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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) 

De Geer (1900) first proposed that a large marine-based ice sheet 

covered the shallow Barents Sea shelf. 

Field studies in the 1960s and 1970s failed to prove the existence of 

such an extensive glaciation. 

In the 1980s, some researchers proposed that Svalbard was almost 

totally smothered by an ice sheet (e.g., Denton and Hughes, 1981). 

Others argued that Late Weichselian ice cover was not much 

extensive than that of today (e.g., Boulton et al., 1982). 

This controversy stimulated field research which continues today! 



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 
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Large scale 

geomorphic 

features 

related to the 

Late 

Weichselian 

ice sheet in 

the Svalbard-

Barents Sea 

area 

Landvik et al., 1998 



modified from Vorren et al. 1989 in Ingolfsson, 2011 



Land-based 

stratigraphy - 

Potentially 

good evidence 

but may be 

ambiguous! 

Interpretations 

are 

interpretive!! 

Age control 

may be difficult 



Svendsen et al., 1992 



Kapp Ekholm sections 

Mangerud & Svendsen 1992 



Mangerud & Svendsen 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. 

Mangerud et al., 1992 



Composite 

sratigraphy 

of the Kapp 

Ekholm 

sections.  

Four 

coarsening-

upwards 

sequences 

are identified 

indicating 

four glacial 

advances 

Mangerud et al., 1998 



Conclusions of Mangerud et al. from the Kapp 

Ekholm Section: 

1) During interglacials, mollusks in fjords indicate open 

water; glaciers on Svalbard could not have been much 

larger than present 

2) Basal till units indicate the site was overrun by glaciers 

between each of the marine episodes. 

3) Coarsening up sequences are caused by isostatic 

depression that required regional ice sheet glaciation, not 

advances of puny fjord glaciers. 

4) 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 



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 



Elverhoi et al. 

(1998) show 

how marine 

sediment cores 

from Isfjorden 

and 

radiocarbon 

dating can 

identify the 

extent of 

timing of ice 

sheets in fjords 

and on the 

continental 

shelf. 



Key radiocarbon 

age estimates 

used to define the 

Late Wechselian 

ice sheet. 

 

Landvik et al., 1998 



Svendsen et al., 1992 



Svendsen et al., 1992 

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. 



Svendsen et al., 1992 



Svendsen et al., 1992 

Composite lithostratigraphy and sediment 

cores from Isfjorden and the adjacent shelf. 



From many marine sediment cores, the position of the ice sheet on the 

shelf edge can be reconstructed over time   (Landvik et al., 1998) 



Svendsen et al., 1992 



modified from Forman et al. 2004 in Ingolfsson, 2011 

Relative sea-level curves show how the crust has rebounded after 

glacier retreat 



modified from Bondevik 1996 in Ingolfsson, 2011 

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  



The land and marine stratigraphic evidence provides a nice 

reconstruction of the overall extent and thickness of the Late 

Weichselian ice-sheet 



Late Weichselian ice sheet limits in northern Eurasia.   
From Forman et al. 2004 





Reconstructed 

ice extent for 

LGM.  The 

12ka margin is 

based mainly on 

deglaciation 

dates, the 15ka 

margin is more 

speculative. 

 

 

 

Landvik et al., 1998 



modified from 

Ottesen et al. 

2005 in 

Ingolfsson, 2011 

Reconstruction of 

a more dynamic 

ice sheet around 

Svalbard 



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 



Reconstruction of 

the margins of the 

Late Wechselian 

Svalbard-Barents 

ice sheet.  Dotted 

lines show 

minimum proven 

extent, flow lines 

are based on 

geomorphological 

evidence 

 

 

 

Landvik etal., 1998 



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 Be10 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 

 



Hormes et al 2011, Cosmogenic radionuclide dating indicates ice-

sheet configuration during MIS 2 on Nordaustlandet Svalbard 
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modified from 

Ottesen & 

Dowdeswell 

2009 in 

Ingolfsson, 

2011 



modified 

from Ottesen 

& 

Dowdeswell 

2009 in 

Ingolfsson, 

2011 



modified from Svendsen et al. 1996 in Ingolfsson, 2011 



Ingolfsson, 2011 
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Ingolfsson, 2011 



modified from 

Ottesen et al. 

2008 in 

Ingolfsson, 

2011 



modified 

from 

Glasser & 

Hambrey 

2003 in 

Ingolfsson, 

2011 




