depth models based on
linear interpolation
between the median
values of the calibra-
tion probability distri-
bution.

Age (calibrated ka B.P)

Long-term sedimentation rates are
typically on the order of 1.6 to 3.2 cm/
100 yrs (Table 7), comparable to other
nonglacial lakes in Greenland (Fred-
skild, 1977; Bennike, 2000) and the Cana-
dian Arctic (Doran, 1993). Given the
large confidence limits for the “C-age
determinations of core ANGU2.1, and
the probable loss of uppermost sedi-
ments, sedimentation rates for this se-
quence remain somewhat ambiguous.
The lowermost date for core ANGU2.1
suggests a significantly lower sedimen-
tation rate for the first 0.90 m of the
sequence. A hiatus is possible, however,
given the sharp lithological break be-
tween the lowermost two '“C samples.

Basal "*C-ages of the lakes only yield
minimum ages for the timing of local
deglaciation since the samples were
taken from the organic rich sediments.
"C ages for the start of organic infill in
the lakes in general follow the timing of
deglaciation proposed by Ten Brink &
Weidick (1974) and Van Tatenhove et al.
(1996). However, the dataset also shows
inconsistencies. For core NAUJG1.1 “C
ages for terrestrial macrofossils were
obtained at a level 20 cm above the low-
ermost organic deposits. The calibrated
age-range of 8910-9270 yrs B.P. is well in

.........

Age (calibrated ka B.P)

range of the dates obtained for the
period of deposition of the Sarfartooq/
Avadtleq moraine system (8600-9800 cal
yrs B.P.) although extrapolation suggests
an age of 10,500 cal yrs B.P. for the basal
organic sediments, which is significantly
older. A 'C age of 7545 cal yrs B.P. con-
strains the cessation of glacial influence
in lake ANGU2.1 during the Fjord-stade
(7900-9100 cal yrs B.P,, Ten Brink & Wei-
dick, 1974). If correct and given the
uncertainties in the chronology pro-
posed by Ten Brink & Weidick (1974),
the onset of the Fjord-stade would shift
to a younger date.

Sediment concentration and
sediment accumulation rates

Relative increases in organic matter con-
tent can be attributed to several factors
that are either related to within-lake pro-
cesses (autochthonous), or derived from
outside the lake proper (allochthonous).
Accumulation of specific components
can vary independently over time and
their effects are difficult to address prop-
erly without quantified data and specific
sediment accumulation rates. To deter-
mine the variable contributions, volume
based concentrations (total dry density
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(TDD) in mg/cm?®) of dry bulk sedi-
ments (DBD), total organic matter
(TOM), total minerogenic matter (TMM),
calcite and biogenic silica (BioSi) were
calculated. The results are plotted for
cores NAUJG1.1, SFL4.1A and SFL49.1
in Fig. 17.

All components are highly variable
throughout the cores, whereas long-
term variations at the base of the LOI
profiles largely reflects increased min-
erogenic input. Specific sediment accu-
mulation rates (SAR, g m? yr + 1o) are
presented in Table 7, and were calcu-
lated by multiplying TDD values with
the mean sedimentation rates derived
from the age-depth curves. Mean con-
centration values for organic matter in
the sediment cores vary between 25 and
100 mg/cm?® with a weighted mean SAR
between 4.6 + 1.6 g m? yr* (SFL6.1) and
14.9 + 4.9 (SFL17.1). SAR values of or-
ganic matter for core ANGU2.1 are
higher, measuring 32.6 + 13.1 g m? yr.
This result is due to the higher apparent
sedimentation rates in this lake. Bulk
dry densities are highly correlated to
concentrations of minerogenic matter,
which for lakes in Sandflugtdalen vary
between 100 and 300 mg/cm®, with
increased values towards more than 500
mg/cm?® at the base of the cores. TDD
values for minerogenic matter in core
NAUJGI1.1 are somewhat less and
average 55 mg/cm’. Weighted mean
SAR values for minerogenic matter are
typically in the order of 50 to 60 g m™
yr for lakes within the area covered by
aeolian silts (except for core SFL17.2),
which points to a regionally homoge-
neous influx rate of aeolian silts. Al-
lochthonous clastic input in lake
NAUJGI is distinctly less and averages
23.6 6.8 gm?yrl

From Table 7 it is quite clear that accu-
mulation rates for minerogenic matter
are as variable as the accumulation rates
for organic matter. Both sediment com-
ponents are intrinsically related through
relative dilution and bioturbation effects

RESULTS
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present in each sample. Comparison of
accumulation rate (flux) data of homog-
enized sediments will not circumvent
the interpretation problem of the per-
centage data. This is mainly a result of
the inherent uncertainty when calcu-
lating SAR-values wusing C-based
chronologies. This can easily be seen
from a comparison of means and stan-
dard deviations of SAR and SAR values
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Fig. 17. Comparison
between concentration
diagrams for litholog-
ical properties and

% LOI of lake cores
SFL35.1, SFL49.1,
SFL4.1A and
NAUJG1.1 plotted vs.
core depth (left axis)
and time (right axis).
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Table 8. Regression results between LOI and concentration data.

Core ome MMP DBD¢ OM= ne
no. (g/cm?) (g/cm?) (g/cm?) fMMme

SFL4.TA 0.68 -0.07 0.53 0.41 424
SFL49.1 0.67 -0.34 0.02 0.12 297
SFL17.1 0.74 0.26 0.51 0.30 447
SFL17.2 0.76 -0.81 0.41 0.34 57
SFL6.1 0.58 -0.43 -0.15 -0.20 362
NAUJG1.1 -0.13 -0.66 -0.78 0.51 587

*r-values calculated using %L0OI and total organic matter; °LOI and total minerogenic matter; <LOI and dry bulk

density; dr-values between organic matter and total minerogenic matter; number of paired samples.

for TOM and TMM in table 7. To circum-
vent these problems, specific influences
of either variable TOM or TMM concen-
trations, potential influences of variable
SAR, and compaction on concentration
and percentage data, were analyzed by
calculating linear regression coefficients
between bulk dry density weights, per-
centage data and specific TDD values
(Table 8). Because the purpose was to
analyse the small stratigraphic changes,
the lowermost core sections were
omitted from the datasets to avoid
biased results. According to the regres-
sion results, concentration changes in
TOM for the SFL-sites explain 45% to
57% of the overall variance in LOI va-
lues, whereas variations in TMM con-
centrations explain only 1% to 18%, sug-
gesting that changes in concentration
TOM drive the LOI fluctuations at the
SFL sites. Positive relationships between
DBD and TDD values for TOM indicate
the effect of either variable sedimenta-
tion rates, compaction, or sample VO-
lume errors. These are in general weak
except for a strong inverse relationship
between TOM and DBD in core
NAUJG1.1.

For core NAUJG1.1 from the western-
most lake NAUJGI, changes in TDD
values of TMM account for 44% of the
variance in %TMM, whereas there
seems to be no direct relationship be-
tween LOI and organic matter. Ac-

cording to the data there is a weak posi-
tive relation between TOM and TMM for
this lake, which explains up to 25%
mutual variance. The sediments of
NAUJGI1 contain abundant diatom cells
throughout the whole core, contributing
up to 20% of dry bulk sediment weight.
To analyze the effect of changing con-
centrations of diatom cells on the LOI
results, the uppermost 45 cm of core
NAUJG1.1 was selected as a dataset for
the calculation of a linear regression
between BioSi, total minerogenic matter,
autochthonous mineral matter and
organic matter. The correlation coeffi-
cient between biogenic silica and total
bulk minerogenic matter is r=0.66
(0=0.05, 54 paired samples), explaining
44% of the variance in total minerogenic
content (Fig. 18A). No significant corre-
lation was found between variations in
non-BioSi minerogenic matter and LOI,
suggesting that variations in the minero-
genic fraction throughout the core (re-
siduals-on-ignition; ROI) are driven by
variations in biogenic silica (Figs 18B-C).
The weak positive relation between
TOM and TMM concentrations suggests
covarying fluctuations of organic matter
and BioSi, where the dominance of bio-
genic silica changes over organic matter
in the LOI signal can be explained by the
higher specific weight of diatoms com-
pared to the nonsiliceous biogenic frac-
tion.
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It is important to note that, consid-
ering the available data, there is only
weak evidence for a dominating aeolian
signal in the Sandflugtdalen lakes, irre-
spective of the recognition that the bulk
of minerogenic sediments have a pri-
mary aeolian origin. Relative dilution of
organic matter due to increased atmo-
spheric inputs should in theory give a
high negative relationship between TDD
values for TOM and TMM, but no such
evidence was found except for a weak
signal in core SFL6.1. Nevertheless,
small parts of the core sections might be
influenced by increased aeolian influx,
as it seems unlikely that both source and
supply of aeolian silts have remained
more or less invariable since deglacia-
tion (Dijkmans & Tornqvist, 1991). Lack
of a dominant aeolian signal is also evi-
dent for core ANGU2.1 (Fig. 15) which
shows a more invariable allochthonous
minerogenic component in the lake with
depth when compared to the organic
and carbonate content. This is somewhat
surprising given the large aeolian com-
ponent in lake sediments around the
head of Kangerlussuaq and contrasts
earlier postulations on the type of sedi-
ment variability present in the lakes
(Eisner et al., 1995).

Diatom stratigraphy

Results of diatom analysis for the central
core (SFL4.1B) of lake SFL4 have been
synthesized in the form of a percentage
diatom diagram, where relative diatom
abundances are based on the sum of all
counted valves. Fig. 19 shows the rela-
tive abundances of major taxa (>1%
presence of total sum) in this core, and
presents the first diatom stratigraphy
from this part of West Greenland. The
chronostratigraphy for this core is based
on the age-depth curve presented in Fig.
16. When analysis started, the upper-
most 40 cm of the sequence was incom-
plete and the stratigraphy ends at ca. 900
cal yrs B.P. Specification of ecological
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preferences is based on autoecological
information summarised by De Wolf
(1982), Denys (1992), with additional in-
formation from Cumming & Smol
(1993), Dixit et al. (1991), and Pienitz et
al. (1995).

Fossil diatom assemblages record sig-
nificant floristic shifts and have been
grouped into six biostratigraphic zones
to discuss the inferred limnological
changes:

e Barren sediments (-218 cm, older than
7550 cal yrs B.P.)

No diatom valves were found below 218

cm. This could be due to dissolution, but

more probably conditions were to harsh

to develop a diatom flora.

¢ Diatom zone I (218-213 cm, 7550-7400
cal yrs B.P).
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Fig. 18. A) Scatterplot
including analytical
errors for biogenic
silica content (mgfg
total minerogenic
matter) vs. residuals of
ignition (%ROI of bulk
dry matter). B) Cumu-
lative percentages of
dry bulk matter of sedi-
ment components in
core NAUJG1.1. C)
Cumulative percent-
ages of total minero-
genic matter of sedi-
ment components in
core NAUJG1.1.
Selected section repre-
sents 0-45 cm core
depth.
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Fig. 19. Diatom percentage diagram for core SFL4.1B.
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Both diatom zones I and II represent the
transition from glacio-lacustrine to la-
custrine conditions. First species to ap-
pear in the sediment is Fragilaria brevis-
triata (78%) that dominates the single
sample from zone I, together with Den-
ticula kuetzingii (11%), small Fragilaria
spp- (6%), Epithemia arqus (3%) and Nav-
icula pupula (5%). Most species are alka-
liphilous and conditions must have been
alkaline, possibly caused by the leaching
of the barren soils surrounding the lake
(Fredskild, 1977). Whereas F. brevistriata
has a wide nutrient tolerance, other
species in this sample suggest mode-
rately high nutrient availability during
this phase.

¢ Diatom zone II (213-187 cm, 7400-6000
cal yrs B.P).

Diatom zone II shows an abrupt change
towards a more ion-rich environment.
The fresh/brackish Fragilaria brevistriata
disappears and Denticula kuetzingii var.
rumrichae becomes dominant (32%) to-
gether with Cymbella norvegica (22%),
and Mastogloia smithii var. lacustris (13%).
Most remarkable is the appearance of
mesohalobous species such as Navicula
halophila (3%), Anomonoeis exilis (1%),
Amphora veneta (5%), and Mastogloia
smithii var. lacustris (13%) that tolerate
salinities from 0.3 to about 10%o.. The
presence of planktonic species such as
Cyclotella striata (2%) and Aulacoseira ital-
ica (1%) suggest more favourable condi-
tions for open water species to flourish,
although the frequencies are very low.
Increased erosion of surrounding soils,
possibly bringing dissolved mineral salts
towards the lake, is indicated by the
presence of small bands of sand and peb-
bles and species composition changes
from a dominant epiphytic one, towards
a more benthic flora.

e Diatom zone III (187-150 cm, 6000-
4900 cal yrs B.P).

This zone is considered to be the pio-

neering phase of a closed-basin lake as

RESULTS

several pioneering species like small
benthic and alkaliphilous Fragilaria spp.
appear in this section. Mesohalobous
species disappear, and a more diverse
flora develops containing several Ach-
nanthes spp., Fragilaria spp., Cocconeis
placentula and several Navicula spp. Do-
minant species in this zone are Achnan-
thes spp. especially A. minutissima (40-
18%) and Cocconeis placentula, together
making up about 30-35% of total valve
counts. Several alkaliphilic Amphora spp.
appear together with Cymbella spp. (C.
cymbiformis, C. helvetica, C. microcephala)
and Gomphonema spp., indicative of
nutrient-rich conditions. The appear-
ance of small benthic Fragilaria spp. (F.
construens var. venter and var. binodes)
indicate clear water conditions. The
sudden increase in the eutrophic and
alkaliphilous Cocconeis placentula and the
decrease or almost disappearance of the
meso-eutrophic, pH-indifferent Achnan-
thes minutissima (at 167 cm) might be
influenced by higher trophic conditions
and higher alkalinity as is indicated by
the presence of eutrophic alkaliphils as
Fragilaria spp. and Gomphonema spp.
Planktonic species as Melosira spp. and
Cyclotella spp. disappear, suggesting less
favourable conditions for open water
species.

e Diatom zone IV (150-123 cm, 4900-
3800 cal yrs B.P).

Most Fragilaria spp. have disappeared in
this zone. Dominant species are the epi-
phytic Cocconeis placentula (35%) and
Achnanthes minutissima (14-20%) among
with several other Achnanthes spp. (A.
hauckiana, A. exilis), which are indicative
of alkaline conditions. A change of clear
water Fragilaria spp. towards Synedra
spp. as S. acus, S. ulna and S. rumpens,
and the increase in benthic Navicula spp.
suggest a larger input of suspended clas-
tics. Epiphytic taxa in this stage again
make up some 70% of the total count.
Benthic species make up some 12% and
very few planktonic species occur.
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Fig. 20. Percentage
diagram for aquatic
pollen and spores, and
organic matter content
in the uppermost 40
cm of core SFL17.1.
The pollen sum
includes both aquatic
and terrestrial pollen,
but excludes long-dis-
tance pollen. Pollen
accumulation rate
(PAR) for aquatic
pollen and Pediastrum
expressed as grains
cm? yr .
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e Diatom zone V (123-73 cm, 3800-1900
cal yrs B.P).

This zone is dominated by the euryha-
line Achnanthes delicatula (30%), A. mi-
nutissima (12%) and Cocconeis placentula
(10-15%). Species composition remains
remarkably constant throughout this
zone. Achnanthes delicatula is most com-
monly found in slightly to moderately
brackish water which is consistent with
the presence of the halophobous Nav-
icula halophila. Species composition also
shows a marked shift from mesotrophic
to eutrophic conditions as A. delicatula is
thought to be an eutrophic species. Epi-
phytic species make up some 75% of
total species in this zone. The transition
to zone VI is characterized by the virtual
disappearance of Achnanthes delicatula
and a renewed increase in Achnanthes
minutissima and Cocconeis placentula.

e Diatom zone VIa (73-45 cm, 1900-1100
cal yrs B.P).
This zone shows some resemblance with
zone III with Achnanthes minutissima and
Cocconeis placentula being the dominant
species (50%). Benthic and aerophilous
species as Navicula spp. and Gompho-
nema spp. become more frequent coin-
ciding with the disappearance of Ranun-

culus and Hippurus pollen from the sedi-
ments (unpublished data). At 60 cm
depth, large benthic Navicula spp. ap-
pear. This coincides with lower counts of
Gomphonema spp. and Cocconeis spp. and
increasing numbers of alkaliphilic Ach-
nanthes spp. and Epithemia spp. The tran-
sition to the last zone starts with a rapid
increase of non-organic components as
can be seen from the LOI curve.

e Diatom zone VIb (45-50 cm, 1100-900
cal yrs B.P).
Although based on one sample only, this
zone can be distinguished because of the
marked change in species composition.
The pH-indifferent Achnanthes minutis-
sima becomes strongly dominant (61%)
whereas alkaliphilic species as Cocconeis
placentula and Epithemia spp occur with
a very low frequency. Hydrophyte pol-
len are sparse. Low frequencies of Hip-
purus pollen occur, whereas most other
hydrophyte pollen have disappeared
(unpublished data). A markedly low
occurrence of hydrophytes at this stage
in time (after ca. 1000 cal yrs B.P.) is in
accordance with pollen and macrofossil
data from lake SFL17 (Eisner et al., 1995,
see also Fig. 20). The disappearance of
major hydrophyte species in both lakes

Lake SFL17, core 17.1 - Sandflugtdalen, West Greenland
*_’b
Q& \4 S
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at the same time suggests unfavourable
conditions for water plants to grow in
the lake, which could relate to short-
ening of the summer open-water period
and/or lowered temperatures. A poten-
tial deterioration of climate after 1000 cal
yrs B.P. is also suggested from the LOI
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data and a pollen record from a nearby
site (Eisner et al., 1995).

Regional correlations

According to regression results for sedi-
ment concentration data, lithological
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Fig. 21. Chronostrati-
graphic comparison of
Kangerlussuaq lake
sedimentary sequences.
Solid boxes indicate
20-age range and
median value of *C
ages. Heavy lines are
~500 yrs equal-weight
averages.
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Fig. 22. LOI data from
uppermost (50-100
cm) sediments in six
West Greenland lakes
plotted vs. depth. Ver-
tical bars represent 50
cm core length, for
scale. Question-marks
indicate the absence of
water sediment inter-
faces. Note the inverted
scale for NAUJG1.1.
Calibrated "*C ages
indicated by 2o confi-
dence intervals. Open
circles represent bulk
sediment samples; solid
circles represent terres-
trial macrofossils.

variations in the shallow lakes seem to
be primarily driven either by changes in
organic matter or biogenic silica content.
Together with concurrent changes in
major hydrophyte pollen, and evidence
from limnic plant remains (see Willemse
& Tornqvist, 1999), these observations
favour the interpretation of a predomi-
nant lacustrine signal in the LOI records
from small and shallow Kangerlussuaq
lakes.

Fig. 21 presents the chronostratigra-
phic comparison of 5 different LOI pro-
files. For each individual curve, parame-
ters were plotted to explain sediment
variability in terms of lacustrine produc-
tivity changes. Lithological fluctuations
exhibit the same order of high frequency
variability, superimposed on a gradually
varying trend. In terms of timing, there
seems to be good agreement between
short term fluctuations, especially for
SFL4.1 and NAUJGL1.1. Fig. 22 shows the
lithostratigraphic correlation of LOI
curves for the uppermost 50-100 cm
(time window approximately 0-2200 cal
yrs B.P). Taking into account the before
mentioned restrictions, similarity of
individual LOI profiles between the
lakes is surprisingly good. All curves
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=
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— =
=] 1750-2190
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show similar and robust fluctuations (in
terms of timing, shape, and amplitude)
and stratigraphically pronounced excur-
sions (notably around 800 cal yrs B.P.
and 2100 cal yrs B.P.) are within the 2c-
confidence limits of the calibration prob-
ability distributions. Two records (SFL49
and SFL35) have not been dated. As a
chronostratigraphic tie-point with the
other cores 1) the presence of in-situ
aquatic mosses and a thin 2 cm layer of
oxygenated sediment indicating the
modern water-sediment interface, and
2) the prominent excursion in the LOI
profile were used. Assuming overall
similar sedimentation rates, periods of
increased or decreased LOI seem to be
well in phase, suggesting a possibly
regional control on lake productivity
(Willemse & Tornqvist, 1999). Distinct
optimum phases are recorded between
ca. 4500-3500 cal yrs B.P. in lakes SFL17,
NAU]JGI, and SFL4, which conforms to
the 5000-3700 cal yrs B.P. ‘climatic
optimum’ inferred from West Greenland
pollen records (Fredskild, 1985; Eisner et
al., 1995).

Long-term LOI trends are more diffi-
cult to interpret. Temporal changes for
slowly increasing LOI values from the
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basal sediments upward are highly lake
specific, suggesting interference with
more locally forced patterns of variation.
Deviating long-term trends (e.g. SFL6.1
and SFL17.1) may be related to natural
infilling and the associated shallowing

RESULTS

of the lake, leading towards progres-
sively increasing organic deposition
rates at the coring site. It should be
noted that in some cases (notably SFL4.1
and NAUJG1.1.) longer term fluctua-
tions do exhibit similar trends.
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Discussion

Comparative radiocarbon dating of ter-
restrial and semi-aquatic plant material
suggests that reservoir effects in limnic
organic material is absent in the shallow
lakes, which is consistent with results
earlier obtained for a small salt lake at
the head of Kangerlussuaq (Bennike,
2000). Datable macrofossil material is,
however, rare in lake cores from central
areas, and organic-rich bulk sediment
samples had to be used in numerous
cases. The similarity between single-lake
core stratigraphies dated with bulk sedi-
ment samples and terrestrial macrofossil
material furthermore suggest that age-
ing of bulk organic material due to reser-
voir effects or old carbon can be neg-
lected. The absence of ageing effects can
be attributed to the rapid water renewal
in these shallow lakes and the dominant
within-lake source for sedimentary or-
ganic matter. Root contamination of
bulk sediments in sediment cores from
the marginal parts of the lakes is evident
from comparative dating with macro-
fossil material, where bulk sediment
samples yield "*C ages that are generally
too young.

Overall sediment accumulation rates
as derived from extrapolated “C ages
are rather constant for individual cores,
but differ from 1.4 to 3.9 cm/100 yrs
between lakes. For individual samples,
however, the temporal resolution is
dependent on small changes in sedimen-
tation rate and the amount of water-sed-
iment interface mixing, like bioturba-
tion. Oxygenated sediments at the
water-sediment interface set the limit for
benthic activity and sediment mixing
due to bioturbation, which is largely
dependent on burial rates and the ox-
ygen content of the overlying bottom
and pore waters. Depth of benthic

activity determines the amount of tem-
poral smoothing in the records, which
should be accounted for when com-
paring homogenised lake records to
other time series (Willemse & Tornqvist,
1999). Moreover, it is of consequence for
radiocarbon ages, both derived from
bulk samples and macrofossil material,
where the ‘sample time-width’ is a func-
tion of both sample thickness and depth
of sediment mixing (Tornqvist &
Bierkens, 1994).

Mean accumulation rates of sedimen-
tary organic matter is rather variable
between lakes (4.6-32.6 g m? yr'),
whereas for individual lakes in the di-
rect vicinity of the Inland Ice margin,
influx rates of aeolian derived minero-
genic matter varies less (between ca. 50-
60 g m™? yr, except for core SFL17.2),
which is consistent with a regionally
homogeneous atmospheric input.

According to statistical analysis of
concentration data proportional changes
in general reflect variable contributions
of biogenic matter, whereas simple dilu-
tion of the sediments due to variable
increases of either organic matter or
atmospheric silts play a more subordi-
nate role. Nevertheless, observed chan-
ges over time of the amount of organic
matter left in the sediments should be
interpreted cautiously. Accumulation of
organic matter is the cumulative result
of a variety of processes, such as net pri-
mary production, grazing by zoo-
plankton, terrestrial erosion, bacterial
mineralization and sediment diagenesis.
Only a small percentage of organic
matter produced in the water column is
deposited (most is recycled), and then
only a fraction of deposited organic C is
actually preserved (Meyers & Lallier-
Verges, 1999). Moreover, changing accu-
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mulation rates influence the preserva-
tion potential of organic compounds and
hence, in addition to bioturbation, affect
the proportion of organic matter in the
sediments. Sources and diagenetically
alterations of organic matter vary both
in space and time and accumulation re-
cords are therefore usually quite unique.
Notwithstanding these uncertainties,
the observed synchrony among a re-
gional series of detailed lake LOI records
provides a strong case for a systematic
climate control on lake biological pro-
cesses (Willemse & Tornqvist, 1999).
Aquatic organisms respond to parame-
ters directly controlled by climate such
as temperature, light, and watercolumn
turbulence, all of which are most rapidly
transmitted in small systems. Moreover,
covarying changes in the length of the
ice cover period and open-water grow-
ing season can have effects on regional
lake productivity. During colder years
the short active biological period can be
reduced with 30% or more (Smol, 1988;
Doran ef al., 1996) which would depress
net primary production. Warming is
accompanied by a shorter period of
snow and lake ice cover (Magnuson et
al., 2000), resulting in enhanced plant
growth due to lengthening of the grow-
ing season (Myeni ef al., 1997; Quayle et
al., 2002), improved exchange of gases
and nutrients, wind-driven circulation
and light conditions (Schindler et al.,
1974). The timing for the start of the
open water season largely reflects air-
temperature variability in the transition
seasons but such climatic influences on
lakes are extremely complex and include
a diversity of direct and indirect effects.
Alternatively, the presence of saline
lakes in the area indicate changes in the
hydrological balance, and effects of
water-level changes could equally influ-
ence the nutrient status of the lakes.
However, given the amplitude of chan-
ges in organic matter content, such

DISCUSSION

water-level changes would be visible as
distinct lithofacies changes in the cores
(Harrison & Digerfeldt, 1993), but no
such indicators are present. Equally,
other lake nutrient transfer mechanisms
related for instance to spring thaw and
runoff (Miller, 1992), and variable hy-
drological and pedological settings (Eng-
strom et al., 2000), could play another
important role. The proposition that lake
productivity in these shallow isolated
systems is influenced directly by climate
parameters therefore requires a more
complete analysis of palaeolimnological
productivity proxies, and comparison
with other records of regional environ-
mental change.

Notwithstanding the good agreement
between individual lake records, long-
term trends also indicate interference
from other factors, like natural lake
infill, as the pattern of sediment accu-
mulation and biological activity is sensi-
tive to the constantly changing mor-
phometry of the infilling lake (Ha-
kanson & Jansson, 1983). The recogni-
tion of patterns of variation on different
timescales points to the importance of
comparing separate lake records in
order to identify and remove anomalous
stratigraphic variability (Snowball &
Sandgren, 1996). Constructing a com-
posite record would greatly help to
remove anomalous variability, following
similar practices used to evaluate other
high resolution proxy records such as
ice-cores and tree-rings. This would
however require stratigraphical align-
ment well below the resolution level of
C ages, and this will only be feasible in
case of clear and geographically similar
trends with durations longer than "“C
age resolution. Such problems are in-
trinsic for lake records lacking annual
resolution, but should be endeavoured
nonetheless because of the strong and
possibly unique signal in such small sys-
tems.
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Conclusions

Shallow and small closed-basin lakes
between the West Greenland Ice Sheet
margin and Sukkertoppen Iskappe have
generally simple basin morphometries
and the accumulation and distribution
of organic rich sediments indicate a
rather regular lake infill since deglacia-
tion. Accumulated sediments overlying
glacial and glacio-lacustrine sediments
typically consist of homogeneous highly
aqueous, olive green and silt-rich gyttja
which lack bedding of any kind. Diatom
valves make up as much as 20% of dry
bulk weight for core NAUJG1.1, where-
as they are much less abundant in the
sediments of the lakes close to the Inland
Ice margin. Particulate organic matter is
largely absent in cores collected from the
central parts of the lakes and consists
largely of limnic macrofossil material,
which is consistent with the characteris-
tics of modern lake-wide sediment dis-
tributions. Carbon-nitrogen ratios of
surficial sediments typically range be-
tween 7 and 11 suggesting that organic
matter is almost entirely derived from
within-lake sources. Dry bulk sediments
of the five SFL-cores contain 75-90%
minerogenic matter and consist largely
of aeolian sediments (Eisner et al., 1995),
whereas such sediments are absent from
lakes 90 km west of the present day
Greenland Ice Sheet margin.

According to new AMS "C ages, the
westernmost lake studied was de-
glaciated probably around 10,500 cal yrs
B.P, whereas the easternmost lake
closest to the Inland Ice margin records a
Holocene deglaciation around 7250 cal
yrs B.P. The start of organic infill in lakes
around the head of Kangerlussuaq fol-
low the general timing for deglaciation
as defined by regional moraine chronos-
tratigraphy, but includes evidence for

diachronous development of basins.
This is probably a result of asynchron-
ous melting of ice-rich sediments in
peat-filled depressions and the subse-
quent subsidence and formation of
shallow thaw lakes. Basal ages for the
two lakes along Kangerlussuaq suggest
minimal ages for deglaciation which
differ significantly from those reported
in Ten Brink & Weidick (1974). The west-
ernmost lake at the innermost margin of
the Sarfartoq/Avadtleq moraine system
records deglaciation to have taken place
some 1300 yrs earlier than suggested by
radiocarbon ages on marine shells from
a local marine limit of 125-130 m (Ten
Brink, 1975), whereas the lowermost
organic sediments in a lake above the
Angujaartorfik embayment yielded an
age somewhat younger than the
reported age of 7900-9100 cal yrs B.P. for
the Fjord moraine system. Given the
intrinsic uncertainties when defining
former ice margin positions by as-
suming a marine-glacial interrelation of
“C-dated elevated (glacio)marine de-
posits (Ten Brink, 1975; Van Tatenhove et
al., 1996), basal "*C ages for organic infill
of lakes in ice-free areas might provide a
more direct time control for glacial
retreat from individual lake-catchment
areas (Steig ef al., 1998).

According to diatom analysis, the
small and shallow lakes have remained
moderately nutrient rich (mesotrophic)
since deglaciation, which seems to be
typical for this area (Eisner et al., 1995).
Floristic shifts in fossil diatom assem-
blages in lake SFL4 indicate an early
raw-water phase, followed by a pio-
neering phase with abundant small
alkaliphilous taxa and some small planc-
tonic species. Floristic shifts indicate
variable salinity throughout the history
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of the lake pointing to periods of in-
creased /decreased evaporation rates.
Conditions unfavourable for the devel-
opment of lake biota is most clearly
demonstrated for the period after ca.
1000 cal yrs B.P. by the sudden dis-
appearance of major hydrophyte pollen
from the lake sediments and concurrent
decreases in biogenic silica content.

Statistical analysis of the influence of
specific sediment components on sedi-
ment variability, and corroborative evi-
dence from paleoecological studies,
favour the proposition that lacustrine
processes drive the observed lithological
variation in the lake sediments. Ac-
cording to core stratigraphies and sedi-
ment concentration data, input in the
lakes of aeolian sediments seems to have
been more constant over time than
changes in biogenic input, which con-
trasts earlier postulations on the type of
environmental signal present in the lake
cores (Eisner et al., 1995). Importantly,
similarities between detailed lithological
records among widely separated lakes
indicate a regional, possibly climatic
controlled forcing factor for in-lake pro-
cesses. Localized and basin-specific con-
trols seem to play a more dominant role
for sediment variability over longer
(>500 yrs) timescales, and their apparent
overall sensitivity to record regional
changes over decade-to-century time-
scales suggests considerable scope for
further paleoclimatic studies in this
region.

CONCLUSION
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Feedback mechanisms of global warming in the Arctic could
have a significant impact on climate dynamics outside the polar
regions. Our current understanding of the arctic influences on
lower latitude climate dynamics is, however, limited.

Small freshwater lakes in the Arctic form ideal natural archives
recording the climate variability, because of their continuous
sediment records, wide availability, general climatic sensitivity,
and the lack of human influence. This monograph presents
detailed information on the environmental background, paleo-
environmental record, and climatic significance of the shallow
freshwater lakes in the interior continental area of West Green-
land which will help to link paleoclimatic studies from Baffin
Island with those from the Greenland ice cap.

Nico Willemse is working for the Department of Physical Geo-
graphy at Utrecht University, the Netherlands, and since 1991
involved in ongoing studies on the sedimentary record of West
Greenland terrestrial deposits.
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