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Abstract

Thirteen of 18 piston cores recovered from ‘Robinson Lake’ in the mid-Arctic vegetation zone of Baffin Island, Arctic Canada,
penetrated stratified lacustrine sediment beneath a thin over-consolidated diamict (till) and postglacial lacustrine sediment. The
sub-till lacustrine units are up to 120 cm thick, of which the upper several decimeters frequently contain thick, layered mats of aquatic
moss; pollen and diatoms are common throughout both lacustrine units. A series of 23 AMS 14C dates defines the chronology of the
postglacial sequence, which records a succession from a pioneer grass- and Oxyria-dominated tundra between 10.4 and 8 ka BP, to
a sedge-dominated tundra after 8 ka BP. Limiting 14C dates place the sub-till lacustrine sediments more than 40 ka BP; 10
luminescence dates centered on 85 ka indicate they were deposited late in oxygen isotope stage (OIS) 5. The dominance of shrub and
tree pollen, especially shrub birch and alder, in sub-till lacustrine samples, indicates low-arctic tundra farther north than at any time
during the Holocene. Pollen concentrations are comparable to or higher than in the Holocene units. Cooling late in the interglacial is
indicated by declining birch and alder pollen percentages in the upper part of the section. Diatom floras in both the sub-till and
postglacial lacustrine sequences indicate similar development of lake-water chemistry, but input of silica and weathering products was
greater in the older lake cycle, suggesting more vigorous catchment processes. Macrofossils in the sub-till units are characteristic of
lakes ice-free in summer. Based on pollen assemblages indicating local and regional vegetation diagnostic of summer temperatures
higher than the Holocene, we interpret the sub-till lacustrine units to be of interglacial character. By analogy with Holocene plant
succession in central and eastern Canada, all of Keewatin and Labrador/Ungava must have been ice free throughout this interval,
suggesting essentially complete deglaciation of the Laurentide Ice Sheet at the time. ( 1999 Elsevier Science Ltd. All rights reserved.

1. Introduction

Although ice-free refugia have been recognized along
the forelands of eastern Baffin Island since the 1960s
(L+ken, 1966; Miller et al., 1977; Klassen, 1993), stratified
terrestrial interglacial deposits have not been previously
reported from the Eastern Canadian Arctic. Last inter-

glacial sediments are known from deep-sea cores in the
Labrador Sea (de Vernal et al., 1991) and Baffin Bay
(Aksu, 1985). Emerged marine deposits of probable inter-
glacial age (OIS 5 sensu lato[s.l.]) have been recognized at
several sites along eastern Baffin Island and northwest
Greenland (Miller et al., 1992). A variety of lake sedi-
ments and buried soils at or beyond the limits of
radiocarbon dating have been recovered from Baffin Is-
land (Terasmae et al., 1966; Miller et al., 1977; Mode,
1985; Short et al., 1985; Morgan et al., 1993; Wolfe and
Härtling, 1996). Although some of these deposits are
undeniably of interglacial character, bearing pollen as-
semblages diagnostic of summer temperatures above
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present, none can be unequivocally assigned to the last
interglacial. The lack of a clear stratigraphic succession
and chronologic uncertainties limit the interpretation of
these sites.

Here we report the first demonstrably stratified terres-
trial sediments of interglacial character from Baffin Is-
land. Eighteen piston cores were recovered from Robin-
son Lake; 13 of them penetrated a stiff diamicton that we
interpret to be till, and sampled underlying stratified
lacustrine sediments up to 120 cm thick, before bottom-
ing in a second, less consolidated diamict. We refer to the
sub-till lacustrine sediments as interglacial in character,
independent of any dating, because they contain pollen
assemblages representative of summers consistently
warmer than the Holocene, and pollen concentrations
comparable, or in excess, of those in overlying Holocene
sediment. Abundant lacustrine fossils, including diatom
valves, aquatic bryophytes, and aquatic zooplankton,
collectively indicate that the sub-till units were deposited
in a permanent lake, with ice-free summers.

2. Study area

Robinson Lake (63°23.8@N; 64°15.7@W; unofficial name,
after the adjacent Robinson Channel) is a small (17 ha) lake
situated 170 m asl at the divide of an east-west valley that
traverses Brevoort Island, in the Eastern Canadian Arctic
(Fig. 1). As a drainage-divide lake there is no primary inlet
stream, and the 3.0 km2 catchment drains into the lake via
many small rivulets and as sheet flow in spring. The lake is
partially dammed by morainal debris that has been
breached by an outlet stream flowing west into Robinson
Channel. The lake has a simple primary basin that reaches
nearly 15 m water depth (Fig. 1c), and a broad region
shallower than 4 m water depth between the primary
basin and the moraine dam. We infer that the lake was
approximately 7 m shallower prior to emplacement of the
moraine dam; at that water level the lake area would have
been 5 ha, with a maximum water depth of about 9 m.
Water samples collected from Robinson Lake in May
1993 had a pH of 6.7 and conductivity of 22 lS cm~1.
The lake is therefore dilute and considered acid-sensitive.

Recent field mapping (Miller, unpub. observations,
1990), indicates Robinson Lake was situated at the mar-
gin of the last glaciation, and was overrun by a thin
divergent arm of an outlet glacier flowing SSW through
Robinson Channel; regional deglaciation occurred about
10 ka BP (Miller and Kaufman, 1990; Stravers et al.,
1992). The bedrock of Brevoort Island, the adjacent
channels, and Hall Peninsula to the west is entirely com-
posed of crystalline rocks of the Canadian Shield, provid-
ing a mildly acidic terrain without carbonate or other
sources of dead carbon.

The modern climate of Brevoort Island is maritime
arctic; the mean July temperature is #4.2°C, and mean

January temperature is !22.3°C, as recorded at the
BAF-3 North Warning Site located 341 m asl, 10 km
south of the lake. Mean annual precipitation is 58 cm,
43% of which occurs as snow.

The vegetation on Brevoort Island is classified as mid-
arctic, although it lies close to the low-arctic boundary
(Fig. 1a). Low-arctic vegetation is characterized by nearly
complete plant cover with significant proportions of
shrubby plants, predominantly heaths and heath allies
(»accinium, Cassiope, ¸edum, Arctostaphylos, and Empet-
rum), shrub birch (Betula glandulosa and B. nana), and
willow (Salix). In mid-Arctic regions, plant cover is in-
complete, with significantly fewer shrubs and greater
proportions of herbaceous plants, especially sedges (Cy-
peraceae) and grasses (Poaceae; Edlund, 1986). Unlike
many low-arctic areas, Alnus (alder) does not occur at
present on Baffin Island, nor has it been reported in
the Holocene, although its pollen is an important exotic
component of pollen spectra (Mode and Jacobs, 1987).
Alder macrofossils occur in the Flitaway beds of north-
central Baffin Island that were initially assigned to the
last interglacial (Terasmae et al., 1966), but are now
considered to be of Tertiary age (Morgan et al., 1993).
The nearest occurrence of Alnus today is in northern
Labrador, about 500 km south of Brevoort Island. Shrub
birch is restricted to the low arctic and rare isolated
pockets of low-arctic vegetation within the mid-arctic zone
where favorable microclimates sustain a richer vegetation
assemblage (Jacobs et al., 1985). Isolated pockets of shrub
birch currently occur 50 km west of Robinson Lake, but it
does not grow now on Brevoort Island. It is difficult to
distinguish reliably the pollen of tree birch from that of
shrub birch because of considerable overlap in their
size-frequency distributions (Ives, 1977), although
Richard (1981) has shown that small but consistent
changes in the size-frequency of Betula pollen occur in
lake sediment cores from Ungava that may be inter-
preted in terms of changing distributions of tree
and shrub birch. The closest tree birch currently live in
northern Labrador.

3. Methods

3.1. Coring and physical properties

Robinson Lake was cored from the lake ice platform in
May 1991 and again in May 1993, utilizing a modified
Nesje percussion-driven piston corer (Nesje, 1992)
capable of recovering up to 6 m of sediment in a single
drive in water depths up to 100 m. Because the driving
force is delivered to the core head at the bottom of the
lake, it is possible to penetrate exceptionally stiff sedi-
ments without casing. In 1991, four cores of 63 mm
diameter were recovered, two of which penetrated a stiff
diamict and sampled underlying lacustrine sediments. In
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Fig. 1. (a) Vegetation zones of the Canadian Arctic (Edlund, 1984), and location of Brevoort Island (BI); solid square defines boundaries of Fig. 1b.
(b) Location of Robinson Lake, Brevoort Island, with its drainage basin outlined (dashed line); contour intervals are in meters. (c) Outline and
bathymetry of Robinson Lake. Shoreline and 2 m isobath from photogrammetry; bathymetry based on GPS-located transects of 37 soundings
through the lake ice platform (solid dots). General locations of the primary six cores discussed in the text ae indicated. The interglacial lake shoreline is
suggested to fall between the 6 and 8 m isobaths. (d) Cross section of Robinson Lake along profile A/B (Fig. 1c), showing the position of the primary
cores and the suggested water level during the Last Interglacial (dashed line).

1993, an additional 14 cores of 75 and 110 mm diameter
were recovered. Eleven of the 1993 cores penetrated a stiff
diamict and sampled underlying water-lain sediments
(Table 1). The upper diamict is readily distinguishable
from water-lain units by its high whole-core magnetic

susceptibility (MS), which was measured in the field at
5 cm intervals using a portable Bartington MS Meter.
After measuring MS, some cores were extruded in the
field to calibrate the MS signal with visual description;
the remainder were sealed in their original PVC core
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Table 1
Details of sediment cores recovered from Robinson Lake in 1991 and 1993

Core ID Water Core Length of Thickness of Units Fate! Analyses"
depth diameter recovered sub-till units present
(m) (mm) core (m) (m)

91-RL1 10.9 63 0.84 0 D, G, H E
91-RL2 10.8 63 1.12 0 D, G, H S
91-RL3 10.0 63 1.55 0.4 A, B1, C, D, E, F, G L 14C
91-RL4 9.9 63 1.76 0.3 B1, C, D, E, F, G L P, D, 14C
93-RL1 14.3 75 2.20 1.1 B, C, E, F, G E
93-RL2 14.7 75 1.75 0.4 B, D, E, F, G E
93-RL3 14.7 75 1.63 0.3 B1, B2, C, D, F, G L P (stratified B2)
93-RL4 14.8 75 2.47 1.2 A, B2, C, E, F, G L D, M
93-RL5 14.0 75 2.02 0.3 C, D, E, F, G L TL, M
93-RL6 9.6 75 1.20 0.4 C, E, F, G E I
93-RL7 11.0 75 1.6 '0.4 B1, F, G E
93-RL8 9.2 110 0.8! 0 E, F, G E
93-RL9 10.4 110 1.65" 0.6 A, B2, D, E, F L
93-RL10 14.4 110 1.80 0.7 A, B2, C, D, E, G E P, D, Saved 35 cm

of Unit C
93-RL11 14.6 110 1.43 0.5 S
93-RL12 7.8 75 0.9 0.6 B2, D, E, G E
93-RL13 7.6 75 0.8 S
93-RL14 7.8 110 0.8 0 D, E, F, G E

!E"extruded and described in the field; not saved, L"opened and described in the lab, S"saved, but not opened).
"P"pollen, D"diatoms, M"macrofossils, 14C"radiocarbon dates, S"sedimentology, TL"luminescence dating, I"C-isotopes.

tubes and opened in our laboratories. Before splitting the
cores, X-ray images were made and volume MS was
measured at 2 cm intervals. The cores were then split,
photographed, and described. One-half of the split core
was sampled (sedimentology, palynology, diatoms, mac-
rofossils and radiocarbon dating), and a repository half
was sealed; both halves were stored at 4°C. Core 93-RL5
could be correlated with our primary core (91-RL4)
based on their MS stratigraphies, and was preserved
unopened for luminescence analyses.

Constant-volume sediment samples were analyzed for
bulk density and grain-size distribution using a Sedi-
graph, and for total organic matter following the Walk-
ley—Black method (Walkley and Black, 1934). Mass MS
was measured at 5 cm intervals in the laboratory for
some cores.

To capture undisturbed sediments at the sediment—
water interface we used a 10 cm square Eckman Dredge
with clear polystyrene liner that typically penetrates the
upper 10—20 cm of sediment and preserves the sediment-
water interface. These cores were sampled at 0.5—2.0 cm
intervals in the field. 93-RLB4, a 10-cm-long box core
collected from 14.7 m water depth, was combined with
piston core 91-RL4 to build a composite Holocene sec-
tion for Robinson Lake.

3.2. Palynology

Laboratory preparation of pollen samples was by stan-
dard methods (Faegri and Iversen, 1989), augmented by

fine sieving (Cwynar et al., 1979). Pollen sums are '300
grains (excluding aquatics), except where noted. Pollen
was analyzed from the postglacial sediments (Units
F and G) at 10 cm intervals (ca. 1 sample ka~1) and at
1 cm intervals in the upper part (Unit C) and 2 cm inter-
vals in the lower part (Unit B1) of the sub-till lacustrine
units of core 91-RL4. Because the pollen diagram from
massive Unit B1 lacks structure, we analyzed pollen at
2 cm intervals throughout a stratified, deeper water facies
(Unit B2 from core 93-RL3). To replicate the pollen zone
transition seen in 91-RL4, we analyzed pollen at 2 cm
intervals from a similar lithostratigraphic sequence (Unit
C over Unit B2) in core 93-RL10.

3.3. Diatoms

Volumetric subsamples (1.0 cm3) were taken from each
interval and prepared by oxidation in hot 30% H

2
O

2
.

Diluted aliquots of cleaned slurries were evaporated at
room temperature onto coverslips, and mounted to slides
with Naphrax medium. From each level, between 300
and 500 diatom valves were enumerated in transects
including coverslip edges. All counting was performed at
1000X under oil immersion, using an Olympus Vanox
microscope equipped with differential interference con-
trast optics. Raw count data were compiled into relative
frequencies to illustrate stratigraphic changes in diatom
communities. Diatoms were counted from 87 intervals in
the same three cores analyzed palynologically: 91-RL4
(46 Holocene samples and 17 from units B1 and C),

792 G.H. Miller et al. / Quaternary Science Reviews 18 (1999) 789—810



93-RL10 (11 samples from units B2 and C), and 93-RL3
(13 samples from units B1 and B2). Diatom taxonomy
followed primarily the floras of Hustedt (1959), Foged
(1981), Germain (1981), Patrick and Reimer (1966, 1975),
and Krammer and Lange-Bertalot (1986-1991). Nomen-
clature and taxonomic authorities follow Hamilton et al.
(1994). Several genera (Fragilaria, Navicula) have not been
split according to the revisions of Round et al. (1990),
largely to facilitate comparisons with previous studies.

3.4. Macrofossils

To test whether some plant taxa that show high pollen
percentage values in the interglacial sediments grew lo-
cally, sediment from two cores was analyzed for macro-
fossils. The sediment was washed on 0.4 and 0.12 mm
sieves. Aquatic and terrestrial macrofossils in the residue
left on the sieves were identified using a dissecting micro-
scope. Macrofossils were isolated from eight nearly equal
half-core segments from a 120-cm-thick sequence of Unit
B2 from 93-RL4, and four half-core segments from a 20-
cm-thick section of Unit C in 93-RL5.

3.5. Radiocarbon dating

Our objective was to provide a secure time constraint
on lacustrine sediments less than 35 ka old, and to
determine whether the sub-till lacustrine units were with-
in, or beyond the limits of the method. All radiocarbon
dating was by accelerator mass spectrometry, due to the
need to date small core increments (1—2 cm slices) to
compensate for slow sediment accumulation rates (ca.
10 cmka~1). Macrofossils received a standard acid—base
pretreatment; humic acids were separated by their solu-
bility in acid and base extractions following procedures
described by Abbott and Stafford (1996). d13C in aquatic
moss from Robinson Lake varies from !17 to !23&,
with a mean of !21& (n"17). One sample of bulk-
sediment cellulose from a sub-till lacustrine unit was
dated following the extraction procedures outlined in
Sauer (1997).

3.6. Luminescence dating

Luminescence dating of water-lain sediments can be
problematic because light-filtering by water and turbid-
ity reduce the efficiency of solar resetting of luminescence.
Thermoluminescence (TL) dating, which assumes full so-
lar resetting, may yield maximum ages. Infrared stimu-
lated luminescence (IRSL; Spooner et al., 1990) samples
traps that are more sensitive to solar resetting (Godfrey-
Smith et al., 1988), resulting in a more accurate geo-
chronometer for waterlain sediments (e.g. Forman et al.,
1994; Kaufman et al., 1996). Red excitation (RSL) may
reflect emissions from even more light-sensitive traps
than IRSL, particularly for waterlain sediments (Ditlef-

sen and Huntley, 1994; Forman et al., 1994). To evaluate
the potential of luminescence methods applied to lake
sediments, we selected a core from the central deep (93-
RL5) that contained representative sequences of both the
Holocene and interglacial lacustrine sediment (based on
MS logs). The core was opened in the luminescence
laboratory where it was described physically, confirming
the MS-based correlations. The three luminescence tech-
niques were applied to sediment from 80 to 85, 90 to 95,
and 95 to 100 cm depth in the Holocene sediments to test
whether adequate re-zeroing of the traps was occurring
during transport, and from 190 to 193 and 193 to 196 cm
in comparable sub-till lacustrine facies (Unit B2) to date
the interglacial.

3.6.1. TL methods
TL emissions were measured on the fine-grained

(4—11 lm) polymineral fraction for two representative
samples each from the Holocene and interglacial sec-
tions. Equivalent dose (ED) was determined by the total
bleach method, which results in a near total resetting of
TL. All samples were preheated at 124°C for 2 days prior
to analysis to remove potential instability in the laborat-
ory-induced TL signal. After heating, each sample was
tested for anomalous fading by storing irradiated sam-
ples (100 or 450 Gy) for at least 31 days and compared to
the TL emissions of an aliquot that was analyzed (1 h
after preheating. The anomalous fading tests reveal no
significant instability in the TL emissions of the pre-
heated aliquots (Table 2).

The rate of TL ingrowth was evaluated by applying
additive beta doses to the natural signal and fitting the
data with a saturating exponential function. Dose rate
estimates were derived from U and Th concentrations
inferred from thick-source alpha counting, and 40K con-
tent, calculated from the total K concentration (Table 3),
and were adjusted for organic content (Divigalpitiya,
1982). Holocene and sub-till lacustrine sediments contain
80$10 and 60$10% water, respectively.

3.6.2. IRSL method
IRSL stimulation of the fine-grain fraction was derived

from infrared emissions (880$80 nm), with an estimated
energy delivery at the sample position of 17 mWcm~2.
IRSL ages were calculated from the same additive beta
dose, normalization and ED-computational procedures
used in TL analyses, except a shorter and higher
temperature preheat (160° for 5 h) was employed and
measurement of IRSL was delayed at least 1 day after
preheating. Tests for anomalous fading of the laborat-
ory-induced and pre-heated IRSL signal revealed insigni-
ficant reduction in IRSL (Fig. 2).

3.6.3. RSL methods
Red excitation (645$10 nm) of the sample was ac-

complished by variable narrow bandpass system; the
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Table 2
Luminescence data and age estimates for Robinson Lake core 93-RL5

Core Lab Equivalent dose Light Temp.(°C)# Equivalent dose Luminescence Anomalous
depth (cm) no. method! exposure" or time (grays) age est. (ka)$ fading ratio%

Holocene lake sediments
80—85 0TL-549 TL-Total Bleach 8 h UV 250—400 9.60$2.27 4.0$1.0 0.98$0.02

IRSL-Total Bleach 3#h SL 3—59 s 12.37$1.36 5.3$1.0 0.90$0.06
IRSL-Total Bleach 1 h SL 3—59 s 10.03$1.36 4.3$1.0

90—95 OTL-550 IRSL-Total Bleach 3#h SL 3—59 s 16.55$1.49 7.0$1.0 0.90$0.04
IRSL-Total Bleach 1 h SL 3—59 s 13.28$1.50 5.6$1.0

95—100 OTL-547 IRSL-Total Bleach 3#h SL 3—59 s 32.18$0.40 12.6$1.0 0.91$0.09
IRSL-Total Bleach 1 h SL 3—59 s 28.30$0.40 11.1$1.0
RSL-Total Bleach 3#h SL 3—59 s 20.20$4.42 8.0$2.0 0.84$0.08

Sub-till lake sediments
190—193 OTL-551 IRSL-Total Bleach 3#h SL 2—90 s 300.10$3.61 96$10 1.00$0.07

1 h SL 2—90 s 289.81$3.55 91$ 9
193—196 OTL-548 IRSL-Total Bleach 3#h SL 2—90 s 223.82$3.33 83$ 8 0.93$0.04

IRSL-Total Bleach 1 h SL 2—90 s 219.60$3.32 81$ 8
193—196 OTL-552 TL-Total Bleach 8 h UV 250—390 212.03$4.34 87$ 9 0.97$0.05

TL-Total Bleach 16 h SL 250—390 161.40$4.36 66$ 7
TL-Total Bleach 32 h SL 250—390 183.50$4.33 75$ 7
IRSL-Total Bleach 3#h SL 2—90 s 237.21$3.15 96$10 0.93$0.04
IRSL-Total Bleach 1 h SL 2—90 s 215.80$3.11 88$ 9
RSL-Total Bleach 3#h SL 2—90 s 222.30$7.15 77$ 8 0.96$0.10

!All TL measurements were made with a Corning 5/58 and HA-3 filters in front of the photomultiplier tube. Samples were preheated to 124°C for 48 h
prior to analysis. Infrared stimulated luminescence (IRSL) measurements were made with BG-39 filters in front of the photomultiplier tube. Red
stimulated luminescence (RSL) measurements were made with UG-11 filters.

IRSL and RSL samples were preheated to 160°C for 5 h, and subsequently stored for 24 h, prior to analysis.
"Hours of light exposure to define residual level for TL analysis. SL is natural sunlight in Columbus, Ohio. UV is light exposure from 275 W General
Electric ‘sunlamp’. Background count level is equivalent to RSL and IRSL signal remaining after 3#h sunlight exposure or 90 s shine-down period.
#Temperature range or seconds since light exposure used to calculate equivalent dose.
$Errors are at one sigma and calculated by averaging the errors across the temperature or time range.
%Samples were tested for anomalous fading by storing irradiated (100 or 450 Gy) samples for at least 32 days and comparing the luminescence signal to
an unstored aliquot. Anomalous fading ratio between 1.00 and 0.90 indicate little or no fading, within analytical resolution.

Table 3
Dose rate data for lacustrine sediments from Robinson Lake core 93-RL5

Laboratory number 547 548 549 550 551 552

a count (ks/cm2)! 0.76$0.04 0.75$0.04 0.76$0.04 0.56$0.03 0.80$0.04 0.81$0.04
Th (ppm)! 9.6$0.5 17.4$0.8 9.6$1.4 9.1$1.1 11.2$1.4 11.2$1.6
U (ppm)! 3.3$0.5 2.2$0.4 3.3$0.5 1.9$0.4 2.4$0.5 3.1$0.6
Unsealed/sealed" 1.00 0.94 1.00 0.96 0.96 1.00
K

2
O (%)# 2.56$0.03 1.99$0.02 2.56$0.02 3.30$0.03 2.66$0.02 1.99$0.02

Moisture content (%)$ 80$10 60$10 80$10 80$10 60$10 60$10
TL a-value% 0.06$0.01 0.04$0.01
IRSL a-value% 0.05$0.02 0.06$0.01 0.05$0.01 0.06$0.01 0.08$0.02 0.05$0.01
RSL a-value% 0.07$0.02 0.05$0.01 0.10$0.02
TL dose rate (Gy/ka)& 2.40$0.20 2.44$21
IRSL dose rate (Gy/ka)& 2.55$0.23 2.70$0.30 2.33$0.20 2.36$0.22 3.13$0.28 2.46$21
RSL dose rate (Gy/ka)& 2.52$0.23 2.33$0.20 2.89$26

!U and Th ppm values calculated from alpha count rate, assuming secular equilibrium.
"Ratio of bulk alpha count rate under unsealed and sealed counting conditions. A ratio of '0.94 indicates little or no radon loss.
#% potassium determined by Activation Laboratory Ltd. Ontario, Canada.
$Moisture contents from correlative stratigraphic units in adjacent cores.
%The measured alpha efficiency factor as defined by Aitken and Bowman (1975).
&Dose rate value includes a 0.10$0.2 Gy/ka contribution from cosmic radiation (Prescott and Hutton, 1988) and a reduction in dose rate for 8%
organic matter follow the calculations of Divigalpitiya (1982)
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Fig. 2. Additive dose build-up curves and sunlight response residual
levels for infrared stimulated luminiscence (IRSL) analyses. Inset figures
(a) shows representative shine down curves, and (b) depicts equivalent
dose values for a range of diode exposure times.

estimated energy of red light delivered to the sample is
23 mW/cm2. The same additive dose procedures were
used to determine EDs. Preheating at 160°C for 5 h did
not always yield stable RSL emissions; stability was im-
proved by preheating at 124°C for 2 days and subsequent
storage for one day.

4. Results

4.1. Lithostratigraphy

Core 91-RL4 had the most complete stratigraphic se-
quence of the four cores recovered in 1991. Several of the
cores collected in 1993 contain a thicker sub-till lacus-

trine sequence, up to 120 cm, and selected portions of
these were processed to test specific hypotheses. Based on
the suite of 18 cores recovered from Robinson Lake, we
recognize eight primary lithostratigraphic units (Fig. 3),
six of which are present in core 91-RL4 (Fig. 4). From
oldest to youngest these are:

ºnit A: Stony diamict, sterile, biologically slightly
overconsolidated, blue—gray, rare in our cores. Interpreted
to be till deposited during the penultimate glaciation.

ºnit B1: Sandy-silty clay, massive with common
coarse sand, occasional pebbles and rare cobbles, but not
over-consolidated (o"0.5 g cm~3), distinctly brown,
with occasional moss fragments, and containing more
organic carbon (7%) than the equivalent Holocene strata
(Unit G, 5%; Fig. 4). Unit B1 has been found from ca. 9 to
13 m below the current lake surface, and has a maximum
recovered thickness of 60 cm. At the shallow sites
(9—10 m water depth), cobbles were encountered up to
7 cm diameter, and sand makes up 20% of the (2 mm
fraction, whereas it is almost always less than 7% in the
Holocene levels (Units F and G). Based on lack of
consolidation, high organic carbon, pollen, and diatom
concentrations, and similarities to Unit B2, Unit B1 is
interpreted to be primary lake sediment. Its massive
character and heterogeneous grain size imply deposition
in a relatively high-energy environment, presumably near
the shoreline of a former lake. Consequently, we suggest
Robinson Lake was about 7 m shallower than present at
this time. In such a lake (see Fig. 1d), Unit B1 would have
been deposited at 2—5 m water depth, in the sub-littoral
zone just beneath shore-fast lake ice. This reconstruction
would account for the coarse clastic component and
massive character of the unit.

ºnit B2: Silty clay, clearly stratified in X-radiography
although not obvious on visual inspection; pebbles pres-
ent. Pollen is present in greater abundance than in most
postglacial levels. This unit is present only in cores from
the deepest portion of the lake ('16 m below present
lake surface), where its maximum recovered section is
120 cm. From its stratified character and common aqua-
tic macrofossils (see below), Unit B2 is interpreted to be
primary lacustrine sediment, and a deeper-water facies of
Unit B1, deposited farther from shore.

ºnit C: Silty clay, stratified in X-radiographs and
visually, with abundant moss (¼arnstorfia exannulata
[Schimp.] Loeske, identified by J. Janssen, 1992), clearly
in layered mats, and bearing common diatoms and pol-
len. It has been recovered from 10 to 17 m below the
current lake surface, and is up to 45 cm thick, containing
20% organic matter by weight. Although most of the unit
is clearly layered, the upper-most levels are often disrup-
ted or tectonized. Unit C is interpreted to be primary lake
sediment with conditions optimal for the preservation of
aquatic moss. The same moss species lives in the lake at
present, but is rarely preserved in late Holocene sediments.
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Fig. 4. Lithology, 14C dates, organic carbon content, volume magnetic susceptibility (MS), and sediment size analyses of piston core 91-RL4
(10.6—172 cm), and box core 93-RLB4 (0—8 cm), Robinson Lake. The upper 10.6 cm of the piston core were lost in coring and transportation. Key to
the lithostratigraphic units is in Fig. 3. Radiocarbon dates in bold italics are W. exannulata macrofossils; other dates are reservoir-adjusted humic acid
extracts (see text for discussion; counting uncertainties and laboratory ID are in Table 4). MS was measured at 2 cm intervals; organic carbon was
determined by Walkley—Black gravimetric digestion. This high carbon content of the box core is due to the slower rates of decomposition in the
hypoxic central deep (14.5 m water depth) compared to the shallower site of 91-RL4 (9.9 m). Particle size percentages are based on the (2 lm fraction.

ºnit D: stony diamict, extremely compact (o"
1.5 g cm~3), blue—gray, with approximately equal
amounts of sand, silt and clay and less than 0.5% organic
matter. Pebbles and cobbles *10 cm long axis are com-

mon. An erosional unconformity separates Unit D from
underlying Unit C. Despite being recovered from a lake,
the diamict is so densely packed that it contains only
12% water. In contrast, underlying units B and C contain
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50—70% water, and Holocene sediments average 80%
water. The diamict is barren of pollen and contains only
rare, reworked diatoms; it is interpreted to be a lodge-
ment till. Because the underlying lacustrine sediments are
preserved in spite of their poor consolidation, we suggest
they may have been frozen when the till was emplaced.
We postulate that the glacial advance responsible for
this till also deposited the moraine that currently
dams the lake, and that this dam raised the water level
ca. 7 m.

ºnit E: Silty clay, blue—gray, compact (31% water),
dense (o"1.6 g cm~3), massive to faintly stratified, con-
taining (1% organic matter, and disconformably over-
lying Unit D. It is devoid of pollen or diatoms, and is
conformably overlain by Unit F. Unit E is interpreted
to represent a brief interval of rapid glacio-lacustrine
sedimentation as glacial ice withdrew from the lake
basin.

ºnit F: Silty clay, stratified visually and in X-radio-
graphy, locally with thick mats of the aquatic moss
¼arnstorfia exannulata. Moss mats are common in Unit
F from cores at 7—10 m water depth, but are less frequent
in cores from deeper water. Bulk densities in Unit F are
low throughout (o"0.11—0.20 g cm~3), but more vari-
able than in overlying Unit G, and the percentage or-
ganic matter is higher, ranging from 7 to 28% depending
on the concentration of moss macrofossils. Unit F is
interpreted to be primary lake sediment without substan-
tial clastic sediment input but deposited under conditions
favorable for the preservation of moss.

ºnit G: Clay, massive to faintly laminated; a nearly
macrofossil- and sand-free gyttja. Bulk density through-
out the unit is low and uniform, averaging 0.15 g cm~3;
organic matter averages 4% with little variation. Unit
G is interpreted to be primary lake sediment with min-
imum clastic input under conditions that do not favor the
preservation of aquatic moss. ¼. exannulata can be
found living as isolated fronds and in discontinuous
clumps as high as 10 cm, mainly from 2 to 5 m water
depth.

4.2. Geochronology

4.2.1. Radiocarbon dates
AMS 14C dates (Table 4) were obtained, on aquatic

moss macrofossils, humic acids extracted from lacustrine
sediment, and on cellulose extracted from bulk lacustrine
sediment. In carbonate terrain, or in non-carbonate ter-
rain where glaciation may have delivered carbonate to
lake basins, the 14C activity of aquatic organisms may be
influenced by a hardwater effect (e.g. MacDonald et al.,
1987). In the crystalline terrain of eastern Baffin Island
there is little source for old carbon and none of the drift
in the Robinson drainage contains carbonate. To test
whether mosses living in Baffin Island lakes are equilib-
rated with the atmosphere, we dated samples of living

¼arnstorfia exannulata from five different lakes collected
between 1989 and 1993, including one from Robinson
Lake and one from a larger, 40-m-deep lake, located
8 km south of Robinson Lake. The average 14C activity
of these samples (Table 5) was 1.18$0.02 fraction mod-
ern, indistinguishable from the 14C activity of the atmo-
sphere during the same interval. On this basis, we argue
that these lakes exchange carbon with the atmosphere
adequately to remain in carbon isotopic equilibrium.
Aquatic moss and other aquatic organisms that derive
their carbon from the lake will carry the 14C activity of
the atmosphere at the time they were growing, and are
therefore appropriate for 14C dating.

We have also dated paired moss macrofossils and
humic acid extracts from five Holocene levels in Robin-
son Lake cores and found that in all cases, humic acids
were between 0 and 600 yr older than the corresponding
moss date (Miller et al., 1994), with smallest offsets dir-
ectly above the diamict. We have adjusted Holocene
humic-acid dates by uniformly subtracting 300 yr; these
‘reservoir-adjusted’ dates have a built in uncertainty from
this correction of $300 yr. The chronology for the post-
glacial in 91-RL4 is based on 19 ‘reservoir-adjusted’
humic acid and 4 moss macrofossil dates (Fig. 5).
The earliest reservoir-adjustedpostglacial date is 10,350
yr BP, suggesting deglaciation occurred shortly after
11 ka BP.

Nine AMS 14C dates were obtained on moss macro-
fossils from sub-till sediments; seven from core 91-RL4,
one from 91-RL3 and one from 93-RL6 (Table 4). Of
these, four are more than 40 ka and all are more than
37 ka except one date of 29.2 ka on macrofossils from
144 cm at the top of Unit C. Because there is a chance
that moss strands can be carried down core by the coring
operation, especially when penetrating thick moss mats
as found in Unit F, we re-dated the 144 cm level using
only moss from the central portion of the core and
obtained an age of 42.7 ka BP (Table 4). We interpret the
finite age of 29.2 ka to represent a mixture of in situ
sub-till moss and early Holocene moss remobilized by
the coring process. A date on humic acids extracted from
146 cm is more than 8 ka younger than moss macrofos-
sils from the same level, suggesting some mobility of the
dissolved organic components. In contrast, cellulose,
which has a higher molecular weight, is less soluble, and
therefore less mobile, extracted from bulk sediment at
164 cm in 93-RL4 gave an age of 43.0 ka BP. Macrofos-
sils from a thin (1-cm-thick) moss mat (Unit C), directly
beneath till at 95 cm depth in core 93-RL3, gave an age of
43.1 ka BP.

Based on the six dates in excess of 40 ka, the lack
of a consistent increase in radiocarbon age down core
in the sub-till sediments, and the proximity of all dates
to the limits of radiocarbon dating, we argue that
the sub-till lacustrine sediments are all in excess of 40 ka
old.
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Table 5
14C activity determined by AMS on living aquatic vegetation collected from the sediment-water interface at '2 m water depth in lakes on southern
Baffin Island

Sample ID Year Material 14C activity! Lab-ID Location
collected

93-TOT 1993 Moss Fm: 1.1514$0.0112 CAMS-7780 66°23@N; 62°11@W
93-RLB6 1993 Moss Fm: 1.1788$0.0077 CAMS-11334 63°24@N; 64°16@W
90-BWL 1990 Moss Fm: 1.1867$0.0094 AA-6532 63°20@N; 64°11@W
89-Avataq 1989 Moss Fm: 1.2157$0.0074 AA-5476 63°10@N; 66°43@W
89-Tuktu 1989 Algae Fm: 1.1841$0.0078 AA-5253 62°52@N; 65°22@W
89-Tuktu 1989 Moss Fm: 1.1651$0.0070 AA-5252 62°52@N; 65°22@W

Mean 14C activity Fm: 1.1803$0.0218

!Fm" Fraction modern (based on 1950 AD and pre-industrial atmospheric CO
2
). The average Fm for the atmosphere for the period 1989—1993 is

about 1.18.

4.2.2. Luminescence dates
Luminescence ages from all three methods increase

down core in the Holocene section (Table 2) and are
consistent with an age—depth assignment based on cor-
relations to well-dated core 91-RL4 from the MS logs.
Concordance between luminescence ages derived from all
three methods indicates effective solar resetting for these
sediments. Episodic spring (May/June) sheet flow, with
most grains requiring several cycles of flow and repeated
storage, is the most likely transport mechanism, and one
that would reset the luminescence signal in most grains.

From one level in the sub-till lacustrine sediments,
a second series of experiments was undertaken to test
whether the three methods yielded concordant ages
(OTL-552, 193—196 cm depth; Table 2). The mean ages
for TL (76$8 ka), IRSL (92$10 ka) and RSL
(77$8 ka) are not statistically different, again suggesting
a transport mechanism that allowed mineral grains unfil-
tered exposure to the sun. The mean age for OTL-552 is
82$8 ka (n"6), for OTL-548 (also from 193 to 196 cm
depth) it is 82$8 ka (n"2) and for OTL-551
(190—193 cm depth) it is 94$10 ka (n"2). These results
strongly suggest the sub-till lacustrine unit in core 93-RL5,
and by correlation, similar sub-till lacustrine sediments in
nearby cores, were deposited 85$10 ka ago, late in OIS
5. It is not yet possible to evaluate the duration of the
sub-till lacustrine interval, but based on a minimum thick-
ness of 120 cm, and bulk densities averaging 2—3 times the
postglacial values, we suggest it covers more than 10 ka,
or that sedimentation rates were substantially higher.

4.3. Palynology

4.3.1. Postglacial lacustrine units
Core 91-RL4 captures, for the first time on Baffin

Island, the initial phase of tundra development following
Late Foxe deglaciation (Fig. 6). The pollen assemblage
during the first 2 ka after deglaciation is dominated by
pioneering taxa, initially by Poaceae (grass), later re-

placed by Oxyria. We interpret the inital grass phase to
represent warming summers, but colder than present and
relatively dry. Subsequent increases in Oxyria indicate
greater available summer moisture, but still relatively
unstable slopes. By 8 ka BP the modern sedge-dominated
tundra had become established, and adjacent slopes sta-
bilized by vegetation. At about 7 ka BP Alnus (alder)
pollen increased dramatically, peaking about 6 ka BP,
and declining substantially after 4 ka BP. Overall, pollen
concentrations are between 10,000 and 30,000 grains per
gram dry weight (grains gdw~1) except between 7 and
6 ka when they increase to over 100,000 grains gdw~1, an
increase due primarily to the dramatic influx of Alnus
pollen following deglaciation of large areas in Ungava
and Nouveau-Québec.

4.3.2. Sub-till lacustrine units
Two distinct pollen assemblages are represented in

sub-till units from 91-RL4. Unlike the early postglacial,
a pioneer vegetation assemblage is absent in the base of
the pre-Holocene lacustrine sediments, suggesting the
onset of the interglacial was not recovered, or, less likely,
colonization following the penultimate deglaciation de-
veloped differently than following the last deglaciation.
Tree and exotic shrub pollen, mainly Alnus, dominate
pollen-assemblage Zone I. Because no Alnus macrofossils
have been found, and because Alnus pollen is readily
transported by wind over great distances, the Alnus pol-
len is interpreted to be exotic; alder and exotic trees are
excluded from the pollen sum (Fig. 6). Changes in Alnus
percentages represent changes in its range and/or in
surface wind trajectories. In Holocene pollen diagrams
from Baffin Island, Alnus reached its maximum percent-
ages in the mid Holocene (Mode and Jacobs, 1987; Short
et al., 1985), at the same time that Alnus reached its
northernmost extent in Labrador/ Ungava (Short and
Nichols, 1977; Richard, 1981; Gajewski and Garralla,
1992). Other exotic tree pollen taxa found in Zone I in-
clude Abies (fir), Castanea (chestnut), Corylus (hazel),
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Fig. 5. Depth—age curve for position core 91-RL4 and box core 93-RL4B. Open squares represent dates on reservoir-adjusted humic acid extracts (see
text); solid squares represent dates on macrofossils of ¼. exannulata. Most samples spanned no more than 2 cm of core, and most dates have an
uncertainty ($1p) of about 1%; these errors are incorporated in the size of the symbols. A second-order polynomial fit to the dates (using macrofossil
dates only below 90 cm core depth) explains 99% of th variance. Reservior-adjusted humic acid dates are excluded in the basal 40 cm because there was
no reservoir of ‘old’ humic acids in the freshly deglaciated landscape, hence the corrected dates are too young, and we rely on the aquatic moss as the
most reliable material for 14C dating in the early Holocene. This age model is used to assign ages to the pollen and diatom data in Figs. 6 and 7.
Right-hand box shows changing sediment accumulation rates derived from the age model.

Juglans (walnut), Pinus (pine) and Picea (spruce); these
taxa reach percentages generally comparable with those
of the overlying Holocene units.

Shrub pollen dominates pollen-assemblage Zone I,
and is also important in Zone II; nowhere in the Holo-
cene section are shrub percentages as high as they are

G.H. Miller et al. / Quaternary Science Reviews 18 (1999) 789—810 801



Fig. 6. Percentage pollen diagram for the major taxa and total pollen concentrations in sediment from Robinson Lake. The Holocene section (piston
core 91-RL4 and box core 93-RL4B) is plotted against age in the top panel. In the sub-till sections of cores 91-RL4, 93-RL3, and 93-RL10, the samples
are plotted against depth, and presented in their correct stratigraphic order. Alnus is considered exotic at all levels. Betula is presumed to be dominated
by pollen from local and regional shrub birch but also includes contributions from far-travelled tree birch. We are unable to reliably distinguish the
two sources and all Betula pollen is included with the other local shrubs. Pollen assemblage zones and lithostratigraphic codes (see Fig. 3) are in the
two right columns.

throughout the sub-till sequence (Fig. 6). The main shrub
taxa are Betula (birch) and Ericaceae (heath), with small-
er amounts of Salix (willow). Of the shrub pollen types,
Betula is the most susceptible to long-distance transport.
The dominance of shrub pollen in Zones I and II indi-
cates the low Arctic/mid Arctic vegetation boundary was
farther north and at higher elevation than during the
Holocene (Fig. 1).

Betula pollen can be produced locally from shrub birch
within the watershed, or may be transported from distant
sources, i.e., from shrub and/or tree birch as far away as
mainland Canada, south or southwest of Baffin Island. In
order to estimate the proportions of Betula pollen
derived from these two sources, we calculated the Betula
to Alnus ratio, plotted as logarithmic index, ln (Betula/Al-
nus) (Fig. 6). During most of the Holocene, Betula pollen
is found consistently in concentrations 10% lower than
Alnus pollen (ln (Betula/Alnus)"-0.1). This ratio is near-
ly constant throughout the Holocene Alnus peak, when
long-distance pollen transport is at a maximum, and
remains constant to the present, consistent with our

observation that Betula does not currently grow within
100 km of the watershed. We argue that this indicates
that most of the Betula pollen is derived from distant
treeline regions. It follows that higher Betula/Alnus ratios
(ln Betula/Alnus '0) signify increased local Betula pol-
len, from shrub birch closer to, or within, the Robinson
Lake watershed. Throughout the sub-till units, the
ln (Betula/Alnus) index is positive, implying a more exten-
sive distribution of shrub birch during Zones I and II
than in the Holocene (Zones V and VI).

Although ln (Betula/Alnus) is high in the early Holo-
cene, we do not infer the local presence of Betula at this
time. Because pollen concentrations are very low at this
time, we ascribe the high Betula/Alnus ratio to reworking
of arboreal pollen from the older lacustrine units.

Alnus and Betula percentages and concentrations in
Zone I samples exceed those of any modern surface
sample from Baffin Island (Mode, 1990). The Alnus de-
cline at the Zone I/II boundary reflects reduced exotic
pollen influx. Although there is also a decline in Betula at
this time, the decrease is proportionally less than for
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Alnus, suggesting that some of the Betula pollen is of
local origin. On this basis, we argue that summer temper-
ature, the primary climate variable controlling plant dis-
tribution and pollination in the Arctic, was higher during
deposition of Units B and C than in the Holocene. Hence,
the sub-till lacustrine units are clearly interglacial in
character. Pollen concentrations in Zones I and II are
similar to, or exceed, modern samples from Robinson
Lake.

Among the rare pollen taxa that are not shown in the
pollen diagram, several aquatic taxa are important
paleoclimate indicators because their pollen are rarely
wind-borne. Potamogeton (pondweed) pollen occurs at
three levels, twice in Zone I and once in Zone II.
Potamogeton presently occurs in only a few lakes in the
warmest regions of southernmost Baffin Island (Porsild
and Cody, 1980). At the base of the core, the sample at
160 cm contains a Sparganium (bur-reed) grain. Today
this plant is restricted to lower latitudes, including some
low-arctic areas (Porsild and Cody, 1980), but it does not
grow on Baffin Island.

Two unusual aspects of the 91-RL4 pollen stratigraphy
must be addressed. The unchanging character of the
pollen found throughout Zone 1, coupled with the mass-
ive, unsorted nature of the enclosing sediments, may
indicate that sediment mixing occurred. Secondly, Zone
I/II boundary is abrupt and coincides with a lithostrati-
graphic change in the sediment, a coincidence that may
be caused by non-climatic changes in sedimentation and
reworking. To test these points, we analyzed pollen from
corresponding lithostratigraphic intervals in two addi-
tional cores recovered from the central deep in Robinson
Lake where the sub-till lacustrine units are demonstrably
stratified, and sediment mixing can be ruled out: from
93-RL3 a 30 cm section of stratified, moss-free lacustrine
mud below till (Unit B2), and from 93-RL10, a 40 cm
sub-till section of densely stratified moss mats (Unit C)
overlying sandy lacustrine mud (Unit B2).

The pollen assemblage in Unit B2 of core 93-RL3
reflects a shrub tundra with substantial influxes of exotic
shrub and tree pollen, but exhibits little structure
through 13 levels (Fig. 6). The Alnus concentrations and
percentages are high compared to the late Holocene, and
are similar to levels in Unit B1 of 91-RL4. Betula is more
abundant than at any time in the Holocene. Ericales,
Cyperaceae and Poaceae appear in consistently low per-
centages, similar to Unit B1 from 91-RL4, and in contrast
to the assemblage in Unit C, where they are better repre-
sented. Palynologically, Unit B2 in core 93-RL3 is cor-
relative with Zone I in 91-RL4. The lack of any clear
succession of local or regional vegetation in this clearly
stratified section implies a stable regional climate, and
suggests that the lack of structure in Zone I of 91-RL4 is
not a result of sediment mixing.

Pollen in the moss-dominated portion of the sub-till
units in core 93-RL10 is sparse ((100 grains g dw~1). In

contrast, three samples from the upper 8 cm of Unit B2,
underlying the moss, have abundant pollen ('20,000
grains g dw~1), with an assemblage resembling Zone II in
91-RL4 (Fig. 6). The occurrence of ‘Zone II’ within
lithological Unit B sediment suggests the pollen zone
boundary represents real shifts of local and regional
vegetation, rather than a sedimentological artifact. The
coincidence of pollen and lithological boundaries in 91-
RL4 may reflect minor erosion between units B and C, or
a different timing for facies changes between deep- and
shallow-water sites.

4.4. Diatoms and paleolimnology

Diatoms are useful paleolimnological indicators be-
cause their communities exhibit high degrees of habitat
specificity and their siliceous microfossils are usually
abundant, well preserved, and readily identifiable in lake
sediments. A total of 62 diatom taxa from 18 genera were
identified from the Robinson Lake material. The most
diversely represented genera are Eunotia (11 taxa), Ach-
nanthes (10), Aulacoseira (7), Fragilaria s.l. (6), Navicula
s.l. (5), Nitzschia (3) and Pinnularia (3). Diatom assem-
blages are dominated by Aulacoseira and Fragilaria, to-
gether accounting for 60—85% of frustules in all samples.
This flora is typical of dilute Baffin Island lakes on
crystalline terrain (Williams, 1990; Hamilton et al., 1994).

The Holocene diatom stratigraphy from Robinson
Lake (Fig. 7) is similar to several sites from Cumberland
Peninsula, 400 km to the north (Wolfe and Härtling,
1996). At each of these sites, the succession from al-
kaliphilous and circumneutral Fragilaria taxa towards
Aulacoseira and benthic acidophils is an indication of
progressive lake acidification through natural processes.
Similar trends of lake evolution have been inferred from
sites elsewhere in the Canadian Arctic (Smol, 1983). The
magnitude of this pH change is difficult to evaluate in the
absence of a regional training set; it is probably in the
order of 1 pH unit, from ca. 6.5 to 5.5 over the course of
several thousand years (Wolfe, 1996a). Such progressive
pH decreases are typically related to the initial instability
of surficial deposits within lake basins during the earliest
postglacial, from which base cations are readily seques-
tered with attendant effects upon lake water pH and
alkalinity. In this model, acidification occurs as catch-
ment sources of alkalinity are retained within developing
soils and increased terrestrial plant biomass (e.g. White-
head et al., 1989). On Baffin Island, there are several
indications that the long-term evolution of lake water
chemistry is most closely related to within-lake bio-
geochemical processes and is therefore largely decoupled
from catchment processes (Wolfe and Härtling, 1996).
The summer is so short that the period during which
lakes and their basins are actually ‘connected’ hydrologi-
cally and geochemically, is relatively brief. The Holocene
development of Robinson Lake supports this notion. For
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Fig. 7. Relative frequencies of the dominant diatoms in the Holocene section of Robinson Lake core 93-RL4 (top panel), and in the sub-till sections of
cores 91-RL4, 93-RL3, and 93-RL10 (lower panels), arranged stratigraphically in accordance with sediment lithology. Alkaliphilous Fragilaria s.l. spp.
includes F. pinnata, F. lapponica, F. brevistriata, F. pseudoconstruens and F. construens var. venter (Staurosirella, Staurosira and Pseudostaurosira of
Round et al., 1990). The category ‘other Aulacoseira taxa’ is dominated by A. fennoscandica, but also includes A. valida, A. distans var. tenella and A.
distans var. nivaloides. The complete diatom species list from Robinson Lake with authorities, as well as full nomenclatural details, are available from
the responsible author (APW).
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example, the early Holocene Fragilaria-bearing sedi-
ments are highly organic and do not indicate enhanced
catchment erosion during the 10.0—7.6 ka BP period,
when diatom-inferred pH was relatively high (sediment
unit F, Fig. 4). It is also noteworthy that the early Holo-
cene is the only period in the history of Robinson Lake
during which Aulacoseira spp. were not the dominant
diatoms. Aulacoseira is primarily planktonic in this re-
gion (Wolfe, 1996b), and most species have high silica
requirements. Low ambient silica concentrations, consis-
tent with minimal catchment erosion, may have limited
the success of Aulacoseira during this interval.

Beneath the upper diamicton (Unit D), diatoms are
continuously preserved in concentrations similar to the
postglacial sediments. An important first conclusion is,
therefore, that sediment units B and C are undeniably
lacustrine in origin. Indeed, it is unrealistic to attribute
sediments with consistently '40% Aulacoseira spp. at
the observed concentrations to a non-lacustrine depos-
itional environment. We note that within the interglacial
sediments, the Aulacoseira flora differs significantly from
that of the Holocene, in which A. distans var. nivalis and
A. perglabra (including vars perglabra and floriniae) are
the only represented taxa. Sediment units B1 and B2 also
contain these diatoms, in addition to strong representa-
tions by A. lirata (vars lirata and biseratia). A. lirata is the
most heavily silicified centric diatom in the Baffin Island
flora, and its presence denotes vigorous lake circulation
as well as considerable catchment erosion; A. lirata is one
of the few diatoms that thrives in modern proglacial lakes
in this region (Wolfe, unpublished data). In sharp con-
trast, the flora of unit C is strongly dominated by a small
form identified as A. fennoscandica, which, based on the
presence of rows of sunken areolae on the valve mantle, is
clearly a different taxonomic entity from A. perglabra
(compare: Krammer and Lange-Bertalot, 1991a, p. 37).
At present, we have no information on the modern eco-
logy of this apparently rare taxon.

A final observation is that species of small al-
kaliphilous Fragilaria are more abundant in sediment
units B1 and B2 than in any other portions of the se-
quence (Fig. 7). Given the co-occurrence of these forms
with Aulacoseira lirata, the most logical interpretation is
one of an unstable lake basin supplying, through
weathering and erosional processes, both sufficient base
cations to augment lake water pH, and copious Si for
diatoms with high silica requirements. These conditions
changed with the onset of unit C, as Fragilaria virescens
var. exigua (circumneutral but not alkaliphilous) became
the dominant periphytic diatom. What emerges from the
composite pre- Holocene diatom stratigraphy is a logical
pattern of lake ontogeny suggesting a progressive de-
crease of lake water pH and alkalinity, comparable to the
Holocene. This point supports our earlier argument dem-
onstrating the stratigraphic integrity of the sub-till lacus-
trine sediments. Despite similar trajectories, however, it is

apparent that the driving forces of lake ontogeny were
quite different during the Holocene than in the previous
interglacial. Whereas the Holocene paleolimnology of
Robinson Lake appears to have been governed primarily
by within-lake processes, diatoms from the last inter-
glacial (especially its early phases) suggest a closer con-
nection between catchment processes and limnological
conditions. Because the length and warmth of summer is
what largely controls the degree to which lake and basin
form a continuum, the paleolimnological data support
the palynological interpretation of summers warmer
than any time in the Holocene during deposition of
Unit B.

4.5. Macrofossils

Like diatoms, aquatic macrofossils are of local origin,
and even terrestrial plant macrofossils come from much
smaller areas than pollen grains; long-distance transport
is unlikely. The sediments from sub-till sections of cores
93-RL4 and 93-RL5 contain abundant macrofossils, al-
though few taxa are represented (Fig. 8). This low diver-
sity is not due to poor preservation, because most of the
material is well preserved. For example, fossil head
shields of Daphnia pulex (water flea), common in one level
from 93-RL4, are rarely preserved (Frey, 1991). In con-
trast to many other species of Cladocera, it appears that
Daphnia exoskeletons require special circumstances to be
preserved, such as anoxic bottom waters or rapid burial.

Freshwater invertebrates are represented by seven
taxa, of which several undoubtedly comprise many spe-
cies. In addition to Daphnia, cladoceran Crustacea in-
clude Chydorus sphaericus, which is common throughout
all levels of both cores. It is mainly a littoral form, but can
also live at the bottom of medium sized lakes. A single
mandible of ¸epidurus (tadpole shrimp) is not species
diagnostic, but it could come from ¸. arcticus. Similarly,
the Eurycercus present could be E. glacialis. Thus, all
macrofossils may represent species that are widespread in
arctic regions today.

Only a single vascular land plant was found, Empetrum
nigrum (crowberry), which is represented by three en-
docarps in two levels from 93-RL5. This dwarf shrub is
characteristic of acid soils in maritime climates. It is
common in much of the Arctic, and grows on Baffin
Island at present. The only other land plant remain was
an undiagnostic leaf of the bryophyte Polytrichum s.l. sp.,
also from 93-RL5.

By far the most common macrofossils are stem frag-
ments and leaves of the bryophyte ¼arnstorfia exan-
nulata . Based on their growth form, these individuals
grew submerged on the lake bottom, and because the
remains are so well preserved, transportation in unlikely.
Our modern sampling of Robinson Lake revealed moss
growing in water depths from 2 to 8 m, beneath the
impact of lake ice and where light levels are highest, but
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Fig. 8. Macrofossils identified in Unit B2 of core 93-RL4, and Unit
C of core 93-RL5. 1: stem fragments. 2: larval head capsules. 3: exo-
skeleton remains. 4: ephippia. 5: head shields. 6: mandible. 7: cocoons. 8:
endocarps. 9: leaf.

not at deeper levels. The presence of moss in sediment
cores as thick mats currently 16 m below the lake surface
(Fig. 3), suggests a shallower lake when they were living.

The occurrence of obligate aquatic biota in all sub-till
levels analyzed supports our interpretation that these
sediments are of lacustrine origin. The marked differ-
ences in macrofossils between stratigraphic levels within
the same core, and between the two cores analyzed, are
presumably due to localized microenvironments that fa-
vored preservation of particular life forms.

The results from Robinson Lake can be compared with
macrofossil analyses of Holocene sediments from other
arctic lakes in similar terrain (e.g. Fredskild, 1983, 1985;
Birks, 1991; Bennike, 1995). The main difference is the
low diversity in Robinson Lake. Regional climate differ-
ences between Robinson Lake and other sampled lakes
only partially explain this difference. The records from
Greenland lakes were obtained from lakes with water

depths of 1—5 m. Lake sediments collected recently from
lakes in the S+ndre Str+mfjord area in West Greenland,
at water depths between 10 and 25 m, contain macrofos-
sil diversity similar to Robinson Lake (Bennike, unpub.
data). Thus, the low diversity observed in Robinson Lake
sediments may be due to the water depth; both units
analyzed were deposited in water depths of at least 10 m,
even if the lake was 7 m shallower prior the last inter-
glacial.

5. Paleoenvironmental reconstructions

A barren diamict at the base of several cores (Unit A) is
presumed to be a till emplaced during the penultimate
glaciation, although no absolute age control is available
and the diamict is less consolidated than Unit D. Overly-
ing units B and C represent primary lacustrine sedi-
mentation. These units are distinctly laminated in the
deepest portion of the lake, whereas at shallower sites
unit B is massive and contains larger clasts. Pollen dia-
grams reveal little sample-to-sample variability through
Unit B at both deep and shallow sites; by inference
regional terrestrial vegetation varied little over the time
interval represented by Unit B. In contrast, the diatom
flora exhibits systematic changes at both sites, from
which we infer that Robinson Lake underwent a pro-
gressive evolution of lake water pH and alkalinity
through this interval.

Pollen assemblages in Units B and C are diagnostic of
interglacial conditions, consistent with the inferences de-
rived from diatoms and macrofossils. The pollen records
suggest longer and warmer summers, supporting shrub
tundra around Robinson Lake. Birch was growing near-
by, and alder must have been well established and produ-
cing copious pollen in northern Québec, Labrador,
and/or Keewatin. Diatom taxa in these levels require
high silica concentrations, relative to less silica-demand-
ing taxa that occur in the mid- to late-Holocene sedi-
ments. This suggests a more vigorous weathering and
erosion regime than during the Holocene, consistent with
longer, warmer, and possibly wetter summers.

Unit C is distinguished from Unit B primarily by the
dominance of thick in situ mats of aquatic moss. Condi-
tions that favor preservation of these mats are ambigu-
ous, but the mats are most common in shallow water.
The pollen in Unit C suggests birch continued to grow
locally, but alder retracted farther south, or wind
trajectories were less favorable for the delivery of exotic
pollen released south of Baffin Island. The change in
diatom flora from Unit B to Unit C indicates changes
within the lake as well, but the cause is less certain. The
favored interpretation is that summers became shorter
and cooler, with diminished rates of weathering and
erosion in the catchment; terrestrial vegetation, while still
shrub tundra, was less prolific and included a greater
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proportion of herbs. The uppermost levels in Unit
C (core 93-RL10) contain almost no pollen and few
diatoms, which we interpret to imply even harsher sum-
mer conditions.

The physical characteristics of Unit B and the presence
of a moraine dam suggest that Robinson Lake was shal-
lower than present during deposition of Units C and B.
At core site 91-RL4, where the interglacial sediments are
11.5—12.0 m below the current lake surface, the physical
properties of Unit B1(stony silt) require proximity to
a high energy, presumably near-shore environment,
where wave, lake-ice and hillslope processes could pro-
duce such a deposit. A water depth no more than 5 m
(7 m shallower than present) would be required.
Radiocarbon dates on in situ ¼. exannulata from Unit
C confirm that the interglacial units are at least 40 ka old.
Concordance of three different luminescence methods,
and the general agreement between luminescence and
radiocarbon ages for the postglacial, suggest that the
mean luminescence date of 85$10 ka is a realistic age
estimate. Importantly, the luminescence ages coincide
with a high-latitude summer insolation maximum 85 ka
ago (Berger and Loutre, 1991), and a global ice-volume
minimum.

Other sediments on Baffin Island interpreted to be of
interglacial age have similar limiting radiocarbon ages
and stratigraphic contexts. Buried peats and A-horizons
underlying the uppermost glacial deposits on east-central
Baffin Island have been interpreted as interglacial be-
cause they contain abundant Betula pollen (Miller et al.,
1977; Mode, 1985). The pollen spectra from these depo-
sits are more similar to the sub-till pollen in Robinson
Lake than they are to any Holocene pollen spectra from
Baffin Island.

Comparing the evolution of Holocene pollen assem-
blages from the Eastern Canadian Arctic (ECA; Short
et al., 1985; Ritchie, 1987; Richard, 1989; Mode, 1996)
with that of the interglacial sediments from Robinson
Lake implies that eastern and western Canada were
essentially deglaciated during the interglacial. Substan-
tial levels of alder pollen appear only after 7 ka BP in the
Holocene in ECA pollen stratigraphies, by which time
only a residual Foxe Dome remained of the Laurentide
Ice Sheet (Dyke and Prest, 1987). Assuming a similar
pattern of alder colonization, we suggest that deglaci-
ation of North America must have been nearly complete
late in OIS 5; only Foxe Basin and the High Arctic
Islands might have retained residual ice sheets.
Summaries of pollen assemblages in sub-till sediments
from eastern Canada (e.g. Vincent, 1989) indicate that
a margin of the Laurentide Ice Sheet was in southeastern
Canada almost continuously from 70 to 7 ka ago, consis-
tent with our postulated late OIS 5 age for the Robinson
Lake interglacial beds. Marine incursions into Hudson
Bay (Andrews et al., 1983), the geographic center of the
ice sheet, also imply collapse of its core late in OIS 5.

Glacial erosion during emplacement of Unit D (till)
truncated Unit C; we have no evidence to suggest
whether other units were removed by the advance. The
lack of overconsolidation in the sub-till sediments, and
indeed their very preservation, suggest they may have
been frozen when the glacier over-rode the site. For lake
sediment to be frozen in water depths of 5—10 m would
require dramatically colder and/or much drier (e.g. to
sublimate lake ice) conditions prior to the glacial ad-
vance. Very cold, dry LGM summers are reconstructed
from Greenland ice cores (Cuffey et al., 1994) and are
predicted from climate modeling simulations for the
LGM (cf. Broccoli and Manabe, 1987). Certain modern
polar lakes freeze solidly to their beds despite depths
exceeding 5 m (Blake, 1989), and such sites represent
perhaps the best analogues for LGM limnological condi-
tions. However, abundant striae on bedrock around the
lake and glacial-lacustrine sediments directly above the
till indicate that the glacier was at or above pressure
melting at some point during glaciation. Both scenarios
are plausible, with ice frozen to its bed crossing the site at
the LGM, but converting to a wet-based glacier as re-
gional climate warmed at the end of the last glacial cycle.
Morainal debris emplaced by the Late Foxe glacier for-
med a dam that we postulate elevated the lake level by ca.
7 m. Dates on moss directly above the glacial-lacustrine
unit indicate deglaciation occurred shortly after 11 ka
BP.

Twenty-three AMS 14C dates on ‘reservoir-corrected’
humic acid and aquatic moss macrofossils provide a se-
cure time frame for the postglacial sediments in core
91-RL4. Following deglaciation, pollen and diatom as-
semblages indicate an unstable landscape, lacking soil,
and colonized by pioneer taxa in the terrestrial and
aquatic realms. Within 2 ka the modern mid-arctic
sedge-tundra vegetation had become established, leading
to slope stability, soil development and acidification of
the lake basin. Incursion of southerly air masses during
the summer was at a maximum ca. 6 ka BP, as indicated
by exceptionally high concentrations of exotic alder pol-
len, whereas decreases in exotic pollen and declining
sedimentation rates after 4 ka BP, imply summer cooling
in the late Holocene.

6. Conclusions

Stratified sub-till lacustrine sediments, recovered for
the first time from the Eastern Canadian Arctic, allow us
to reconstruct the evolution of terrestrial environments
during an interglacial. In comparison to the postglacial
sequence, the interglacial sediments, which are twice as
dense and up to 120 cm thick, span at least 10 ka. A series
of luminescence dates indicates the interglacial occurred
85$10 ka ago. This coincides with a peak in summer
insolation at 65°N latitude that occurred 85 ka ago, and
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which was slightly higher than the most recent maximum
(11 ka; Berger and Loutre, 1991). Pollen, diatom and
sedimentological analyses of three sediment cores from
Robinson Lake provide the basis for comparing the inter-
glacial climate with that of the Holocene. No interval of
initial plant colonization and soil development compara-
ble to the first 2—3 millennia of the postglacial occurs
within the interglacial sediments, presumably because the
corer failed to penetrate the complete section. Through-
out the interglacial, shrub tundra grew more extensively
on Baffin Island than it has at any time since, implying
summer temperatures similar to or higher than the Holo-
cene optimum; the expansion of birch may also have
been enhanced by greater winter snowfall. Comparing
with patterns of Holocene vegetation change, the Labra-
dor and Keewatin sectors of the Laurentide Ice Sheet
(Dyke and Prest, 1987) could not have been present
throughout the interglacial. Diatoms indicate that the
lake was seasonally ice free and well mixed, and received
a greater flux of silica and base cations than in the
Holocene. We infer more vigorous catchment processes
(weathering and erosion), a consequence of warmer, lon-
ger, and possibly wetter summers.

Maximum summer solar insolation, combined with
increased advection of relatively warm Atlantic water
into the Labrador Sea and possibly Baffin Bay (de Vernal
et al., 1987), provide the optimum climate forcing to
explain pollen and diatom assemblages observed in the
interglacial strata. This environment, and by inference
climate, remained stable for at least 10 ka. The boundary
between pollen-assemblage Zones I and II records mod-
est summer cooling during the interglacial. This cooling
occurred within OIS 5 and probably represents the in-
ception of a major glacial stade of the Foxe Glaciation on
Baffin Island. Late in the interglacial, summer temper-
ature decreased even more markedly.
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Godfrey-Smith, D. I., Huntley, D. J., & Chen, W.-H. (1988). Optical
dating studies of quartz and feldspar sediment extracts. Quaternary
Science Reviews, 7, 373—380.

Hamilton, P. B., Douglas, M. S. V., Fritz, S. C., Pienitz, R., Smol, J. P.,
& Wolfe, A. P. (1994). A compiled freshwater diatom taxa list for the
arctic and subarctic regions of North America. In P. B. Hamilton
(Ed.), Proceedings of the 4th Arctic-Antarctic Diatom Symposium
(pp. 85—102). Canadian Technical Report of Fisheries and Aquatic
Sciences.

Hustedt, F. (1959). Die Kieselalgen Deutschlands, O® sterreichs und der
Schweiz, Teil II. In Rabenhorst’s Kryptogamen-Flora von Deutsch-
land, O® sterreich und der Schweiz (pp. 845). Leipzig: Academische
Verlagsgesellschaft.

Ives, J. W. (1977). Pollen separation of three North American birches.
Arctic Alpine Research, 9, 73—80.

Jacobs, J. D., Mode, W. N., Squires, C. A., & Miller, G. H. (1985).
Holocene environmental change in the Frobisher Bay area, Baffin
Island, N. W. T.: Deglaciation, emergence, and the sequence of
vegetation and climate. Geographie physique et Quaternaire, 39,
151—162.

Kaufman, D. K., Forman, S. L., Lea, P. D., & Wobus, C. W. (1996). Age
of pre-late-Wisconsin glacial-estuarine sedimentation in Bristol
Bay, Alaska. Quaternary Research, 45, 59—72.

Klassen, R. A. (1993). Quaternary geology and glacial history of Bylot
Island, Northwest Territories. Geological Survey Canada Memoir
429 (includes GSC Map 1686A) (93 pp).

Krammer, K., & Lange-Bertalot, H. (1986—1991). In H. Ettl, H. Gerloff,
H. Heynig & D. Mollenhauer (Eds.), Sübwasserflora von Mit-
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