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“For the last three decades, the extent of the Late Weichselian
Ice sheet over Svalbard and the Barents Sea has been subject
to one of the most fascinating scientific discussions regarding
the glacial history of the Arctic” (Landvik et al., 1998)
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What evidence can be found to help
reconstruct past ice sheets?

1) Large-scale geomorphic features
2) Land-based stratigraphy

3) Marine-based stratigraphy

4) Isostatic depression/rebound

5) Landform exposure dating



http://toposvalbard.npolar.no/
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|_and-based
stratigraphy -

Potentially
good evidence
but may be
ambiguous!

Interpretations
are
Interpretive!!

Age control
may be dllcult
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Kapp Ekholm sections

Mangerud & Svendsen 1992




Mangerud & Svendsen 1992



1 |
900 m 700 500 300 100 0
LITHOLOGY:

% Gravel foresets (littoral) Marine silt and diamicton MW - Middle Weichselian

.77 sand | il LW - Lower Weichselian

=.. <] Glaciotectonically deformed : Bedrock

. 2] silt, sand and gravel Mangerud et al., 1992

A simplified profile of the sections at Kapp Ekholm. Stippled lines between each section
show the correlations made during fieldwork. Note that the youngest till is found between

sections V and VI only, but an unconformity could be mapped to the south, between the
deformed and Holocene formations.

Earlier researchers concluded glacial ice had NOT overridden these sections, implying a
limited extent for Late Weichselian ice extent on western Svalbard. But Mangerud et al

found glacially-deformed sediments near the top interpreted as demonstrating over-riding
by Late Weichselian ice sheets.
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Conclusions of Mangerud et al. from the Kapp
Ekholm Section:

1)

2)

)

4)

During interglacials, mollusks in fjords indicate open
water; glaciers on Svalbard could not have been much
larger than present

Basal till units indicate the site was overrun by glaciers
between each of the marine episodes.

Coarsening up sequences are caused by iIsostatic
depression that required regional ice sheet glaciation, not
advances of puny fjord glaciers.

Ambiguous amino-acid racemization dates suggest the
Late Weischelian glaciation lasted 10,000 years and the
preceeding glaciation may have lasted 40,000 years.



Downstream from Linnevatnet,
Linneelva exposes nice sections of
marine, fluvial, and glacial
sediments
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STRATIGRAPHY | E ['NTERPRETATION S STRATIGRAPHY | (10%yrBP)
HOLOCENE |E| Shoreline [
| sequence /
/ 10.2
| 10.3
LATE :
weiCHseLIAN | D Till >38.1
Prograding M=P2- L2
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Composite stratigraphic
section from exposures
along Linneelva between
Linnevatnet and coast.

Below the Holocene shoreline
sequence (E) is a nice subglacial

till (D). Below that is a high-
energy beach deposit (C)
reflecting a dropping sea level,
presumably resulting from
Isostatic depression associated
with an earlier glacial advance
represented by the till at the base
of unit C.

From Mangerud et al., 1992




Marine-based
evidence of
Ice sheet
extent

Submarine lobes off
the coast of northwest
Spitsbergen

Landvik et al., 1998




Sediment depth {m)

Shelf Main fjord  Tributary fjord _
Elverhol et al.

(1998) show
how marine
sediment cores
from Isfjorden
and
radiocarbon

dating can
Identify the
extent of
timing of ice
Olive grey mud sheets in fjords

10 ka

(Grey massive mud

and on the
continental
shelf.

Diamicton - il




Key radiocarbon

age estimates

used to define the
9 Late Wechselian
Ice sheet.

Landvik et al., 1998
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88-04/03

Seismic profiles across the West Spitsbergen shelf (west of Isfjorden).
Note the thick wedge of sediments above bedrock on the outer shelf.

The uneven topography on the outer 35 km is interpreted as a moraine
complex.
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DISTANCE FROM THE SHELF EDGE

From many marine sediment cores, the position of the ice sheet on the
shelf edge can be reconstructed over time (Landvik et al., 1998)
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(1) Sediment cores from the continental shelf to L
the west of Isfjorden sampled a firm diamicton —
interpreted as till. : 11\\]/1
(2) Above the firm diamicton follows soft glaci- \
marine mud which probably started to accumulate ke
shortly after the shelf became ice free. Radiocarbon 2
dated molluscs from the base of the mud indicate De,:
that deglaciation occurred around 12,500 yrs B.P. (
(3) The ice front during the Late Weichselian P
glacial maximum reached beyond the cored sites, o
more than 40 km off the coast. lt‘
(4) The ice front probably reached all the way ;
to the shelf edge during the Late Weichselian Ely
glacier advance. Eli
(
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Relative sea-level curves show how the crust has rebounded after

glacier retreat
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The pattern of postglacial raised beaches combined with well-dated
relative sea-level curves fingerprints the isostatic depression caused by
the Svalbard—Barents Sea ice sheet

10 ka BP

Kongseya

modified from Bondevik 1996 in Ingolfsson, 2011



The land and marine stratigraphic evidence provides a nice
reconstruction of the overall extent and thickness of the Late
Weichselian ice-sheet
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Reconstructed
Ice extent for
LGM. The
12ka margin is
based mainly on
deglaciation
dates, the 15ka
margin IS more

speculative.

Landvik et al., 1998




Svalbard-Barents
Sea Ice Sheet

Reconstruction of
a more dynamic
Ice sheet around
Svalbard

modified from
Ottesen et al.
2005 In
Ingolfsson, 2011




Ice-sheet configuration
on the western Svalbard
shelf and coastal region
during the Last Glacial
Maximum.

Darker shading shows
area fast-moving ice
streams;

Lighter shading shows
areas covered by
“dynamically less active”
glaciers and ice caps.

Landvik et al. 2005

& LGM glacial deposit

& Pre-LGM sadimenls

I:l Area of high ice dizcharge (ice sireams)
Area of low ice discharge
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But wait! Does the evidence tell us whether
the ice sheets fully covered Svalbard?

Were there ice-free areas during glaciations?
Maybe just small nunataks?

Or perhaps larger refugia where plants and animals
survived glacial advances?



Based on Bel® exposure dating, Landvik et al. (2003) determined
that ice-free nunataks existed on the islands of northwest Svalbard
during the Late Weichselian glacial advance.

The last ice sheet that completely covered the islands retreated >80
Kyrs ago.

During the Late Weichselian glacial advance, the coastal lowlands

were glaciated and the major fords and troughs controlled glacier
flow

73.9 £ 5.7
191.1 £9.7

Late Weichselian
ice surface

»
©
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c
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=
©
>

@
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Amsterdameya

& Bedrock ® Glacial erratic A Autochthonous block field

Figure 3. Topographic profiles of Amsterdamoya and Danskeya (see location in Fig. 1) with all dated samples (exposure ages shown are
in ka; masl—meters above sea level). Minimum and maximum estimates of late Weichselian ice-sheet surface are shown.




Hormes et al 2011, Cosmogenic radionuclide dating indicates ice-

Inferred ice domes and
ice flow (this study)

b |

—

Dowdeswell et al. (2010)
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Landvik et al. (2005)
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Rethinking Late Weichselian ice-sheet dynamics in coastal NW Svalbard

JON Y. LANDVIK. OLAFUR INGOLFSSON, JURGEN MIENERT, SCOTT J. LEHMAN, ANDERS SOLHEIM,
AMNDERS ELVERHED AND DAG OTTESEN

BOREAS

\

Landvik, J. Y., Ingolfsson, [.} Mienert, Lebman, 5. 1. Solheim, AL Elverhol, A, & Otesen, D 2005

(February): Rethinking Late Weichselian ]L._-Hh-_n_l IJ".-HLl[H]LH in coastal NW Svalbard. Boreas, Vol. 34, pp. 7-24.
Oslo, ISSN 0300-9453.

New marine geological evidence provides a better understanding of ice-sheet dynamics along the western
margin of the last Svalbard/Barents Sea lce Sheet. A suite of glacial sediments in the Kongsljordrenna cross-
shell trough can be traced southwards to the shell west of Prins Karls Forland. A prominent moraine system on
the shell shows minimum Late Weichselian ice extent, indicating that glacial ice also covered the coastal
lowlands of northwest Svalbard. Our results suggest that the cross-shell trough was filled by a last-flowing ice
stream, with sharp boundaries to dynamically less active 1ce on the adjacent shelves and strandflats. The later
olacial mode favoured the preservation of older geological records adjacent to the main pathway of the
Kongsfjorden glacial system. We suggest that the same model may apply to the Late Weichselian glacier
drainage along other fjords of northwest Svalbard, as well as the westem margin of the Barents Ice Sheet. Such
differences in glacier regime may explain the apparent contradictions between the marine and land geological
record, and may also serve as a model for glaciation dynamics in other fjord regions.

Jon Y. Landvik (e-mail: jon landviki@umb.no), Norwegian University of Life Sciences, Department of Plant and
Environmenial Sciences, P.O. Box 3003, NO-1432 As, Norway;, Olafur Ingolfsson, Departmeni of Geology
and Geography, University of Ieeland, IS-101 Revkjavik, Ieeland; Jirgen Mienert, University of Tromse,
Department of Geology, Dramsveien 200, NO-9037 Tromse, Norway; Scott J. Lehman, University of Colorado,
INSTAAR, Campus Box 450, Boulder, CO 80309, USA; Anders Solheim, Norwegian Geotechnical Institute,
P.O. Box 3930 Ullevaal Stadion, NO-0806 Oslo, Norway; Anders Elverhot, University of Oslo, Department of
Geosciences, P.O. Box 1047 Blindern, NO-0316 Oslo, Norway; Dag Ottesen, Geological Survey of Norway,

Leiv Eiriksons vei 39, NO-749] Trondheim, Norway; received [9th 4;;;1” 2004, ace u,r;i'u-:.!' 3rd August 2004,

Landvik et al 2005
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& LGM glacial deposit

L Fre-LGM sedimenis

I:I Area of high ice dizcharge (ice sfreams)
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modified from
Ottesen &
Dowdeswell
2009 In
Ingolfsson,
2011

(@) Inter-ice-stream glacial landform assemblage

3. Small transverse ridges
3. Arcuate ridges at fjord mouths ;
2. Small transverse ridges
2. Large retreat moraines
1. Glacial lineations  \

2. Small retreat \\. \'
moraines \ \

1. Hummocky belt
and grounding-
zone wedge

5. Little lce Age moraine and transverse ridges

.Crag a
tail




modified
from Ottese
&
Dowdeswell
2009 In
Ingolfsson,
2011

(b) Ice-stream glacial landform assemblage

3. Small transverse

2. Transverse ridges

1. Lateral ice-stream \
moraine ~__ >

2. Grounding-zone
wedge
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modified from Svendsen et al. 1996 in Ingolfsson, 2011



Amsterdameoya

Site 15

Poolepynten

Linnéelva

Skilvika

' Kapp Ekholm

Ingolfsson, 2011









Glaciomarine
infill sediments

ridges and
hummocky moraines

Debris lobes

Distal stratified sediments

" 1. Streamlined glacial
lineations

e 5 Annual retreat moraines
3. Crevasse fill ridges
"\ 4. Esker
\ 2Ia. Terminal moraine of glacial surge
25. Lobe-shaped debris flows

modified from
Ottesen et al.
2008 In
Ingolfsson,
2011
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Fingerprints of Quaternary glaciations on Svalbard

O. INGOLFSSON

Faculty of Earth Sciences, University of Iceland, Sturlugata 7, Is-101 Reykjavik,
Iceland and The University Centre in Svalbard (UNIS) (e-mail: oi@ hi.is)

Abstract: Marine and terrestrial archives can be used to reconstruct the development of glacially
influenced depositional environments on Svalbard in time and space during the late Cenozoic.
The marine archives document sedimentary environments, deposits and landforms associated
with the Last Glacial Maximum (LGM) when Svalbard and the Barents Sea were covered by
continental-scale marine-based ice sheet, the last deglaciation and the work of tidewater glaciers
in interglacial setting as today. The terrestrial archives record large-scale Quaternary glacial
sculpturing and repeated build-up and decay of the Svalbard—Barents Sea ice sheet. The finger-
printing of Quaternary glaciations on Svalbard reflects the transition from a full-glacial mode,
with very extensive coverage by the Svalbard—Barents Sea ice sheet and subsequent deglaciation,
to an interglacial mode with valley, cirque and tidewater glaciers as active agents of erosion and
deposition. Conceptual models for Svalbard glacial environments are useful for understanding
developments of glacial landforms and sediments in formerly glaciated areas. Svalbard glacial
environments, past and present, may serve as analogues for interpreting geological records of
marine-terminating and marine-based ice sheets in the past.

From: MARTINL, L. P., FRENCH, H. M. & PEREZ ALBERTI, A. (eds) Ice-Marginal and Periglacial Processes and Sediments.
Geological Society, London, Special Publications, 354, 15-31.
DOI: 10.1144/SP354.2 0305-8719/11/$15.00 () The Geological Society of London 2011.




