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Late Quaternary glacial history and short-term ice-rafted debris
. D. fluctuations along the East Greenland continental margin
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Abstract: High-resolution stable oxygen and carbon isotope and sedimentological
investigations were carried out on four west—east profiles at the East Greenland
continental margin between 68° and 75°N. The sediment cores represent distinct glacialf
interglacial palaeoclimatic episodes over the past 190ka. Based on oxygen isotope
stratigraphy and AMS '*C dating, our data can be well correlated with the global climate
record. However, there are some excursions from the global climate curve suggesting a local/
regional overprint by meltwater events of the Greenland Ice Sheet, especially at the beginning
of isotope stage 3 and during Termination l. Distinct high-amplitude variations in supply of
ice-rafted debris (IRD) indicate repeated advances and retreats of the Greenland Ice Sheet,
causing fluctuations in the massive production and transport of icebergs into the Greenland
Sea. During the last 190ka, a number of IRD peaks appear to be correlated with cooling
cycles observed in the GRIP Greenland Ice Core. Drastic events in iceberg discharge along
the East Greenland continental margin recurred at very short intervals of 1000-3000 years
(i.e. much more frequently than the about 10000 years associated with Heinrich events),
suggesting short-term collapses of the Greenland Ice Sheet on these time-scales. These late
Weichselian Greenland Ice Sheet oscillations appear to be in phase with those in the Barents
Sea area. Maximum flux rates of terrigenous (ice-rafted) material were recorded at the cont-
inental slope between about 21 and 16 ka, which may correspond to the maximum (stage 2)
extension of glaciers on Greenland. The beginning of Termination I is documented by a
distinct shift in the oxygen isotopes and a most prominent decrease in flux of IRD at the
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continental slope caused by the retreat of continental ice masses.

Sedimentary processes, terrigenous sediment
supply and biogenic productivity along the
East Greenland continental margin are influ-
enced by fluctuations in the extent of the
Greenland Ice Sheet, the extent of sea ice, the
rate of drifting icebergs, meltwater input and/
or oceanic circulation, i.e. factors which are
all assumed to be controlled by climate (Figs |
and 2). The reconstruction of this environmental
history of the East Greenland margin and the
correlation between terrestrial and marine
records are major objectives of the ESF-—
PONAM (European Science Foundation—
Polar North Atlantic Margins) programme
(Elverhoi & Dowdeswell 1991). Terrestrial field
work on eastern Greenland (e.g. Hjort 1981;
Funder 1989; Moller er al. 1991; Funder et al.
1994) and numerous investigations performed
on marine sediments from the Norwegian—
Greenland Sea (e.g. Henrich et al. 1989; Gard &
Backman 1990; Vogelsang 1990; Kog Karpuz &
Jansen 1992; Baumann et al. 1993) gave import-
ant information about changes in palaeoclimate
during the last glacial/interglacial cycles. Only
a few palaeoenvironmental studies, however,
were performed in the heavily sea ice covered

East Greenland continental margin area (e.g.
Marienfeld 1992; Mienert et al. 1992; Stein et al.
1993; Williams 1993, Nam et al. 1995). Trans-
port by icebergs is the main mechanism supply-
ing terrigenous material here. In particular, the
occurrence of sand- and gravel-sized particles in
marine sediments is assumed to be delivered by
both icebergs and sea ice and is generally
accepted to be a useful tool for identifying ice-
rafted debris (IRD) input and reconstructing the
activity of glaciers on land (e.g. Ruddiman 1977,
Shackleton et al. 1984; Grobe 1987; Spielhagen
1991; Hebbeln er al. 1994; Fronval et al. 1995),
As shown in the example of Fig. 3 the sedi-
mentary records from the profile off Scoresby
Sund (cf. Fig. 2) are characterized by high-
amplitude variations in IRD, suggesting major
short-term variations in glacier extension on
Greenland (Nam 1996). The IRD-rich horizons,
interpreted as short-lived massive discharges of
icebergs, are widespread features in the late
Pleistocene North Atlantic and intensely inves-
tigated and discussed in the recent publications
(e.g. Andrews & Tedesco 1992; Bond et al. 1992;
Broecker er al. 1992; Bond & Lotti 1995). These
so-called *Heinrich layers’ or ‘Heinrich events’

From Andrews, J. T, Austin. W. E. N., Bergsten, H. & Jennings, A. E. (eds). 1996, Late Quaternary
Palaeoceanography of the North Atlantic Margins, Geological Society Special Publication No. 111, pp. 135-151.
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EGC: East Greenland Current
JMC: Jan Mayen Current
EIC : East lcelandic Current
NC: Norwagian Current
1C: trminger Current
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Fig. 1. Bathymetry and major surface water current patterns of the Greenland-Iceland-Norwegian Sea and core
locations at the East Greenland continental margin. Bathymetry in 1000 m.

(Heinrich 1988; Broecker e al. 1992) occurring
every S-10ka, are inconsistent with Milanko-
vitch orbital periodicities and their origin is still
under discussion (e.g. Bond e al. 1992).

In this paper, we concentrate on stable isotope
stratigraphy and IRD and its change through

Calving line
-

Water depth {m)

22°W 20

Sea ice

time and space. Major questions to be answered
are as follows. Is it possible to link the IRD
records with the Greenland Ice Sheet history and
the terrestrial climate record? What is the
frequency of varability of IRD input? Is it
possible to link some of our IRD peaks to

W Productivity

East Greenland
Current

PS1730

18 16°W

Fig. 2. Simplified scheme of the continental margin profile off Scoresby Sund (cores PS1723-PS81730), indicating
the major climatic and oceanographic factors and processes controlling the sedimentation along the East

Greenland continental margin.
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Fig. 3. Distribution of IRD (i.e. gravel fraction >2 mm, counted in X-radiographs and expressed as numbers per
10cm?) at cores PS1723-PS1730. For location of profile, see Figs 1 and 2.

Heinrich events? Furthermore, we try to
correlate our marine data with the GRIP Ice
Core record.

Methods

Sediments were recovered by gravity coring (with
a diameter of 12cm) on four profiles perpendi-
cular to the East Greenland continental margin
between about 68° and 75° N during Polarstern
expeditions ARK-V/3 and ARK-VII/3 in 1988
and 1990, respectively (Fig. 1, Table 1). The cor-
ing positions have been carefully selected based
on Parasound and Hydrosweep profiling. The
water depths of core sites vary between 280 and
3400 m. The age represented in the sedimentary
sequences is Late Pleistocene to Holocene as
based on AMS '*C dating and oxygen stable iso-
tope records.

Before opening, magnetic susceptibility was
determined using a Bartington MS2 core logger
(for detailed descriptions of the applied equip-
ment and method, see Nowaczyk 1991; Fiitterer
1992). After opening, all cores were described in
detail. X-Radiographs were made from all cores
for the determination of sedimentary structures.

Coarse-grained detritus >2mm was counted in
1 cmintervals from the X-radiographs to evaluate
the content of IRD (Grobe 1987). The IRD values
were smoothed by a five-point moving average.
All cores were routinely sampled at 5~10cm
intervals; additional samples were taken at
distinct changes in lithology and/or colour.
About 30cm?® subsamples were taken for coarse

Table 1. Core number, core length, latitude and
longitude and water depth of cores investigated

Core Core Latitute  Longitude  Water
No. length  (°N) °W) depth
(cm) (m)
PS1919 373 74°59.8 11°54.2' 1876
PSI1920 750 74°59.7 11°04.3 2717
PS1922 493 75°00.00  08°46.3 3350
PS1926 319 71°29.6' 18°16.5 1493
PS1927 491 71°29.7 17°07.1 1734
PS1725 516 70°06.9 18°49.9 879
PS1726 600 70°07.0/ 18°38.9' 1174
PS1730 779 70°07.2 17°42.1 1617
PS1950 421 68°53.4'  20°55.7 1480

PS1951 789 68°50.5 20°49.2 1481
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Table 2. AMS “C datings of sediment samples from selected core intervals, listed are uncorrected radiocarbon ages
and reservoir-corrected (550 years) ages. AAR-1291, AAR-1292, etc. are the sample numbers ar the AMS e
; dating laboratory of the Institute of Physics and Astronomy, Aarhus University, Denmark
Core Laboratory No Depth Age Reservoir corrected age
(cm bsf) (years BP) (years BP)
PS1919-2 AAR-1291 7 7820100 7270+ 100
AAR-1292 13 16620 + 180 16070+ 180
’ z AAR-1293 S1 20050 £ 260 19 500 -+ 260
AAR-1294 100 31500+ 570 30950+ 570
i PS1920-1 AAR-1295 6 5230+90 4680+90
i AAR-1296 47 17380+ 180 16830+ 180
H AAR-1297 80 12050+ 130 11500+ 130
i AAR-1298 144 24330+£370 23780+ 370
PS1922-1 AAR-1299 156 19180+ 290 18 630 £ 290
PS1926-1 AAR-1301 1 540+ 110 —-10+110
AAR-1302 32 15490+ 210 14940 £210
PS1927-2 AAR-1303 8 6630+90 6080+ 90
AAR-1304 52 13760+ 170 13210£170
AAR-1305 72 16620+ 160 16070 £ 160
AAR-1704 100 18910210 18360 £210
AAR-1705 140 21240 £250 20690+ 250
AAR-1306 170 232304240 22680 + 240
PS1726-1 40 Vedde ash 10600
AAR-1149 60 15590+ 130 15040+ 130
AAR-1150 80 18900+ 170 18350+ 170
AAR-1701 90 19950+ 270 19400+ 270
AAR-1151 120 27500 £330 26950+ 330
PS1730-2 AAR-1152 20 8460+ 10 7910+ 110
35 Vedde ash 10690
ARR-1153 70 14870+ 140 14320+ 140
AAR-1154 80 16820+ 150 16270+ 150
AAR-1155 90 19150+ 190 18 600 £ 190
AAR-1156 140 23550 4+ 360 23000+ 360
AAR-1157 160 25450+ 310 24900+ 310
AAR-1158 200 28500+ 650 27950+ 650
PS1950-2 AAR-1307 58 14710 £+ 140 14160 £ 140
PS1951-1 ARR-1308 60 15050130 14500+ 130
AAR-1309 72 15840 + 140 15290 + 140
ARR-1702 83 17380+ 190 16830+ 190
AAR-1703 123 19760 + 240 19210 +240
AAR-1310 156 22060+ 240 21510240

fraction analysis, stable isotopes and *C dating.
Further subsamples were taken for the analysis of
grain size distribution, clay mineralogy, carbo-
nate and organic carbon content. The accompa-
nied sedimentological data are presented and
discussed in Stein ez a/. (1993), Nam (1996), Nam
et al. (1995). Flux rates of terrigenous matter were
calculated following van Andel et al. (1975).
Stable oxygen and carbon isotope records
were determined on planktonic foraminiferal
tests N. pachyderma sin. with 10 specimens per
sample of the 125-250 um fraction, using a
Finnigan MAT 251 mass spectrometer. Two

thousand specimens of N. pachyderma sin. per
sample were selected for AMS !4C dating of the
uppermost intervals (Table 2). The dating was
performed at the AMS 4C Dating Laboratory
of the Institute of Physics and Astronomy,
Aarhus University, Denmark.

Results and discussion

Based on the lithological core description, the
sediments of all cores investigated are dom-
inantly of terrigenous origin and show distinct

(a)

b
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Fig. 4. Records from sediment cores (a) PS1919, (b) PS1920 and (c) PS1922. For all cores, grain-size distributions
(sand-silt—clay), the amount of IRD i.e. gravel fraction >2mm, counted in X-radiographs, smoothed by the five-
point moving average method, and expressed as numbers per 10cm?) and stable oxygen and carbon isotope
values (measured on the planktonic foraminifer N. pachyderma sin.) are shown. Roman numbers indicate oxygen
isotope stages. Arrows in the oxygen isotope record and numbers indicate AMS 'C ages (cf. Table 2). Black
triangles mark samples in which the benthic foraminifer C. wuellerstorfi is present.
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Fig. 4. Continued

variations in sediment colours, sedimentary
structures, the abundance of sand-sized silici-
clastic components and grain size distribution.

Stable isotope stratigraphy
and palagoenvironment

The results of §'®0 analyses indicate that the
cores contain oxygen isotope stages 1-7 (cores
PS1725, PS1726, PS1730), 1-6 (cores PS1919,
P81920, PS1951), 1-5 (core PS1927), 1-3 (core
PS1922) and 1-2 (cores PS1926, PS1950) (Figs
4-7). The results of AMS !*C datings (Table 2),
the isotope records and the position of the
Vedde Ash (see later) suggest that, of the gravity

PS1926
@ Grain size IR D
distribution (%) {no./10 em3}

0 50 100 0 10

cores taken, only core PS1926 sampled the
sediment-water interface. Based on the compar-
ison of the oxygen isotope values from box core
PS1730 taken at the same location as the gravity
core PS1730, the uppermost 23 cm are lost from
the gravity core (Nam er al. 1995).

Oxygen isotope stages 1 and 2 were identified
by AMS ¥C datings (Table 2) and the occur-
rence of a prominent ash layer (correlated with
the 10.6ka Vedde ash; Mangerud et af. 1984).
For the last post-glacial period (Holocene)
within cores PS1725 and PS1726, no isotope
data was available due to the lack of calcareous
foraminiferal tests. Oxygen isotope stage 5 was
recognized by the occurrence of the benthic
foraminifer species C. wuellerstorfi (e.g. Streeter

5 18 o 5 13C
(% PDB) (% PDB)
20 5 4 3 2 05 0 05 1

Core depth (cm)

Fig. 8. Records from sediment cores (a) PS1926 and (b)

PS1927. For both cores, grain size distributions (gravel—

sand-silt-clay), the amount of IRD (i.c. gravel fraction »>2 mm, ¢counted in X-radiographs, smoothed by the five-

point moving average method and expressed as numbers

per 10cm”) and stable oxygen and carbon isotope values

{measured on the planktonic foraminifer ¥, pachyderma sin.) are shown. Roman numbers indicate oxygen isotape
stages. Arrows in the oxygen isotope record and numbers indicate AMS ¥C-ages (cf. Table 2). Black triangles
mark samples 1 which the benthic foraminifer C. wueflersiorfi is present.
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Fig. 5. Continued

er al. 1982; Vogelsang 1990; Jinger 1993).
Furthermore, stage S is characterized by very
heavy carbon isoctope values.

The occurrence of a second specific ash layer
in cores PS1725, PS1726 and PS1730 at depths
of 369, 460 and 730 c¢m, respectively, was used to
identify isotope stage 7 (Fig. 6; Nam et al. 1995).
Based on the results of major element determi-
nations on volcanic glass particles from the three

PS1725

Grain size I R D
distribution (%) (no./10 cm3)
0 50 100 4

(@)

cores (Wallrabe-Adams unpublished data), this
ash zone can be correlated with other deep-sea
cores in the Greenland-Norwegian Sea, where
this ash is found within oxygen isotope stage 7
(Sejrup er al. 1989; Birgisdottir 1991; Lacksche-
witz 1991; Baumann et al. 1993).

In general, most of the isotope curves resem-
ble the global isotope record (e.g. Shackleton &
Opdyke 1973; Martinson er al. 1987), with some

8'%0

Core depth {cm)

Fig. 6. Records from sediment cores (a) PS1725, (b) PS1726 and (¢} PS1730 (deep sea). For all cores, grain
size distributions (gravel-sand-silt-clay), the amount of IRD (i.e. gravel fraction >2 mm, counted in
X-radiographs, smoothed by the five-point moving average method and expressed as numbers per 10 cm?) and
stable oxygen and carbon {sotope values (measured on the planktonic foraminifer N. pachyvderma sin.) are shown.
Roman numbers indicate oxygen isotope stages, asterisks indicate ash layers. Arrows in the oxygen isotope
record and numbers indicate AMS C- ages (cf. Table 2). Black triangles mark samples in which the benthic
foraminifer C. wuellerstorfi is present,
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excursions to lighter values (Figs 4-7). These meltwater anomalies were also recorded in the
lighter values are probably caused by local/ Norwegian—Greenland Sea and Fram Strait
regional meltwater supply (cf. Duplessy er a/.  during Termination I (e.g. Jones & Keigwin
1991; Sarnthein e af. 1992) and are especially  1988; Vogelsang 1990; Sarnthein ef af. 1992) as
seen at the beginning of oxygen isotope stage 3 well as in the central Arctic Ocean (Stein g7 af.
and during Termination I. Similar deglacial  1994a; 19945).
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Fig. 7. Records from sediment cores {a) PS1950 and (b) PS1951. For both cores, grain size distributions (gravel-
sand-silt-clay), the amount of IRD (i.e. gravel fraction >2mm, counted in X-radiographs, smoothed by the five-
point moving average method and expressed as numbers per 10cm?®) and stable oxygen and carbon isotope values
{measured on the planktonic foraminifer N. pachyderma sin.) are shown. Roman numbers indicate oxy%en isotope
stages, asterisks indicate ash layers. Arrows in the oxygen isotope record and numbers indicate AMS 14C ages (cf.
Table 2). Black triangles mark samples in which the benthic foraminifer C. wuellerstorfi is present.
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During the last deglaciation (Termination I),
Last Glacial Maximum (LGM) 630 values of
N. pachyderma sin. decrease from about 4.5%o to
Holocene values as low as 2.5%.. The c¢.2%0
glacial-interglacial shift in ¢'*0 exceeds the
glacial-interglacial ice-volume effect of about
1.1-1.3%0 (e.g. Chappell & Shackleton 1986;
Shackleton 1987; Fairbanks 1989). This isotope
shift can be explained either by increasing
temperature or decreasing salinity. Because the
modern surface water temperature in the East
Greenland Current system is approximately
—1°C (Gorshkov 1983; Hubberten et a/. unpub-
lished data), additional cooling during glacial
times is unlikely. Thus the excess in 6'30 was
probably caused by decreasing salinity resulting
from increased meltwater discharge during the
last deglaciation (Termination I).

The 6'0 records of upper slope cores PS1926
(Fig. 5a) and PS1950 (Fig. 7a) do not follow the
global isotope signal. The §'30 values from
before Termination I (LGM) and after Termina-
tion I (Holocene) are similar: around 4-3%o,
with minimum values of <3%.. Thus, the LGM
oxygen isotope values are 1-1.7% lighter than
the LGM values of the other cores (4.5%0). This
result probably indicates a local meltwater
influence present at these two core sites during
isotope stage 2. The most probable meltwater
source is from advancing glaciers in Scoresby
Sund (core PS1950) and Kong-Oscars-Fjord/
Kejser-Franz-Josef-Fjord (Fig. 1). This melt-
water signal is best developed at core PS1950,
where it is reflected in very light oxygen and
carbon isotope values that correlate with
increased abundances of IRD (Fig. 7a).

Fluctuations in the amount and composition
of IRD during isotope stages 1-7 and East
Greenland glacial history

The sediment cores from the slope and deep-sea
areas off East Greenland (Table 1) mainly show
alternating sequences of silty clay and sandy
mud with high-amplitude variations of IRD
(Figs 4-7). The amount of sand fraction and
IRD best documented at the slope cores suggests
that several major pulses of glacial activity and
supply of terrigenous material by glaciomarine
processes occurred during the last 190ka.

In general, the amount of IRD at the slope
cores is significantly higher than at the deep-sea
cores. During isotope stages 2 3, and 6/77, a
distinct increase in the amounts of IRD is
observed. In most cores, the maximum IRD
content was recorded during isotope stage 2

with the absolute maximum at core PS1950.
However, pulses of increased amounts of IRD
also occur during warm isotope stages. High-
amplitude variations of IRD input were recorded
in cores PS1919 and PS1730 thoughout the last
150ka (Figs 4a and 6¢). At these cores, at least
11 major pulses of increased IRD input occur
during isotope stages 5 to 1 (about one event per
11000a). This suggets that also during warm
stages (such as oxygen isotope stage S5) East
Greenland glaciers retreated and advanced and
supplied large amounts of IRD into the East
Greenland Current system.

The maximum occurrence of IRD in the
sedimentary records off Scoresby Sund (cores
PS1725 and PS1726; Figs 6a and 6b) is older
than isotope stage 6 (i.e. pre-Saalian) and prob-
ably corresponds to the pre-Saalian ‘Lolland-
shelv Glaciation” recorded on Jameson Land
(Funder er al. 1994; Moller et al. 1994). During
stage 6 when a maximum extension of the East
Greenland glaciers occurred (Saalian or ‘Scor-
esby-Sund Glaciation’; Hjort 1981; Funder
1984; Funder er al. 1994; Moller er al. 1994),
the IRD abundances off Scoresby Sund are
much lower than those described for the LGM
(stage 2). This result suggests that the more
extensive continental ice masses on Greenland
and sea ice cover in the Greenland Sea during
stage 6 (compared with stage 2) prevented the
supply and accumulation of IRD at the con-
tinental slope off Scoresby Sund (Fig. 6). In the
northernmost profile (cores PS1919 and PS1920;
Fig. 4) the IRD abundances of the stage 2 and
stage 6 intervals are similar. The distinct IRD
peak recorded at the well-dated core PS1730
within stage 5 (Fig. 6c) may coincide with the
stage 5d or ‘Auccelaelv stage’ glaciation des-
cribed in the Scoresby Sund area (Funder et al.
1994; Israelson er al. 1994).

The time interval of about 74 to 25ka (i.e. iso-
tope stages 4 and 3) are missing from terrestrial
sites. This is explained either by (1) distinctly
lowered sea level and, thus, sedimentation below
the present sea level and later removal of
sediments by glacier erosion or (2) problems of
dating existing fluvial and glacial sequences
(Funder et al. 1994). In the marine records,
however, major pulses of IRD are seen, suggest-
ing significant advances and retreats of the inland
ice margin during that time interval, i.e. before the
last major glacial advance (late Weichselian or
‘Flakkerhuk stade’; see later). In the stage 3
interval of core PS1730, maxima (minima) in IRD
coincide with heavy (light) §'%0 values (Fig. 6c),
which may reflect short-term climatic cycles
(‘Dansgaard-Oeschger Cycles’; for detailed dis-
cussion see Nam 1996). These results suggest that
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Fig. 8. (a) Magnetic susceptibility values and (b) amount of IRD (i.e. gravel fraction >2mm, counted in X-
radiographs, smoothed by the five-point moving average method and expressed as numbers per 10cm?) at cores
PS1919, PS1926, PS1726 and PS1950.
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Fig. 9. Correlation between the oxygen isotope record of the GRIP Ice Core (Dansgaard ef al. 1993) and IRD
content and magnetic susceptibility values of core PS1726, plotted versus calendar years. For the last 30 000 years,
the transformation of radiocarbon years into calendar years is based on Bard er al. (1993) and Bard (pers. comm.;
cf. Hebbeln ef al. 1994). For the time interval 30 000 to 60000 years, ages were calculated using mean
sedimentation rates between isotope stage boundaries (according to Martinson er al. 1987). Hatched areas
underline correlation of IRD peaks with cold intervals of the GRIP record. Arrows indicate positive correlation
between IRD and magnetic susceptibility peaks. Small numbers (1-17) in the GRIP record indicate interstadials.

the marine record is more complete and therefore
more reliable than the terrestrial record for
estimating ages of major glacial pulses.

To estimate abundances of IRD and to dif-
ferentiate between different source areas of the
terrigenous (ice-rafted) material, magnetic sus-
ceptibility data can be used (e.g. Nowaczyk
1991; Fiitterer 1992; Robinson er a/. 1995). In
Fig. 8 magnetic susceptibility values and IRD
contents of selected lower slope cores from the
four profiles are shown. Most magnetic suscept-
ibility values vary between 50 and 300 (core
PS1919), 50 and 200 (cores PS1926 and PS1726)
and 100 and 9001073 SI (core PS1950). At all
four cores, minimum values occur in the upper-
most oxygen isotope stage 1. This distinct
decrease in magnetic susceptibilty during the
transition from stage 2 to 1 coincides with
a major decrease in IRD input (sec later).
The higher magnetic susceptibility values at the
southernmost core PS1950 may reflect a different

source rock mineralogy compared with the
northern cores. At core PS1950, the source
area of the terrigenous material is most
probably the basalt plateau of the southern
border of Scoresby Sund (Geikie Plateau;
Funder 1989). During the LGM, the Scoresby
Sund glaciers transported large amounts of
basaltic material characterized by high mag-
netic susceptibility values to the core location,
whereas the source area of the terrigenous
material deposited at the northern cores is
probably the Mesozoic/Palacozoic sedimentary
rocks of East Greenland.

Comparing IRD and magnetic susceptibility
records of the same core show that IRD maxima
do not always correspond to high magnetic
susceptibility values (Figs 8 and 9). Perhaps
this indicates changes in the source areas of the
IRD through time. In Fig. 9 the fluctuations in
IRD input at core PS1726 are plotted versus
calendar years. In these records, the IRD peaks
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Fig. 10. Amount of IRD and flux rates of terrigenous matter (g/cm?/ka), plotted versus reservoir-corrected
radiocarbon ages (cf. Table 2). Black bars at the IRD record indicate major pulses of IRD discharge; Heinrich
events (HI, H2 and H3) and the Younger Dryas (YD) event are marked. Hatched bar indicates interval of
maximum flux of terrigenous matter, recorded contemporaneously at all three cores.
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at about 18. 21. 24, 31 and 48ka coincide with
relatively high magnetic susceptibility values.
The IRD maxima at about 16. 38. 44, 52 and
58 ka. on the other hand, do not show any such
increased values. This means that the former
IRD peaks may contain higher amounts of
basaltic material, whereas the latter IRD
intervals are relatively enriched in sedimentary
rock fragments. It has to be considered,
however, that the whole core magnetic suscep-
tiblity technique automatically provides a
smoothed record and single IRD peaks of a
few centimetres in thickness may be not reflected
in the magnetic susceptibility record. A more
detailed mapping and characterization of the
different lithologies at the cores from all other
profiles using microscopy and XRD analyses
follows to distinguish between local and regional
IRD events.

A comparison of the IRD signal off Scoresby
Sund and the isotope record from the GRIP
Summit Ice Core (Dansgaard et al. 1993; Fig. 9)
suggests that most of the distinct IRD peaks
coincide with intervals of very light isotope
values, i.e. times of colder air temperatures over
Greenland. In addition, at our study sites,
increased iceberg discharges occur more fre-
quenty than the Heinrich Events (cf. Bond &
Lotti 1995; Fronval er al. 1995). The iceberg
discharge in the Norwegian Sea from the
Fennoscandian Ice Sheet correlates with the
GRIP Greenland air temperature record in the
same way as our IRD record off Greenland
(Fronval et al. 1995). Thus our data support the
model of these workers that coherent fluctua-
tions in the Fennoscandian and Laurentide/
Greenland ice sheets occur on time-scales of a
few thousand of years, i.e. distinctly shorter than
the Milankovitch orbital cycles.

The last 30000 years of East Greenland
glacial history

In the well-dated cores PS1927, PS1730 and
PS1951, changes in IRD discharge are presented
in more detail for the ast 30000 years (Fig. 10).
Major IRD pulses occur almost contempora-
neously at all three cores near 29, 27-26, 23-22,
21-20, 18~17, 16 and 15-14 (radiocarbon) ka.
The peaks at 27-26, 21-20, and 15-14 (radia-
carbon) ka (or 31-30, 22-21 and 16-15ka in
calendar years; Fig. 9) are correlated with the
Heinrich events H3, H2 and HI, respectively.
Thus drastic events in iceberg discharge along the
East Greenland continental margin recurred at
very short intervals of 1000-3000 years, suggest-
ing short-term collapses of the Greenland Ice
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Sheet on these time-scales. Short-term fluctua-
tions of IRD deposition on millennial time-
scales, i.e. much more frequently than the about
10000 years associated with Heinrich events,
have been described by Bond & Lotti (1995) from
their high-resolution studies of North Atlantic
deep-sea sediments.

At all three cores, maximum fluxes of (coarse-
grained) terrigenous material occur between
about 21 and 16kaBP (Fig. 10). Within this
period, the maximum IRD discharges were also
recorded (cf. for example, the distinct IRD pulse
at deep-sea core PS1922, AMS 'C dated to
18.6 ka; Fig. 4¢). The Greenland Ice Sheet prob-
ably had its maximum late Weichselian exten-
sion and reached the fjord mouth and shelf areas
during this period. This event coincides in age
and duration with the culmination of the
Flakkerhuk stade described in the Jameson
Land/Scoresby Sund area (Funder 1989; Fun-
der et al. 1994). Large amounts of terrigenous
material deposited at the continental margin
might have been derived from the inner Scoresby
Sund, where all young unlithified sediments were
most probably eroded by glaciers (Dowdeswell
et al. 1991; Uenzelmann-Neben er al 1991;
Marienfeld 1992). This late Weichselian East
Greenland ice sheet oscillation appears to be in
phase with that in the Barents Sea area (Hebbeln
et al. 1994; Stein et al. 1994q).

The most prominent change from the end of
the last glacial to the Holocene time (Termina-
tion 1) is characterized by a shift in the oxygen
isotope records towards lighter values and by
a decrease in the amount of IRD (Figs 4-7).
This lowered ice rafting from Greenland near
15-14ka is earlier than the rapid glacial retreat
on Svalbard around 13-12.5ka (e.g. Svendsen &
Mangerud 1992).

The increased flux rates of terrigenous
material at about 11ka, which coincide with
slightly increased abundances of IRD (Fig. 10),
correspond to the Younger Dryas cooling event
(e.g. Duplessy et al. 1981; Fairbanks 1989;
Andrews er al. 1990; Kennett 1990). At that
time, i.e. after the recession of glaciers that
followed the Flakkerhuk glaciation, the East
Greenland glaciers advanced again, however,
without reaching the outer fjords/shelf (‘Milne
Land stade’; Funder 1989). These re-advanced
glaciers may have caused the increase in IRD
discharge near 11ka.

Minor amounts of IRD were deposited at all
core sites during the Holocene (Figs 4-7). Most
of the material transported by icebergs was
already discharged and deposited in the fjords,
as shown for the Scoresby Sund fjord system
(Marienfeld 1992; Stein er al. 1993).
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Conclusions

The results of our detailed sedimentological
investigations of sediment cores from the East
Greenland continental margin can be summar-
ized as follows.

Aarhus University, Denmark. The captain and the
crew of R.V. Polarstern are gratefully acknowledged
for co-operation during the expeditions ARK-V/3 and
ARK-VII/3. We thank A. Geirsdottir and F. R. Hall
for their numerous constructive comments for im-

‘v//g?a%ment of the manuscript. This is contribution No.
/{1025 Jof the Alfred Wegener Institute for Polar and

(1) The sedimentary records give important gv\wl\gl,aﬁne Research.

information about the East Greenland
glacial history during the last 190 ka. Most
of the oxygen isotope curves resemble the
global isotope record, with some excursions
to lighter values representing local/regional
meltwater events.

(2) According to the amount of IRD, numerous
major pulses of glacial activity and supply of
terrigenous material by glacio-marine pro-
cesses occurred during the last 190ka. The
correlation between IRD peaks and mag-
netic susceptibility suggests changes in the
composition of IRD in time and space,
reflecting iceberg discharge from different
source areas. This conclusion, however, has
to be proved by further microscopic and
XRD analyses of the terrigenous material.

(3) A comparison of the IRD signal off
Scoresby Sund and the oxygen isotope
records from the GRIP Summit Ice Core
suggests that most of the distinct IRD
peaks coincide with times of colder air
temperatures over Greenland.

(4) The events in iceberg discharge along the
East Greenland continental margin recur-
red at very short intervals of 1000-3000
years. Rapid collapses of the Greenland Ice
Sheet occur on millennial time-scales, i.e.
more frequently than the 5000—10 000 years
fre-quency associated with Heinrich events.
Furthermore, our data support coherent
fluctuations in the Fennoscandian/Barents
Sea and Laurentide/Greenland ice sheets.

(5) The maximum flux of terrigenous (coarse-
grained) material recorded at about 21—
16 ka indicates the maximum late Weichse-
lian extension of the East Greenland Ice
Sheet. This event coincides in age and
duration with the culmination of the Flak-
kerhuk stade described in the Jameson
Land/Scoresby Sund area.

(6) The increased flux rates of terrigenous
material and slightly increased abun-
dances of IRD at about 11ka correspond
to the Younger Dryas cooling event or
Milne Land stade glacial advance.

For technical assistance and discussion of data, we
sincerely thank G. Meyer, H. R6ben, N. Scheele and
M. Seebeck. The AMS *C datings were performed by
J. Heinemeier, Institute of Physics and Astronomy,
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