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Abstract 

Observations of Lateglacial and Holocene sea levels from the Barents Sea region provide constraints on the grounded ice 
sheet during Late Weichselian time. Ice sheets that were restricted primarily to the Svalbard islands and the immediate 
shallow sea floor are inadequate to explain the observed age-height relations across the region. Instead, the ice sheet 
extended out to the edge of the shelf and attained a maximum thickness of the order of 3000 m over the central region of the 
Barents Sea. Ice volumes to the east of Novaya Zemlya have been small compared to the ice over the Barents Sea. The 
raised shoreline information from western Spitsbergen implies that retreat of ice over this area was initially slow until about 
13,000 yr B.P. following which the remaining deglaciation appears to have been rapid. 

1. I n t r o d u c t i o n  

The extent of  the ice sheet over the Barents Sea 
during the Last Glacial  Maximum and the rates of  
subsequent decay have remained uncertain and views 
have ranged from a minimalist  model, as exemplif ied 
by the arguments of  Bouiton (1979) of  an ice sheet 
restricted primarily to the Svalbard and other Arct ic  
island groups, to the maximalis t  model  of  Denton 
and Hughes (1981) and Grosswald (1983) with an 
ice sheet extending over both the Barents and Kara 
seas that rivals in volume the ice sheet over  
Fennoscandia.  The est imated rates of  retreat of  this 
ice sheet also change significantly according to au- 
thor, with some favouring a retreat that was essen- 
tially complete by earliest Holocene time (e.g. 
Elverhoi et al., 1992) while others, part icularly 
Grosswald (1983), suggest that a substantial ice sheet 
persisted until as recently as 10,000 years ago. This 

diversity of  views is understandable in the light of  
the l imited information preserved for an ice sheet 
that may have been largely marine based. More 
recently, new off-shore sedimentary records have 
provided constraints on the ice sheet limits and the 
consensus view now seems to be that a substantial 
grounded ice sheet covered much of  the region of the 
Barents sea out to the shelf edge (e.g. Solheim et al., 
1990; Elverh~i et al., 1993). 

It has been recognised at least since the work of  
Schytt  et al. (1968) that an important constraint on 
the volumes of the past ice sheet is provided by the 
heights of  past shorelines above present sea level. 
Salvigsen (1981), for example,  from observations of  
he igh t -age  relations of  shorelines on Kong Karls 
Land, concluded that a substantial ice sheet covered 
the region in Late Glacial  time. Peltier and Andrews 
(1976), in their ICE-I  model,  introduced a l imited 
ice cover over Svalbard and though they noted some 
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incompatibility they did not draw conclusions about 
the possible extent of the ice over the region. Nakada 
and Lambeck (1988) introduced a more substantial 
ice sheet over the region, based on the Denton and 
Hughes (1981) maximum reconstruction, primarily 
to address the ice balance issue at the time of the 
Last Glacial Maximum. Tushingham and Peltier 
(1991) in their ICE-3G global model of the ice 
sheets indicated a strong preference for ice over 
Svalbard but noted that their model was not well 
constrained. 

In recent years much more information on the 
age-height relation of shorelines in Svalbard, Frans 
Josef Land, and Novaya Zemlya, has become avail- 
able (e.g. Forman, 1990; Forman et al., 1995; 
Mangerud et al., 1992a, b) and it has become possi- 
ble to determine improved constraints on the limits 
and volumes of the former ice sheet over the region. 
This was attempted by Lambeck (1995), (referred 
hereafter to as Paper I) who compared observed 
shoreline elevations with predicted values based on 
two alternate ice models and then drew conclusions 
about modifications required to these a-priori mod- 
els. It was concluded that the maximum ice sheet 
reconstruction by Denton and Hughes (1981), with 
the relatively late melting history advocated by 
Grosswald (1983), is quite inconsistent with the ob- 
served age-height relations for Lateglacial and 
Holocene shorelines and that plausible ice models 
will have the following characteristics: 

(1) The maximum thickness of the ice is likely to 
have been at least 1500-2000 m with the centre of 
the load occurring to the southeast of Kongsoya. 

(2) The ice sheet extended out to the edge of the 
continental shelf, and its maximum thickness over 
western Svalbard is likely to have exceeded 800 m. 

(3) To the north of Svalbard and Frans Josef Land 
the ice sheet at the time of maximum glaciation 
extended out to the northern shelf edge. 

(4) Retreat of the grounded ice across the south- 
ern Barents Sea occurred relatively early such that 
the region was largely ice free soon after 15,000 yr 
B.P. 

(5) By 12,000 yr B.P. the grounded ice had 
retreated to the northern islands and had largely 
reached the present limits by 10,000 yr B.P. 

(6) The eastern limit of the ice sheet occurred to 
the east of Novaya Zemlya but much of the Kara Sea 

and the western Russian plain was either ice free or 
covered with only a thin ice sheet. 

In this paper predictions for the raised shorelines, 
based on a starting ice model that incorporates the 
above characteristics, are compared with observa- 
tions to examine whether improved constraints on 
the dimensions of the last ice sheet can be devel- 
oped. The full glacio-hydro-isostatic theory de- 
scribed in earlier papers (Lambeck, 1993a; Johnston, 
1993) is used in these models. Some minimalist 
models are also explored in order to demonstrate that 
models in which the ice sheet was mainly restricted 
to the islands and shallowest waters are excluded by 
the observations of relative sea level change. 

2. The glacio-hydro-isostatic rebound model 

The sea-level change that results from the melting 
of land-based or grounded ice sheets can be schemat- 
ically written as the sum of the eustatic change, d~" e, 
the crustal rebound associated with the glacial load- 
ing and unloading, A~" i, and the rebound associated 
with the changing water load, A(~. Both A~i and 
A~" w contain the effects of the changing gravitational 
field. In the Barents Sea region the sea-level change 
is dominated by the eustatic and ice load contribu- 
tions with the latter originating predominantly from 
the Barents ice and, to a lesser degree, from the 
Fennoscandian ice. The comparison of the observed 
sea levels with model-dependent predictions gives an 
observation equation of the form 

+ = a e(t) a j) 
(1) 

where: 

A ( , ,  =- the observed shoreline elevation (reduced to 
mean sea level) at location (~p, h) and time t 
for a total of S observations, 

e o = estimation of the observation error of each 
observation, 

A~" e - eustatic sea-level function for the totality of 
the ice sheets, 

/3 i = scale parameter for the height of the jth ice 
sheet. In this case all /3: are set to unity except 
for the one corresponding to the Barents ice 
sheet. 
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The eustatic term is assumed to be known from 
studies of sea level rise in regions away from the ice 
sheets where the isostatic terms are relatively small. 
The isostatic terms are functions of the ice sheet 
history and of the earth's theological parameters and 
values for the latter, based on studies of the sea level 
change in northwestern Europe (Lambeck et al., 
1990; Lambeck, 1993b) are used here. The loads 
include ice sheets over Laurentia, Fennoscandia and 
Antarctica, as defined before, in addition to the 
Barents ice sheet discussed below. The procedure for 
solving the S equations for the unknown scale pa- 
rameter fl of the Barents ice sheet is to predict sea 
levels for the adopted earth parameters at each obser- 
vation data point (a height and time) s (s = 1...S). 
The appropriate ice scale parameter /3 is then esti- 
mated by minimizing the quantity 

1 ~ A~o (~)-Ar(') ] ~bpredicted 
= ( 2 )  

s = l  

where o -¢'~ is the standard deviation of the S th 

observation. If the model is complete, the model 
parameters are accurate, the observation errors have 
a Gaussian distribution, and the adopted variances 
are realistic, then the expected value of ¢d is unity. 
For the well constrained model for the British re- 
bound and sea-level change the optimum silutions 
give o-~ ~ (1.6) 2 and a wide range of plausible earth 
models yield o- I _< (2.5) 2 (Lambeck, 1993a). 

3. Observational data 

The sea level information used has been discussed 
in Paper I and includes the important observational 
evidence for Frans Josef land and Novaya Zemlya 
collected recently by Forman et al. (1995), and ob- 
servational evidence from Spitsbergen (Hoppe, 1972; 
Forman et al., 1987; Forman, 1990; Landvik et al., 
1987; Mangerud and Svendsen, 1990, 1992 Salvigsen 
et al., 1990; Salvigsen and Elgersma, 1991; Salvigsen 
and Mangerud, 1991), Nordaustlandet (Olsson and 
Blake, 1962; Salvigsen, 1978; Jonsson, 1983), Ed- 
geoya and Barentssoya (Hoppe, 1972; Gulliksen et 
al., 1992; Mangerud et al., 1992a, b), Kong Karls 
Land (Salvigsen, 1981), and Hopen (Hoppe et al., 
1969). 

4. A minimalist ice model 

Despite the substantial rebound observed at some 
sites, a total of about 150 m at Kongsoya over the 
past 10,000 years, for example, (raised shorelines 
occur a little above 100 m here (Salvigsen, 1981), to 
which the eustatic rise of about 50 m since this time 
(Nakada and Lambeck, 1988) must be added) it has 
sometimes been argued that the maximum ice sheet 
was largely restricted to the Svalbard island group 
(Boulton et al., 1982). Fig. 1 illustrates such a model 
in which westernmost Spitsbergen is ice free and the 
ice sheet remains constant until 12,000 years ago and 
then melted to its present limits by 9000 yr B.P. The 
maximum ice thickness was about 2800 m. Melting 
of the Fennoscandian and other major ice sheets 
started at 18,000 yr B.P. The Fennoscandian ice 
sheet model contains ice over Novaya Zemlya but 
this is largely gone by 12,000 yr B.P. and this model 
does not give a good representation of the sea level 
change in this region, Also illustrated in Fig. 1 are 
the isobases, contours of equal shoreline elevations 
relative to present sea level. No raised shorelines are 
predicted to occur until after about 10,000 yr B.P. 
Prior to this time an area of relative uplift does occur 
centered over central Svalbard but as the region 
remains ice covered, conditions for shoreline forma- 
tion and preservation would not have existed. The 
maximum elevation of raised shorelines at Kongsoya 
are predicted to not exceed a few tens of meters 
compared with an observed value of about 100 m. 
The predicted values are earth-model dependent but 
no plausible choice of model parameters can produce 
such shorelines for the small ice sheet. If  the ice 
limits are maintained then the ice thickness would 
have to be increased by about 70% of the assumed 
value, or about 4700 m, and this is inconsistent with 
any plausible ice sheet profiles. Furthermore, this 
model predicts an absence of raised shorelines along 
the length of the west Spitsbergen coast and to 
produce raised shorelines here requires that the ice 
margin initially extended much further to the west. 
(At these sites the isostatic terms for this model are 
negative and simply increasing the ice thickness will 
not produce elevated shorelines; see fig. 7 of Paper I 
for comparison.) Overall, this minimalist model is 
inconsistent with the observed raised shorelines and 
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(a) (b) 
Fig. 1. The minimalist ice model at (a) 12,000 and (b) 10,000 yr B.P. in which the ice sheet is restricted to the Svalbard islands. From 
18,000 to 12,000 yr B.P. the ice over Svalbard remains constant although the dimensions of the Scandinavian ice sheet have been 
significantly reduced in this interval. The ice limits are shown by the thick broken lines. Also shown are the predicted isobases, at 50-m 
intervals, of the sea level change. The zero isobase is dashed. 

the B a r e n t s  ice shee t  m u s t  h a v e  had  cons i de r ab l y  

la rger  d i m e n s i o n s  than  adop t ed  here .  

Fig.  2 i l lus t ra tes  the  ice shee t  and  re la t ive  sea  

level  i sobases  for  a m o d e l  in w h i c h  the no r the rn  

Ba ren t s  Sea  was  c o v e r e d  wi th  an  ice shee t  tha t  

e x t e n d e d  f r o m  S p i t s b e r g e n  to F r a n s  J o s e f  Land.  The  

m a x i m u m  ice t h i c k n e s s  in th is  m o d e l  occu r red  to the 

eas t  o f  K o n g s o y a  and  r e a c h e d  3200  m. M e l t i n g  

s tar ted  at  15,000 yr  B.P.  and  e n d e d  soon  af ter  10,000 

yr  B.P.  (Th i s  m o d e l  c o r r e s p o n d s  to the m i n i m u m  

m o d e l  in Pape r  I for  e p o c h s  af te r  15,000 yr  B.P.  wi th  

ice v o l u m e  be fo re  tha t  b e i n g  he ld  cons t an t  at  the 
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Fig. 2. The same as Fig. 1 for epochs (a) t5,000, and (b) 10,000 yr B.P., but for an ice model over the Barents Sea that started to decay at 
15,000 yr B.P. 
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15,000 year value.) The coast of western Spitsbergen 
remained ice free throughout. Maximum raised 
shorelines near 100 m elevation at I0,000-11,000 
years are now predicted to occur at Kongsoya al- 
though the predictions for southern Edgeoya (e.g. at 
Halvemaneoya) or Hopen Island are substantially 
less than the observed values reported by Hoppe 
(1972) and Hoppe et al. (1969), respectively. Like- 
wise, the predicted shoreline heights for northern 
Nordaustlandet are close to or just below present sea 
level at 10,000 yr B.P. compared with observed 
elevations that approach 50 m (Olsson and Blake, 

1962). No raised shorelines are predicted for sites 
along the west coast of Spitsbergen, nor for the 
eastern islands of the Frans Josef Land group where 
Forman et al. (1994) have reported 10,000 year old 
shorelines at elevations up to about 35 m above 
present sea level. Raised shorelines are not predicted 
for Novaya Zemlya at any time with this model. 
Overall, the comparison of these predictions with 
observations suggests that while the maximum ice 
thickness for Lateglacial time is roughly appropriate, 
the ice sheet limits have to be extended out in all 
directions in order for the predictions to approach the 
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Fig. 3. Same as Fig. 1 but for the model  BK-3 at epochs (a) 18,000, (b) 15,000, (c) 12,000 and (d) 10,000 yr B.P. 
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observed patterns. Ice sheets that were confined 
largely to the island archipelagos are quite inade- 
quate to explain the raised shorelines of Lateglacial 
and Hoiocene age throughout the region. 

5. A new ice model for the Barents  Sea 

The starting model for the Barents ice sheet illus- 
trated in Fig. 3 is based on the minimum model 
BKmi n discussed in Paper I but which has been 
modified to take into consideration the conclusions 
reached in that paper about limits, rates of retreat, 
and ice thickness. Thus the ice sheet extends out to 
the continental margin, as defined at the time of the 
last glacial maximum, to the west of Spitsbergen. Ice 
retreat occurs rapidly and early over the southern 
part of the Barents Sea and no substantial ice occurs 
over either the Kara Sea or westem Siberia, includ- 
ing the Urals. Earlier work with an ice sheet model 
for Scandinavia that was based on the reconstruction 
by Andersen (1981) indicated that there would have 
been a sea connection between the Baltic and White 
Seas in Lateglacial time, once the ice retreated from 
the area. In the absence of evidence for a major 
connection between the two seas this implies that 
this ice model contained an excessive amount of ice 
over north-western Russia, between the Urals and the 
White Sea, including the southeastern part of the 
Barents Sea. The maximum ice thickness at the time 
of maximum glaciation occurs over the Barents Sea 
and reaches 3400 m. This model is referred to here 
as BK-3. 

Predictions of sea levels at all observation sites 
and times have been made for the revised ice model 
and for the same earth model considered before 
(Paper I). The overall agreement of these predictions 
with observations, as measured by (2), gives 0 .2 = 
(4.6) 2 with fl = 1.30 which represents a significant 
improvement over the value of (8.1) 2 previously 
found for the minimum model of Paper I. This 
improvement is almost wholly due to the better 
agreement for the sites along the western coast of 

Spitsbergen although the value is still considerably 
larger than expected and greater than can be at- 
tributed to possible uncertainties of the earth model 
parameters (see, for example, comparable results by 
Lambeck (1993a) for the Great Britain region). 

Agreement between observations and predictions 
is good for sites in central Svalbard and Kong Karls 
Land, as is illustrated in Fig. 4, for three localities; 
Gustav Adolf Land, Kongsaya, and Central Hopen. 
For the Frans Josef Land sites the agreement is 
somewhat less satisfactory and the comparisons im- 
ply that more ice is required over this region than 
assumed in the model. (An error in the construction 
of the ice model, however, resulted in the limit of the 
ice sheet north of Frans Josef Land not extending all 
the way to the edge of the shelf as intended and, 
from the comparison of results for the models in 
Paper I, this largely explains the discrepancy for the 
model BK-3 in this region). The comparisons for the 
Novaya Zemlya sites suggests that a small increase 
in ice volume in this region is warranted. 

Further improvement in the ice sheet appears to 
be in order. In particular, the model predictions still 
do not represent well the sea levels observed in 
Lateglacial times at sites such as Ytterdalen or South 
Prins Karls Forland (Fig. 4). The predictions for 
these sites do now lead to Lateglacial shorelines that 
lie above the present level, unlike the earlier models 
in which the ice sheet limit did not extend as far 
beyond the present coastline (see fig. 6 of Paper I). 
(There are some uncertainties in the observational 
evidence for the western Spitsbergen sites in that at 
some locations, (e.g. Daudmannsoya and South Prins 
Karls Forland) the data for the earliest Holocene 
suggests a very rapid fall in sea level, whereas a 
more gradual fall is suggested for other sites such as 
Ytterdalen and Wedel Jarlsberg Land. It remains 
unclear whether this difference is real or a conse- 
quence of problems with the radiocarbon time scale.) 

The new comparisons suggest that the BK-3 model 
still does not contain enough ice in the western 
Spitsbergen region in Lateglacial time and this defi- 
ciency is largely responsible for the larger than unity 

Fig. 4. Predicted and observed sea-levels at three sites in (a-c) central Svalbard; (Gustav Adolf Land (Salvigsen, 1978), East Kongsaya 
(Salvigsen, 1981), Hopen Island (Hoppe et al., 1969)); (d-e) Frans Josef Land (Hooker and Wilzcek Islands (Forman et al., 1995)); (f-h) 
western Spitsbergen (Ytterdalen (Landvik et al., 1987), Daudmannsoyra (Forman, 1990) and South Prins Karls Forland (Forman, 1990)). 
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value for o -2. A regional comparison of predictions 
and observations for all the western Spitsbergen sites 
gives /3 = 1.4, comparable to the global value of 
1.35, and a simple upwards scaling of the ice thick- 
ness over the region is inadequate to remove much 
of the discrepancy noted in Fig. 4. Larger /3 values 
give a better match with observations for the 
Lateglacial time but destroys the agreement for 
Holocene time. Thus, the comparisons suggest that 
more ice is required in the region in Lateglacial time, 
in order to raise the shorelines before about 10,000 
yr B.P., followed by early and rapid deglaciation. 

6. The anatomy of the relative sea-level change in 
western Spitsbergen 

The sea-level change in the Barents region is the 
sum of several contributions: the distant ice sheets of 
Laurentia and Antarctica, the nearby Fennoscandian 
ice sheet, and the local Barents ice sheet. Fig. 5a 
illustrates these contributions for one of the western 
Spitsbergen sites, Ytterdalen, and the results are 
typical of the predictions for all the other localities 
near the western edge of the Barents ice sheet (see 
Fig. 5b for the South Prins Karls Foreland site). The 
Antarctic contribution is the only one that gives a 
characteristic far-field signal, following closely its 
eustatic sea-level component with a small amplitude 
highstand in mid-Holocene time. The Barents region 
lies within the intermediate fields of both the Lauren- 
tian (including Greenland) and the Fennoscandian 
ice sheets and the respective sea level contributions 
are characterised by rising levels up until the present. 
The spatial variability across the region of both these 
contribution is small, reaching a total of about 10 m 
at 13,000 to 15,000 yr B.P. The combined contribu- 
tion from the three distant ice sheets, Antarctica, 
Laurentia and Fennoscandinavia at the time of the 
Last Glacial Maximum reaches about 110 m, less 
than the eustatic change of about 120 m for the same 
three ice models. Also illustrated is the contribution 
from the Barents ice sheet BK-3 which is dominated 
by the glacial rebound term. This contribution re- 
mains approximately constant from 18,000 to 13,000 
yr B.P. mainly due to the initially slow change in the 
model ice sheet over Svalbard and to the delayed 
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Fig, 5. Predicted components of the sea-level change for the 
Laurentian (including Greenland) (Laur), Antarctic (Ant), 
Fennoscandian (Fenn), and Barents (BK-3) ice sheets at (a) 
Ytterdalen and (b) South Prins Karls Forland, both on the south- 
western coast of  Spitsbergen• Also illustrated is the combined 
contribution (far-field) from the three distant ice sheets (Laur+  
Ant+Fenn) ,  the total sea level change for these sites (total 
/3 = 1), and the total ( L a n r + A n t + F e n n + / 3 B K - 3 )  with /3 = 1.5. 



exploring the possible l imitations of  their adopted ice 
model.  

Fig. 6a illustrates the observed sea level curve at 

response of  the crust to the changing ice load. The 
amplitude of  this term varies regionally,  being great- 
est at sites such as Erdmannflya that lie within 
Isfjorden and least at sites in northwestern Svalbard. 
At  the coastal sites such as Ytterdalen the magnitude 
of  the Barents rebound is about equal to the com- 
bined contribution from the more distant ice sheets 
and the total sea level remains close to the present 
level throughout Lateglacial  and Postglacial time. Of 
note is that the sea-level curve is nearly constant 
until about 13,000 yr B.P. because of  the way in 
which the various components  combine.  Fig. 5 also 
illustrates the total predicted sea levels for a model  
in which the Barents ice sheet is scaled upwards by a 
factor of  1.5. Now well raised Lateglacial  shorelines 
are predicted for the coastal sites at elevations that 
are generally consistent with the observations from 
Ytterdalen as well as from other nearby sites such as 
Wedel  Jarlsberg Land and Daudmannsoyra.  How- 
ever, the predicted shoreline elevations for epochs 
after about 9000 yr B.P. are much higher than ob- 
served, and inconsistent with the observational evi- 
dence. 

The discrepancies between observations and pre- 
dictions at the two sites could be attributed to l imita- 
tions in either the ice model  or the earth model  
parameters but in this instance, when the ice sheet is 
poorly constrained from independent field observa- 
tions, it appears preferable to assume that it is the ice 
model  that is at fault and to use earth model  parame- 
ters that reproduce well the rebound to the south, 
even though some lateral variation in mantle struc- 
ture would not be unexpected between Scandinavia  
and the tectonically younger  Barents Sea province. 
The discrepancies are therefore interpreted in terms 
of  modificat ions of  the ice load and only if the 
requisite modifications appear unrealistic will other 
earth models  be considered. The earlier reported 
results (Paper I) explored a range of  plausible earth 
models  and only those characteristics of  the inferred 
ice sheet that were common to all earth models  were 
considered realistic. This approach is also adopted 
here with the emphasis  being on defining the essen- 
tial characteristics, rather than details, of  the ice 
sheet. Fjeldskaar  (pers. comm.)  adopted the alterna- 
tive view and elected to attribute the rapid fall in sea 
level at about 10,000 yr B.P. to lateral variation in 
upper mantle structure across the shelf without first 
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Fig. 6. (a) The observed sea-level change in southwestern Spits- 
bergen (at Wedel Jarlsberg Land, Ytterdalen and Daudmannsoyra) 
corrected for the contributions from the distant ice sheets of 
Laurentia, Antarctica, and Fennoscandia. The error bars corre- 
spond to the observational errors only. Also illustrated are the 
predicted changes for the Barents ice sheet fl BK-3 (/3 = 1.5) for 
the average of the three sites. (b) Same as (a) but for the modified 
ice model BK-3a. 
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the three southwestern Spitsbergen sites of Yt- 
terdalen, Wedel Jarlsberg Land, and Daud- 
mannsoyra, corrected for the relatively better known 
contributions from Laurentia, Antarctica and Scandi- 
navia through the isostatic model. This represents the 
"observed"  sea-level change solely due to the Bar- 
ents ice load and can be compared directly with the 
average change predicted (flA~)BK for the Barents 
ice sheet at the same West Spitsbergen locations as 
the observations. This comparison is given in Fig. 6a 
for the ice model BK-3 with 13 = 1.5 (a value greater 
than the average value of 1.30 estimated for the 
western Spitsbergen as a whole). Agreement between 
the observed and predicted estimates is broadly satis- 
factory although they do not replicate the rapid fall 
in sea level noted in some of the records for the 
individual sites at about 9000 yr B.P. What these 
comparisons suggest is that the initial ice load must 
have been substantially greater than assumed in the 
model BK-3, but that the melting of the ice sheet in 
Late glacial time initially occurred more slowly than 
assumed in this model and that the final melting 
occurred very rapidly if the rapid fall in sea level 
noted before about 9000 yr B.P. is a true reflection 
of the relative sea level change in the region. Fig. 6b 
illustrates predictions for an ice model BK-3a which 
is similar to BK-3 (scaled with 13 = 1.5), but with 
melting lagging BKS-3 by 2000 years until 13,000 yr 
B.P. and then melting rapidly with all ice gone by 
10,000 yr B.P. This model does give a reasonable 
prediction of the observed sea level changes along 
this section of the Spitsbergen coast. 

7. Conclusion 

The height-age observations of the raised shore- 
lines on the Islands in the Barents Sea imply that the 
region was covered by a large ice sheet that covered 
much of the Barents sea floor and which extended 
out to the edge of the continental shelf in the north 
and west. A substantial ice sheet persisted over 
Spitsbergen until at least 13,000 yr B.P. at which 
time melting was rapid with the present ice limits 
being approximated by about 10,000 yr B.P. Ice 
sheets that, at their maximum extent, are restricted to 
Svalbard and the immediate offshore shallow waters 

are inadequate to reproduce the observations 
throughout the region. 
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